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ABSTRACT: The objective of this study was to use high 
density genotypes (630,337) to identify genomic regions 
associated with both direct and maternal dystocia in three 
common cattle breeds (Holstein-Friesian, Charolais and 
Limousin). Previously reported QTL associated with 
dystocia in other BovineSNP50 genotyped populations were 
again identified, with one genomic region on chromosome 
18 supporting very strong evidence of an underlying 
causative mutation and accounting for 3.1% of the genetic 
variation in direct calving difficulty. Several associations 
with maternal calving difficulty were also detected near 
previously identified QTL regions and also QTLs associated 
with birth-weight, bone-density and calf-size located on 
chromosomes 2, 3 and 4. Novel associations were also 
reported for each trait. Genomic regions that were 
significant in all three breeds were also identified with 
regions on chromosomes 2 and 3 showing the strongest 
associations with direct and maternal calving difficulty 
respectively.  
Keywords: genome-wide association study; calving diffi-
culty; dystocia; beef 
 
 

Introduction 
 
 Dystocia is defined as a prolonged or difficult par-
turition. The adverse effects of calving difficulty have been 
well documented and include an increased risk of both dam 
and calf mortality, a reduction in dam and calf performance, 
and high economic costs (Bicalho et al., 2007, Mee et al., 
2011). The contribution of dystocia to profitability in cattle 
production systems is reflected by their inclusion in many 
national breeding programs. However, even though this trait 
has been widely emphasized in these breeding programs, the 
international prevalence of dystocia remains quite high 
varying between 2% to 14 % (Mee et al., 2011). 
 Previous quantitative trait loci (QTL) mapping and 
genome-wide association studies have identified several 
large genomic regions putatively associated with calving 
difficulty especially in dairy breeds (Sahana et al., 2011, 
Purfield et al., 2013). However, these studies have primarily 
focused on one breed and have been limited to lower density 
genotype panels. Therefore the objective of this study was 
to perform a genome-wide association study using the Illu-
mina High-Density beadchip (777,962 single nucleotide 
polymorphisms (SNPs) to identify more specific regions of 
the genome associated with calving difficulty in the Hol-
stein-Friesian, Charolais, and Limousin breeds. 
 

Materials and Methods 
 

Genotypic data. Illumina high density SNP geno-
types were available on 2,660 dairy and beef bulls (927 
Charolais, 770 Holstein-Friesian, 963 Limousin). SNP edits 
applied including the removal of SNPs on the sex chromo-
some, of unknown position, with a call-rate <95% and >2% 
mendelian inconsistencies between parents-offspring. A 
minor allele frequency threshold of 2% was applied across 
all breeds and any SNP that deviated (P<0.1x10-8) from 
Hardy Weinberg equilibrium in more than one of the three 
breeds was discarded. A total of 630,337 SNPs remained. 
Missing genotypes were imputed using Beagle (Browning 
and Browning, 2007). 

 
 Phenotypic data. Estimated breeding values 
(EBVs) and their associated reliabilities were obtained from 
the Irish national genetic evaluation in December 2013 for 
the direct and maternal component of calving difficulty. The 
Irish national genetic evaluation is across both dairy and 
beef breeds. Estimated breeding values were deregressed, 
and only sires with a reliability (less that contributed to by 
his parents) of >30% for each trait were included in the 
analysis. After edits 2,535 sires remained for direct calving 
dystocia and 1,275 sires for maternal calving difficulty. 
 
 Association analyses. Association analyses were 
undertaken using two methods; single SNP regression and a 
Bayesian approach. Single SNP regression (SSR) analysis 
was undertaken in Wombat (Meyer, 2007) using an animal 
linear mixed model with each SNP individually included 
one at a time as a continuous fixed effect; animal was in-
cluded as a random effect with relationships among animals 
accounted for. The dependent variable was weighted using 
the following formula as proposed by Garrick et al., (2009); 
 

𝑤! =
1 − ℎ!

𝑐 + (1 −   𝑟!!)/𝑟!! ℎ!
 

 
where h2 is the heritability of the trait,  𝑟!!is the adjusted reli-
ability of the animal and c is the proportion of genetic varia-
tion for which genotypes cannot account, valued at 0.9 for 
the SSR analyses. Test statistics for each SNPs were ob-
tained. Multiple correction tests were also applied using the 
Bonferroni correction method (630,337 tests) and P-values 
were transformed into their corresponding q-values. The 
analysis was undertaken within each breed separately. The 
Bayesian approach was undertaken using a two step proce-
dure: 1) Bayes C (Habier et al., 2011) to estimate the genetic 



and residual variances followed by 2) Bayes B  to estimate 
the SNP effects. The chain length for all Bayesian analyses 
was 50,000 iterations, with the first 10,000 discarded as 
burn in. The dependent variable was weighted as described 
above, however the value of c (proportion of genetic varia-
tion for which genotypes cannot account) was taken to be 
0.1. All Bayesian algorithms were undertaken using GenSel 
(http://bigs.ansci.iastate.edu/bigsgui/). All analyses were 
undertaken separately within breed. Bayes factors (BF) were 
used to quantify the strength of the posterior QTL probabili-
ties for all loci. Gene search using NCBI map viewer 
(http://www.ncbi.nlm.nih.gov/mapview/) on the UMD 3.1 
genome build was then completed with emphasis on link-
age-disequilibrium (LD) blocks that contained the SNPs of 
interest. 

 
Results and Discussion 

 
 Direct calving difficulty. Several QTL for direct 
calving difficulty were detected in each of the three breeds 
from the single SNP regression (Figure 1) and the Bayesian 
analysis. In total, twenty five SNPs had a q-value less than 
0.05 for direct calving difficulty in Holstein-Friesians. The 
SNP ARS-BFGL-NGS-109285 located on chromosome 18 
was the most significant SNP for both SSR (p-adjusted= 5.5 
x 10-4; q = 2.0 x 10-4) and the bayesian analyses (BF= 
3929.53). ARS-BFGL-NGS-109285 and an adjacent SNP 
BovineHD1800016761 (<41 kb) accounted for 3.1% of the 
genetic variation attributable to direct calving difficulty. 
Gene annotation revealed that both SNPs are located in 
functional candidate genes. ARS-BFGL-NGS-109285 was 
located in an intron of sialic acid binding Ig-like lectin 12-
like (LOC618463) and BovineHD1800016761 was located 
in exon 1 of carcinoembryonic antigen-related cell adhesion 
molecule 18-like (LOC786539). The SNP ARS-BFGL-
NGS-109285 has been associated with direct calving diffi-
culty in three different dairy populations using the Bo-
vineSNP50 beadchip (Cole et al., 2009, Sahana et al., 2011, 
Purfield et al., 2013) and is believed to delay parturition. 
Cole et al. (2009) hypothesized that animals homozygous 
“AA” for the SNP ARS-BFGL-NGS-109285 may 
experience a delayed parturition because of a lectin 
deficiency caused by high levels of sialic acid-binding Ig-
like lectin 5. The high frequency in the present dairy 
population (82.14% homozygous 'CC') of the favourable 
allele associated with reduced difficulty calving implies past 
dairy breeding programs have selected against the AA 
genotype of this SNP or that it has been subjected to natural 
selection pressure. This SNP ARS-BFGL-NGS-109285, 
albeit not associated with direct calving difficulty in the 
Charolais and Limousin breeds (unadjusted p=0.8 and 0.9 
respectively), was still segregating with minor allele (A al-
lele) frequencies of 0.19 and 0.15 respectively. Significant 
SNP associations were also detected in both statistical 
methods on chromosome 2 in the Charolais breed. This peak 
was due to SNP BovineHD0200001668 (p-adjusted=9.97x 
10-6; q=4.65 x 10-6; BF=485.05) located in an intron of the 
transmembrane protein 194B (LOC101909725). Interesting-
ly, a peak, 55kb in length, in a similar location on chromo-
some 2 was also observed in the Limousin population; this 

55kb peak, of which SNP BovineHD0200001745 was the 
most significant, was within 220kb of Bo-
vineHD0200001668 with adjusted p-values ranging from 
6.73 x 10-5 to 0.0001 (q= 2.67 x 10-5 to 2.78 x 10-5). Howev-
er, it was chromosomes 3 and 23 that had the strongest 
bayesian associations in the Limousin breed (BF=7142.42 & 
4593.09, respectively) and chromosome 19 (BF=4309.25) in 
the Charolais breed. The SNP, BovineHD190018321, on 
chromosome 19 was located in the PRCKA gene, a likely 
functional candidate gene as it plays a role in multiple cell 
signaling pathways including growth (Nakashima, 2002). 
Overlapping genomic regions of SSR significance (p < 
0.005) that were located within 100kb of each other in all 
three breeds were identified on chromosome 2 from position 
7417613 to 7550670 showing the strongest unadjusted sig-
nificance (Holstein-Friesian p=0.0034, Charolais p= 2.13 x 
10-7 and Limousin p=0.0006). The collagen, type III, alpha 1 
gene was located 60kb upstream from this window and is 
commonly found in most soft connective tissues as well as 
being involved in the regulation of cortical development. 
 

Maternal calving difficulty. Several associations 
were detected in each of the three breeds for maternal calv-
ing difficulty (Figure 2). A significant peak existed on 
chromosome 4, location 37855881 to 37869512, from the 
SSR analysis in the Holstein-Friesians (adjusted p=2.13 x 
10-6 to 6.18 x 10-6); BovineHD1900018551 on chromosome 
19, however, had the greatest BF (BF=474.98). Both chro-
mosome 4 and 19 have been associated with maternal calv-
ing difficulty in Danish and Swedish cattle (Sahana et 
al.,2011), although the associations in the present study 
were detected at different chromosomal locations. Morpho-
logical attributes such as body depth, bone percentage and 
birth-weight have been reported in close proximity to the 
association detected in the present study on chromosome 4 
(McClure et al.,2010). The SSR and Bayesian analyses in 
the Charolais breed both revealed associations on chromo-
somes 2, 3 and 7, although no region was significant after 
correction for multiple testing in the SSR analyses. The 
SNP, BovineHD0200037917, located on chromosome 2, 
was the only SNP to have a BF >100 (adjusted p=0.08) in 
the Limousin breed. BovineHD0200037917 and six other 
SNPs on chromosome 18 (position 26642780 to 26703660) 
had corresponding q-values of significance (q=0.017). The-
se associations in both the Charolais and Limousin breeds 
were near or located in previously reported QTL to be asso-
ciated with birthweight and calf size 
(http://www.animalgenome.org/cgi-bin/QTLdb/BT/index). 
Gene annotation of the significant regions revealed several 
possible candidate genes including transcription factors, 
growth factors and cell cycle proteins. The most promising 
of these genes were GPR88 and EPHB2 both respectively 
involved in the G-protein and ephrin signaling pathway 
which can function to control embryonic development. 
Chromosome 3 from position 90199535 to 90281965, con-
taining the gene phosphatidic acid phosphatase type 2B 
(PPA2B), had the strongest common genomic region of 
SSR significance in all three breeds (Holstein-Friesian p= 
7.65x 10-7, Charolais p=0.0006 and Limousin p=0.0021). 

 



Conclusion 
 

Several strong associations were detected in all 
three breeds for both direct and maternal calving difficulty. 
The SNP, ARS-BFGL-NGS-109285, in the Holstein-
Friesian breed accounted for the largest proportion (2.7%) 
of genetic variance attributable to direct calving difficulty, 
suggesting the presence of an influential mutation in dairy 
cattle. The majority of associations with maternal calving 
difficulty were located near QTL previously associated with 
birth-weight. Although the strongest associations for each 
trait differed per breed, common genomic regions that influ-
enced both direct and maternal calving difficulty in all three 
breeds were identified. This suggests that some of the ge-
nomic variation attributable to calving difficulty is common 
across all diverse breeds. 
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Figure 1: Manhattan plot for direct calving calving diffi-
culty using single SNP regression analyses in A) Hol-
stein-Friesian, B) Charolais and C) Limousin breeds 
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Figure 2: Manhattan plot for maternal calving calving 
difficulty using single SNP regression analyses in A) Hol-
stein-Friesian, B) Charolais and C) Limousin breeds 
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