
	  
	  

 
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 

 
Genome-Wide Association Study for Milk-Fat Yield in Portuguese Holstein Cattle 

 
M. M. I. Salem*,†, G. Thompson*,‡, S. Chen*, A. B. Pereira*,§ and J. Carvalheira*,‡ 

*Research Center in Biodiversity and Genetic Resources (CIBIO) - InBIO, Portugal, †Faculty of Agriculture, University of 
Alexandria, Egypt, ‡University of Porto – ICBAS, Portugal, §Dept of Biology, Faculty of Sciences from University of Porto, 

Portugal. 
 

ABSTRACT: A Genome-wide association study was per-
formed to identify quantitative trait loci associated with the 
EBV of milk-fat yield in Portuguese Holstein cattle. Geno-
types of 526 sires were obtained using the Illumina Bo-
vineSNP50 BeadChip. Data filtration validated 37,031 
SNPs in 29 autosomes. Twelve significant SNPs were de-
tected, 2 (P < 10-4)  located on BTA3 and the other 10 
(P < 5 x 10-5) SNPs located on BTA3, BTA8, BTA14, 
BTA17, BTA18 and BTA21. The SNPs ARS-BFGL-NGS-
57820 and ARS-BFGL-NGS-4939 on BTA14 were found 
inside the same haplotype block with DGAT1 gene. The 
results of the present study confirm the effect of DGAT1 
gene on milk-fat yield in Portuguese Holstein cattle. 
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Introduction 
 

Milk-fat continues to be an important factor for 
milk pricing, directly influencing the quality and quantity of 
butter and cheese production (Verdier-Metz et al., 2001). 
Compared with other dairy breeds such as Jersey and 
Brown Swiss, the milk of Holstein-Friesian (HF) contains 
less protein and fat (De Marchi et al., 2008). If the market 
trends favor the increase of milk-fat it will be important to 
be able accelerate response to selection. The efficiency of 
traditional selection methods to increase fat on the milk is 
well documented. However, to enable faster genetic pro-
gress is important to also use the direct selection on genes 
that affect this trait (Schennik et al., 2007). 

 
Recently, several genes were proposed as QTL for 

milk-fat in dairy cattle. DGAT1 gene on BTA14 is one of 
those genes with a significant effect on milk-fat composi-
tion and yield (Grisart et al., 2002; Schennink et al., 2007). 
Also, SCD1 gene on BTA26 has effects on fat composition 
(Taniguchi et al., 2004; Bouwman, et al., 2011). The objec-
tive of this study was to perform a genomic-wide associa-
tion study (GWAS) to identify QTL affecting milk-fat yield 
in Portuguese HF cattle. 

 
Materials and Methods 

 
Data. Genotypes of 526 sires were obtained from 

the Portuguese Genomic data base. Animals were geno-
typed using the Illumina BovineSNP50 BeadChip, which 
contains a total of 52,890 SNPs (Illumina, San Diego, CA). 

All these sires have 15 or more daughters in at least 10 
farms under the Portuguese official recording. The pheno-
types used in the present study were the bull’s milk-fat 
yield EBV, from the January 2014 official evaluation. 

 
Statistical analysis. Animals with more than 20% 

missing marker genotype were excluded from the study. All 
SNPs with lower than 2% minor allele frequency (MAF), 
call rate less than 90% and exhibiting a deviation from 
Hardy-Weinberg equilibrium (HWE) with P < 10-6, were 
removed. Filtration of the marker data set was performed 
with Plink software (Purcell et al., 2007).  After SNP vali-
dation, 37,031 SNPs from 29 autosomes remained for the 
GWAS. The missing genotypes were imputed using Beagle 
software (Browning and Browning 2009).  The conversion 
of the Plink input data file format to Beagle file format and 
vice versa was performed using fcGENE software 
(http://sourceforge.net/projects/fcgene/). The haplotype 
block analyses were performed for chromosomal regions 
(500 kb) that contain multiple significant SNPs using 
Haploview software (Barrett et al. 2005). The GWAS was 
performed using Plink software. Two significance levels 
were selected for this study: a suggestive threshold at 
1 x 10-4 and a genome-wide threshold level at 5 x 10-5 
(Lander and Kruglyak, 1995). Manhattan Plot was obtained 
using R software (ver. 3.0.2, R Development core Team, 
2013) with the code written by Turner 
(http://gettinggeneticedone.blogspot.com.nz/2011/04/annot
ated-manhattan-plots-andqq-plots.html). The Bovine Ge-
nome Bos_Taurus_UMD_3.1 in the NCBI database was 
used to identify genes that were close to or within the re-
gion of the detected significant SNPs. The significant SNPs 
detected from genome wide association were compared 
with previously reported markers and QTL from the Animal 
QTLdb database (http://www.animalgenome. org/cgi-
bin/QTLdb/index/BT/BT/index). 

 
Results and Discussion 

 
The significant SNPs, chromosome number, phys-

ical position and P-values are presented in Table 1. Twelve 
significant SNPs were detected for milk-fat yield (Figure 
1). There were two SNPs with suggestive significance level 
on BTA3 at 125.04 Mb and 125.11 Mb. Ten SNPs with 
genome-wide significance level were detected on BTA3 at 
118.34 Mb, BTA8 at 43.49 Mb, BTA14 at 1.48, 1.65, 1.80, 
and 2.05 Mb, on BTA17 at 7.39 Mb, on BTA18 at 37.46 
Mb and on BTA21 at 20.24 and 21.85 Mb. The ARS-



	  
	  

BFGL-NGS-105174 SNP on BTA3 and all SNPs on 
BTA14 were located within or near known QTL for fat 
yield. The remaining SNPs are novel and not reported in 
previous studies. Pimentel et al. (2011) found a significant 
QTL affecting milk-fat percentage on BTA3 at 118.78 cM 
in HF cattle that is very close to the ARS-BFGL-NGS-
105174 SNP identified in the present study. The SNP Hap-
map30383-BTC-005848 on BTA14 was found very close to 
haplotype block 1 on the chromosome (Figure 2). Also, the 
SNPs ARS-BFGL-NGS-57820 and ARS-BFGL-NGS-4939 
were found inside haplotype block 1 (Figure 2). The haplo-
type block 1 was 287 kb in length and contains 26 genes. 
Moreover, the SNP ARS-BFGL-NGS-4939 was found 
within DGAT1 gene. The DGAT1 gene was shown to af-
fect milk-fat yield and composition (Grisart et al., 2002; 
Soyeurt et al., 2006; Schennink et al., 2007; Streit et al., 
2011; Argov-Argaman et al., 2013). Besides DGAT1 gene, 
there are other QTL contributing significantly to the genetic 
variance for milk production traits (Bennewitz et al., 2004). 
Actually, many researchers found several QTLs around the 
DGAT1 gene region with significant effects on milk traits. 
Wibowo et al. (2008) showed that the cluster spanning 0-10 
Mb on BTA14 contains many QTLs that affect milk traits. 
Furthermore, Jiang et al. (2010) identified 13 markers very 
close (within 1Mb) to the DGAT1 gene affecting milk 
production traits. Also, Meredith et al. (2012) found 19 
significant markers affecting milk fat yield around DGAT1 
gene region. In the present study, there were significant 
SNPs found with DGAT1 gene, in the same haplotype 
block. This block contains 26 genes and it is possible that 
any of these genes interacts with DGAT1 on the expression 
of milk traits. The SNP BTA-115463-no-rs on BTA21 was 
found inside haplotype block 7 (Figure 3). The haplotype 
block 7 was 16 kb in length and contains one gene named 
LOC529925. 

 

 
Figure 1. Genome-wide Manhattan plot of association 
between SNPs loci and milk-fat yield. The horizontal 
lines indicate the suggestive significance level (blue line) 
and the genome-wide significance level (red line). 

 
Figure 2. Haplotype block 1 on BTA14 containing 
DGAT1 gene with two significant SNPs ARS-BFGL-
NGS-57820 and ARS-BFGL-NGS-4939. 

 
 

Table 1. Genome-wide significant SNPs for milk-fat 
yield in Portuguese Holstein cattle. 

SNP BT
A Postion Gene 

(Location) 

P-
value

1 
ARS-BFGL-
NGS-105174 3 118346051 TRAF3IP1 

(118.27-118.33) 2.12a 

ARS-BFGL-
NGS-101315 3 125045825 - 9.21a 

ARS-BFGL-
NGS-90439 3 125114116 - 7.07a 

ARS-BFGL-
NGS-86183 8 43497231 DMRT2 (43.78) 3.65a 

Hapmap30383-
BTC-005848 14 1489496 ZNF34 (1.49) 1.21a 

ARS-BFGL-
NGS-57820 14 1651311 PPP1R16A 

(1.62-1.65) 4.02b 

ARS-BFGL-
NGS-4939 14 1801116 DGAT1 (1.79-

1.80) 6.46c 

ARS-BFGL-
NGS-107379 14 2054457 GRINA (2.01-

2.02) 2.51b 

BTB-
01381127 17 7399427 LRBA (6.78-

7.54) 2.85a 

Hapmap35356-
BES7_Contig3

68_825 
18 37461150 PSMD7 (37.10-

37.11) 2.31a 

BTA-115463-
no-rs 21 20248628 LOC529925 

(20.23) 4.85a 

ARS-BFGL-
NGS-107467 21 21859000 ZNF710 (21.82-

1.90) 4.63a 
1 a = e-05; b = e-07; c = e-08. 

 
 



	  
	  

 
Figure 3. Haplotype block 7 on BTA21 containing sig-
nificant SNP BTA-115463-no-rs and LOC529925 gene. 

 
 
Several significant SNPs found in this study were 

within or near a region that contained possible candidate 
genes, although most of these had no function or their func-
tion in other species, have been reported with no relation-
ship with milk-fat yield. 
 

Conclusion 
 
This study revealed twelve SNPs significantly re-

lated with milk-fat yield in Portuguese HF cattle. Interest-
ingly, the ARS-BFGL-NGS-4939 SNP was found within 
the region of DGAT1 confirming the gene’s effect on milk-
fat yield also in this population. There are two other signifi-
cant SNPs located within the same haplotype that, besides 
DGAT1, also includes 26 other genes, indicating the possi-
bility of epistatic effects between them. Further studies are 
required to investigate the effect of genes near the DGAT1 
gene for other milk production traits.	   The massive re-
sequencing of this region using a customized capture-arrays 
approach would certainly help to unveil new SNPs that may 
have been driving this significant association of DGAT1 
and milk-fat yield. 
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