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ABSTRACT: Lactation is an economically important 
phase in the lifecycle of sows. Short generation intervals in 
nucleus herds, combined with challenges associated with 
collecting accurate lactation performance phenotypes, 
emphasize the importance of using genomic tools to 
examine the underlying genetics of these traits. A genome 
wide association study was conducted on traits associated 
with lactation in Yorkshire sows using the 60kSNP chip. A 
1Mb region on SSC2, explained 43% of the genetic 
variation for litter weight gain for parity 2 sows. Least 
squares means calculated by fitting the most significant 
SNP from this region as a fixed effect in mixed model 
analysis, showed that the effect of this region was also 
significant for back fat loss, loin depth loss, body weight 
loss and residual feed intake for sows in parity 2 and later. 
Candidate genes in this region are associated with 
monosaccharide metabolism. 
Keywords: Sow lactation performance; Feed efficiency; 
GWAS 
 
 

Introduction 
 

Lactation is an energy demanding process in all 
mammals, as the energy available to the dam must be 
partitioned into that required for own maintenance and that 
required for growth and maintenance of its offspring. The 
modern sow is not an exception to this, but provides 
additional challenges as a result of genetic selection for 
increased litter size and increased lean growth rate, which 
has resulted in higher mature body weight, reduced back fat 
and increased feed efficiency during the growing period. 
Better sow performance during lactation can lead to 
increased litter weight gain, decreased body tissue loss and 
a reduction in the weaning to estrus interval. This in turn 
can result in lower sow culling rates and increase sow 
longevity, thereby enhancing profitability of the 
commercial operation.  

 
Genetic improvement of sow lactation 

performance is, however, hampered by the low heritability 
of the traits associated with it and the economical and 
practical challenges associated with measuring these traits. 
The high replacement rate in the nucleus herds used for 
genetic improvement adds to the complexity of improving 
lactation performance. Very few studies have reported on 
the dynamics of sow body composition and piglets during 
lactation (Noblet et al. 1990, Bergsma et al. 2008 and 
Gilbert et al. 2012). Some of these limitations can be 
overcome if we can identify genetic markers associated 
with lactation performance traits and explain the variation 

contributed by these markers. Availability of the Porcine 
60k SNP chip provides new opportunities to identify such 
markers and examine the underlying genetics of these traits. 
Thus the objective of this study was to identify genomic 
regions associated with traits related to sow lactation by a 
genome wide association study (GWAS), which in the 
future can be utilized for genomic / marker assisted 
selection.  

 
Materials and Methods 

 
Traits: Energy metabolism of a lactating sow can 

be described if the energy flow and various sources of 
energy inputs and outputs are known (Bergsma et al. 2009). 
Quantification of the inputs and outputs also helps to assess 
the overall efficiency of the sow during lactation. The major 
sources of energy for a lactating sow are feed intake during 
lactation and changes in body reserves, which are 
considered as the energy inputs for a sow during lactation. 
Traits that can measure energy inputs are total feed intake 
(TFI) during lactation, sow body weight loss (BWL = 
weight loss corrected for the placental weight, fetal weight 
and water content), back fat loss (BFL) and loin depth loss 
(LDL) during lactation. The sow provides energy to piglets 
through milk for their growth and maintenance and this is 
considered as the output of the sow. The trait that can be 
used to measure energy output is litter weight gain (LWG = 
increase in total weight of the litter nursed by the sow).  
Overall efficiency during the lactation period can be 
measured as lactation efficiency (LE = energy output over 
input), net energy balance (EB = difference between the 
energy retained by the sow at weaning and farrowing) or as 
sow residual feed intake (RFI = difference between the 
observed daily feed intake and predicted daily feed intake 
based on sow metabolic mid weight, litter growth, sow 
weight loss and sow back fat loss). Details of the methods 
and equations used for calculating the above mentioned 
traits are in Bergsma et al. (2009) and Gilbert et al. (2012).  

 
Data: The data were provided by Genesus Inc., 

from purebred Yorkshire sows maintained at one of their 
nucleus breeding facilities in Canada. Complete details of 
1767 farrowings from 1072 sows recorded between August 
2011 and January 2014 were utilized to estimate genetic 
parameters. The sows were weighed and scanned for back 
fat and loin depth around 5 days before farrowing and at 
weaning. The piglets were weighed at birth, at the time of 
fostering (if any) and at death or weaning. Daily feed intake 
of individual sows was measured using the Gestal© feed 
recording system. Of these recorded sows, 821 (with 1397 
farrowings) were genotyped using the Illumina Porcine 60k 



Bead chip. Of the 61,565 SNPs genotyped, 52,774 
remained in the final analysis after removing monomorphic 
SNPs.  

 
Statistical Analysis: Trait heritabilities were 

estimated with single trait linear mixed model analysis 
using ASReml. All models included the fixed effects of 
parity (3 levels), contemporary group based on week of 
weaning (123 levels), random animal genetic effects and 
permanent environmental effects. Covariates included were 
lactation length, average birth weight of weaned piglets, 
proportion of male piglets in the litter, piglet load (a term 
coined to indicate the daily sum of the number of piglets 
nursed by the sow) and body weight, back fat and loin 
depth of the sow measured at the time of farrowing.  

 
The GWAS was conducted separately for parity 1 

(n = 748) and 2 (n = 484) phenotypes using Bayesian 
multiple regression methods using the Gensel software 
version 4.0. Each trait was analyzed separately, with the 
allele substitution effect for each SNP fitted as a random 
effect. The GWAS was implemented with Bayesian 
variable selection models B and Cπ (Habier et al. (2011). 
The value of π (prior probability that a SNP has zero effect) 
and the proportion of variance explained by the markers 
were estimated using the Bayes Cπ method and were used 
as the input parameters for the Bayes B model. The 1 Mb 
windows which explained more than 0.25 % of genetic 
variance from the Bayes B analysis for each trait and parity 
were selected for further investigation.  

 
Based on the GWAS results, one SNP that was 

found to contribute a large proportion of genetic variance 
for LWG, was further evaluated by including the genotype 
of that SNP as a fixed class (3 levels) effect in the animal 
model described above as an interaction with parity (3 
levels). Least squares means for each genotype were 
estimated by parity.  

  
Results and Discussion 

 
Estimates of heritability based on pedigree and 

based on SNP markers by parity are in table 1. For BWL, 
TFI and RFI, marker based estimates of heritability were 
lower than pedigree based estimates; for LWG, LE and EB, 
marker based estimates were comparable with pedigree 
based estimates; and for BFL and LDL, marker based 
estimates were higher than pedigree based estimates.   

 
Table 1. Estimates of heritability 

Trait 
Categories Trait 

Heritability (standard error1) 
From 

Pedigree 
From SNP Markers 

Parity 1 Parity 2 
Input BFL 0.11(0.04) 0.32(0.04) 0.42(0.05) 

LDL 0.12(0.04) 0.21(0.03) 0.27(0.04) 
BWL 0.22(0.05) 0.08(0.02) 0.05(0.01) 
TFI 0.30(0.06) 0.18(0.02) 0.20(0.04) 

Output LWG 0.16(0.05) 0.17(0.02) 0.19(0.04) 

Efficiency LE 0.02(0.01) 0.03(0.01) 0.02(0.01) 
EB 0.08(0.04) 0.07(0.02) 0.05(0.02) 
RFI 0.28(0.03) 0.09(0.02) 0.08(0.02) 

1 Posterior standard deviation for Bayesian analyses 
 
 

Separate GWAS were conducted for the parity 1 
and 2 traits. As the numbers of records were relatively 
small, a separate GWAS was not done for parity 3 
phenotypes. Estimates of π based on the Bayes Cπ method 
ranged from 0.983 to 0.997. The percentage of genetic 
variance explained by the 1 Mb windows varied among 
traits and between parities. All 1 Mb windows which 
explained more than 0.25 % of genetic variance for each 
trait and parity were plotted after grouping traits into input, 
output and efficiency traits (figures 1, 2 and 3). Some 
windows were associated with multiple traits. 

 

 
Figure 1. Proportion of genetic variance explained by 
the selected 1 Mb windows for input traits  
 
 

 
Figure 2. Proportion of genetic variance explained by 
the selected 1 Mb windows for output traits  
 

 
Figure 3. Proportion of genetic variance explained by 
the selected 1 Mb windows for efficiency traits 
 



Except for TFI and LWG (in parity 2), the 
proportion of variance explained was less than 1.5% for all 
1 Mb windows. A 1 Mb region on SSC 2 (at 44 Mb) 
explained 43% of the genetic variance for LWG, a measure 
of energy output, in parity 2 sows. This same window 
explained 0.23 % of genetic variation for the efficiency trait 
RFI in parity 2 sows. Neighboring regions of this window 
also showed varying degrees of association with different 
traits for parity 2 sows, including RFI (42 Mb, 0.6%), EB 
(43 Mb, 0.19%) and LWG (43 Mb, 5.6%).  

 
For all three trait categories, the important 

windows identified were different for parity 1 and 2 
phenotypes. This result is in line with the assumption that 
parity 1 and 2 traits should be considered as different 
genetic traits, especially for traits associated with lactation 
and reproduction (Roehe et al. 1995 and Oh et al. 2006). 

 
As the posterior probability of inclusion (PPI = the 

proportion of MCMC samples in which at least one SNP 
from the 1 Mb window was included in the model with 
non-zero effect (Saatchi et al. (2013))) of the window at 44 
Mb on SSC2 was greater than 90% for LWG, it was further 
investigated. The SNPs in this window exhibited strong 
linkage disequilibrium. The GEBV’s calculated for LWG 
based on the 35 SNPs from this window grouped the 484 
parity 2 sows into three distinct classes, suggesting the 
presence of a bi-allelic quantitative trait locus (QTL) in this 
region. Further investigation showed that one particular 
SNP in the window captured all variation for this trait. The 
favorable allele of this SNP had a frequency of 0.6 and the 
genotypes were in Hardy Weinberg equilibrium.  

 
Fitting the genotype for this SNP as a fixed class 

effect in the animal model described above in ASReml, 
resulted in highly significant P values (P < 0.001) for the 
effect of SNP genotype on LDL, BWL, LWG, EB and RFI 
for parity 2 sows (Figure 4). A similar trend was observed 
for parity 3 sows for BFL, BWL, LWG, EB and RFI, but 
with lower P values (P < 0.05).  

 
In general for all traits considered except for TFI 

and LE, the LSmeans for AB and BB genotypes were 
significantly different from the LSmeans for the AA 
genotype for parity 2 and higher records (Figure 4). Some 
traits in parity 3 showed some indication of over 
dominance, which might be due to the low number of 
records for this parity (n = 165) compared to parity 1 (n = 
748) and 2 (n = 484).  

 
Positional candidate genes identified in the 44 Mb 

window on SSC2 were associated with monosaccharide 
metabolic processes. A QTL search using PigQTLdb 
revealed previously identified QTL in this region for traits 
such as average daily gain till weaning and for body weight 
at 16 days and at slaughter.  

 
 

 
Figure 4. LSmeans† by parity for sow lactation traits for 
genotypes of the most significant SNP on SSC2 
† Within parity, bars with different letters are significantly different at P < 
0.05 
 

 
Conclusions 

 
It can be concluded that a region on SSC2 carries a 

QTL that has a significant impact on sow lactation traits for 
Yorkshire pigs in parity 2 and later. The absence of the 
effects of this region on parity 1 traits, along with the 
GWAS results showing different windows to be significant 
for parity 1 and 2 traits, corroborates the assumption that 
parity 1 and 2 traits should be considered as different 
genetic traits. These results can aid in marker assisted or 
genomic selection programs in sows, especially for novel 
traits related to lactation performance.   
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