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Abstract

Marbling defined by the amount and distribution of intramuscular fat is regarded as an econom-
ically important trait of beef cattle in Japan. The pancreatic lipase gene (PNLIP) is located within
the genomic region of a bovine marbling quantitative trait locus. The rat homologue of PNLIP
has been previously shown to be regarded as a possible candidate for the gene responsible for
intramuscular fat content. These findings suggested that PNLIP was a positional and functional
candidate for the marbling gene. In this study, we detected a single nucleotide polymorphism
(SNP), g.37288470A > G, at 1917 bp upstream of the PNLIP transcription initiation site between
Holstein steers and somatic nuclear-derived cloned steers from a Japanese Black sire with a
very high estimated breeding value for marbling by sequencing analysis. Further, we found sta-
tistically significant difference in the allelic distribution of the SNP between 17 Japanese Black
unrelated sires with extremely high predicted breeding values for marbling and 17 sires with
extremely low ones (P = 0.0332). Our findings suggest that g.37288470A > G SNP in the promo-
ter region of PNLIP might be associated with marbling by altering its gene expression, and be
useful for effective marker-assisted selection to increase the levels of marbling in Japanese Black
beef cattle.
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1. Introduction

Intramuscular fat deposition, so called marbling, is an important factor for evaluation of beef quality. High le-
vels of marbling improve the palatability and acceptability of beef by affecting the taste and tenderness of the
meat [1]-[3]. Marbling is the main target of the beef industry in Japan [4], and there is a great interest in the de-
velopment of more effective marker-assisted cattle breeding scheme for increasing marbling levels.

The pancreatic lipase is involved in the hydrolysis of dietary triglycerides to fatty acids, which is essential for
the intestinal absorption of long-chain triglyceride fatty acids [5]. An increase in pancreatic lipase amount or ac-
tivity should result in excess energy income and then the increase of intramuscular fat content. It was previously
reported that the bovine pancreatic lipase gene (PNLIP) was located within the genomic region of a quantitative
trait locus for marbling on bovine chromosome 26 [6]. Further, we showed that the rat homologue of PNLIP was
regarded as a possible candidate for the gene responsible for intramuscular fat content in musculus longissimus
muscle [7] [8]. These findings suggested that PNLIP was a positional and functional candidate for the marbling
gene. We recently showed that a single nucleotide polymorphism (SNP) referred to as rs41648172 in intron 6
region of the PNLIP was associated with marbling in Japanese Black beef cattle [9].

It has been reported that a causal mutation responsible for a variation of quantitative traits is often located in
the promoter region affecting gene expression [10]-[14]. In this study, we thus explored a novel PNLIP promo-
ter SNP associated with marbling in Japanese Black beef cattle. We first found a SNP in the promoter region of
PNLIP between Holstein steers and somatic nuclear-derived cloned steers from a Japanese Black sire with a
very high estimated breeding value for marbling by sequencing analysis. Furthermore, we examined allelic dis-
tributions in the SNP between high-marbled and low-marbled Japanese Black beef cattle. The polymorphism in
the promoter region of PNLIP might be associated with marbling by altering its gene expression, and be useful
for effective marker-assisted selection to increase the levels of marbling.

2. Materials and Methods
2.1. Samples and Data

Two Holstein steers and 2 somatic nuclear-derived cloned steers [15] from a Japanese Black Itofuku sire with a
very high estimated breeding value for marbling [16] were used for polymorphism detection. We used 2 high-
marbled cloned steers to confirm the authenticity of a SNP detected in the promoter region of PNLIP.

Further, we used 34 Japanese Black unrelated sires (17 sires with extremely high predicted breeding values
for marbling and 17 sires with extremely low ones) selected from 101 unrelated sires, a panel of which represent
almost all of the lines within a Japanese Black beef cattle population, for SNP genotyping in this study. The pre-
dicted breeding values of the sires for beef marbling standard number were obtained from the Oita recording
system for beef cattle previously reported by Sasaki ef al. [17]. The accuracy of the predicted breeding values in
the 101 sires was 0.935 + 0.008, ranging from 0.770 to 0.990. Semen or blood were collected from the steers
and sires, and DNA samples were prepared from the materials according to standard protocols. This study con-
formed to the guidelines for animal experimentation of the Graduate School of Science and Technology, Niigata
University (Niigata, Japan).

2.2. Polymorphism Detection

We screened the NCBI databases (National Center for Biotechnology Information, Bethesda, MD), and obtained
the bovine genomic sequence (AC_000183.1) containing PNLIP. PCR primers were designed to target ~3.5-kb
5’ flanking region of PNLIP, in order to screen polymorphisms in the gene between 2 low-marbled Holstein
steers and 2 high-marbled cloned steers. Primer pairs used for amplifications of that region were as follows:
GAATCAGAGCCGAAACATATTAAA (g.37286903-37286926) and TCACGTCCATTGAGTTGGTG (g.37-
288830-37288811), CACCTGATGCAAAGAGCTGA (g.37288707-37288726) and CTACGACTGCTCCCAG-
CAAC (g.37290564-37290545). PCR amplifications were performed using 25 ng of the prepared DNA as tem-
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plate in a final volume of 100 pl containing 0.5 uM of each primer, 0.2 mM of each ANTP, 0.625 U of Ex Taq
polymerase (Takara, Shiga, Japan), and 1 X Ex Taq buffer (Takara). The PCR condition was as follows: 94°C
for 3 min, 35 cycles of 94°C for 50 s, 60°C for 50 s, and 72°C for 90 s, followed by a further 5-min extension at
72°C. PCR products were examined by electrophoresis through a 1.0% agarose gel to determine the quality and
quantity for DNA sequencing. DNA sequencing of PCR-amplified products was performed using DNA se-
quencing service provided by SolGent Co, Ltd (Daejeon, South Korea). Nucleotide polymorphisms were identi-
fied by comparison of sequence traces among the 4 DNA samples, and designated according to nomenclature for
the description of sequence variations in the HGVS (Human Genome Variation Society, Fitzroy, VIC, Austral-
ia).

2.3. SNP Genotyping

A SNP detected in the promoter region of PNLIP, g.37288470A > G, was genotyped by the PCR-restriction
fragment length polymorphism method as described previously [18]. PCR primers used for amplifications of
399-bp region containing the SNP site were CAAAGATCACCTAAATTATGGATTAAA (g.37288421-3728-
8447) and GAGTTGGTGATGCCATCTGA (g.37288819-37288800). PCR amplifications were carried out as
described in Polymorphism Detection section, using a final volume of 20 ul. The PCR condition was as follows:
94°C for 3 min, 35 cycles of 94°C for 50 s, 60°C for 50 s, and 72°C for 50 s, followed by a further 5-min exten-
sion at 72°C. An aliquot of PCR-amplified product was digested at 37°C for 1 h with restriction enzyme Ddel
and electrophoresed on a 3.5% agarose gel. Agarose gels were stained with ethidium bromide and photographed
under an ultraviolet light. 399-bp PCR fragments containing the SNP site were digested into 47-, 79- and 273-bp
fragments at the A4 allele, but into 126- and 273-bp fragments at the G allele: the 44 homozygotes, the GG ho-
mozygotes and the AG heterozygotes yielded 3 bands (47, 79, and 273 bp), 2 bands (126 and 273 bp) and 4
bands (47, 79, 126, and 273 bp), respectively (Figure 1).

2.4. Statistical Analyses

The allelic distributions in the g.37288470A > G SNP were compared between 17 sires with extremely high
predicted breeding values for marbling and 17 sires with extremely low ones, by chi-square test. Statistical
analysis was performed by the FREQ procedure of SAS program (SAS Institute, Inc, Cary, NC).

3. Results and Discussion

The sequence analysis revealed a SNP in the promoter region of PNLIP from 2 low-marbled Holstein steers and
2 high-marbled cloned steers: an 4 to G transition located at 1917 bp upstream of the transcription initiation site
(g.37288470A > G). This SNP corresponded to rs381061632 reported previously [19]. The 2 low-marbled
Holstein steers were homozygous for 4 allele at the g.37288470A > G site, whereas the 2 high-marbled cloned
steers were heterozygous for 4 and G alleles.
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Figure 1. SNP genotyping of g.37288470A > G. Lanes 1 and 2 show electrophoretic pattern
of Ddel-digested PCR products from 4G heterozygotes (from top to bottom, 273, 126 and 79
bp). Lanes 3 and 4 show electrophoretic pattern of Ddel-digested PCR products from A4 ho-
mozygotes (from top to bottom, 273 and 79 bp). Lane M shows DNA size marker (from top
to bottom, 1500, 1000, 900, 800, 700, 600 500, 400, 300, 200 and 100 bp).
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Table 1. Comparison of allelic distributions in the g.37288470A > G SNP between 17 sires with extremely high predicted
breeding values for marbling and 17 sires with extremely low ones.

Table Column Head
Sires X’ value P value
A allele G allele
br:evéti}rll hlvgeﬁue 0.588 0.412
W.thgl 45333 0.0332
1t fow 0.824 0.176

breeding value

We genotyped 34 Japanese Black unrelated sires consisting of 17 sires with extremely high predicted breed-
ing values for marbling and 17 sires with extremely low ones, for the g.37288470A > G SNP, and found statis-
tically significant difference in the allelic distribution between 17 sires with extremely high breeding values and
17 sires with extremely low ones (P = 0.0332) (Table 1). The G allele at the g.37288470A > G was more fre-
quent in animals with the high breeding values than with the low ones, and the 4 allele in animals with the low
ones than with the high ones (Table 1).

In the previous study, we supposed that PNLIP was responsible for the intramuscular fat content in the rat [7]
[8]. This study, together with the mapping of a marbling quantitative trait locus within genomic region contain-
ing PNLIP on bovine chromosome 26 [6], and the association of rs41648172 SNP in intron 6 region with mar-
bling [9], suggests that PNLIP SNPs are associated with bovine marbling. It may be true that the g.37288470A >
GSNP in the promoter region of PNLIP is functional and directly affect marbling by altering its gene expression,
because a causal mutation responsible for a variation of quantitative traits such as marbling is reported to be of-
ten located in the promoter region affecting gene expression [20]. However, a more likely event is that the SNP
is in linkage disequilibrium with an unidentified true causal mutation. Thus, further replication and biochemical
studies will be needed to confirm the g.37288470A > G SNP as the causal mutation for marbling.

Irrespective of the confirmation of the g.37288470A > G SNP as the causal mutation, these findings suggest
that the g.37288470A > G SNP of PNLIP is a useful marker for effective marker-assisted selection to increase
the levels of marbling in Japanese Black beef cattle. We have recently reported that SNPs in the endothelial dif-
ferentiation sphingolipid G-protein-coupled receptor 1 (EDG1) [11], titin (77N) [12], akirin 2 (AKIRIN2) [13],
and ribosomal protein L27a (RPL27A4) genes [14] were associated with marbling in Japanese Black breed. Thus,
the present study seems to be an additional report to show polymorphisms associated with marbling using Japa-
nese Black breed.

4. Conclusion

In this study, we showed that g.37288470A > G SNP in the promoter region of PNLIP might be associated with
marbling in Japanese Black beef cattle. This study will provide useful information for the establishment of ef-
fective marker-assisted selection to increase the levels of marbling in Japanese Black beef cattle.
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