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The SNP in the promoter region of the bovine ELOVLS gene
influences economic traits including subcutaneous fat thickness
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Abstract Genetic analyses have contributed to improve-
ments of economically important traits derived from adi-
pose tissue such as fatty acid composition in beef.
Elongation of very long chain fatty acids (ELOVL) genes
encode for the enzymes that play an important role in
elongation of long-chain fatty acids. In this study, we
aimed to discover genetic polymorphisms of ELOVL gene
family in cattle populations to develop genetic markers. As
a result, five synonymous mutations were detected in the
coding regions of the ELOVLI, ELOVL2, ELOVL3 and
ELOVLS5 genes. In addition, six mutations were identified
in promoter region of the ELOVLS. Two of five mutations
in the promoter region of ELOVLS5 were expected to alter
the ELOVLS5 expression and influence the economic traits,
because of the high synteny of the region which was
essential for activation of Elovl5 in mouse. Therefore, we
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performed association analysis between the genotypes and
traits and our result revealed that T allele of g.-110T>C in
ELOVL5 gene promoter indicated significantly thinner
subcutaneous fat thickness (TT, 2.39 cm; CT, 2.35 cm)
than that of C allele (CC, 2.68 cm) in a Japanese Black
population. Our results suggest that the g.-110T>C is a
useful genetic marker for the breeding in beef cattle.
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Introduction

The Japanese Black cattle are the main source of domestic
beef in Japan. A number of reports revealed some genetic
factors to influence economic traits in beef cattle [1]. A
nonsynonymous mutation in the stearoyl-CoA desaturase
gene was associated with monounsaturated fatty acids
(MUFA) percentage and melting point of intramuscular fat
in Japanese Black cattle [2]. A single nucleotide poly-
morphism (SNP) in the fatty acid binding protein 4 gene
affected beef marbling score (BMS) and subcutaneous fat
thickness in Japanese Black x Limousin F, crosses [3].

Elongation of very long chain fatty acids (ELOVL)
genes encode the enzymes that play a major role in elon-
gation of long-chain fatty acids. Fatty acid synthesis
involves a number of enzymes such as fatty acid synthase
(FASN) [4]. Mammalian FASN synthesizes fatty acids
consisting of up to 16 carbons in length, and the fatty acids
produced by the FASN are further elongated into long
chain fatty acids containing 18 carbon atoms or longer by
the ELOVLs, as well as fatty acids obtained from the diet
[5]. The ELOVL enzymes are also known to be responsible
for the rate-controlling of fatty acid elongation [6].
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In mammals, seven enzymes have been identified as the
ELOVL family (ELOVLI1-7). Five or six transmembrane
regions and a highly conserved HXXHH motif were
commonly observed in all the members [7]. Each ELOVL
enzyme has a distinct tissue distribution and individual
enzymes exhibit different fatty acid substrate preferences
[5, 8]. The ELOVLS5 and ELOVL6 are involved in the
production of palmitic acid (C16:0), palmitoleic acid
(C16:1), stearic acid (C18:0) and oleic acid (C18:1). Since
they are major fatty acids in beef [9], the function of the
ELOVLS5 and ELOVLG6 in fatty acid synthesis may be
especially important for beef breeding.

The aim of this study is to discover additional genetic
markers associated with carcass traits in beef cattle. For this
purpose, we sought to identify DNA polymorphisms in the
coding and promoter regions of ELOVL genes between cattle
breeds. Statistical analysis was performed to investigate
associations between polymorphisms and carcass traits.

Materials and methods
Animals and Traits

Four Japanese Black and four Holstein cattle were tested for
sequence comparison in order to identify DNA polymor-
phisms. The Japanese Black cattle were sampled from
diverse areas in Japan to represent the breed and the Holstein
cattle from Tottori Prefecture. These cattle were chosen
considering ancestry to minimize their genetic relationship.
In order to sequence the coding region in the ELOVLG6 gene,
cDNAs were prepared from subcutaneous adipose tissue. For
sequencing the other ELOVL genes, genomic DNA samples
were extracted from the musculus trapezius. For association
study between the ELOVLS genotype and economic traits,
three groups of animals were prepared. Genomic DNA were
extracted from 556 Japanese Black cattle in Miyazaki Pre-
fecture (JB1: 502 steers and 54 heifers), 225 Japanese Black
cattle from diverse areas in Japan (JB2: 135 steers and 90
heifers) and 201 Holstein steers in Tottori Prefecture (HOL).
The average ages in months £ SD of these groups at
slaughter were 29.10 + 1.62 (JB1),28.54 £ 3.51 (JB2) and
20.50 £ 0.59 (HOL), respectively.

Carcass traits including dressed carcass weight (kg), rib-
eye area (cmz), rib thickness (cm), subcutaneous fat thick-
ness (cm), yield estimate and BMS were measured by official
graders of the Japan Meat Grading Association. In addition,
fatty acid composition in beef was focused on in this study.
For lipid extraction, the methods of Folch et al. and Morris
etal. [10, 11] were applied. The perinephric fat tissue (JB1),
the intramuscular fat of the musculus longissimus thoracis
(JB2) and the intramuscular fat of the diaphragm (HOL)
were sampled. Approximately 100 mg of fat was collected
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from each cattle; total lipids were extracted from these
samples with chloroform:methanol (2:1, vol/vol). The lipids
were methylated by the method of O’Keefe et al. [12] with
sodium methylate. Methyl esters were analyzed with a gas
chromatograph-equipped flame ionization detector (Hitachi
G-3000, Tokyo, Japan). Analyzed fatty acid methyl esters
were myristic acid (C14:0), myristoleic acid (C14:1), pal-
mitic acid (C16:0), palmitoleic acid (C16:1), stearic acid
(C18:0), oleic acid (C18:1), and linoleic acid (C18:2). The
composition of each fatty acid was expressed as a percentage.
MUFA, saturated fatty acids (SFA) and Elongation Index
were calculated. MUFA included C14:1, C16:1 and C18:1
and SFA included C14:0, C16:0 and C18:0. Elongation Index
indicated (C18:04+C18:1+C18:2)/(C16:0+C16:1).

Sequencing

Genomic DNA samples were used to sequence the coding
sequence (CDS) regions of ELOVL genes except for
ELOVL6. cDNA samples were used for the ELOVL6. The
primers were designed based on GenBank sequences
(ELOVLI: NC_007301, ELOVL2: NC_007324, ELOVL3:
NC_007327, ELOVL4:NC_007307, ELOVL5: NC_007324,
ELOVL6: NM_001102155 and ELOVL7: NC_007318). The
promoter regions of the ELOVL5 and the ELOVL6 were also
sequenced using genomic DNA samples. We focused on the
regions homologous with the promoter regions of mouse
ELOVLS and ELOVLG [13, 14]. The primers were designed
based on GenBank sequences (ELOVL5: NC_007324 and
ELOVL6: NC_007304). PCR was performed as the follow-
ing: 35 cycles at 94 °C for 30 s, annealing temperature for
30s, 72 °C for 1 min. The primer sequences and the
annealing temperatures are summarized in Supplemental
Table 1. For PCR, TaKaRa Ex Taq® Hot Start Version
(Takara, Tokyo, Japan) or TaKaRa LA Taq® (TaKaRa) was
used as polymerase. Sequencing was performed with Big-
Dye® Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA) and ABI PRISM® 3100
Genetic Analyzer (Applied Biosystems). The sequence
comparison was performed by DNASIS® Pro v3.0 (Hitachi,
Tokyo, Japan). The sequence of the promoter regions in
mouse ELOVL5 and ELOVLG6 were referred to by GenBank
sequences (ELOVLS5: NC_000075 and ELOVLG:
NC_000069). Putative transcription factor binding sites in
the promoter region were searched by TFSEARCH ver 1.3
[15]. The locus of each SNP is identified by the distance in
base pairs from the translation initiation site.

Phyloanalysis

For phyloanalysis among ELOVL family of human, cattle and
mouse, a phylogenetic tree was constructed with MEGA4.0
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Fig. 1 The phylogenic tree of the ELOVL family. ELOVL family
was divided into three groups: ELOVL2, 5, 4, ELOVLI, 7 and
ELOVL3, 6. The substrates of ELOVL2, 5, 4 were polyunsaturated
fatty acids (PUFA), while those of the others were saturated fatty
acids (SFA) and monounsaturated fatty acids (MUFA) [5, 8].
Bootstrap support values (1,000 replicates) are indicated at the nodes.
The bar scale indicates genetic distance by using the substitution
model of Tamura-Nei [17]

[16]. Tamura-Nei distance was applied for the calculation of
genetic distance [17]. Bootstrap re-sampling (n = 1000) was
performed to evaluate the robustness of the phylogenetic tree
[18]. To construct the phylogenetic tree, the nucleotide
sequences of the CDS regions in the ELOVL family were
used (ELOVLI-7: human: NM_022821, NM_017770,
NM_152310, NM_022726, NM_021814, NM_024090 and
NM_001104558, cattle: NM_001034703, NM_001083517,
XM 589432, NM_001099050, NM_001046597, NM_00
1102155 and NM_001078042 and mouse: NM_019422,
NM_019423, NM_007703, NM_148941, NM_134255,
NM_130450 and NM_029001).

Genotyping

Genotyping was carried out by the PCR-RFLP (restriction
fragment length polymorphism) method. Two SNPs in the
promoter region of ELOVL5 (g.-204C>G and g.-110T>C)
were chosen for genotyping. The PCR was performed as
the following: 35 cycles at 94 °C for 30 s, 64 °C for 30 s,
72 °C for 1 min. TaKaRa Ex Taq® Hot Start Version was
applied as polymerase. The primer sequences to amplify
the region including g.-204C>G were 5'-taaaattgtccagagac
acgtgatc-3’ and 5'-gggtatctacaatcagaacg-3’. A mismatch
nucleotide (underline) was adopted to introduce a Taq 1
recognition site for the fragment, since no suitable

restriction enzyme was detected in the site. The primer
sequences for g.-110T>C were 5'-tccagagacacgtgaacca-
gagg-3’ and 5'-ccagccaaagttttccggagece-3’. This product
was digested with Sau96 1. The restriction enzymes were
commercially obtained from New England Biolabs
(Ipswich, MA).

Statistical analysis

All traits were analyzed by generalized least square method
implemented in JMP7 (SAS Institute Inc., Cary, NC).
Analysis of variance (ANOVA) was performed to detect
significant factors within a model, which included geno-
types of the SNPs and other appropriate factors as fixed
effects, i.e. sex, sire and month of slaughter for JB1, and
sex and year of slaughter for JB2. While genotypes of g.-
110T>C were considered in three models, g.-204C>G was
included only for HOL because of biased genotypic fre-
quencies in JB1 and JB2. In addition, all models included
age at slaughter as linear and quadratic regressions. Dif-
ferences between least squares means for genotypes within
a gene were examined by Tukey—Kramer’s honestly sig-
nificant difference (HSD) test.

Results
Phyloanalysis among the ELOVL genes

A phylogenic tree was constructed using the nucleotide
sequences of the coding regions in the ELOVL genes of
human, cattle and mouse (Fig. 1). The average values of
nucleotide sequence identity between cattle and human and
between cattle and mouse were 86.7 and 88.1 %, respec-
tively. Among these species, orthologous genes were clus-
tered into same groups. The ELOVL genes were divided into
three groups: ELOVL2, 5, 4, ELOVLI, 7 and ELOVL3, 6.
Bootstrap support values at the nodes of orthologous genes
were 100, suggesting that the ELOVL gene family in mam-
mals was functionally differentiated as shown in Fig. 1.

Genotyping

Sequence comparison among four Japanese Black and four
Holstein cattle revealed five SNPs in the coding regions of
the ELOVL genes (ELOVLI ¢.804C>T, ELOVL2 c.447T>C,
ELOVL3 ¢96G>A, ELOVL5 c.105T>C and ELOVLS
¢.339A>G). All of them were synonymous mutations, sug-
gesting that these SNPs might not influence molecular
functions which are supposed to be attributed to conforma-
tion of the proteins. Therefore, they were predicted not to
affect the economic traits [19]. Subsequently, we investi-
gated DNA polymorphisms in the promoter regions of the
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Table 1 Significant test between g.-//07>C and the economic traits
using ANOVA

Traits ELOVLS5 g.-110T>C
JB1 JB2 HOL

Carcass traits
Carcass weight ns ns *
Rib-eye area ns ns ns
Rib thickness ns ns ns
Subcutaneous fat thickness * ns *
Yield estimate Hok ns Hok
BMS ns ns ns

Fatty acid composition
C14:0 ns ns ns
Cl4:1 ns wAE ns
C16:0 ns ns ns
Cl6:1 ns ns ns
C18:0 ns ns ns
C18:1 * ns ns
C18:2 ns ns ns
MUFA * ns ns
SFA * ns ns
Elongation Index ns ns ns

The perinephric fat tissues of 556 Japanese Black cattle in Miyazaki
Prefecture (JB1), the intramuscular fats of the musculus longissimus
thoracis of 225 Japanese Black cattle from diverse areas in Japan
(JB2) and the intramuscular fats of the diaphragm of 201 Holstein
steers in Tottori Prefecture (HOL) were analyzed

ns Non-significant, BMS beef marbling score, MUFA monounsatu-
rated fatty acid, SFA saturated fatty acid

* P <0.05, ¥* P <0.01, *** P <0.001

ELOVLS5 and the ELOVLG6. Six polymorphisms were iden-
tified in the ELOVL)S (g.-513C>-, g.-307G>A, g.-306T>G,
2.-268G>A g.-204C>G and g.-110T>C), while polymor-
phisms were not found in the ELOVL6.

The proximal promoter sequence located within —200/
480 bp is required for transcriptional activation of mouse
Elovl5 [14]. This region was homologous to —254/—53 bp

mouse
cattle 1

cattle 2

mouse
cattle 1

cattle 2

Fig. 2 Two SNPs identified in the promoter region of the cattle
ELOVLS5 gene. The promoter region in the cattle ELOVLS5 gene was
compared to that in the homologous gene of mouse [14]. The region
was well conserved between the two species. Two SNPs were
identified in this region (g.-204C>G and g.-110T>C). The g.-
204C>G lay in putative sterol regulatory element binding protein-1
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in cattle, including two of five SNPs (g.-204C>G and
g.-110T>C) identified in this study (Fig. 2). Sequence
comparison revealed this region was well conserved
between cattle and mouse with synteny of 82.8 %, which
suggested this region might be involved in the expression
of cattle ELOVLS. In addition, these SNPs were detected in
target sequence of transcription factors. The g.-204C>G
was in putative sterol regulatory element binding protein-1
(SREBP-1) binding site, while the g.-110T>C putative aryl
hydrocarbon receptor (AhR) binding site. For these rea-
sons, these two SNPs were selected for the association
study with carcass traits.

The minor allele of the g.-110T>C was the C allele with
frequencies of 0.29 (JB1), 0.43 (JB2) and 0.50 (HOL).
Whereas, the frequencies of minor allele G in g.-204C>G
were 0.01 in JB1, 0.01 in JB2 and 0.08 in HOL. This SNP
was excluded from the association analysis because the
limited number of the animals with G allele might prevent
successful statistical analysis.

Effect of the polymorphisms in the ELOVL genes
on the economic traits

The effect of the g.-110T>C on the carcass traits including
fatty acid composition were analyzed by ANOVA (Table 1).
The g.-110T>C had significant effects on subcutaneous fat
thickness (P < 0.05), yield estimate (P < 0.01), the per-
centages of C18:1 (P < 0.05), MUFA (P < 0.05) and SFA
(P < 0.05) in JB1, C14:1 (P < 0.001) in JB2 and carcass
weight (P < 0.05), subcutaneous fat thickness (P < 0.05)
and yield estimate (P < 0.01) in HOL.

Honestly significant difference test was conducted to
investigate the detailed effects of the g.-110T>C (Table 2).
In JB1, subcutaneous fat thickness of animals with T allele
(T/T type: 2.39 cm and C/T type: 2.35 cm) was thinner
than that of the animals with C/C allele (2.68 cm), leading
to lower yield estimate of C/C homozygote. Animals with
T/T allele in HOL also had thinner subcutaneous fat
(2.01 cm) than those with C/T allele (2.30 cm). Same

GCAGGCTTAT TAGGAAGAAG C——AAGAAAA CTGCCCCGAG ACACGTGAAC CACAGGAGAC CAACCCTGGC TTCCTCTGCT CACCGCATCT GATTCTGGAA

G--G++ ++----GA CATG-CTC ++-T---- G v

ceGeer o veeeooG A CATG-CTC -+ -Tevv-- G oo

(SREBP-1) binding site, while the g.-110T>C putative aryl hydro-
carbon receptor (AhR) binding site. The identified SNPs are indicated
as the boxed nucleotides and putative transcription factor binding
sites as underlined sequences. Dots indicate the nucleotides identical
between cattle and mouse, and hyphens in/del polymorphisms
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tendency was observed in JB2, though this group did not
show significance. Moreover, animals with T/T type in JB2
showed higher percentage of C14:1 than the others, and
C/C type in HOL indicated greater carcass weight than the
others.

Discussion

Orthologous genes among three species were clustered into
same groups and the phylogenic relationship of the
ELOVL family was identical with their substrate prefer-
ences (Fig. 1). The substrates of ELOVL2, 4 and 5 were
polyunsaturated fatty acids, while those of the others were
SFA and MUFA [5, 8]. This suggested that an ancestral
enzyme of the ELOVL family preferred SFA and MUFA,
and ELOVL2, 4 and 5 gained new characteristic during the
evolution.

Polymorphism search in CDS regions revealed that
nonsynonymous mutations were not identified in the
ELOVL genes. In addition, the CDS regions in the ELOVL
genes were well conserved among human, cattle and
mouse. Aberrant activities of the ELOVL family have been
observed in various human diseases such as macular
degeneration, neurological disorder, cancer and diabetes
[8, 20-22]. These data suggested the importance of the
ELOVL family in fatty acid elongation and functional
alteration of the ELOVL family may be too influential for
living organisms to keep sound homeostasis of fatty acids.

The region around two SNPs of the promoter region in
the ELOVL5 was well conserved between cattle and mouse
(Fig. 2). Qin et al. [14] reported that this region was
essential for transcriptional activation of mouse Elovl5.
They also identified the sterol regulatory element 1
(SRE-1) in this region. The SRE-1 is the target sequence of
sterol regulatory element binding protein-1 (SREBP-1)
[23], suggesting the expression of the ELOVLS5 gene was
regulated by the SREBP-1. Hoashi et al. [24] elucidated
that an in/del polymorphism in intron 5 of the SREBP-1
gene had a significant effect on fatty acid composition in
beef cattle. The expression of the SREBP-1 and its related
genes including the ELOVLS5 might be an important factor
to influence fatty acid composition. The effect of the
2.-110T>C on the carcass traits might result from the
alteration of the ELOVLS5 expression.

Our result revealed that the g.-110T>C had a significant
effect on subcutaneous fat thickness (Tables 1, 2). Animals
with T allele tended to have thinner subcutaneous fat and,
therefore, exhibit better yield estimate. Subcutaneous fat is
mainly composed of triacylglycerol [25]. Moon et al. [6]
reported that deletion of the ELOVLS led to accumulation
of triacylglycerol through activation of SREBP-1 in mice.
The C allele of the g.-110T>C might suppress the

Table 2 Effect of the genotypes for the ELOVL5g.-110T>C on the economic traits in the three cattle groups

HOL

JB2

JB1

Traits

CIT (n=232) CIC (n=47) T/T (n = 91) CIT (n = 84) C/C (n = 50) TT (0 = 51) C/T (n=100)  C/C (n = 50)

T/T (n = 277)

Carcass traits

455.13 + 434> 470.85 &+ 5.00°

453.23 + 6.00°

427.29 + 4.38 426.49 + 7.37 421.66 + 5.41 433.06 + 5.55 437.89 £ 6.59

427.49 + 4.15

CW (kg)
SFT (cm)

2.26 + 0.08%°
69.15 + 0.14°

230 £ 0.07%
69.29 + 0.12°

2.01 #+ 0.10°
69.75 & 0.17°

3.10 £ 0.11
73.37 £ 0.19

3.00 £+ 0.09
73.89 + 0.16

2.92 £+ 0.09
73.87 £ 0.16

2.68 + 0.11°
73.81 + 0.21°

235 £ 0.07°
74.40 + 0.12°

239 + 0.06°
74.15 + 0.12%°

Fatty acid composition (%)

YE (%)

0.91 £ 0.03 0.90 £+ 0.03 0.91 £ 0.05 0.96 + 0.03* 0.80 & 0.03" 0.84 & 0.04° 0.62 £ 0.03 0.59 £+ 0.02 0.60 £ 0.03

Cl4:1

The perinephric fat tissues of 556 Japanese Black cattle in Miyazaki Prefecture (JB1), the intramuscular fats of the musculus longissimus thoracis of 225 Japanese Black cattle from diverse
areas in Japan (JB2) and the intramuscular fats of the diaphragm of 201 Holstein steers in Tottori Prefecture (HOL) were analyzed. Values are least square means with standard error

&> Means with different superscripts within the same trait and group differ significantly at p < 0.05 (Tukey’s HSD analysis)

CW carcass weight, SFT subcutaneous fat thickness, YE yield estimate
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expression of the ELOVLS5 to produce triacylglycerol in
subcutaneous fat, leading to thicker subcutaneous fat
(Table 2). The g.-110T>C had also significant effects on
the percentage of Cl14:1 in JB2 and on carcass weight in
HOL (Table 2). However, these effects were not common
among the groups and stable tendencies were not observed.
The difference of genetic background among the groups
might explain these mismatched results. Breed difference is
an important factor to influence fatty acids in beef when fed
under same conditions [26, 27].

The g.-110T>C might influence aryl hydrocarbon
receptor (AhR) binding. The T allele of the g.-110T>C
produced putative AhR binding site, while the other did
not. The AhR is a ligand-activated transcription factor,
which represses several enzymes in fatty acid synthesis
pathway including FASN and serum triglyceride levels in
mice [28]. Thicker subcutaneous fat of animals with C/C
allele might result from the absence of AhR binding site.
The effect of the g.-110T>C on the ELOVLS5 expression
needs to be elucidated in the future.

The g.-204C>G was located within the SRE-1 sequence
(Fig. 2), suggesting this SNP altered the ELOVL5 expres-
sion. Although this SNP did not significantly affect any
carcass traits analyzed in this study due to the limited
number of the animals with G allele, more detailed study
about this SNP will be needed in the future. Elucidating the
effect of this SNP on the expression of the ELOVLS gene
will provide new insights for the association between
economic traits in beef with genes which expressions are
governed by the SREBP-1.

In this study, we performed DNA polymorphism search
in the CDS and promoter regions of the ELOVL genes. As a
result, five synonymous mutations were detected in the
CDS regions of the ELOVL genes and six polymorphisms
in the promoter region of the ELOVLS5. The SNP in the
promoter region of the ELOVLS (g.-110T>C) was expected
to alter the expression of this gene and effective on the
plural economic traits including subcutaneous fat thick-
ness. The g.-110T>C will be a useful genetic marker for
the breeding of beef cattle.
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