African Journal of Biotechnology Vol. 8 (15), pp. 3666-3671, 4 August, 2009

Available online at http://www.academicjournals.org/AJB
ISSN 1684-5315 © 2009 Academic Journals

Full Length Research Paper

Association of MC4R gene variants with carcass and
meat quality traits in Qinchuan cattle

Hongyu Liu'"**

, Wangiang Tian"*, Linsen Zan" ?*, Hongbao Wang" 2 and Huan Cui'

'College of Animal Science and Technology, Northwest A and F University, Yangling, Shaanxi 712100, China.
National Beef Cattle Improvement Centre, Yangling, Shaanxi 712100, China.
3College of Animal Science and Technology, Anhui Argicultural University, Hefei, Anhui 230036, China.
*Yangling Vocational and Technical College, Yangling, Shaanxi 712100, China.

Accepted 11 May, 2009

MC4R belongs to a seven-transmembrane G-protein-coupled receptor which may regulate body
composition and insulin action. Many mutations in the MC4R gene are associated with obesity, energy
expenditure and serum triglyceride levels in human and animals. Six mutations in the MC4R gene were
identified in our study (-293 C>G, -193 A>T, -192 T>G, -129A>G, -84T>C and 1069C>G). The -129A>G was
significantly associated with live weight (LW) (P<0.05); cattle with the genotypes AG and GG had higher
LW than genotype AA. The 1069 C>G was significantly associated with live weight (LW), carcass weight
(CW), back fat thickness (BFT) and marbling score (MS). Cattle with the genotype GG had higher LW,
CW and MS than genotype CC; cattle with the genotypes GG and CG had higher MS than CC. The
results suggested that -129 A>G and 1069 C>G SNP of the MC4R gene may be useful as a genetic
marker for carcass and meat quality traits in Qinchuan cattle.
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INTRODUCTION

The melanocortin-4 receptor (MC4R) belongs to a seven-
transmembrane G-protein-coupled receptor expressed in
the brain, predominantly in the hypothalamus. MC4R sig-
naling is an important mediator of leptin’s effects on food
intake and body weight (Seeley et al., 1997) and it sig-
nals through activation of adenylate cyclase. Activation of
the MC4R gene results in the inhibition of food intake, a
targeted disruption of the MC4R gene in mice causes
obesity associated with hyperphagia, hyperinsulinemia
and hyperglycinemia (Huszar et al., 1997; Ste Marie et
al., 2000). In addition, the MC4R gene may regulate body
composition and insulin action because MC4R agonists
given to rats intracerebrially or humans intranasally de-
crease visceral fat and increase insulin sensitivity (Fehm
et al., 2001; Obici et al., 2001). Some studies reported
that many mutations in the MC4R gene are associated
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with human obesity, energy expenditure and serum trigly-
ceride levels (Bronner et al., 2006; Dempfle et al., 2004;
Zobel et al., 2009). A missense mutation (Asp298As n) has
been described in the MC4R locus in pigs (Kim et al.,
Heid et al., 2008; Kobayashi et al., 2002; Rutanen et al.,
2004; Sina et al., 1999; Vaisse et al., 2000; Yeo et al., 1998;
2000), and the mutation has been associated with daily
food intake, growth, fat deposition, lipid composition of
muscle and fat tissues (Hernandez-Sanchez et al., 2003;
Jokubka et al., 2006; Kim et al., 2000; Ovilo et al., 2005).
These indicate that the MC4R gene is an excellent
candidate gene for feeding, fatness or growth-related
traits in livestock.

Bovine MC4R gene has been isolated and mapped to
BTA 24927 by radiation hybrid mapping. Several SNPs in
the coding region of bovine MC4R gene have been de-
tected by PCR—SSCP or PCR—RFLP (Haegeman et al.,
2001; Thue et al., 2001; Valle et al., 2004). Moreover,
SNPs of the MC4R genes associated with growth traits in
cattle were detected (Zhang et al., 2006; Zhang et al.,
2008). In our study, SNPs in the bovine MC4R gene were
investigated, and their associations with cattle carcass
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Table 1. The primer sequences and their information of bovine MC4R gene.

Primer The primer sequences Size (bp) Tm (°C) Location
F: 5 AGCAGCAGCGTCTGACACTC 3'
MC4R1 R: 5 ATGGTTTCCGACCCGTTG 3' 735 51.4 5’-untranslated region and exon
F: 5 TGACTCGGTGATCTGTAGC &'
MC4R2 R: 5' TTCACTCCATGCCCTACA 3' 741 58.9 Exon
F: 5 TTGACCCTCTGATTTATGCC 3'
MC4R3 R: 5' AATCCCAAATTGCCTGTGAG 3' 812 59.8 exon and 3'’- flanking

and meat quality traits were analyzed.

MATERIALS AND METHODS
Animals and data collection

A total of 787 animals including Qinchuan (n=422), Luxi (n=77),
Nanyang (n=40), Xianan (n=86), Jiaxian Red (n=71), Angus (n=55),
Anxi (n=36) were randomly selected from commercial populations
and used to analyze the MC4R allelic frequencies, which were
reared in the province of Shaanxi, Shandong, Henan and Shanxi
respectively. A total of 101 of Qinchuan were used for the associa-
tion study. Carcass and meat quality traits were measured accor-
ding to the criterion of cutting standard of fresh and chilled beef in
China (GB/T 17238-1998). The traits were measured or calculated
as follows: live weight (LW), carcass weight (CW), dressing per-
centage (DP), carcass length(CL), carcass chest depth (CCD), hind
leg length (HLL), backfat thickness (BFT), logissimus muscle area
(LMA), marbling score (MS), water holding capacity (WHC), and
meat tenderness (MT). DNA samples were extracted from leu-
kocytes and tissue samples according to Mullenbach et al. (1989).

SNP identification and genotyping

According to the sequence of bovine the MC4R gene (GenBank
accession No. NW_001494269.1), three pairs of primers were de-
signed to amplify the bovine MC4R gene (Table 1). Polymerase
chain reaction (PCR) amplifications were performed in 20 ul volume
containing 50 ng DNA template, 10 pM of each primer, 0.20 mM
dNTP, 2.5 mM MgCl,, and 0.5 U Tag DNA polymerase (TaKaRa,
Dalian, China). The PCR condition was 94°C for 5 min followed by
35 cycles of 94°C for 30 s, annealing for 30 s, and 72°C for 30 s
and a final extension at 72°C for 10 min.

Single-strand conformation polymorphism (SSCP) method was
used to scan mutations within the amplified regions. Aliquots of 10
pl PCR products were mixed with 10 pl denaturing solution (95%
formamide, 25 mM EDTA, 0.025% xylene cyanole and 0.025% bro-
mophenol blue), heated for 10 min at 98°C and chilled on ice for 5
min. Denatured DNA was subjected to 10% PAGE (Polyacrylamide
Gel) in 1 x TBE buffer and constant voltage (200 V) for 2.5 - 3.0 h
at a constant temperature of 12°C, then gels were stained with
0.1% silver nitrate (Sun et al., 2002).

The PCR products which represented different PCR-SSCP
genotypes, including both homozygous and heterozygous geno-
types were purified with the AxyPrep PCR DNA Purification Kit
(Axygen, China) and sequenced using the ABI 377 sequencer from
both directions (Applied Biosystems, USA).

Sequences were aligned using web based on CLUSTAL-W
(http://www.ebi.ac.uk/clustalw/index.html) program.

The -293C>G, -129A>G and 1069C>G SNPs could be genotyp-
ed by restriction enzymes Tail. Aliquots of 15 pl PCR products were
digested with 15 units endonuclease (MBI, Fermentas) at 37°C for

5 h following the supplier’s directions. The restriction fragments
were scored and analyzed by electrophoresis on 3% agarose gels.

Statistical analysis

The data were expressed as mean + standard deviation (SD). Gene
frequencies were determined by direct counting. Statistical analysis
of associations was performed between MC4R genotypes and car-
cass and meat quality traits of Qinchuan steers using SPSS
(version 13.0). The model applied was:

Yijk=pl+Aj+Mk +€ijk

Yik was stands for observed value; p wasoverall mean for each trait;
A; was the fixed effect of jin age of slaughtering; Mk was the fixed ki
genotype marker; ejx = random error.

RESULTS AND DISCUSSION
SNP marker genotyping

A 735, 741 and 812 bp fragments of the MC4R gene
were amplified and sequenced. Six mutations were iden-
tified. The -293 C>G, -193 A>T, -192 T>G, -129A>G and
-84T>C mutations were detected in 5’-untranlated region;
the 1069C>G mutation was detected in exon (Figure 1).
Previous studies have shown that seven SNPs have
been detected in the MC4R gene of Bos taurus (Haege-
man et al.,, 2001; Thue et al., 2001; Valle et al., 2004;
Zhang et al., 2006). 927C>T mutation were not found in
our study.

Fortunately, the mutations of -293C>G and -129A>G
linkage result in two Tail restriction site. The 1069C>G
mutation caused amino acid mutation Val to Leu, which
created a Talil restriction site. In the analyzed population,
for the -293C>G and -129A>G linkage mutation, four size
variants of restriction fragments were identified, namely;
735, 137, 164 and 434 bp. An analysis of the localization
of migration bands of the restriction fragments enabled to
identify three genotypes of mutation C>G and A>G. The
genotype AA represents the occurrence of one band of
735 bp, genotype AG represents four restriction fragment
bands of 735, 434, 164 and 137 bp and genotype GG
represents three bands of 434, 164 and 137 bp. For the
1069C>G SNP, three size variants of restriction frag-
ments were identified, namely: 741, 481 and 260 bp. The
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Figure 1. Partial sequencing maps of heterozygotes discriminated by PCR-SSCP
in bovine MC4R gene.

Figure 2. Agrose gel (3.0%) showing different genotypes of bovine MC4R
gene. M: 100 - 2000 bp. A and B represent the -129A>G and 1069C>G loci
respectively. The genotypes are given at the top of the columns.

genotype GG represents the occurrence of one band of -129A and 1069C were ranged from 0.54 to 0.99 and
741 bp, genotype CG represents three restriction frag- 0.29 to 0.77 in seven breeds of cattle, respectively.

ment bands of 741 bp, 481 bp and 260 bp, and genotype

GG represents two bands of 481 bp and 260 bp. The

electrophoresis of the PCR products is shown in Figure 2. SNP marker associations

Allele frequencies of the two SNPs were investigated in

seven different beef populations (Table 2). Frequencies of The genotypes of 101 individuals were compared with
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Table 2. Genotype frequencies and allelic frequencies of MC4R gene determined by PCR-RFLP in the

seven populations.

-129A>G 1069C>G
Genotype Allele Genotype Allele
frequencies frequencies frequencies frequencies
Breed AA AG GG A G cC CG GG C G
Qinchuan 0.29 | 0.51 0.20 0.55 0.45 0.28 | 0.54 | 0.18 [ 0.55 0.45
Luxi 0.31 | 0.46 0.23 0.54 0.46 0.21 0.35 | 0.44 | 0.38 0.62
Nanyang 0.50 | 0.45 0.05 0.73 0.27 0.03 | 0.52 | 045 | 0.29 0.71
Xianan 0.45 | 0.36 0.19 0.63 0.37 0.16 | 0.41 | 043 | 0.37 0.63
Jiaxian Red 0.45 | 0.46 0.09 0.68 0.32 0.21 0.41 [ 0.38 | 042 0.58
Angus 0.64 | 0.27 0.09 0.77 0.23 0.13 | 0.40 | 0.47 | 0.33 0.67
Anxi 0.97 | 0.03 0.00 0.99 0.01 0.65 | 0.25 | 0.10 [ 0.77 0.23
Table 3. Associations of -129A>G SNP genotypes with carcass and meat quality traits at bovine MC4R gene.
Genotypes of Tail PCR-RFLP genotyping
Trait AA (mean x SD) AG (mean * SD) GG (mean * SD) p-value
Live weight (LW)/kg 489.25a +7.59 505.90a + 7.53 507.20b + 7.33 0.048*
Carcass weight (CW)/kg 264.90 +5.74 267.48 + 8.31 269.28 + 6.44 0.686
Dressing percentage (DP)/% 0.54 +£0.01 0.53 £0.02 0.53 £ 0.01 0.569
Carcass length (CL)/cm 148.50 £ 1.91 149.45 + 2.03 149.80 £ 2.05 0.620
Carcass chest depth (CCD)/cm 26.75 £3.40 25.08 £2.99 25.60 £ 2.61 0.647
Hind leg length (HLL)/cm 71.50 £1.91 7150 £2.17 71.80 £2.39 0.966
Backfat thickness (BFT)/cm 0.89 £ 0.09 0.95+0.11 0.96 £0.14 0.376
Loin muscle area (LMA)/cm2 84.96 £ 8.43 85.97 £8.00 88.82 £9.29 0.528
Marbling score (MS)/1-5 2.22+0.97 2.13+0.85 217 +0.72 0.956
Water holding capacity (WHC)/% 0.22 £0.03 0.22 £ 0.05 0.21 £0.04 0.846
Meat tenderness (MT)/kg 4.25 £ 0.55 412 +£0.48 4.18 £0.57 0.816

Data with a different letters (a, b) within the same line are different significantly at P < 0.05, respectively. *Effect was significant at P <

0.05.

Table 4. Associations of 1069C>G SNP genotypes with carcass and meat quality traits at bovine MC4R gene

Genotypes of Tail PCR-RFLP genotyping

Trait CC (mean * SD) CG (mean % SD) GG (mean * SD) p-value
Live weight (LW)/kg 490.25%+12.12 505.90%° + 14.53 512.80° + 10.71 0.044*
Carcass weight (CW)/kg 256.10%+ 12.86 270.48% + 17.67 281.52°+8.20 0.047*
Dressing percentage (DP)/% 0.52 £0.02 0.53 £0.03 0.55 +0.02 0.217
Carcass length (CL)/cm 148.25 + 3.30 149.45 £ 2.03 149.20 £ 2.28 0.700
Carcass chest depth (CCD)/cm 2450 £2.38 25.08 £2.99 24.40 £2.07 0.875
Hind leg length (HLL)/cm 71.25+2.63 7150 £2.17 71.80 £2.39 0.938
Backfat thickness (BFT)/cm 0.82%+0.11 0.95°+0.11 0.96°+0.13 0.039*
Loin muscle area (LMA)/cm2 79.06 £ 10.81 85.97 £8.00 89.37 £8.63 0.073
Marbling score (MS)/1-5 2.60%+0.45 2.13%+0.85 2.13°+0.64 0.038*
Water holding capacity (WHC)/% 0.22 £ 0.02 0.22 £0.05 0.22 £0.05 0.852
Meat tenderness (MT)/kg 417 £0.37 412 +0.48 4.16 +0.54 0.961

Data with a different letters (a, b) within the same line are different significantly at P < 0.05, respectively. * Effect was significant at

P <0.05.
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MS (P < 0.05) (Table 4) at the SNP maker of 1069C>G in
exon. Cattle with the genotype GG had higher LW, CW and
MS than genotype CC; there was no significant difference
between CG and CC or GG. Cattle with the genotypes GG
and CG had higher MS than CC. Cattle with the genotype
GG was higher than CG (P > 0.05) and CC (P > 0.05) in
LMA. These results suggested that -129G and 1069G
may contribute to the increment of LW in cattle; 1069G
may increase CW, BFT and MS.

Research on mutations in targeted functional genes
(candidate genes) and their association with economic
traits is performed to ascertain the genetic basis of pro-
duction traits and to develop DNA tests as selection tools
in animal breeding schemes (De Vries et al., 1998). Many
of these discoveries were reported and used in combina-
tion with performance information to improve animal
production (Gan et al., 2008; Jokubka et al., 2006). The
present study showed that the -129A>G was significantly
associated with live weight; 1069C>G was significantly
associated with live weight, carcass weight, backfat thick-
ness, marbling score. These results were similar to the
reports of Zhang et al. (2008) that a significant associated
with birth weight and average daily gain in Nanyang
cattle.

In conclusion, we identified SNPs in the MC4R gene
and investigated their association in several populations.
Our results provided evidence that the MC4R gene might
have potential effects of carcass and meat quality traits.
In the further works, we need to use the SNPs for
marker-assisted selection in larger population and investi-
gate whether the mutations of MC4R gene play a role in
those traits.

ACKNOWLEDGEMENTS

This work was found by the National “863” Program of
China (No. 2006AA10Z1A1), the Natural Sustaining Pro-
gram for Agriculture, Forestry, Animal and Plant breeding
(No.2006BAD01A10-3), the “13115” Scientific and Tech-
nological Innovation Program of Shaanxi Province (No.
2007ZDCY-01) and Talent Foundation for Northwest A
and F University.

REFERENCES

Bronner G, Sattler AM, Hinney A, Soufi M, Geller F, Schafer H, Maisch
B, Hebebrand J, Schaefer JR (2006). The 103l variant of the
melanocortin 4 receptor is associated with low serum triglyceride
levels. J. Clin. Endocrinol. Metab. 91: 535-538.

De Vries AG, Sosnicki A, Garnier JP, Plastow GS (1998). The role of
major genes and DNA technology in selection for meat quality in pigs.
Meat Sci. 49(1): S245-S255.

Dempfle A, Hinney A, Heinzel-Gutenbrunner M, Raab M, Geller F,
Gudermann T, Schafer H, Hebebrand J (2004). Large quantitative
effect of melanocortin-4 receptor gene mutations on body mass
index. J. Med. Genet. 41: 795-800.

Fehm HL, Smolnik R, Kern W, McGregor GP, Bickel U, Born J (2001).
The melanocortin melanocyte-stimulating hormone/adrenocortico-
tropin (4-10) decreases body fat in humans. J. Clin., Endocrinol.
Metab. 86: 1144-1148.

Gan Q, Zhang L, Xu S, Li H, Li J, Gao X, Ren H, Chen J (2008).
Association of LXRA gene variants with carcass and meat quality
traits in beef cattle. Afr. J. Biotechnol. 7: 3546-3549.

Haegeman A, Coopman F, Jacobs K, Mattheeuws M, Van Zeveren A
Peelman L (2001). Bovine melanocortin receptor 4: cDNA sequence,
polymorphisms and mapping. Anim. Genet. 32: 189-192.

Heid IM, Volimert C, Kronenberg F, Huth C, Ankerst DP, Luchner A,
Hinney A, Bronner G, Wichmann HE, lllig T, Doring A, Hebebrand J
(2008). Association of the MC4R V103l polymorphism with the
metabolic syndrome: the KORA Study. Obesity 16: 369-376.

Hernandez-Sanchez J, Visscher P, Plastow G, Haley C (2003).
Candidate gene analysis for quantitative traits using the transmission
disequilibrium test the example of the melanocortin four receptor in
pigs. Genetics 164: 637-644.

Huszar D, Lynch CA, Fairchild-Huntress V, Dunmore JH, Fang Q,
Berkemeier LR, Gu W, Kesterson RA, Boston BA, Cone RD, Smith
FJ, Campfield LA, Burn P, Lee F (1997). Targeted disruption of the
melanocortin-4 receptor results in obesity in mice. Cell 88: 131-141.

Jokubka R, Maak S, Kerziene S, Swalve HH (2006). Association of a
melanocortin 4 receptor (MC4R) polymorphism with performance
traits in Lithuanian White pigs. J. Anim. Breed. Genet. 123: 17-22.

Kim KS, Larsen N, Short T, Plastow G, Rothschild MF (2000). A
missense variant of the porcine melanocortin-4 receptor (MC4R)
gene is associated with fatness, growth, and feed intake traits.
Mamm. Genome 11: 131-135.

Kobayashi H, Ogawa Y, Shintani M, Ebihara K, Shimodahira M, Iwakura
T, Hino M, Ishihara T, Ikekubo K, Kurahachi H, Nakao K (2002). A
Novel homozygous missense mutation of melanocortin-4 receptor
(MC4R) in a Japanese woman with severe obesity. Diabetes 51: 243-
246.

Mullenbach R, Lagoda PJ, Welter C (1989). An efficient salt-chloroform
extraction of DNA from blood and tissue. Trends Genet. 5: 391.

Obici S, Feng Z, Tan J, Liu L, Karkanias G, Rossetti L (2001). Central
melanocortin receptors regulate insulin action. J. Clin. Invest. 108:
1079-1085.

Ovilo C, Fn A, Rodri’guez MC, Nieto M, Silio” L (2005). Association of
MC4R gene variants with growth, fatness, carcass composition and
meat and fat quality traits in heavy pigs. Meat Sci. 73. 42—47.

Rutanen J, Pihlajamaki J, Karhapaa P, Vauhkonen I, Kuusisto J,
Moilanen Mykkanen L, Laakso M (2004). The Val103lle polymor-
phism of melanocortin-4 receptor regulates energy expenditure and
weight gain. Obes. Res. 12: 1060-1066.

Seeley RJ, Yagaloff KA, Fisher SL, Burn P, Thiele TE, van Dijk G,
Baskin DG, Schwartz MW (1997). Melanocortin receptors in leptin
effects. Nature 390: 349.

Sina M, Hinney A, Ziegler A, Neupert T, Mayer H, Siegfried W, Blum WF,
Remschmidt H, Hebebrand J (1999). Phenotypes in three pedigrees
with autosomal dominant obesity caused by haploinsufficiency
mutations in the melanocortin-4 receptor gene. Am. J. Hum. Genet.
65: 1501-1507.

Ste Marie L, Miura Gl, Marsh DJ, Yagaloff K, Palmiter RD (2000). A
metabolic defect promotes obesity in mice lacking melanocortin-4
receptors. Proc. Natl. Acad. Sci. U S A. 97: 12339-12344.

Sun HS, Anderson LL, Yua TP, Kima KS, Klindt J, Tuggle CK (2002).
Neonatal Meishan pigs show POU1F1 genotype effects on plasma
GH and PRL concentration. Anim. Reprod. Sci. 69: 223-237.

Thue TD, Schmutz SM, Buchanan FC (2001). A SNP in the cattle MC4R
gene is used to map MC4R to BTA 24. Anim. Genet. 32: 390-391.

Vaisse C, Clement K, Durand E, Hercberg S, Guy-Grand B, Froguel P
(2000). Melanocortin-4 receptor mutations are a frequent and
heterogeneous cause of morbid obesity. J. Clin. Invest. 106: 253-262.

Valle E, Habermann FA, Moore SS, Crews DH, Benkel BF (2004).
Genomic localization and SNP discovery in the bovine melanocortin
receptor 4 gene (MC4R). Anim. Genet. 35: 351-352.

Yeo GS, Faroogi IS, Aminian S, Halsall DJ, Stanhope RG, O'Rahilly S
(1998). A frameshift mutation in MC4R associated with dominantly
inherited human obesity. Nat. Genet. 20: 111-112.

Zhang CL, Che H, Wang YH, Lan XY, Zhang L, Zhang AL, Zhang RF
(2006). Association of a missense mutation of the MC4R gene with
growth traits in cattle. Archiv. Fuer. Tierzucht. 5: 515-516.

Zhang CL, Wang YH, Chen H, Lan XY, Lei CZ, Fang XT (2008). Asso-
ciation between variants in the 5'-untranslated region of the bovine



MC4R gene and two growth traits in Nanyang cattle. Mol. Biol. Rep.
DOI 10.1007/s11033-008-9388-z.

Zobel DP, Andreasen CH, Grarup N, Eiberg H, Sorensen Tl, Sandbaek
A, Lauritzen T, Borch-Johnsen K, Jorgensen T, Pedersen O, Hansen
T (2009). Variants near MC4R are associated with obesity and
influence obesity-related quantitative traits in a population of middle-
aged people: studies of 14,940 Danes. Diabetes 58: 757-764.

Liu et al.

3671



