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ABSTRACT: Number of teats is extremely valuable for 
the pig industry. On this work, we aim to exploit the results 
of a Bayesian GWAS for number of teats in commercial 
pigs to construct an associated candidate genes network. 
Significant SNPs were identified and the related genes 
obtained, which enabled explaining the genetic mechanism 
behind them. Thus, the predicted gene interactions were 
consistent with the known mammals breast biology traits 
(e.g., cell proliferation and embryonic development), 
providing new candidate genes for number of teats in pigs. 
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Introduction 
 

Breeding programs have achieved significant im-
provement in sow prolificacy over the last decades. As a 
consequence, the number of piglets in a litter is often larger 
than the number of functional teats of the sow (Rodríguez et 
al., 2005) that plays an important role with regard to moth-
ering ability of a sow (Hirooka et. al., 2001). Lower NT 
increases suckling competition, which can result in higher 
mortality before weaning. Therefore, a larger NT is needed, 
and a better understanding of the genetic background of this 
trait would provide the opportunity of performing more 
efficient selection.  

 
SNPs explaining a large amount of phenotypic var-

iation maybe identified through genome-wide association 
studies (GWAS). Post-GWAS additional analysis can be 
done to dissect the genetic make-up of complex phenotypes. 
One such method is the construction of candidate genes 
networks using genes near significant single nucleotide 
polymorphisms (SNP). Candidate gene networks can in-
crease the understanding of the biology, relating genes to 
particular traits. These networks can be constructed using 
the genes symbols related to significant SNPs, and can be 
used to examine the shared pathways and functions involv-
ing these genes. Examples of such studies involving GWAS 
that derived gene networks can be found for human disease 
(Liu et. al., 2011) and puberty related traits in cattle (Fortes 
et al., 2011; Reverter and Fortes, 2013). Such studies high-
lights the gene network potential to become a useful analy-
sis tool for SNP data sets. In pigs, however, this approach 
has not yet been applied.  

 

The aim of this study was to construct a candidate 
genes network in order to explain genetics mechanisms 
behind the NT in a commercial pig line. 

 
Materials and Methods 

 
Phenotypic and genotypic data. A total of 1,795 

Large White animals had the individual NT counted at birth 
as part of the standard data recording of a commercial 
breeding program. The average NT in this population was 
15.3, ranging from 14 to 20 teats. All these animals were 
genotyped using the Illumina 60K+SNP Porcine Beadchip 
(Ramos et al., 2009). As part of quality control procedures, 
SNPs with GenCall<0.15, unmapped SNPs and SNPs locat-
ed on Y chromosome, according to the Sscrofa10.2 assem-
bly of the reference genome (Groenen et al., 2012), minor 
allele frequency <0.01 and frequency of missing genotypes 
>0.05 were excluded from the data set. Animals with call 
rate <0.95 were also excluded. After quality control, 1,657 
animals genotyped for 41,647 SNP were kept for associa-
tion analysis. 

 
Statistical analysis. The association analysis was 

performed using a genomic Best Linear Unbiased Predic-
tion (GBLUP) model, which was fitted to the NT data un-
der a Bayesian analysis framework. In this model, the vec-
tor of genomic breeding values (GEBV) were assumed to 
have a multivariate normal distribution, GEBV ~ N(0,𝜎!!G), 
with G being a genomic relationship matrix as proposed by 
VanRaden (2008). The GEBV vector estimates was ob-
tained with MCMCglmm R package (Hadfield, 2010) for 
each MCMC iteration (u(k)). A total of 100,000 iterations 
with a burn-in period and sampling interval (thin) of 50,000 
and 2 iterations, respectively. The vector of SNP effects in 
each MCMC iteration (β(k)) was generated using the follow-
ing linear system: β(k)=(M’M)-M’u(k), being M the matrix of 
SNPs genotypes assuming the values 2, 1 and 0, respective-
ly to the genotypes AA, Aa and aa at each locus.   

 
From the GEBV vector, SNP effects were calcu-

lated in each iteration and a MCMC chain for each SNP 
marker was settled. The convergence of these chains was 
verified and they provided the posterior distribution for the 
effect of each SNP. The posterior distribution was then used 
to calculate the 95% HPD (Highest Posterior Density) in-
tervals. If the interval does not contain the value zero, the 
SNP effect was considered significant. The HPD intervals 



were constructed for each marker and the chromosome 
positions of the significant SNPs were used to identify 
candidate genes for number of teats in pigs.  

 
Gene network. To examine the shared pathways 

from genes related to significant SNPs, the gene identifiers 
were obtained from dbSNP NCBI 
(http://www.ncbi.nlm.nih.gov/SNP/). The nearest gene was 
assigned to significant SNP if the SNP location was ≤ 
10000 bp before the start or after the end of the gene. Genes 
that did not have a gene symbol we used the human related 
identifier. The GeneCards web site 
(http://www.genecards.org/) and the program TOPPCLUS-
TER (http://toppcluster.cchmc.org/) was used to obtain the 
functional Gene Ontology (GO), identifying the biological 
mechanisms, pathways and functions involving the genes 
related to significant SNPs. The application Cytoscape 
(www.cytoscape.org/) was used to visualize and edit the 
identified network. 
 

Results and Discussion 
 

Significant SNPs were found to be related with 
NT, most of them at chromosome 7. Several QTLs for 
number of teat were previously reported in the same chro-
mosomes regions identified on this study (Beeckmann et 
al., 2003 and Guo et al., 2008). Thus, genes related to sig-
nificant SNPs, previously identified, were obtained (Table 
1). To understand the functions of these genes, we collected 
information about their biological process, cellular compo-
nent and molecular function in the GO based on human 
gene names and constructed a gene network (Fig. 1). The 

genes could be grouped by features in common between 
them, ie. component cellular as Nucleus (PROX2 and 
ZNF320), biological process as mitotic cell cycle (PRIM2 
and PAFAH1B1) and transcription (ZNF320 and 
KLHL31).  

 
Table 1 Genes identified with markers position (MP) 
inside or close them for number of teats. 

Genes SSC* MP 
PRIM2 7 Inside 

KLHL31 7 close 
PROX2 7 Inside 
ZNF320 8 close 

PAFAH1B1 12 Inside 
*Pigs chromosome 

 
 
An important gene identified for NT is the PROX2 

gene on chromosome 7 that is part of the homeobox gene 
family. This gene has been recognized as an important 
transcriptional regulators of embryonic development (Pis-
tocchi et al. 2008), and has been cited as candidate gene for 
number of vertebrae in White Duroc X Chinese Erhualian 
intercross population (Ren et al., 2012). Number of verte-
brae has been cited to be correlation to number of teats in 
pigs (Ding et al., 2009). Also on chromosome 7 we identi-
fied a significant SNP in the PRIM2 gene and another sig-
nificant SNP close to KLHL31. PRIM2, encodes a subunit 
of primase which is involved in purine and pyrimidine 
metabolism, as well as in processes such as DNA replica-
tion and transcription (Zerbe & Kuchta, 2002), crucial for 
normal growth and development. The other gene KLHL31 

 
Figure 1 Functional gene networks and their interactions for number of teats trait. The relationships between 5 genes 
(in octagon red) and their related subnets:  pathway (dark green), biological process (light green), molecular function 
(blue), and cellular component (yellow). 



is a protein which may act as a transcriptional repressor in 
MAPK/JNK signaling pathway to regulate cellular func-
tions (Yu et al., 2008). The MAP kinase signaling pathway 
plays a pivotal role in many cellular responses, including 
cell proliferation, cell differentiation and cell survival (Torii 
et al. 2006).  
 

Conclusion 
 
The present study provides information resources 

about the genes related to SNPs associated with number of 
teats and increases our understanding of the molecular 
mechanisms underlying this trait genetics and physiology. 
Even the number of genes at the present work being low, 
we could predict interactions that are consistent with the 
known mammals breast biology traits (e.g., cell prolifera-
tion and embryonic development) and provided candidate 
genes for number of teats in pigs. However, more analyses 
needs to be performed including a higher number of genes 
in order to obtain even more information. NT is a complex 
trait that are subject to action from a large number of genes 
in the animal that are regulated by several transcription 
factors, many of them still to be identified.   
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