
 
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 

 
Whole genome characterization and associations studies in two divergent pig lines selected on residual feed intake. 

 
J. Riquet1, Y. Labrune1, K. Feve1, Y. Billon2 and H. Gilbert1 

1	  INRA Toulouse, UMR1388	  GenPhySE, France, 2INRA Surgères, UE1372 GenESI, France. 
 
 

ABSTRACT: Since 2000 at INRA, two lines di-
vergently selected for residual feed intake (RFI) have been 
conducted within the Large White breed. After seven gen-
erations of selection, 270 parents from the G0 to G3, and 
G6 generations were genotyped to (1) estimate the genomic 
divergence between the lines and (2) conduct a first asso-
ciation analysis between SNP of the Porcine60K BeadChip 
and performances (RFI and related trait). The results indi-
cate that from the third generation the two lines clearly 
diverged at the molecular level. In view of the small size of 
the analysis, only one suggestive region associated with 
RFI was detected, but highly significant regions were high-
lighted for growth and feed intake, carcass composition and 
meat quality traits. Altogether, no large effect locus differ-
entially retained in the divergent lines could be evidenced, 
suggesting that RFI is achieved through different metabolic 
strategies depending on the animals. 
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Introduction 
 

Improving the use of feed during the growing pe-
riod remains a major goal in pig production to reduce feed 
costs and waste. Selection experiments have envisioned 
residual feed intake (RFI) as an alternative criterion to feed 
conversion ratio (FCR) to improve feed efficiency in pigs. 
Although feed efficiency is an important selection objec-
tive, individual records of daily feed intake, and thus FCR 
or RFI, are still difficult to obtain at a reasonable price on a 
large number of animals, and they are available only at the 
end of the growing period. The identification of genome 
variants (quantitative trait loci, gene mutations or associated 
markers) that could be used for MAS (Markers Assisted 
Selection) would be an interesting alternative to phenotyp-
ing for the selection at early ages on feed efficiency and its 
related traits. Running whole genome association studies 
(GWAS) using high-density SNP chip is an efficient strate-
gy to identify genomic regions contributing to the genetic 
variance of quantitative traits in livestock populations. The 
present paper reports first association results obtained for 
RFI, related traits average daily gain (ADG), backfat thick-
ness (BFT), and FCR, together with traits related to carcass 
composition and meat quality in two divergent lines select-
ed during seven generations for low and high RFI. 

 
Materials and Methods 

 
Population and phenotyping.	   Two divergent 

lines were selected from a unique Large White population 

comprising 30 sires and 30 dams: in each generation G0 to 
G6, 6 sires with the highest (highRFI line) and lowest 
(lowRFI line) RFI values were selected. Whereas no selec-
tion was applied on the female side, mass selection was 
applied to males, with about 6.5% of sires selected. A herd 
of 35 to 40 dams per line was maintained, a gilt randomly 
replacing its dam in each generation. The detailed selection 
procedure was described in Gilbert et al. (2007). Sires were 
tested from 35 to 95 kg body weight (BW) to compute the 
RFI selection index and had not records at slaughter. Dams 
had only records during the reproductive period. Females 
and castrated males, sibs of candidates for selection, were 
tested from ten weeks of age (67.5 ± 2.1 days) to slaughter 
(110.1 ± 7.3 kg BW) in G1 to G6. During growth, they had 
records for daily feed intake (DFI), average daily gain 
(ADG) and FCR (N=1770 to 1874 records). On the carcass, 
back-fat thickness (BFT, average of 3 measurements taken 
on the middorsal line at the level of shoulder, last rib, and 
hip joint), carcass yield (YIELD) and length (LENGTH), 
cut weights (HAM, shoulder, BELLY, LOIN and BACK-
FAT) and lean meat content (LMC) were available 
(N=1584 to 1710 records). For meat quality traits, ultimate 
pH were measured on the adductor femoris, semimembra-
nosus, gluteus superficialis and longissimus muscles, and 
the three coordinates L*, a*, and b* of the CIELAB color 
space were recorded on the gluteus superficialis and gluteus 
medius muscles (N=1617 to 1630 records). A meat quality 
index, indicator of the technological quality of ham pro-
cessing, was computed (MQI). For these females and cas-
trated males, a residual feed intake was computed (N = 
1508 pigs) as the residual of a phenotypic multiple linear 
regression of DFI on ADG, BFT, LMC and average meta-
bolic BW, as explained in Gilbert et al. (2007).  

 
Genotyping.	  The present study included a total of 

270 genotyped animals: dams from G0, G3 and G6 (N = 65, 
61, 84 respectively) and all sires from G0 to G3, and from 
G6 (5 generations x 2 lines x 6 sires, N = 60) were includ-
ed. In total DNA samples from 149 lowRFI and 121 high-
RFI animals were prepared. Genotyping was completed 
with the Illumina Porcine60K BeadChip. Only markers 
from the autosomal chromosomes were retained for the 
analyses.  

 
Population stratification. First, a matrix of ge-

nomic kinship based on identity-by-state between all pairs 
of individuals was computed. A classical multidimensional 
scaling was then used to identify potential stratification of 
the population related to selection (software GenABEL, 
Aulchenko et al. (2007)).  



Whole genome association study. Phenotypes 
were first corrected using a linear model (proc GLM, SAS 
software) for the fixed effects of the contemporary group, 
the sex, and the number of pigs per pen, plus the BW at 
slaughter for carcass traits and the slaughter date for meat 
quality traits. The GWAS analyses were run for each trait 
using the single-step approach developed for genomic se-
lection (software blupf90, Aguilar et al. (2010)), to combine 
the information of genotypes and phenotypes from different 
animals. First, an animal mixed model was applied to each 
trait using a combination of pedigree and genomic kinship 
matrices as described in Aguilar et al. (2010) to structure 
the covariance between related animals. The dataset com-
prised 5747 individuals (phenotyped, genotyped and ances-
tors). Second, the solutions of the SNP effects were com-
bined to derive the proportion of genetic variance of each 
trait explained by successive windows of 0.3Mb, as 
100× 𝑝!𝑞!𝑎!! 𝑣𝑎𝑟(𝑔), where i = 1, ns, the number of 
SNP in each 0.3Mb window. Because no statistic test exists, 
simulations of trait values under the null hypothesis (ab-
sence of SNP effect) were run with respect to pedigree 
relationships for different values of trait heritability, to 
validate significant effects in our analyses. Empirical 5% 
genome-wide and chromosome-wide thresholds were then 
computed. 

 
Results and Discussion 

 
Population stratification. The plot of all geno-

typed animals in relation with the two first principal com-
ponents of the multidimensional scaling showed that the 
first axis explained the separation between lines, whereas 
the second axis explained the evolution across generations. 
All G0 animals were confounded. With increased genera-
tions of selection, the two lines got more clearly separated 
on the first principal component (Figure 1). In G6, two 
different groups corresponding to the two lines were totally 
separated. This indicated that the dataset was highly strati-
fied with respect to the selection process. 

 

 
Figure 1. Projection of 270 genotyped animals in the two 
first principal components (PCA) from multidimension-
al scaling analyses.  

 
 
 

GWAS for traits recorded during growth. Sig-
nificant results at the chromosome level (P < 0.05) were 
obtained for feed efficiency traits on chromosomes 1 
(FCR), 10 and 14 (DFI), 7 and 18 (ADG) (Figure 2 and 
Table 1). This chromosome 7 region was also suggestive 
for DFI (Table 1). For RFI trait only a suggestive associa-
tion was found on chromosome 16 for RFI (Figure 2).  

 

 
Figure 2. Association results for daily feed intake (DFI), 
average daily gain (ADG), feed conversion ratio (FCR) 
and residual feed intake (RFI). Results are presented in 
proportion to the 5% threshold on the chromosome (the 
dotted line at 1 represents the chromosome wide thresh-
old).  

 
Table 1. Association results for feed efficiency (1), car-
cass composition (2) and meat quality (3) traits signifi-
cant at the chromosome level. Common regions are in 
grey. Percentages of variance of the trait explained by 
each position are given. 
 
(1)	  SSC	   Pos	  (Mb)	  

DF
I	  

AD
G
	  

FC
R	   	   	   	  

1	   287.96	   	   	   0.56	   	   	   	  
7	   130.85	   1.08	   	   	   	   	   	  
7	   130.85	   	   0.88	   	   	   	   	  
10	   61.33	   1.07	   	   	   	   	   	  
14	   15.77	   0.76	   	   	   	   	   	  
18	   32.03	   	   0.53	   	   	   	   	  
	   	   	   	   	   	   	   	  (2)	  SSC	   Pos	  (Mb)	  

LM
C	  

YI
EL
D	  

BA
CK

FA
T	  

BE
LL
Y	  

LE
N
G
TH

	   	  

2	   12.69	   	   	   	   	   0.98	   	  
6	   17.30	   3.47	   	   	   	   	   	  
7	   98.90	   	   0.70	   	   	   	   	  
11	   23.90	   1.46	   	   	   	   	   	  
14	   15.77	   	   	   0.76	   	   	   	  

PCA1

PC
A
2

G0

G6

G0

G6

RFI-‐

RFI+

DFI ADG

FCR RFI



14	   15.77	   0.77	   	   	   	   	   	  
17	   41.16	   	   	   0.68	   	   	   	  
18	   32.03	   	   	   	   0.59	   	   	  
	   	   	   	   	   	   	   	  (3)	  SSC	   Pos	  (Mb)	  

a*
	  

b*
	  

L*
	  

pH
u	  

IM
B_ FS
	  

M
Q
I	  

2	   153.87	   1.01	   	   	   	   	   	  
2	   154.95	   	   0.82	   	   	   	   	  
5	   67.05	   	   	   0.93	   	   	   	  
5	   81.07	   	   	   	   	   	   0.86	  
5	   81.07	   	   	   0.75	   	   	   	  
5	   81.07	   	   	   	   0.83	   	   	  
5	   81.07	   1.12	   	   	   	   	   	  
5	   81.07	   	   0.95	   	   	   	   	  
5	   81.07	   	   0.83	   	   	   	   	  
5	   81.07	   	   	   0.90	   	   	   	  
5	   81.07	   	   	   	   0.70	   	   	  
6	   17.30	   	   	   	   	   	   3.57	  
6	   17.30	   	   	   	   3.03	   	   	  
6	   17.31	   	   	   	   5.19	   	   	  
9	   22.52	   0.98	   	   	   	   	   	  
15	   144.56	   	   	   	   	   2.73	   	  

 
 
When compared to results from a study run in two 

different lines selected for RFI in Yorkshire pigs at Iowa 
State University (Onteru et al. (2013)), two regions on 
chromosome 7 (130.85 Mb versus 124.5 Mb in their study) 
(DFI and ADG) and on chromosome 14 at position 15 Mb 
(DFI) could be similar to our results. On the opposite no 
region was in common with Do et al. (2014) results. 

 
GWAS for carcass and meat quality traits. Sig-

nificant results obtained at the chromosome level are re-
ported in Table 1. The most important regions were detect-
ed on chromosome 5 for several meat quality parameters 
(a*, b*, L*, pHu on the different muscles and MQI), on 
chromosomes 6 for LMC, pHu (on semi-membranous and 
longissimus dorsis muscles) and MQI, on chromosome 14 
for backfat thickness and LMC, and on chromosome 18 on 
the belly weight (Table 1). All these regions were also at 
least suggestive for one or more traits. Among these regions 
two intervals also showed significant results with traits 
recorded during growth traits, on chromosome 14 (DFI) and 
18 (ADG).  

 
For the SNP of the most significant regions, the 

change in allelic frequencies with selection is described in 
Figure 2. Most of them showed very similar frequencies in 
the first G0 selected sires, and their frequencies became 
more different as selection progressed, reaching differences 
of 0.1 to 0.4 between the lines in generation 6. However, 
due to the low number of parents in each generation, this is 
not significant when compared to the variance of allelic 
frequencies due to drift.  

 

 
Figure 3. Allele frequency evolution in the RFI lines for 
informative SNPs of the significant regions on SSC5, 6, 
7, 14, 15 and 18. 

 
 

Conclusion 
 

A low number of significant regions was detected, 
especially for feed efficiency, in relation with the low num-
ber of genotyped animals in this study. However, the strong 
associations detected for carcass and meat quality traits 
suggest that large associations could be detected. Altogeth-
er, no large effect locus differentially retained in the diver-
gent lines could be evidenced, suggesting that lower or 
higher RFI is achieved through different metabolic strate-
gies depending on the animals. 
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