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ABSTRACT: By using the pseudo individual weaning 
weight that was derived from the litter weaning weight, the 
relationship coefficient between true and estimated breed-
ing values (R) of the additive direct genetic effect showed a 
40% decrease at the maximum, and the R for the additive 
maternal genetic effects was slightly reduced in the progeny 
generation. On the other hand, the R of the additive direct 
genetic effect showed a 25% decrease at the maximum, 
whereas the R of the additive maternal genetic effects 
slightly decreased in the dam generation. The results of this 
study suggest that it is possible to evaluate maternal genetic 
effects using the pseudo individual weaning weight that was 
derived from the litter weaning weight. 
Keywords: pig; individual weaning weight; pseudo data; 
maternal genetic effect 
 
 

Introduction 
 

Breeding value evaluations of reproductive traits 
are performed as part of a project involving genetic evalua-
tion of pigs in Japan (NLBC (2014)). Among these, the 
litter weaning weight was used as an indicator of the nurs-
ing ability of dams. The litter weaning weight reflects not 
only the nursing ability of the dam, but also a growth ability 
of the piglet. If individual weaning weights are measured, it 
is possible to evaluate nursing and growth abilities separate-
ly by using an appropriate mathematical model (Roehe and 
Kennedy (1993a)). However, it is difficult to measure the 
individual weaning weight in a breeding program in Japan 
because of the additional labor it requires. The objective of 
the present study was to examine the feasibility of using 
computer simulations in evaluating maternal genetic effects 
based on pseudo individual weaning weights derived from 
the litter weaning weight and the number of live-born pig-
lets. 

 
Materials and Methods 

 
Computer simulation. The base population con-

sisted of 10 males and 50 females that were assumed to be 
unrelated, unselected, and randomly sampled from a con-
ceptually infinite population. The simulation was carried 
out across 11 generations (G0–G10) with no overlaps. Ap-
proximately 10 males and 50 females in G1 through G9 were 
randomly selected. Each male was randomly mated to five 
females in each generation; the number of offspring per 
litter was constant, consisting of 4 males and 4 females. The 
fixed effects consisted of the overall mean, generation, and 

sex. The phenotypic value (pijkl) of the kth animal was simu-
lated by using the following equation:  

 
pijkl = µ + sexi + generationj + gk + ml + cl + eikl 

 
where µ is overall mean; sexi and generationj are the fixed 
effects of the jth sex and in the jth generation, respectively; 
gk and ml are the additive genetic values of the kth animal 
and additive maternal genetic value of the lth dam, respec-
tively; cl is random maternal environmental effect of the lth 
dam; and e represents the random environmental effect. An 
infinitesimal additive genetic model (Bulmar (1980)) was 
assumed. Accordingly, the additive direct genetic value (gk) 
of the kth animal and the additive maternal genetic value 
(ml) of the lth animal were generated by using the following 
equations, respectively: 
 
 gk = (gsk + gmk)/2 + [1 - (Fsk + Fdk) / 2]1/2 * eg 
  
 ml = (gsl + gml) / 2+[1 - (Fsl + Fdl) / 2]1/2 * em 
 
 eg~(0, σg

2/2), em~(0, σm
2/2), cov(gk, ml)= σgm 

 
where gsk and gmk are additive direct genetic values of the 
kth animal for the sire and the dam, respectively; Fsk and Fdk 
are the inbreeding coefficients of the kth animal of the sire 
and the dam, respectively; gsl and gml are additive maternal 
genetic values of the lth animal for the sire and the dam, 
respectively; Fsl and Fdl are the inbreeding coefficients of 
the lth dam of the sire and the dam, respectively; σg

2 and σm
2 

are the additive direct genetic variance and additive mater-
nal variance, respectively; and σgm is the covariance of the 
direct and maternal genetic effects. The genetic parameters 
were based on the analysis of individual weaning weights 
conducted by Kaufmann et al. (2000); the mean of the base 
population, phenotypic variance, heritability of the additive 
direct effect, the heritability of the additive maternal effect, 
and the maternal environmental variance as the proportion 
of the phenotypic variance in individual weaning weights 
were 7.6 kg, 2.23 kg2, 0.08, 0.16, and 0.23, respectively. 
The genetic correlation between direct and maternal (rgm) 
effects was -0.5, 0.0 or +0.5. Fifty replicates were simulated 
for each rgm. Then, the pseudo individual weaning weight 
was calculated. Specifically, the pseudo individual weaning 
weight was derived by adding the average weaning weight 
of the litter to the value that was multiplied by the square 
root of the deviation from the phenotypic variance of the 
maternal environmental variance to the normal random 
number. Seven data sets, which were not initially applied, 
were applied to the last generation; the second, third, fourth, 



or fifth generations from the last generation; and all the 
generations of the pseudo individual weaning weight. 
 
 Evaluation of maternal genetic effect. The DMU 
program (Madsen and Jensen (2006)) was used to estimate 
breeding value of the direct and maternal genetic effects by 
using the BLUP methodology according to the true genetic 
parameter of these created data sets. The analysis model 
included random effects, which consisted of direct and ma-
ternal genetic effects as well as the maternal environment 
effect; it also included fixed effects, which consisted of the 
overall mean, generation, and sex. Correlation coefficients 
between the true and estimated breeding values of genera-
tion 9 (dam) and 10 (progeny) were calculated as a criterion 
of accuracy of prediction of breeding values. The square 
root of mean square error (SMSE) of the estimated breeding 
value was also calculated.  

 
Results and Discussion 

 
Figure 1 illustrates the correlation coefficients be-

tween the true and estimated breeding values of the additive 
direct genetic effect (RA) on generation 10 (progeny genera-
tion). When rgm was -0.5, 0.0 and +0.5, the RA of the addi-
tive direct genetic effect was 0.33 ± 0.13, 0.41 ± 0.13, and 
0.47 ± 0.11, respectively, using the data set to which no 
pseudo data was applied. The RA was increased depending 
on rgm values. When rgm was -0.5, 0.0 and +0.5, the SMSE 
was 0.33 ± 0.04, 0.36 ± 0.07, and 0.33 ± 0.05, respectively. 
The RA was significantly smaller when the pseudo data was 
used. The RA was slightly affected by the number of gen-
erations to which the pseudo data was applied. Figure 2 
illustrates the correlation coefficients between the true and 
estimated breeding values of the additive maternal genetic 
effect (RM) on generation 10 (progeny generation). When 
rgm was -0.5, 0.0 and +0.5, RM was 0.32 ± 0.13, 0.37 ± 0.11, 
and 0.46 ± 0.10, respectively, using that data set to which 
no pseudo data was applied. The RM was increased depend-
ing on rgm values. When rgm was -0.5, 0.0 and +0.5, the 
SMSE was 0.49 ± 0.10, 0.48 ± 0.08, and 0.47 ± 0.10, re-
spectively. The RM slightly decreased when the pseudo data 
was used. The RA was not affected by the number of gener-
ations to which the pseudo data was applied. These results 
suggest that the pseudo data is useful in evaluating maternal 
genetic effects at generation 10 (progeny generation).  

 

 
Figure 1: Correlation coefficients between the true and 
estimated breeding values of the additive direct genetic 
effect on generation 10 (progeny generation) 

 
Figure 2: Correlation coefficients between the true and 
estimated breeding values of the additive maternal ge-
netic effect on generation 10 (progeny generation) 
 
 

 
Figure 3: Correlation coefficients between the true and 
estimated breeding values of the additive direct genetic 
effect on generation 9 (dam generation) 
 

 
Figure 4: Correlation coefficients between the true and 
estimated breeding values of the additive maternal ge-
netic effect on generation 9 (dam generation) 

 
 
Figure 3 illustrates the correlation coefficients be-

tween the true and estimated breeding values of the additive 
direct genetic effect on generation 9 (dam generation). 
When rgm was -0.5, 0.0 and +0.5, RA was 0.34 ± 0.13, 0.43 
± 0.10, and 0.49 ± 0.09, respectively, using the data set to 
which no pseudo data was applied. The RA was increased 
depending on rgm values.  When rgm was -0.5, 0.0 and +0.5, 
SMSE was 0.33 ± 0.03, 0.34 ± 0.06, and 0.31 ± 0.04, re-
spectively. With the exception of using the pseudo data at 



the last generation, the RA decreased depending on the 
number of generations to which the pseudo data was ap-
plied. Figure 4 illustrates the correlation coefficients be-
tween the true and estimated breeding values of the additive 
maternal genetic effects on generation 9 (dam generation). 
When rgm was -0.5, 0.0 and +0.5, RM was 0.40 ± 0.11, 0.46 
± 0.10, and 0.55 ± 0.09, respectively, using data set to 
which no pseudo data was applied. The RM was increased 
depending on rgm values. When rgm was -0.5, 0.0 and +0.5, 
the SMSE was 0.47 ± 0.09, 0.45 ± 0.06, and 0.44 ± 0.08, 
respectively. The RM showed minimal changes when the 
pseudo data was used. The RA was not affected by the 
number of generations to which the pseudo data was ap-
plied. These results suggest that the pseudo data is useful in 
evaluating direct maternal genetic effects on generation 9 
(dam generation). Although not shown in figure, the SMSE 
of the direct and maternal genetic effects increased, depend-
ing on the number of generations to which the pseudo data 
was applied. Table 1 shows the means and standard devia-
tions of the inbreeding coefficients in simulated populations. 
The mean of inbreeding coefficient linearly increased after 
4 generations, and the mean of inbreeding coefficient at 
generation 10 was 10.98.  

 
Table 1. Means and standard deviations of the inbreed-
ing coefficient (F) in simulated populations. 
Generation F(%) Generation F(%) 

1 0.00 ± 0.00 6 5.59 ± 0.99 
2 0.00 ± 0.00 7 6.81 ± 0.92 
3 0.00 ±0.00 8 8.10 ± 0.98 
4 2.75 ±0.81 9 9.44 ± 1.13 
5 4.20 ±0.94 10 10.98 ± 1.09 

 
 

 The litter weaning weight reflects the ability of the 
piglet to grow and the ability of the dam to nurse. Therefore, 
it is possible to improve the maternal genetic effect of an 
individual weaning weight by selecting the litter weaning 
weight. By separating the direct genetic effects from the 
maternal genetic effects, it is possible to select each effect 
by measuring individual weaning weights. Therefore, direct 
and maternal effects, if important to the population, should 
be evaluated separately (Roehe and Kennedy (1993b)). For 
example, the male dam line was selected for the highest 
direct response, which can be achieved by selection for 
direct effects only. The female dam line should be selected 
for an optimal weighting ratio of maternal and direct genet-
ic effects. The results of the present study suggest that it is 
possible to evaluate maternal genetic effects on not only the 
dam but also the progeny generation using pseudo data 
without incurring additional labor and cost for data collec-
tion. In this study, the genetic parameter used in estimating 
breeding values was the true value. When the genetic pa-
rameter deviated from the true value, it is possible to gener-
ate a different result.	  There is a need to investigate the ro-
bustness of the breeding value evaluation using pseudo data. 
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