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ABSTRACT: Genome-wide association studies were per-
formed to identify QTL associated with the EBV of milk 
and milk-protein yields in Portuguese Holstein cattle. Geno-
types of 526 sires were obtained using the Illumina-
BovineSNP50-BeadChip. After quality control procedures, 
the number of validated SNPs was 37,031 from 29 auto-
somes. Nine markers were detected to be associated with 
milk yield, five of which were significant at P < 10-4 and 
located on BTA1, BTA10, BTA12 and BTA13. The re-
maining four were significant at P < 5 x 10-5 and located on 
BTA13, BTA14, BTA24 and BTA26.  Five markers were 
found to be associated with milk-protein yield. Four of 
these were significant at P < 10-4 and located on BTA6, 
BTA7, BTA21 and BTA25, while one marker located on 
BTA18 was significant at P < 5 x 10-5. The Hapmap24715-
BTC-001973 SNP in BTA14 may be associated with QTLs 
affecting milk traits and deserves further studies. 
Keywords: Dairy cattle; Milk yield; Protein yield; Ge-
nome-wide association 
 
 

Introduction 
 

Average milk production from Holstein-Friesian 
(HF) cattle almost doubled in the past 40 years (Oltenacu 
and Broom, 2010). Genetic selection through ranking 
EBVs, had an important role to achieve the present levels of 
production (Dekkers and Hospital, 2002; Goddard and 
Hayes, 2009). However, the genetic antagonism between 
milk production and other important traits such as fertility 
and resistance to mastitis, among others, may be a strong 
limitation to the present production trend (Oltenacu and 
Broom, 2010). Traditional selection methods are not very 
effective when considering unfavorable associations be-
tween traits. This problem can be partially solved by identi-
fying the genes (or genomic regions - QTLs) that affect 
those traits and apply marker assisted selection (MAS) and 
gene introgression (Dekkers and Hospital, 2002; Goddard 
and Hayes, 2009). This procedure will enable a more bal-
anced and probably faster genetic progress for both traits 
(Schennik et al., 2007). The objective of this study was to 
perform a genome-wide association study (GWAS) to iden-
tify QTLs affecting milk and milk-protein yields in Portu-
guese HF population. 

 
 
 
 

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 and 
milk-protein yield EBVs, from the January 2014 official 
evaluation. 

 
Statistical analysis. Animals with more than 20% 

missing marker genotype were excluded from the analysis. 
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. Data quality control procedures were per-
formed with PLINK v1.07 software (Purcell et al., 2007). 
After SNP quality control filtering, 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 per-
formed using fcGENE software (http://sourceforge.net/ 
projects/fcgene/). The haplotype block analyses were per-
formed for chromosomal regions (500 kb) that contain 
multiple significant SNPs using Haploview software (Bar-
rett et al. 2005). Gametic (linkage) disequilibrium (LD) was 
estimated between close significant SNPs using the same 
software. The GWAS was performed using Plink software. 
Two significance levels were selected for this study: a sug-
gestive threshold at 1 x 10-4 and a genome-wide threshold 
level at 5 x 10-5 (Lander and Kruglyak, 1995). Manhattan 
Plots were obtained using R software (ver. 3.0.2, R Devel-
opment core Team, 2013) with the Script written by Turner 
(http://gettinggeneticedone.blogspot.com.nz/2011/ 
04/annotated-manhattan-plots-andqq-plots.html). The Bo-
vine Genome Bos_Taurus_UMD_3.1 in the NCBI database 
was used to identify genes that were close or within the 
region of the significant SNPs. The significant SNPs de-
tected from the GWAS were compared with previously 
reported SNPs and QTL from the Animal database (QTLdb; 
http://www.animalgenome.org/cgi-bin/ QTLdb/index/BT/ 
BT/index). 

 
 
 



Results and Discussion 
 

The significant SNPs, chromosome number, physical 
position, nearest gene and P-values for milk and protein 
yields are presented in Tables 1 and 2, respectively. 
Fourteen SNPs were detected for the milk and protein 
yields on 12 different chromosomes. For milk yield, 9 sig-
nificant SNPs were detected (Figure 1). Five SNPs were 
significant at suggestive level and located on BTA1 (131.80 
Mb), BTA10 (36.66 Mb), BTA12 (18.75 and 55.27 Mb) 
and BTA13 (32.93 MB). Four QTLs were significant at 
genome-wide threshold level located on BTA13 (83.16 
Mb), BTA14 (2.23 Mb), BTA24 (30.59 Mb) and BTA26 
(32.79 Mb). The ARS-BFGL-NGS-14128 SNP on BTA10 
was found inside a haplotype block (Fig. 2). The haplotype 
block was 449 kb in length (36.57-37.02 Mb) and contained 
11 genes: DLL4, CHAC1, INO80, LOC788060, EXD1, 
CHP1, LOC100847604, OIP5, NUSAP1, NDUFAF1 and 
RTF1. The SNP identified on BTA1 is novel but close to a 
proposed QTL affecting milk-fat yield at 132.4-142.2 cM in 
Danish Holstein cattle (Höglund et al., 2009). The SNP 
identified on BTA10 was not previously reported for milk 
yield. However, Meredith et al. (2012) found a significant 
QTL affecting milk yield at 38.46 Mb. On BTA12 Nadesal-
ingam et al. (2001) found a QTL affecting protein percent-
age and fat yield at 18.6 cM in Holstein Cattle and near to 
the SNP detected in this study at 18.75 Mb. Also, the SNP 
detected in this study at 55.27 Mb was found in same region 
of the QTL detected by Meredith et al. (2012) at 55.71 Mb. 
The two SNPs identified on BTA13 were found near to 
QTLs reported by Meredith et al. (2012) at 32.37 and 81.85 
Mb. The SNP on BTA14 was found near to DGAT1 gene, 
at about 43 kb. Jiang et al. (2010) found similar QTLs at 
2.22 cM and 2.35 cM in the Chinese Holstein population. 
The SNP on BTA24 was not reported previously. The SNP 
detected on BTA26 was near to those reported by Plante et 
al. (2001) in Holstein cattle at 35.7 cM, and Meredith et al. 
(2010) at 33.02 Mb. 

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

SNP BTA Position Gene 
(Location) 

P-
value1 

ARS-BFGL-
NGS-56103 1 131806595 

MARS 
(131.76-
131.83) 

7.72 

ARS-BFGL-
NGS-14128 10 36665562 INO80 

(36.61-37.74) 5.11 

ARS-BFGL-
NGS-10833 12 18757843 LOC525149 

(18.71) 6.78 
BTB-02088288 12 55273312 - 7.77 
Hapmap31800-
BTA-152132 13 32932074 CACNB2 

(32.87-33.28) 9.46 
Hapmap43830-

BTA-29180 13 83163575 - 4.36 
Hapmap24715-
BTC-001973 14 2239085 MAPK15 

(2.23-2.24) 3.79 
ARS-BFGL-
NGS-40684 24 30598663 AQP4 

(30.32-30.37) 4.08 

BTA-91041-no-rs 26 32792279 GPAM 
(32.96-33.02) 1.75 

1 e-05 

Table 2. Genome-wide significant SNPs for protein yield 
in Portuguese Holstein cattle. 

SNP BTA Position Gene (location) P-
value1 

Hapmap33637-
BTC-051504 6 53262393 LOC788223 

(53.19) 7.75 

BTB-01632886 7 863880 MAPK9 
(0.826-0.895) 7.69 

ARS-BFGL-
NGS-2590 18 18889566 BRD7 

(18.80-18.85) 4.25 

Hapmap59410-
ss46526044 21 30726309 OTUD7A 

(30.55-30.75) 9.43 

ARS-BFGL-
BAC-43557 25 1820697 ACSM5 

(18.20-18.23) 7.87 
1 e-05 

 

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

 
 

 
Figure 2. Haplotype block 10 on BTA21 containing the 
significant SNP Hapmap59410-ss46526044 for milk-
protein yield. 

 



For protein yield, five SNPs were found (Fig. 3). Four 
were significant at suggestive level located on BTA6 (53.26 
Mb), BTA7 (8.63 Mb), BTA21 (30.72 Mb) and BTA25 
(1.82 Mb). One was significant at genome-wide level locat-
ed on BTA18 at 18.88 Mb. The SNP Hapmap59410-
ss46526044 on BTA21 was found inside haplotype block 
10 (Figure 4), which is 80 kb in length and contained one 
gene known as OTUD7A. The significant SNP on BTA6 
was near the QTLs found by Cohen-Zinder et al. (2005) for 
protein percentage and yield at 53.72 cM in Holstein cattle. 
The SNPs on BTA7 and BTA18 are novel and not previ-
ously reported. On BTA21, Bagnato et al. (2008) found a 
QTL for protein percentage at 29.77 cM in Brown Swiss 
dairy cattle, in close vicinity to the SNP detected in this 
study. On BTA25, Viitala et al. (2003) found QTL for milk 
protein percentage at 1.7 cM in Finnish Ayrshire, near the 
position of SNPs detected in present study. 

 

 
Figure 3. Genome-wide Manhattan plot of association 
between SNP loci and milk-protein yield. The horizontal 
lines indicate the suggestive significance level (blue line) 
and the genome-wide significance level (red line). 

 
 

 
Figure 4. Haplotype block 8 on BTA10 containing sig-
nificant SNP ARS-BFGL-NGS-14128 and ARS-BFGL-
NGS-4939 for milk yield. 

 
 
 

Several significant SNPs detected in this study were 
found within or near a region that contain possible candi-
date genes. However, these genes have yet no reported 
function or they were not related with the expression of 
milk traits. 
 

Conclusion 
 
These results are preliminary and the sample size 

shall be increased to have more reliable conclusions. Never-
theless, we have identified nine significant SNPs for milk 
yield and five for protein yield in the Portuguese HF popu-
lation. Several markers detected in the present work were 
also reported in previous studies. Finally, the Hap-
map24715-BTC-001973 SNP in BTA14 was found in a 
region well known by presence of several QTLs affecting 
milk traits and deserves further and deeper screening stud-
ies to identify possible candidate genes in association. 
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