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ABSTRACT: Chemerin, highly expressed in adipose and liver tissues, regulates glucose and lipid metabolism and immunity in these
tissues in ruminants and mice. Our previous reports showed that chemerin is involved in adipogenesis and lipid metabolism in adipose
tissue as an adipokine. The aim of the present study was to identify single nucleotide polymorphisms (SNPs) in the coding region of the
chemerin gene and to analyze their effects on carcass traits and intramuscular fatty acid compositions in Japanese Black cattle. The
SNPs in the bovine chemerin gene were detected in 232 Japanese Black steers (n = 161) and heifers (n = 71) using DNA sequencing.
The results revealed five novel silent mutations: NM_001046020: c.12A>G (4aa), c.165G<A (55aa), c.276C>T (92aa), c.321 A>G
(107aa), and c.396C>T (132aa). There was no association between 4 of the SNPs (c.12A>G [4aa], c.165G<A [55aa], c.321 A>G
[107aa], and c.396C>T) and carcass traits or intramuscular fatty acid compositions. Regarding the remaining SNP, c.276C>T, we found
that cattle with genotype CC had a higher beef marbling score than that of cattle with genotype CT, whereas cattle with genotype CT had
a higher body condition score (p<0.10). Further, cattle with genotype CC had significantly higher C18:0 content in their intramuscular
fat tissue than that of cattle with genotype CT (p<0.05). On the other hand, cattle with genotype CT had significantly higher C14:0 and
C16:0 content in their intramuscular fat tissue (p<0.05). Moreover, the number of individuals carrying the minor allele of c.276C>T SNP
is small. It is suggested that the c.276C>T SNP of the chemerin gene has potential in cattle breeding using modern methods, such as
marker assisted selection. So, further functional and physiological research elucidating the impact of the chemerin gene on bovine lipid
metabolism including fatty acid synthesis will help in understanding these results. (Key Words: Japanese Black Cattle, Chemerin,
Single Nucleotide Polymorphism, Carcass Trait)

INTRODUCTION
Chemerin, also known as retinoic acid receptor
responder protein 2 or tazarotene-induced gene 2, plays a
regulatory role not only in the immune system but also in
energy metabolism. Chemerin is a secreted protein whose
gene expression is observed in several tissues, especially in
adipose tissue and the liver (Roh et al., 2007), which are
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essential organs for energy metabolism. Recent studies in
mice and humans indicate that chemerin regulates glucose
and lipid metabolism (Goralski et al., 2007; Sell et al.,
2010) and is involved in metabolic disorders such as obesity,
insulin resistance in skeletal muscle tissue, and nonalcoholic fatty liver disease (Bozaoglu et al., 2007; Sell et
al., 2009). In our previous studies, chemerin was upregulated during bovine adipocyte differentiation, and
chemerin analog regulated insulin secretion related to
glucose metabolism and the release of triglycerides in sheep
in vivo (Roh et al., 2006; Song et al., 2010; Suzuki et al.,
2012). In addition, in fully differentiated adipocytes, the
treatment of tumor necrosis factor (TNF)-α and adiponectin
up-regulated both chemerin and chemokine-like receptor 1
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(CMKLR1) gene expression levels, although leptin did not
show such effects (Suzuki et al., 2012). These results
suggest that the expression of chemerin in bovine
adipocytes might be regulated by chemerin itself and other
adipokines, which indicates the possible role of chemerin in
modulating the adipokine secretions in adipose tissues.
Japanese Black cattle are well known for their highly
marbled beef and greater content of unsaturated fatty acids
and they seem well adapted to accumulate oleic acid in their
adipose tissue (Smith et al., 2006). Marbling abundance is
an important component of the beef carcass quality grade,
and a high concentration of oleic acid contributes to
palatability and softness of beef (Yang et al., 1999). These
traits are influenced by a large number of genes, and many
genetic factors related to these traits have been investigated.
The bovine chemerin gene is located on chromosome 4
(NCBI reference sequence: NM_001046020.2) and consists
of six exons, with exons 2, 3, 4, and 5 coding a protein with
162 amino acids. Single nucleotide polymorphism (SNP)
A868G (c.12 A>G), located in exon 2 of the Bos taurus
chemerin gene, was detected in six Chinese cattle breeds
(Tian et al., 2011). A868G was a synonymous mutation, and
it affected some carcass traits in Qinchuan heifers.
Chemerin expression in subcutaneous adipose tissue from
cross-bred heifers was correlated with body condition score
(BCS) and yearling weight (Lindholm-Perry et al., 2012).
In this paper we report the discovery of new SNPs in the
coding region of the bovine chemerin gene and attempt to
show their significance for carcass traits and intramuscular
fatty acids composition in Japanese Black cattle.
MATERIALS AND METHODS
Animals and data collection
Japanese Black cattle (161 steers and 71 heifers) were
raised and slaughtered in Miyagi Prefecture, Japan, and
used to analyze the chemerin allelic frequencies and for the
association study. The average slaughtering age and carcass
weight (CW) of the cattle were 30.7±2.2 months and
459.9±67.3 kg, respectively. A cross-sectional portion of the
intramuscular adipose tissue was collected from
longissimus thoracis muscle at the 6th to 7th thoracic
vertebrae, and a portion of skeletal muscle tissue was
sampled from Japanese Black carcasses. The adipose and
muscle tissues were stored at –20°C until analyses of fatty
acid composition and genomic DNA extraction, respectively.
DNA extraction
Genomic DNA was extracted from approximately 50
mg of muscle tissue using DNA extraction apparatus QG800 (Fujifilm, Tokyo, Japan) and QuickGene DNA tissue
kit S (Fujifilm, Japan). The DNA concentration was
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measured using a NanoDrop ND-1000 Spectrophotometer
V3.7.1 (Thermo Fisher Scientific, Wilmington, MA, USA).
Single nucleotide polymorphism identification and
genotyping
According to the sequence of the bovine chemerin gene
(GenBank accession no. NM_001046020), two pairs of
primers were designed to amplify a coding region of the
chemerin gene that included exons 2 to 4. The gene primer
sequences
were:
E1-forward:
5’GGCTGGGCTAAGGAACAGTG-3’,
E1-reverse:5’GGTCTCCAACCTCAGGCTTC-3’.
E2-forward:
5’CTGCAGGATAGTTCTGACTTTTG-3’, E2-reverse: 5’GCTTTATTAGCTCAGGGGTCA-3’. Polymerase chain
reaction (PCR) amplifications were performed in 30-μL
reaction mixtures, each containing 10 to 30 ng DNA
template, 5 μM of each primer, 3 μL 10×PCR Buffer for
KOD-Plus- , 0.20 mM dNTPs, 1.67 mM MgSO4, and 0.5 U
KOD-Plus- Polymerase (Toyobo, Osaka, Japan). The PCR
protocol was 94°C for 9 min followed by 35 cycles of 30 s
at 94°C, 30 s at 63°C or 60°C, and 1 min at 72°C and a final
extension at 72°C for 5 min. Next, the PCR products were
electrophoresed through 1.5% agarose gel and single band
was confirmed. Then, the products were purified using Fast
Gel/PCR Extraction Kit (Nippon Genetics Co, Ltd, Tokyo,
Japan). Finally, the PCR products were sequenced to detect
the presence of SNPs. Bi-directional DNA sequencing of
PCR amplicons was carried out using an ABI PRISM 3730
sequencer (Applied Biosystems, Foster,
CA, USA).
Sequencing variants were detected by visual examination of
the sequencing map followed by alignment using
CLUSTAL (Higgins and Sharp, 1988).
Fatty acids composition
To analyze fatty acid compositions, we performed gas
chromatography analysis as described in a previous report
(Yokota et al., 2012). Briefly, total lipid was extracted by
adding 1 mL of n-hexane to approximately 10 mg of
intramuscular adipose tissue of longissimus thoracis muscle.
The mixture was vortexed and incubated at room
temperature for 30 min. Two hundred microliters of 2 N
sodium hydrate/methanol solution (1:1 v/v) and 600 μL of
hydrogen chloride-methanol reagent (5% to 10%) were
added to saponify and methylate the mixture (Tokyo
Chemical Industry, Tokyo, Japan). The methylated lipid was
concentrated by flowing in N2 gas. The concentrated lipid
was then diluted with 500 μL of hexane before proceeding
to GC analysis. The fatty acid was analyzed by gas
chromatography (6850 Network GC System; Agilent
Technologies, Palo Alto, CA, USA). The inlet temperature
was 230°C, and the oven temperature was programmed to
gradually increase from 100°C to 170°C at 10°C/min and
from 170°C to 224°C at 3°C/min. The detector sensor
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Figure 1. Single nucleotide polymorphisms present in the coding region of the bovine chemerin gene.

temperature was set at 230°C. We used helium as the carrier female)
gas and a capillary column (DB-23, 0.25 mm ID×30 m, df =
yeark: the fixed effect of sampling year k (3 classes:
0.25 μm; Agilent Technologies, USA) and a flame years 2009, 2010, and 2011)
ionization detector for detection. The data for fatty acid
b: the covariate coefficient with xijk
composition comprised percentages of C14:0 (myristic
xijk: the random effect of slaughter age ijk
acid), C16:0 (palmitic acid), C16:1 (palmitoleic acid),
Chemerin276: the fixed effect of the c.276 genotype in
C18:0 (stearic acid), C18:1 (oleic acid), C18:2 (linoleic the chemerin gene (2 classes: CC and CT)
acid), saturated fatty acid (SFA) (C14:0+C16:0+C18:0), and
eijk: the residual effect
monounsatureated fatty acid (MUFA) (C16:1 + C18:1).
RESULTS
Statistical analysis
Gene frequencies were determined by direct counting. Single nucleotide polymorphisms identified and
The effects of chemerin genotypes on carcass traits and genotypes
intramuscular fatty acid compositions in Japanese Black
Eight hundred fifteen and 823 bp fragments of the
cattle were analyzed by analysis of variance using the chemerin gene were amplified and sequenced with two
general linear model procedure of SAS (SAS Institute, Cary, different primers, respectively. As a result, five silent
NC, USA). The statistical model included fixed effects (sex, mutations, c.12A>G (4aa), c.165G>A (55aa), c.276C>T
sampling year, and genetic information of the chemerin (92aa), c.321A>G (107aa), and c.396C>T (132aa), were
gene) and the covariate effect of slaughter age. Differences detected within the coding region of the chemerin gene
were considered significant at p<0.05, and differences at (Figure 1).
p<0.10 were considered to indicate a tendency. The
Table 1 shows the genotype distribution for each SNP
statistical model of the genotype of c.276 of the chemerin site. The highest frequencies at c.12A>G, c.165G>A,
gene was as follows:
c.276C>T, c.321A>G, and c.396C>T were for genotypes
yijk = μ+sexj+yeark+bxijk+Chemerin12+eijk
or
yijk = μ+sexj+yeark+bxijk+Chemerin276+eijk
or
yijk = μ+sexj+yeark+bxijk+Chemerin321+eijk
yijk: the trait measured on the individual i
μ: the overall mean for the trait
sexj: the fixed effect of sex j (2 classes: male and

Table 1. Genotype frequencies (%) and allelic frequencies (%) of
the chemerin gene determined by gene sequencing
SNPs
Genotype frequencies
Allele frequencies
c.12A>G
AA (80) AG (112) GG (40)
A
G
34.5
48.3
17.2
58.6
41.4
c.165G>A
AA (1)
AG (5) GG (226)
A
G
0.4
2.2
97.4
1.5
98.5
c.276C>T
CC (214) CT (18)
C
T
92.2
7.8
96.1
3.9
c.321A>G
AA (109) AG (98) GG (25)
A
G
47.0
42.2
10.8
68.1
31.9
c.396C>T
CC (231) CT (1)
C
T
99.6
0.4
99.8
0.2
SNPs, single nucleotide polymorphisms.
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AA, GG, CC, AA, and CC, respectively. Most of the alleles
at c.276 were allele C, and frequency of allele T was low.
Because the frequency of genotypes with the minor allele T
was very low (<0.03), we analyzed the effects of individual
SNPs only.
Single nucleotide polymorphism and carcass trait
associations
In Table 2, the genotypes of 232 individuals were
compared with the phenotypic data for 7 carcass traits and 6
intramuscular fatty acid compositions. The carcasses were
evaluated by official graders according to the guidelines of
the Japanese Meat Grading Association. The recorded traits,
including carcass weight, rib eye area, rib thickness,
subcutaneous fat thickness, and yield estimate, were
measured or calculated. There were no associations between
4 of the SNPs (c.12A>G [4aa], c.165G<A [55aa], c.321
A>G [107aa], and c.396C>T [132aa]) and carcass traits or
intramuscular fatty acid compositions. In the case of the
SNP marker of c.276C>T in the exon 3 region, however,
cattle with the genotype CC tended to have a higher beef
marbling score (BMS), and cattle with genotype CT tended
to have a higher BCS (p<0.10) (Table 2). In addition, cattle
with genotype CC had a significantly higher percentage of
C18:1 (p<0.05) and tended to have a higher percentage of
MUFA (p<0.10) (Table 2). In contrast, cattle with genotype
CT had significantly higher percentages of C14:0 and C16:0
Table 2. Effects of c.276C>T of the chemerin gene on carcass
traits and intramuscular fatty acids composition in Japanese Black
cattle (n = 232)
c.276C>T
Traits
CC
CT
Carcass trait
CW (kg)
462.1±4.6
433.4±16.2
REA (cm²)
61.1±0.7
58.4±2.5
RT (cm)
8.0±0.1
7.8±0.2
SFT (cm)
2.5±0.1
2.7±0.2
YE (%)
74.7±0.1
74.4±0.4
BMS No.
6.5±0.2**
5.1±0.4
BCS No.
3.8±0.0
4.1±0.1**
Intramuscular fatty acid compositions
C14:0
2.6±0.0
2.7±0.1*
C16:0
26.3±0.1
26.9±0.4*
C16:1
4.0±0.1
4.2±0.2
C18:0
12.0±0.1
12.1±0.6
C18:1
52.9±0.2*
51.9±0.7
C18:2
2.2±0.0
2.2±0.1
SFA
40.9±0.2
41.7±0.8**
MUFA
56.9±0.2**
56.1±0.8
CW, carcass weight; REA, rib eye area; RT, rib thickness; SFT,
subcutaneous fat thickness; YE, yield estimate; BMS No., beef marbling
standard number; BCS No., beef color standard number; SFA, saturated
fatty acids; MUFA, monounsaturated fatty acids.
** p<0.1, * p<0.05.
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(p<0.05) (Table 2). These findings indicate that a larger
proportion of these two saturated fatty acids led to the high
proportion of SFA in cattle with genotype CT (p<0.10).
These results suggested that the c.276C>T SNP of the
chemerin gene may affect carcass and meat quality traits in
Japanese Black cattle.
DISCUSSION
Our study is the first to demonstrate that the
polymorphic loci identified within the bovine chemerin
gene might be associated with marbling score and
intramuscular fatty acid compositions in Japanese Black
cattle. Previously, several genetic variations of the fatty acid
synthase, stearoyl-CoA desaturase, and GH (growth
hormone) genes associated with bovine carcass traits had
been reported (Taniguchi et al., 2004; Abe et al., 2009;
Matsuhashi et al., 2011; Yokota et al., 2012). Our previous
studies showed that SNPs in the GH gene of Japanese Black
cattle were associated with some carcass traits, fatty acid
composition, the expression of lipogenic genes, and the
regulation of plasma insulin level in Japanese Black heifers
(Ardiyanti et al., 2009; Ardiyanti et al., 2012). The c.12
A>G SNP that we detected in the coding region of the
chemerin gene in Japanese Black cattle was identical to the
A868G SNP detected in six Chinese cattle breeds (Tian et
al., 2011). In agreement with their report, genotype AG of
this SNP was the dominant genotype in Japanese Black
cattle. However, there was no association between carcass
traits and AA/AG/GG genotypes in the Japanese Black
cattle used in our study. Thus, these results suggest that the
effect of the c.12A>G SNP might differ among breeds.
A human study revealed that the rs17173608 SNP
located on intron 3 of the chemerin gene was associated
with visceral adipose tissue mass (Mussig et al., 2009).
Another report showed that this SNP increased the risk of
metabolic syndrome in an Iranian population (Hashemi et
al., 2012). These results suggest that chemerin gene
polymorphisms located in noncoding regions could affect
the regional fat deposition in humans. Intramuscular fat
deposition (marbling) measured as BMS is one of the
economically important traits in Japanese Black cattle, with
a high level of BMS associated with higher intramuscular
fat deposition. To date, there are no reports on the direct
mechanism underlying chemerin’s regulation of the
intramuscular fat deposition of cattle, to the best of our
knowledge. However, increasing lipid content induced
higher chemerin gene expression in bovine differentiated
adipocytes (Song et al., 2010).
The difference in fatty acid composition between
genotypes CC and CT of the c.276C>T SNP suggests that
this SNP might affect the differentiation of adipocytes and
intramuscular fatty acid compositions by changing the
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expression of chemerin. The ‘silent’ polymorphism could
change the substrate specificity by altering its
conformations (Kimchi-Sarfaty et al., 2007). Moreover,
exonic cis-elements are important for correct splice-site
identification and are distinct from the classical splicing
signals (Cartegni et al., 2002). Chemerin regulates the
differentiation of adipocytes and myoblast cells (Yang et al.,
2012). Therefore, we need to evaluate the effects of
c.276C>T SNP on chemerin gene expression and reveal the
mechanisms that affect intramuscular fatty acid
compositions.
In this study, we found 5 SNPs in the coding region of
the bovine chemerin gene in Japanese Black cattle, and the
c.276C>T SNP was associated with marbling and fatty
acids compositions. However, further studies are required to
elucidate the biological relevance and mechanism by which
the chemerin gene polymorphism affects these traits in
Japanese Black cattle.
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