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Abstract: Piglet splay leg syndrome is one of the most fre-
quent genetic defects, with affected animals having im-
paired ability to stand and walk. The etiology and pathogen-
esis of the genetic defect is complex and poorly understood. 
In order to identify genetic variants associated with piglet 
splay leg syndrome, a genome-wide association study 
(GWAS) was conducted to identify significant single nucle-
otide polymorphisms (SNPs) associated with this defect. 
Nine significant SNPs were detected on four chromosomes, 
and 108 potential candidate genes were identified based on 
the Sscrofa 10.2 assembly. However, studies in a larger set 
of animals, as well as on gene functions will be required for 
validation of the results. To our knowledge, this is the first 
study aiming to identify markers and genes associated with 
piglet splay leg syndrome by GWAS. 
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Introduction 
 

Piglet splay leg syndrome is one of the most fre-
quent genetic defects in commercial pig production. It is 
characterized by a temporarily impaired ability to stand and 
walk after birth (Thurley et al. (1967)). Congenital splay leg 
is considered as a considerable source of economic loss in 
pig production, which can account for about 50% of the 
total loss among affected piglets (Dobson, (1968)). General-
ly, the affected rate is higher in males than in females (Lax 
(1971); Vogt et al. (1984); Van der Heyde et al. (1989)). 
Histomorphological investigations described congenital 
splay leg as muscle fiber atrophy, characterized by an in-
creased expression of the atrophy marker FBXO32 (atrogin, 
MAFbx) (Ooi et al. (2006)). A genome wide expression 
study (Maak et al, (2009)) indicated that 4 genes (SQSTM1, 
SSRP1, DDIT4, MAF) related to cell death may be involved 
in the functional pathway with relevance to splay leg in pig-
lets. However, the etiology and pathogenesis of piglet splay 
leg is complex and poorly understood. Recently, GWAS 
using a case/control design have successfully identified mul-
tiple loci for bovine (Charlier et al. (2008)) and canine 
(Awano et al. (2009); Wilbe et al. (2010)) genetic diseases. 
In this study, we used a case/control approach aiming to 1) 
confirm the candidate genes previously reported by Maak et 
al. (2009); and 2) identify novel candidate genes that are 
associated with piglet splay leg syndrome. 

 
 
 

Materials and methods 
 

Animals and data In total, 192 pigs from 63 litters 
were sampled, including 76 piglets affected with splay leg 
(58 male and 18 female) and 116 normal animals (63 dams, 
4 sires, 49 piglets). These pigs are composed of 3 pure 
breeds (Duroc, Landrace and Yorkshire) and crossbreds 
(Landrace x Yorkshire). The affected piglets showed an 
impaired ability to stand and walk after 24h of birth. DNA 
was extracted from ear tissue (piglet), hair follicles (dam), 
and semen (sire) using a phenol/chloroform method. DNA 
concentration and quality were assessed using a NanoDrop 
ND-1000 spectrophotometer (NanoDrop Technologies, DE, 
USA). 
 

Genotyping and marker selection Genotyping 
was conducted at the Delta Genomics Centre (Edmonton, 
AB, Canada) using Illumina Porcine60 SNP Beadchip v2.0. 
The genotyping data have been filtered for call rate ≤ 0.90, 
minor allele frequency (MAF) ≤ 0.05, and Hardy-Weinberg 
equilibrium (HWE) ≤1 × E-5. After filtering, 47732 SNPs 
were retained for the downstream analysis. 

 
Statistical analysis Case/control genome-wide as-

sociation was conducted using the PLINK 1.07 software 
(http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml). 
The Benjamini & Hochberg method was adopted to adjust 
the p-value of the significance test. The genome-wide false 
discovery rate (FDR) of 0.05 was used as the significance 
threshold. Candidate genes were identified within 1 Mb of 
the significant SNPs using the Ensembl Biomart of Sscrofa 
10.2 version online (http://www.ensembl.org/biomart). The 
Manhattan plot was drawn using R statistical environment 
version 3.02 (http://www.r-project.org/). 

 
Result and discussion 

 
Based on the genome-wide significance threshold, 

five significant SNPs located on three autosomes (3, 6 and 
12) and four on the X chromosome were detected as shown 
in the Manhattan plot (Fig 1). A total of 108 known genes 
(Table 1) within 1 Mb of the significant SNPs have been 
identified based on the Sscrofa 10.2 assembly. Three signif-
icant SNPs were detected on chromosome 6, in which the 
most significant SNP (SNP1) and the fourth significant one 
(SNP2) are in linkage disequilibrium (LD, r2 = 0.42), cover-
ing about a 3.4 Mb region containing 20 known genes. The 
third one (SNP3) located at the start of chromosome 6 is 
about 127 Mb away from SNP2, and 21 genes were identi-



fied downstream within 1 Mb. On the X chromosome, four 
significant SNPs were detected. Three (SNP4, SNP5, SNP6) 
of them were in complete LD (r2 = 1), and the fourth (SNP7) 
lies about 2 Mb downstream of SNP6. A total of 27 genes 
were identified near these four SNPs on the X chromosome. 
Additionally, we also identified 1 significant SNP on chro-
mosome 3 with 8 genes and 1 significant SNP on chromo-
some 12 with 32 genes (Table 1). 
 

Maak et al. (2009) reported that 4 genes (SQSTM1, 
SSRP1, DDIT4, MAF) were expressed differentially in at 
least two muscles (M. adductores, M. gracilis, M. sartorius) 
between splay leg and normal piglets. These four genes are 
located on chromosome 2, 2, 14 and 4 respectively and are 
related to cell death and may be associated with splay leg in 
piglets. However, no SNP in these regions showed a signifi-
cant effect associated with piglet splay leg from this GWAS. 

In our study, we identified four significant SNPs on the X 
chromosome, which may partly explain the higher affected 
rate of piglets in male than in female (Lax (1971); Vogt et al. 
(1984); Van der Heyde et al. (1989)). The most significant 
SNP (SNP1) lies about 200 kb upstream of ZRANB2, which 
codes for a widely-expressed and highly-conserved serine-
rich domain protein that can regulate alternative splicing but 
lacks canonical RNA-binding domains (Loughlin et al. 
(2009)). TYW3/CRYZ are located at the LD region between 
SNP1 and SNP2. It has been reported that genetic variants 
in TYW3/CRYZ loci may be involved in the regulation of 
circulating resistin levels in human (Qi et al.  (2012)). TYW3 
is one of genes responsible for synthesizing wybutosine 
(yW), which can maintain reading frame (Noma and Suzuki 
(2006)). On the X chromosome, variants of TRAPPC2 are 
located about 26 kb upstream of the significant region caus-
ing X-linked spondyloepiphyseal dysplasia tarda in human 

 
Figure 1. Manhattan plot for GWAS of piglet splay leg syndrome: The plot is based on a basic case/control associa-
tion test. 1-18 represent Autosomes Chr1-Chr18, 19 represents the X chromosome. The horizontal line marks the 
genome-wide significance threshold. 

Table 1.  Significant SNPs and candidate genes identified through GWAS. 
SNP CHR MAFa Pb ORc FDR_BHd Number of genes 

SNP1 6 0.432 1.58E-07 3.19 0.008 
20 

SNP2 6 0.136 1.23E-06 3.77 0.012 

SNP3 6 0.182 1.13E-06 3.61 0.012 21 

SNP4 X 0.182 3.92E-06 3.29 0.023 

27 
SNP5 X	   0.181 3.92E-06 3.29 0.023 

SNP6 X	   0.181 3.92E-06 3.29 0.023 

SNP7 X	   0.068 6.25E-06 6.09 0.033 

SNP8 3 0.295 1.26E-06 2.97 0.012 8 

SNP9 12 0.166 7.90E-07 3.69 0.012 32 
a Minor allele frequency (MAF) 

b P value of Chi-square test 
c Odds ratios (OR) 
d P value of genome-wide Benjamini & Hochberg-adjusted test	  



(Zong et al. (2011)). Kwon et al. (2010) found that ASB9 
interacts with the creatine system and negatively regulates 
cell growth in human cell line and primary cells.  

 
Conclusion 

 
We used a case/control approach to look for mark-

ers associated with piglet splay leg using the Illumina Por-
cine 60SNP Beadchip. In this GWAS, nine SNPs were de-
tected, which were significantly associated with piglet splay 
leg, and 108 potential candidate genes were identified with-
in 1 Mb of these SNPs. To our knowledge, this is the first 
time piglet splay leg has been studied using genome-wide 
association analysis. These findings may provide useful 
information for downstream studies of the pathogenic 
mechanism of this genetic defect. However, further studies 
with more animals should be conducted to validate our re-
sults. The functions and impacts of these candidate genes 
and their genomic architecture also need further investiga-
tion.  
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