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ABSTRACT: Conformation traits and osteochondrosis are 
known to be related to robustness, causing animal welfare 
issues and economic losses in pig production. Conformation 
traits are thought to have multifactorial background, which 
involves hereditary predisposition as well as environmental 
conditions. A genome-wide association study (GWAS) 
using the Porcine 60K SNPchip was performed to identify 
chromosomal regions associated with conformation traits 
and osteochondrosis in pigs. This might contribute to 
uncover the complex genetic background of these traits and 
identify positional and biological candidate genes. Total 
score of osteochondrosis in 8 locations recorded from 
computed tomography images and eight conformation traits 
recorded by visual scoring were recorded on altogether 
2503 Norsvin Landrace boars. Ten significant (p<0.0005) 
genomic regions were obtained for five of the traits (front 
leg knee and pasterns, hind leg pasterns, dipped back and 
OCT) on SSC’s 2, 5, 6, 7, 8, 13 and 14.   
Keywords: Pigs; Genome scan; Conformation traits; 
Osteochondrosis 
 
 

Introduction 
 

Conformation traits are shown to be associated 
with robustness in pigs, increasing the risk of premature 
culling and animal welfare problems. Leg weakness and 
lameness have several times been reported as the main 
reasons for culling sows (e.g. Mote et al. (2009)). 
Osteochondrosis (OC) is a trait that is reported to affect leg 
conformation and gait pattern abnormalities (Jørgensen et 
al. (1995)). OC in the epiphyseal growth plate involves a 
disturbed ossification process, which may cause 
deformation of the articular surface (reviewed by Ytrehus et 
al. (2007)). Conformation traits, on the other hand, may 
serve as a causative factor for OC development. For 
example, biomechanical pressures within joints may be 
involved in OC development (Ytrehus et al. (2004a)). 
Several studies have reported significant correlations 
between OC and conformation traits (e.g. Jørgensen and 
Andersen (2001)), although others did not find any 
associations (e.g. Arnbjerg et al. (2007)).  

 
Although conformation traits and OC mainly are 

scored subjectively by assessors, heritabilities are shown to 
be up to medium high (Serenius et al. (2001); Ytrehus et al. 
(2004b); Aasmundstad et al. (2013)). Furthermore, several 
genome wide linkage- and association studies have been 
performed to search for quantitative trait loci (QTLs) 
affecting conformation traits and/or OC (e.g. Andersson-
Eklund et al. (2000); Fan et al. (2011); Rangkasenee et al. 
(2013a)), as well as candidate genes (e.g. Laenoi et al. 

(2012); Rangkasenee et al. (2013b)). Results obtained so far 
are rather inconsistent between studies, breeds and 
populations, which might be due to complex genetic 
background and quite divergent definitions of the 
conformation traits, in particular. However, some promising 
candidate genes are suggested for OC, thereof the TBX5 
gene on SSC14 supported by marker associations and 
differential expression in healthy and defect cartilage 
(Rangkasenee et al. (2013a)). 

 
Materials and Methods 

 
Animals and phenotypes. Data from altogether 

2503 purebred Norsvin Landrace boars from Norsvins’ boar 
testing station was included in this study. The boars are 
entering the test facility at a live weight of ~30 kg, and 
groups of 12 boars are placed in each pen based on an equal 
body weight. Animals were reared under similar conditions 
using standard commercial feed. Ear samples for DNA 
extraction were collected when entering the test. At the end 
of the test period (~120 kg live weight), all boars were 
subjected to a conformation assessment with a 32-trait 
exterior assessment system. Within 10 days of the 
assessment, the boars were subjected to a computed 
tomography (CT) for the measurement of lean meat 
percentage and OC. Prior to scanning, the boars were 
sedated using Azaperone (Stresnil Vet ®, Janssen-Cilag 
Ltd., Buckinghamshire, UK), which was injected 
intramuscularly. All animals were cared for according to 
laws, internationally recognized guidelines and regulations 
controlling experiments with live animals in Norway 
(Animal Welfare Act 2009-06-19-97, Regulation for the 
keeping of pigs in Norway 2003-02-18-175). 

 
All boars were assessed once by a trained 

technician. Although 32 conformation traits were scored 
altogether, only 8 were chosen to be included in this 
preliminary study. The conformation traits included in this 
study were scored on a 7-point scale a 4-point linear scale 
as described in Aasmundstad et al. (submitted). Those of 
the traits scored on the 7-point scale in the current study 
was front leg knee side view (FKNE) and hind leg pastern 
side view (HPAS). The traits scored on a 4-point scale were 
front leg pastern side view (FPAS), hind leg standing under 
side view (HSTU), dipped back (DIPP), stiff front leg 
movements (SFLM), stiff hind leg movement (SHLM), and 
waddling hind quarters (WADL). Altogether 2503 animals 
with conformations traits were included in the study. 

 
Osteochondrosis was scored from CT images as 

described in detail by Aasmundstad et al. (2013). The OC 
evaluation was conducted on eight anatomical locations for 



each boar. For each location, a score between 0 and 5 was 
assigned based on the assessment scale described by 
Aasmundstad et al. (2013), and all animals were judged by 
one trained technician. The total score of osteochondrosis 
(OCT), used in this study, is the sum of phenotypes from 
the assessment on the medial and lateral condyles at the 
distal end of both the humerus and the femur of the right 
and the left leg of the boar based on images from CT. From 
the total data set of 2503 animals, 2153 boars were scored 
for OCT. 

 
Genotyping and quality control. The genotyping 

was performed at CIGENE, University of Life Sciences, 
Norway. Genotyping for the GWAS was performed using 
the iScan (Illumina, San Diego, CA, USA) platform with 
the PorcineSNP60 array according to manufacturer’s 
instructions. Image intensity data processing, clustering and 
genotype calling were performed using the genotyping 
module in the Genome Studio software (Illumina, San 
Diego, CA, USA). The Norsvin Landrace pigs were 
genotyped for 64 232 SNPs and, after removing animals 
with pedigree errors from the data set, altogether 2153 
boars were present in the data set. The SNP markers 
passing the quality control had call rate above 0.9, minor 
allele frequency (MAF) above 0.01, proportion of 
genotyped above 0.25, and proportion of genotype errors 
bellow 0.025. The average call rate across samples was 
0.997, and no samples were excluded from analysis due to 
unacceptable call rates. Mean heterozygosity for a SNP was 
0.34 (st.dev.=0.15). Beagle v. 3.3.1 was used to impute 
sporadically missing genotypes in the final genotype file 
(Browning and Browning, (2009)). In total 41 010 high 
quality SNP markers, were placed on genome locations on 
the Norwegian Landrace map using the porcine sequence 
Build 10.2 (Sanger Institute). The minor allele frequencies 
of the selected SNPs were uniformly distributed between 
0.05 and 0.5. 

 
Statistical analyses. Genome-wide association 

analysis was performed with the GenABEL package 
(version 1.6-5) in the R environment (Aulchenko et al. 
2007a) using the structured association approach 
(Aulchenko et al. 2007b). For all the conformation traits the 
year-season and technician (assessor) were added as fixed 
effects, and for OCT the heard-year-season and technician 
were added as fixed effects and pen as a random effect.  

 
The p-values corrected for genomic control (GC) 

of a 1-df test were accepted to represent proof of genome-
wide association at p < 0.0005 (-log10(p)=3.3). A 
population stratification analysis (strata) was performed to 
find whether the population during some generations of 
selection was grouped into several genetic populations or 
not. However, only one population was defined and 
correction for stratification was not added in the final 
analysis. 

 
Results and Discussion 

 
Significant genomic regions (p<0.0005) were obtained for 5 
of the 9 traits included in this study, on seven different 

chromosomes (results shown in Table 1). Descriptive 
statistics of all the conformation traits are described in 
details by Aasmundstad et al. (submitted). Results obtained 
from that study show low to medium heritabilities (h2=0.05-
0.36) for all the exterior recordings. The heritability for 
total score of osteochondrosis (OCT) obtained in a previous 
study (Aasmundstad et al. (2013)) was 0.31. The QTLs are 
all revealed in traits with heritabilities above 0.11.  
 
Table 1. The genome-wide significant QTLs for OCT 
and conformation traits in Norsvin Landrace. 
SSC Trait§ P-value* Mb_Conf.Int.** 
2 FPAS <0.0003 98.5-105.8 
5 DIPP <0.0003 65.9-66.8 
6 FKNE <0.0002 53.2- 57.4 
7 HPAS <0.0005 23.2-30.5 
7 DIPP <0.0001 124.6-126.1 
8 FPAS <0.0003 112.5-115.0 
13 OCT <0.0001 88.4- 98.6 
13 FPAS <0.0002 142.3-144.8 
14 HPAS <0.0001 101.5-105.4 
14 DIPP <0.0002 124.0-135.9 
§ The trait abbreviations in the table are: FKNE: front leg knee side view, 
HPAS: hind leg pastern side view, FPAS: front leg pastern side view, 
DIPP: dipped back, OCT: total score of osteochondrosis. 
* Corrected p-value 
** The boundaries of the 90%-confidence-interval in mega-bases (Mb). 
 

Figure 1. Manhattan plots of genome-wide association 
study for OCT in Norsvin Landrace. The red line 
indicate the significance threshold for significant 
corrected p-value (0.0005). 

 
The most convincing associations (p<0.0001) are 

detected for OCT on SSC13 (Figure 1), DIPP on SSC7 and 
HPAS on SSC14 (Figure 2). The QTL for OCT on SSC13 
might be supported by the findings reported by Andersson-
Eklund et al. (2000) who detected a QTL for OC in a F2 
cross, although with a completely different genetic map. 
QTLs and genes for conformation traits, leg weakness and 
bone mineral density are also detected on SSC13 in several 
studies (Lee et al. (2003); Rangkasenee et al. (2013b); Mao 



et al. (2008)). For OC it is also notable that the biological 
candidate gene proposed by Rangkasenee et al. (2013a) is 
located exactly in the highest peak on SSC14 (P<0.005) in 
our study, although not reaching our significance threshold 
for genome wide significance level.  

 
Figure 2. Manhattan plots of genome-wide association 
study for HPAS (hind leg pastern side view) in Norsvin 
Landrace. The red line indicate the significance 
threshold for significant corrected p-value (p<0.0005). 
 
 
 For conformation traits it is a challenge to compare 
results properly due to different scoring systems, causing 
large differences in the trait itself. A few of the QTLs is, 
however, supported by other studies (Lee et al. (2003); Mao 
et al. (2009); Laeoni et al. (2011)) and might be interesting 
for further studies. For the traits FPAS, HPAS and DIPP 
multiple genome-wide significant QTLs were obtained, 
indicating that several genes are affecting the genetic 
background of the trait.  
 

Conclusion 
 
The study identified multiple QTLs for the total 

score of osteochondrosis (OCT) and the conformation traits 
front leg knee and pasterns, hind leg pasterns and dipped 
back. Multiple QTLs were detected for some of the 
conformation traits, implying that these traits are controlled 
by multiple genes. The results obtained in this study reveal 
novel QTLs on SSC 5 and 7 for dipped back, and support 
previous reported QTL regions for OC and related traits on 
SSC13.  
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