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ABSTRACT: Accurate modeling of average daily gain 
(ADG) can contribute to a better response to selection for 
feed efficiency in pigs. Inclusion of indirect genetic effects 
(IGE) has been found to attribute to the heritable variance 
of this trait. A validation by predicting performance of 
young animals, has not been performed before. Genetic 
evaluations using purebred data (sire line S1 and S2) for 
ADG using an indirect genetic model were performed. 
Predicted breeding values by removing phenotypes of 
young animals (classical model vs IGE model) were corre-
lated to corrected phenotypes. Models including IGE had a 
higher correlation (0.24 compared to 0.22) and the average 
accuracy of the breeding value was higher (0.52 compared 
to 0.48). These results illustrate the usefulness of imple-
mentation of IGE in pig breeding programs for ADG when 
sufficient phenotypes have been collected (in this study 
~80,000). 
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Introduction 
 
 Around 70% of the cost of meat production in 

pigs are feed costs. Increasing feed prices and an increasing 
world population is putting pressure on a higher efficiency 
in all livestock production systems. Therefore, one of the 
major goals in a pig breeding program is improving feed 
efficiency (Neeteson-van Nieuwenhoven et al., 2013). In-
crease in selection on average daily gain has contributed to 
an improved of feed efficiency, although desired gains are 
not achieved in every environment (Knap and Wang, 2012). 
One of the explanations could be the selection of individu-
als without considering the effect that an animal has on its 
group members (referred to as indirect genetic effects; 
IGE). Recent studies show that the inclusion of IGE im-
proves the classical genetic model in several livestock spe-
cies (e.g. Peeters et al., 2012; Bergsma et al., 2013; Alemu 
et al., 2014; Nielsen et al., 2014). Nevertheless implementa-
tion in pig breeding programs has not yet happened. A one 
generation selection experiment in pigs with divergent 
indirect breeding values for growth showed no improve-
ment of growth (Camerlink et al., 2014). Validation of IGE 
by prediction has not been done before in pigs.  

 
The first objective of this study was to estimate di-

rect and indirect genetic components for average daily gain 
in two purebred sire lines. The second objective was to 
compare the validation, relating predicted phenotypes with 

corrected phenotypes, of a classical model with a model 
including IGE. 

 
Materials and Methods 

 
Data. Finishing traits of two sire lines were used. 

Sire line 1 (S1) has 51,981 records on average daily gain 
(ADG) from 31 kg till slaughter. Records were collected on 
five different farms and the average pen size was 9.8 pigs. 
Data between 2005 and 2013 was used.  

 
Sire line 2 (S2) has 33,300 on ADG from 32 kg till 

slaughter. Records were collected on five different farms 
and the average pen size was 10.4 pigs. Data between 2006 
and 2013 was used.  

 
Data were analyzed in a combined dataset and 

separate. Pedigree consisted of five generations. Average 
relatedness between the pen mates was 0.27.  

 
Statistical analyses. A mixed model using 

ASReml software (Gilmour et al., 2006) was used for esti-
mation of variance components. Fixed effects for average 
daily gain (ADG) were; line, sexe, number of pen mates, 
farm * compartment and age on test. Random effects for the 
classical model included animal, group, compartment-
group, litter and residual. For the IGE model, also a      
(non-)heritable effect of the pen mates was added. Pheno-
typic variance assuming unrelatedness equals: 
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Validation. The predictive abilities of the different 
models were investigated by splitting the records into a 
training dataset and a validation dataset by date 1 January 
2013 (Table 1). We used corrected phenotypes for fixed 



effects based on the full dataset for validation. Correlations 
between the classical EBV (CBV), DBV, IBV and DIBV 
(Direct Indirect Breeding Value) with the corrected pheno-
type (ADGc) were calculated. The DIBV of animal i was 
calculated as: ∑

−
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jIBV is the sum of the IBVs of i’s pen mates.	   The 

Hotelling–Williams t-test (Dunn and Clark, 1971) was used 
to validate the differences between the correlations at a 
confidence level of 1%. Accuracy of the breeding values 
was calculated as the correlation between the predicted BV 

and ADGc, divided by the 2r . For IGE model (Ellen et 
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Table 1. Number of animals with records of average 
daily gain (ADG) in the test and validation dataset for 
the combined dataset (COM) and per sire line (S1 and 
S2). 

  N test N validation 
ADG COM 75,174 10,107 

S1 46,437 5,544 
S2 28,737 4,563 

 
 

Results and Discussion 
 

Estimation. Pigs had an average daily gain (ADG) 
of 975 grams/day (985 for S1 and 960 for S2). Estimated 
genetic parameters using a classical model and using an 
IGE model for ADG are presented in Table 2. All models 
including IGE had a better log-likelihood, which was a 
significant improvement of the model. Genetic correlation 
between the direct and indirect effect was close to and not 
significantly different from zero. Even though the indirect 
genetic effects were relatively small, the total heritable 
variance increased by ~ 50% compared to the classical 
model (T2 vs. h2) which in the combined dataset went from 
0.22 to 0.33. Line S1 showed the highest T2 which was 0.37 
compared to 0.33 for line S2 using an IGE model. These 
results are comparable to the estimates that were found by 
Bergsma et al. (2013). In the dataset by Bergsma et al. 
(2013) information on finishing pigs was used, where in 
this study only purebred animals were used. Though two of 
the major sire lines of the finishing pigs are the purebred 
sire lines used in this study. 

 
 
 

 
 
 

Table 2. Variance components for average daily gain 
(ADG) in the combined (COM) dataset, sire line 1 (S1) 
and sire line 2 (S2) for a classical model (C) and a model 
including indirect genetic effects (IGE). On the second 
line the standard error of the estimate is given. 
 Model 2
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COM C 2,822 
126 

   13,108 
118 

IGE 2,714 
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S1 C 2,691 
158 

   13,463 
152 

IGE 2,551 
155 

21 
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S2 C 2,998 
211 

   12,233 
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IGE 2,967 
213 
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Correlation between the DBVs of the combined 
dataset with line S1 and S2 for animals with ADG records 
were high (0.99 and 0.97 for S1 and S2 relatively). For line 
S1 the correlation between the IBVs was 0.95 and for line 
S2 0.93. The larger standard error on the estimates of 2

IA
σ 	  

resulted in a slightly lower correlation for IBVs. The CBVs 
had a very high correlation (0.99 and 0.97 for S1 and S2 
respectively) between the combined dataset and the two 
individual datasets.  

 
Validation. Table 3 shows the results for the cor-

relation between the corrected phenotype and the different 
(derived) breeding values. In the combined dataset (COM), 
the DIBV has a higher correlation compared to CBV (0.24 
vs 0.22) for the combined dataset. Line S1 showed a low 
correlation between the corrected phenotype and IBV 
(0.06), which resulted in no significant improvement of the 
DIBV compared to the CBV. Line S2 showed a similar 
increase in correlation as the COM dataset (0.28 to 0.30). 
Correlation between the CBV and DBV was high (0.998 for 
COM, Figure 1) and not significantly different from each 
other (superscripts in Table 3). Therefore, the improvement 
of the prediction is from the addition of the IBV to the 
DIBVs. The mean accuracy of the predicted BVs was in-
creased when the IGE model was used for COM and sire 
line S2 (0.48 to 0.52 in COM; and 0.56 to 0.59 in S2). 

 
 
 



Table 3. Correlations between the corrected phenotype 
(ADGc) and the different estimated breeding values. 
 CBV DBV IBV DIBV 
COM 0.222a 0.223a 0.154b 0.245c 

S1 0.159a 0.161a 0.058b 0.165c 

S2 0.278a 0.276a 0.156b 0.298c 

CBV= classical breeding value; DBV = direct breeding value; IBV = 
indirect breeding value; DIBV = direct indirect breeding value.  
Within a row, common superscripts indicate correlations where the pair-
wise differences are not statistically significant (P < 0.01) according to the 
Hotelling–Williams t-test.  

 
 

Figure 1. Overview of the correlations between the cor-
rected phenotype (ADGc) and the different breeding 
values (DBV, IBV, DIBV and CBV) for dataset COM 
and the distribution of these. Lower-diagonal: the raw 
data plotted with a regression line. On the diagonal is 
the distribution of ADGc and the breeding values in a 
histogram. The upper-diagonal gives the correlation 
between the two compared groups. 

 

 
Conclusion 

 
Estimation of variance components for average 

daily gain (ADG) using a model including indirect genetic 
effects (IGE) showed an improvement. The estimates for 
the indirect genetic variance was relatively small, but had a 
considerable contribution to the total heritable variance. 
Validation by prediction showed an increase of the accura-
cy using the IGE model from 0.48 to 0.52 for the combined 
dataset. When the size of the dataset was reduced, especial-
ly the indirect breeding values had lower predictive abili-
ties. Implementation into a pig breeding program, when 
enough phenotypes are collected (in this study ~80,000), 
will result in a higher response to selection, in this case for 
ADG.  
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