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ABSTRACT: Growth is one of the most economically 
important traits for commercial swine producers.  The 
objective of this study was to identify genomic regions 
associated with growth in Landrace, Yorkshire, and a 
commercial crossbred population using Duroc sires and 
Landrace/Yorkshire F1 females. A 4 Mb window on 
chromosome 1 explained over 11% of the genetic variance 
for age at 100kg when Landrace and Yorkshire populations 
were analyzed jointly. In general, the effects of this region, 
evaluated using 3 different SNPs with high R2 values based 
on window specific genomic estimated breeding values, 
were significant in all 3 populations and of similar 
magnitude for age at 100kg and off-test weight. Linkage 
disequilibrium between these SNPs across populations 
ranged from 0.27 to 0.93. Melanocortin-4 receptor gene is 
within the 4 Mb window. The effects of this region in the 
current populations were similar to those for MC4R. 
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Introduction 
 
 Growth rate is a key component to the profitability 
of commercial swine production. Selection is typically 
conducted at the genetic nucleus level; however, the 
objective is to improve growth performance of commercial 
crossbred animals. Genetic correlations between purebred 
and crossbred pig performance in nucleus and commercial 
herds are not perfect, ranging from 0.4 to 0.80 (Lutaaya et 
al., 2001, Zumbach et al., 2007). This discrepancy is 
partially due to the high health facilities in which the 
nucleus animals are raised compared to the commercial 
facilities where the pigs are subjected to different 
management strategies and environmental stressors 
(Dekkers, 2007). Estimates of heritability for growth related 
traits are moderate, ranging from 0.23 to 0.43 (Bryner et al., 
1992, Lo et al., 1992, Lutaaya et al., 2001). 
 
 Genome wide association studies (GWAS) have 
revealed numerous QTL associated with growth in swine; 
however, the majority of these studies used microsatellites 
where a few hundred markers were spaced across the 
genome (http://www.animalgenome.org). Within recent 
years, additional growth QTL have been identified using the 
high density Porcine 60k SNP chip 
(http://www.animalgenome.org). Many of these QTL were 
identified using various crosses of different breeds and 
populations. The objective of the current study was to 
identify genomic regions associated with off-test weight and 

age at 100kg in 2 purebred maternal populations, and a 
commercial crossbred population. 
 

Materials and Methods 
 

 Data. The analyses carried out utilized weight data 
from January 2012 to June 2013 from 3 different 
populations. Populations included 6,760 purebred Landrace 
(LR) and 8,276 purebred Yorkshires (Y) from a Genesus 
Inc. genetic nucleus farm, and 1,775 Crossbred (CR) 
animals from a commercial facility. Genetic composition of 
crossbred animals was Duroc x (LR*Y) and all purebreds 
were Genesus breeding stock. All purebred animals were 
female; barrows and females were present in the CR data. 
Purebred animals were weighed off-test and ultrasonically 
scanned for loin and backfat depth when the pen average 
was 100 kg. The CR animals were weighed with a target 
pen average of 115 kg and ultrasonically scanned for loin 
and backfat depth. Of the animals, 450 LR, 476 Y, and 876 
CR were genotyped using the Illumina Porcine 60K 
Beadchip. After removing monomorphic SNPs, 55,538 were 
included in the final analysis. 
 
 Traits. The traits analyzed included off-test weight 
(OTW) and age at 100 kg (A100). Age at 100 kg was 
adjusted to 100kg live weight using OTW, off-test age, and 
sex. 
 
 Statistical Analysis. Genetic parameters were 
estimated within population with single trait animal models 
using ASREML (Gilmour et al., 2009). All models included 
animal, litter, and off-test week as random effects. Models 
for the purebred animals included dam’s parity as a fixed 
class effect. For the CR animals, sex was fitted as a fixed 
class effect. Off-test age was included as a covariate for 
OTW for all populations. 
 

Genomic regions associated with the traits were 
identified using Bayesian method BayesB (Habier et al., 
2011) in the software GenSel version 4.6, which fits 1 Mb 
non-overlapping windows. All populations were analyzed 
separately and the LR and Y populations were also analyzed 
jointly. The probability that a SNP has zero effect, or π, was 
set to 0.99 for all analyses. The initial parameters for genetic 
and residual variances were from the prior ASREML 
analyses. 
 
 For each 1Mb window of interest, the most 
significant SNP (explained the greatest variation) was 
determined and used to investigate the region. Using R (R), 



the most significant SNP within a 1 Mb region was 
identified based on the model R2 value by regressing the 
1Mb window genomic estimated breeding value (GEBV) 
against the SNP genotype (denoted as 0, 1, or 2 for AA, AB, 
or BB, respectively). This was done separately for each 
SNP. Window GEBVs for each animal were estimated 
using the SNP effect estimates from the GenSel analysis. To 
understand the size of the effect of the genomic region of 
interest, the most significant SNPs identified were then 
included as an additional covariate or fixed class effect in 
the animal model ASREML analyses described previously. 
For all SNPs and traits, least squares means of the 
genotypes showed the AB genotype intermediate of the two 
homozygous genotypes. Therefore, SNP effects are reported 
from the analyses where SNP was fitted as a linear 
covariate. The numbers associated with the SNP names are 
unique identifiers given to the SNPs by Genesus.  
 

Results and Discussion 
 
 The average OTW were 99.9, 99.2, and 108.6 kg 
for LR, Y, and CR, respectively. The average A100 were 
144.2, 145.6, and 147 days, respectively. Estimates of 
heritabilities and genetic correlations between OTW and 
A100 are in Table 1. Heritability estimates ranged from 0.27 
to 0.35 across breeds and traits. Genetic correlations 
between OTW and A100 were high ranging from -0.96 and 
-1. 
 
Table 1. Estimates of heritability and genetic correlation 
between off-test weight (OTW) and age at 100 kg (A100) 
 
Population1 

Heritability (SE) Genetic 
Correlation OTW A100 

Landrace 0.35 (0.04) 0.30 (0.08) -0.96 (0.02) 
Yorkshire 0.27 (0.03) 0.27 (0.03) -1.00 (0.00) 
Crossbred 0.30 (0.13) 0.29 (0.14) -0.98 (0.01) 
1 LR=Landrace, Y=Yorkshire, and  
    CR=Crossbred (Dx(LR*Y)) 
 
 
 The GWAS revealed a region on chromosome 
(SSC) 1 that included four consecutive 1 Mb windows 
(Table 2). This region accounted for 11.2% of the genetic 
variance in the joint purebred analysis of A100 and all four 
1 Mb windows were within the top 10 windows that 
explained the greatest percentage of the total genetic 
variance. The four 1 Mb windows were also among the top 
10 for Y and collectively accounted for 3.5% of the genetic 
variance for A100. One of the 1 Mb windows was within 
the top 10 for CR and none for LR for A100. For OTW, 
three of the windows were among the top ten for Y and the 
joint analysis of Y and LR. The same window that was 
within the top ten for the CR population for A100 was also 
within the top for OTW. Again, none of the windows were 
present within the top ten for LR. 
 
 
 

 Two of the windows on SSC1 were chosen to 
further investigate the region. Chromosome position 177 
was chosen because it explained the greatest percentage of 
genetic variance for the joint analysis at 5.7%. Chromosome 
position 179 was chosen because it was present in the Y, 
joint, and CR analyses for both traits (Table 2). For window 
177, SNP 3765 had the highest R2 value at 0.83 from the 
joint analysis of A100. For window 179, SNP 3821 had the 
highest R2 value at 0.96 from the joint analysis of A100; 
however, was not the SNP that explained the greatest 
amount of variation in the CR for A100. SNP 3817 within 
window 179 had the highest R2 value at 0.99 for A100 in the 
CR population. 
 
Table 2. Percentage of genetic variance explained by 
four 1 Mb windows on chromosome 1 for off-test weight 
(OTW, kg) and age at 100 kg (A100, days) 

1 Mb position 
2 LR=Landrace, Y=Yorkshire, J=joint analysis of LR and  
   Y, CR=Crossbred (Dx(LR*Y)) 
3 Region was one of the top 10, 1 Mb windows 
 
 
Table 3. Additive effect of three SNPs on off-test weight 
(OTW) and age at 100 kg (A100)  
 
Pop1 

SNP 37652 SNP 38212 SNP 38172 

OTW A100 OTW A100 OTW A100 
LR -1.33 1.13 -1.23 1.13 -1.23 0.6 
Y -1.63 1.13 -1.93 1.13 -1.73 1.03 
CR -1.13 1.73 -1.33 1.73 -1.53 2.13 
1 Pop=Populations, LR=Landrace, Y=Yorkshire, and   
    CR=Crossbred (Dx(LR*Y)) 
2 SNP genotypes were coded 0, 1, or 2 for AA, AB, and  
    BB, respectively 
3 SNP covariate (denoted 0, 1 or 2) was significantly  
   different from 0 at P < 0.05 
 
 
 Table 3 shows the effects of the 3 SNPs on OTW 
and A100 by population. Effect estimates for OTW when 
fitted as a covariate in the ASREML analyses ranged from -
1.1 to -1.9 and were significant (P < 0.05) within all 
populations across all SNPs. Effect estimates for A100 
ranged from 0.6 to 2.1 across population and SNPs. 
Furthermore, all estimates were significant (P < 0.05) except 
for SNP 3817 (P > 0.23) in the LR population. The 
frequency of the favorable allele for SNP 3765 was 0.59, 
0.52 and 0.75 for LR, Y, and CR, respectively. Frequencies 
of the favorable allele for SNP 3817 were 0.37, 0.64, and 
0.62 for LR, Y and CR, respectively and 0.60, 0.63, and 
0.77, respectively for SNP 3821. The favorable allele 
frequencies were higher in the CR animals compared to the 
purebreds for SNPs 3765 and 3821. This is likely due to a 

 OTW A100 
Pos1 LR2 Y2 J2 CR2 LR2 Y2 J2 CR2 

176 0.1 0.33 0.3 0.1 0.1 0.63 0.43 0.0 
177 0.0 0.73 1.03 0.1 0.1 2.23 5.73 0.1 
178 0.0 0.1 1.13 0.0 0.0 0.43 4.73 0.1 
179 0.1 0.43 1.33 0.43 0.1 0.33 0.43 0.63 
Total 0.2 1.5 3.7 0.6 0.3 3.5 11.2 0.8 



higher frequency of this allele in the Duroc sires used to 
create the CR population. Overall, the effects of this region 
were in the same direction and of similar magnitude across 
populations; therefore, the effect could be present in the 
Duroc population as well, which contributed 50% of the CR 
genetic makeup. 
 
Table 4. Linkage disequilibrium (r2) between SNPs 
within the region on chromosome 1 by population 

 
 
 Quantitative trait loci (QTL) reported in this region 
include eight weight or average daily gain traits and one 
associated with feed intake, based on build 2 of the swine 
genome (http://www.animalgenome.org). Candidate genes 
include melanocortin-4 receptor (MC4R) gene, which has 
been shown to be associated with growth, backfat, and feed 
intake in LR, Large White, and Duroc x LR or Large White 
populations (Kim et al., 2000). The difference between the 
two homozygous genotypes ranged from between 2 and 4 
days for the trait days to 100kg (Kim et al., 2000). Given the 
slope estimates for the SNPs in the current study, the 
difference between the AA and BB genotypes ranged from 2 
to 4 days, the same as reported by Kim et al. (2000); 
therefore, these SNPs could be in high linkage 
disequilibrium (LD) with the causative mutation within 
MC4R. However, LD between the SNPs in this study were 
moderate to high across populations and ranged from 0.27 
to 0.93 (Table 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 
 These results identified a genomic region 
associated with growth that has been previously reported to 
harbor multiple growth QTL and MC4R. The effects on 
OTW and growth were present in both pure lines and within 
the CR population. These results can be used in marker 
assisted selection or genomic selection to improve 
accuracies of selections candidates. Additional work is 
required to identify if this region is significant for backfat 
and feed intake in these populations. 
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SNP1 SNP2 Landrace Yorkshire Crossbred 
3765 3821 0.93 0.64 0.59 
3765 3817 0.35 0.56 0.38 
3817 3821 0.39 0.86 0.27 


