
Whole-Genome Association Study For Fatty Acid 

Composition Of Oleic Acid In Japanese Black Cattle 
Y. Uemoto

*
, T. Abe

*
, N. Tameoka

*
, H. Hasebe

*
, K. Inoue

*
, H. Nakajima

†
, N. 

Shoji
†
, M. Kobayashi

†
 and E. Kobayashi

*
 

 

 

Introduction 

Fatty acid composition, especially oleic acid (C18:1), plays an important role in the eating 

quality of meat in Japanese Black cattle. Several genes affecting fatty acid composition were 

reported in Japanese Black cattle (Taniguchi et al. (2004); Hoashi et al. (2007); Abe et al. 

(2009)). Stearoyl-CoA desaturase (SCD) (Taniguchi et al. (2004)) and sterol regulatory 

element-binding protein-1 (SREBP-1) (Hoashi et al. (2007)) were detected in Japanese Black 

cattle by a candidate gene approach. Abe et al. (2008) performed genome-wide quantitative 

trait loci (QTL) analysis based on linkage mapping in an F2 resource population crossed by 

Japanese Black sires and Limousin dams and reported that the fatty acid synthase (FASN) 

gene was a candidate gene affecting fatty acid composition in the F2 resource population and 

Japanese Black cattle (Abe et al. (2009)). However, there is no report on genome-wide QTL 

analysis of fatty acid composition within Japanese Black cattle. In genome-wide QTL 

analysis, the traditional strategy was to use linkage to map a QTL to a large region and then 

linkage disequilibrium (LD) to map it more precisely. Recently, a large panel of single 

nucleotide polymorphisms (SNPs) in domestic species was made available to search for 

mutations underlying the variation in complex traits through the use of a genome-wide 

association study (Goddard and Hayes (2009)). This high-throughput genotyping technology 

gives hope to finding more QTLs for complex traits in a genome-wide association study by 

using an LD-based method, which regress the phenotypes of the quantitative trait on the 

marker genotypes. Therefore, the purpose of this study was to identify loci associated with 

C18:1 within Japanese Black cattle using the Illumina BovineSNP50 BeadChip whole-

genome SNP assay. We also evaluated the relationship between C18:1 and the 3 fatty acid 

synthesis genes, FASN, SCD, and SREBP-1, in this population. 

Material and methods 

Animals and phenotypes. Intramuscular adipose tissue at the trapezius muscles was 

collected from specimens of Japanese Black cattle at several meat treatment centres in 

Yamagata Prefecture from 2001 to 2005. A total of 3,356 samples were then used for the 

determination of fatty acid composition. For analyzing C18:1 content, total lipid extractions 

were performed as described by Folch et al. (1957). The extracted fat was saponified with 

potassium hydrate-ethanol solution and then methyl-esterified with a boron trifluoride-
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methanol complex. The processed fat was analyzed by gas chromatography (6890A; Agilent 

Technologies, Little Falls, DE, USA). 

 

Genotyping and Quality Control Metrics. A total of 160 animals selected from 3,356 

samples were genotyped in this study (the detail of selecting animals is written below). 

Genomic DNA was extracted from a 35 mg trapezius muscle sample using phenol-

chloroform. Sample DNA was quantified and genotyped using the Illumina BovineSNP50 

BeadChip (Illumina, San Diego, CA, USA). In this study, the autosomal chromosomes were 

genotyped. We also genotyped 3 candidate genes, SCD, SREBP-1, and FASN gene, by the 

PCR–RFLP method as described by Taniguchi et al. (2004), Hoashi et al. (2007), and Abe et 

al. (2009), respectively. The SNP quality control was assessed using PLINK software 

(Purcell et al. (2007)). The exclusion criteria for SNPs were minor allele frequency < 0.01, 

call rate <0.95, and Hardy–Weinberg equilibrium (HWE) < 0.001. 

 

Statistical analyses. Aulchenko et al. (2007) suggests a novel approach for pedigree-based 

QTL association analysis: genome-wide rapid association using mixed model and regression 

(GRAMMAR). Amin et al. (2007) also shows that the genome-wide association analysis 

using both GRAMMAR and Genomic Control (GC) approaches (Devlin and Roeder (1999)) 

is feasible and powerful in related population. In this experiment, we applied GRAMMAR 

and GC approaches using selective genotyping. Our method was composed of 4 steps.  The 

first step corrected phenotype by accounting for familial dependence among family members 

and the fixed effects and the covariates of environmental effects. In this study, the fixed 

effects were slaughter year, slaughter month, sex, and farm, and the covariate was slaughter 

age. Pedigrees of the base population animals were traced back 3 generations to create the 

numerator relationship matrix and a total of 12,569 animals were included in this study. In 

the second step, 80 animals were selected from the high and low corrected phenotypic tails 

of the corrected phenotypic distribution in the population. The autosomal chromosomes, 

including the 3 candidate genes, of 160 animals were then genotyped using the Illumina 

BovineSNP50 BeadChip to analyze the association between SNPs and the corrected 

phenotype. The third step tested the single SNP effect using simple linear regression. We 

used the Wald test based on t-distributions and regression coefficients and asymptotic P 

values were obtained. The fourth step corrects the P-values of analysis by the GC method. To 

determine the threshold value, the Bonferroni correction was applied to account for multiple 

hypotheses testing in this study. These approaches were done in the ASREML software 

(Gilmour et al. (2006)) and PLINK software (Purcell et al. (2007)). 

Results and discussion 

A total of 160 animals (80 animals with higher values and 80 with lower values) were 

selected from 3,356 animals based on corrected phenotype, and these animals with high and 

low values were approximately 2 standard deviations from the mean. One hundred and sixty 

animals were then genotyped using the Illumina BovineSNP50 BeadChip and the 3 fatty acid 

synthesis genes and the quality of the SNPs was assessed. In this study, we excluded 11,864 

SNPs with minor allele frequencies < 0.01, 713 SNPs with a call rate < 0.95, and 313 SNPs 

with HWE with a nominal P < 0.001. Therefore, a total of 38,955 SNPs, which included 3 

fatty acid synthesis genes, were used in this study. 



 
 

Figure 1: Genome-wide plot of -log10 (P values) for an association of loci with oleic acid 

 

 

Table 1: Significant genome-wide single nucleotide polymorphisms with oleic acid 
 

Position Minor allele

(kbp) frequency β value
1 S.E.

UA-IFASA-9813 19 32,717 0.23 -1.28 0.23 2.4×10
-7 ** 0.16 nearest_gene HS3ST3A1

BTB-00756767 19 39,355 0.23 1.23 0.23 4.1×10
-7 * 0.16 intron SKAP1

BFGL-NGS-111666 19 46,309 0.27 -1.24 0.20 9.4×10
-9 ** 0.20 intron FMNL1

ARS-BFGL-NGS-42746 19 49,564 0.35 -1.10 0.18 2.3×10
-8 ** 0.19 intron CCDC47

ARS-BFGL-NGS-78203 19 49,617 0.46 -0.96 0.18 3.9×10
-7 * 0.16 intron FTSJ3

ARS-BFGL-NGS-6791 19 49,810 0.16 -1.49 0.24 6.5×10
-9 ** 0.20 intron LOC524719

ARS-BFGL-NGS-43680 19 49,834 0.21 -1.29 0.23 1.2×10
-7 ** 0.17 intron LOC524719

UA-IFASA-5057 19 49,865 0.18 -1.51 0.23 1.4×10
-9 ** 0.22 nearest_gene LOC524719

ARS-BFGL-NGS-3360 19 50,025 0.45 1.15 0.19 1.3×10
-8 ** 0.20 nearest_gene TEX2

BFGL-NGS-118951 19 50,107 0.20 -1.31 0.22 4.3×10
-8 ** 0.18 intron PECAM1

ARS-BFGL-NGS-69038 19 50,171 0.31 -1.20 0.19 5.4×10
-9 ** 0.20 intron LOC789682

UA-IFASA-7593 19 50,262 0.39 1.06 0.18 2.9×10
-8 ** 0.19 nearest_gene CCDC45

Hapmap43270-BTA-45709 19 50,360 0.24 -1.42 0.19 3.1×10
-11 ** 0.26 intron SMURF2

BTB-00758263 19 50,639 0.18 -1.52 0.22 3.5×10
-10 ** 0.23 nearest_gene NOL11

Hapmap31094-BTA-133271 19 50,781 0.35 1.12 0.19 5.1×10
-8 ** 0.18 intron LOC782067

ARS-BFGL-NGS-1047 19 51,082 0.45 -0.98 0.18 6.5×10
-7 * 0.15 nearest_gene PSMD12

ARS-BFGL-NGS-39328 19 52,114 0.18 -1.67 0.22 1.6×10
-11 ** 0.26 nearest_gene LOC518878

FASN gene (g.16024A>G) 19 52,187 0.35 -0.94 0.18 1.1×10
-6 * 0.15 exon FASN

ARS-BFGL-NGS-73980 19 52,291 0.32 -1.02 0.18 1.5×10
-7 ** 0.17 intron DUS1L

Hapmap42556-BTA-45815 19 52,317 0.32 -1.02 0.18 1.5×10
-7 ** 0.17 nearest_gene RFNG

ARS-BFGL-NGS-15454 19 52,365 0.16 -1.65 0.24 2.1×10
-10 ** 0.24 mRNA-UTR LOC514524

ARS-BFGL-NGS-88163 19 52,722 0.27 -1.49 0.17 3.9×10
-14 ** 0.32 intron LOC783611

ARS-BFGL-NGS-68655 19 53,021 0.33 -1.23 0.17 8.3×10
-11 ** 0.25 nearest_gene AZI1

ARS-BFGL-NGS-105532 19 53,131 0.40 1.13 0.17 1.3×10
-9 ** 0.22 nearest_gene BAIAP2

Hapmap39750-BTA-45775 19 53,201 0.29 -1.45 0.17 1.4×10
-13 ** 0.31 intron LOC507056

BFGL-NGS-112589 19 53,351 0.19 -1.46 0.22 6.3×10
-10 ** 0.23 intron LOC507056

ARS-BFGL-NGS-52810 19 53,440 0.19 -1.53 0.22 1.9×10
-10 ** 0.24 intron LOC507056

ARS-BFGL-NGS-3745 19 53,480 0.47 -1.02 0.18 1.5×10
-7 ** 0.17 intron LOC507056

ARS-BFGL-NGS-101995 19 54,539 0.22 -1.32 0.21 1.2×10
-8 ** 0.20 nearest_gene HRNBP3

ARS-BFGL-NGS-18466 19 54,666 0.23 -1.30 0.20 4.4×10
-9 ** 0.21 intron HRNBP3

ARS-BFGL-NGS-105904 19 54,734 0.33 -1.18 0.19 1.3×10
-8 ** 0.19 intron HRNBP3

ARS-BFGL-NGS-86346 19 54,803 0.22 -1.37 0.21 1.3×10
-9 ** 0.22 intron HRNBP3

P value
2 coefficient of

determinatio

n

gene
SNP effect

SNP name chromosome Functional class

 

*genome-wide significance at 5% (P = 1.28 × 10-6); **genome-wide significance at 1%(P = 2.57 × 10-7). 
1regression coefficient. 
2P values were corrected by the Genomic Control method. 

chromosome 

-log10(P value) 



GC procedure was applied to correct the test statistics, and the estimated inflation factor was 

1.06 in this study. The result of the inflation factor shows that this method successfully 

accounted for population stratification. This result indicates the validity of the GRAMMAR 

and GC approaches, using selective genotype, in analyzing Japanese Black cattle population. 

A genome-wide plot of P values corrected by the GC method is shown in Figure 1. The 

significant threshold of genome-wide significance at 5% and 1% accounting for multiple 

testing by Bonferroni correction were P = 1.28 × 10
-6

 and P = 2.57 × 10
-7

, respectively. The 

SNPs with a genome-wide significance of 5% are shown in Table 1. In the present study, 32 

SNPs affecting C18:1, including only FASN gene, were detected on chromosome 19 and 

almost all of the SNPs were located near the FASN gene. While other genes are also located 

in this region, no candidate genes affecting fatty acid synthesis directly were identified. The 

other genomic regions, including the SCD and SREBP-1 polymorphisms, had no significant 

effect on the C18:1 phenotype. 

Conclusion 

The current study first demonstrated the relationship between Illumina BovineSNP50 

BeadChip and the C18:1 phenotype in Japanese Black cattle using a genome-wide 

association study. Then, it also provided useful information for performing a genome-wide 

association study by the GRAMMAR and GC approaches using selective genotyping. 
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