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ABSTRACT: Selection for robustness, less sensitivity with 
respect to environmental effects as indicated by a low 
variation around the optimum trait value, is already one of 
the main targets of selection. The aim of this study was to 
prove that environmental variance of birth weight may be 
modified by selection assigning the trait to the mothers. The 
experimental population analyzed here consists of six 
generations of a divergent selection experiment for 
environmental variance for birth weight. A model assuming 
heterogeneous environmental variance partially under 
genetic control was used. The phenotypic variances of the 
birth weight across generations showed differences between 
the high and low lines. There was a very important 
correlated response regarding litter size, having an 
advantage of 2.9 individuals at sixth generation for the low 
variability line. It seems to be possible to control 
genetically the environmental variance of birth weight. 
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Introduction 
The aim of the genetic selection in animal 

breeding has traditionally been the increase of the mean for 
the productive traits. Selection for robustness, i.e. less 
sensitivity with respect to environmental effects as 
indicated by a low variation around the optimum trait value, 
is already and will be in the future one of the main targets 
of selection. In recent models of quantitative genetics it is 
assumed that the mean of a trait and its sensitivity to the 
environment are under the control of different sets of genes. 
So a genetic selection can be done on the variability of a 
trait reducing it and reaching homogeneity in the trait 
(Scheiner and Lyman 1991) that is called canalisation. 
Hence there is an increasing interest in the homogeneity of 
the animal production that would decrease the cost of 
handling and production that ultimately would increase the 
profitability of the farm and increase the animal welfare. 
The existence of evidences of partial genetic determinism of 
environmental variability leading to success in selection 
aiming to modify it, has always been in question, and it has 
not still been checked in mice. Therefore, experimental 
designed populations are needed. The mouse is a good 
mammalian model for sheep, pigs and rabbits but with a 
much shorter generation interval. To our knowledge there 
are currently three experiments aimed to modify the 
environmental variance. All are based in a divergent 
selection, two of them are in rabbits, selecting for litter size 
at birth (Argente et al., 2008, 2009) and for birth weight 
(Garreau et al., 2008). The third experiment was carried out 
for birth weight in mice but the results after six generation 
didn’t show genetic response (Nieto et al., 2010, Pun et al., 
2012), probably due to the design of the experiment in 

which the variability of the trait was presumably wrongly 
assigned to the animal being born instead of to its mother. 
The aim of this study was to prove that environmental 
variance of birth weight may be modified by selection when 
the trait is attributed to the mothers. 

 
Material and Methods 

Experimental Data. The experimental population 
analyzed here started from a pre-existing mouse population 
originated from a balanced genetic contribution of three 
inbred mice lines: BALB/c, C57BL and CBA. The three-
way crossed population was maintained in panmixia during 
20 generations thus ensuring high levels of both genetic and 
phenotypic variability.  

From this panmictic population a total of 60 
females and 60 males were randomly taken and mated 
having each female two litters. To establish the lines, a 
genetic evaluation was made. Four males and females 
offspring from each of the best 10 females with the highest 
and lowest additive genetic value for the environmental 
variability were selected (40 females and 40 males per line) 
to create two divergent selection lines, high variability line 
and low variability line, respectively. From the second 
generation onwards all the processes were repeated for five 
additional generations. Animals within lines were mated 
following a mating design determined by simulated 
annealing (Fernández and Toro 1999) algorithm 
maximizing genetic response by allowing the best animals 
to leave  more offspring without increasing the mean 
coancestry of standard solution. The standard solution was 
defined as the average of breeding values of selected 
animals and mean coancestry of the 40 selected females and 
40 selected males was taken as reference.  

The data of individual Birth Weight (BrW) 
obtained from all the litters during 6 generations and the 
pedigree including 10 generations back of the panmitic 
population in the pedigree were used to evaluate the 
selected progenitors. The final evaluation dataset contained 
a total of 8005 records of BrW from 838 litters. The trait 
was considered as a maternal trait. The total number of 
individuals included in the analysed pedigree was 7247.  

Genetic Model. The model developed by San 
Cristobal-Gaudy et al. (1998) which assumes that the 
environmental variance is heterogeneous and partially 
under genetic control was used: 
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where iy is the trait of animal i; * indicates the parameters 

associated with environmental variance; b and b* are the 
vectors of the systematic effects; a and a* are the vectors of 
the direct genetic effect, and c and c* are the vectors of the 



litter effect; ix , iz  and iw  are the incidence vectors for 

systematic, animal, and litter effect, respectively. 
Generation, sex, litter order and litter size were considered 
as systematic effects. 

The genetic effects a and a* are jointly distributed and are 
assumed to be Gaussian: 
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where A is the additive genetic relationship matrix; 2
aσ  is 

the additive genetic variance of the trait; 2
*aσ  is the additive 

genetic variance affecting environmental variance of the 
trait; ρ is the coefficient of genetic correlation between 
then, and ⊗  denotes the Kronecker product. 

The vectors c and c* are also assumed to be independent, 
with ( )2

cN cc 0, I σ
 and ( )2
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 where Ic is the 

identity matrix of equal order to the number of litter effect 

and 2
cσ  and 2

*cσ  are the litter variances affecting, 

respectively, the birth weight mean and its environmental 
variability (Ibañez-Escriche et al., 2008). The GSEVM 
program was used to perform the analysis (Ibáñez-Escriche 
et al., 2010). 

Results and Discussion 
The estimated genetic variance for the mean trait 

and for the environmental variance were 0.017 and 0.097 
respectively. And the corresponding estimates for the litter 
variances were 0.015 and 0.257. The genetic correlation 
between the additive genetic variance affecting the BrW 
mean and its variation was 0.28. The magnitude of the 
additive genetic component regarding environmental 
variability is in agreement with Hill and Mulder (2010). 

The evolution of the phenotypic variances of the 
birth weight across generations showed differences between 
the high and low lines (Figure 1). In the establishment of 
the lines there were no differences, but after that the 

difference has been noticeable being 0.027 and 0.016 the 
respective variances in the high and low variability lines in 
the sixth generation.  

There was a very important correlated response 
regarding litter size, having an advantage of 2.9 individuals 
at sixth generation for the low variability line. As maternal 
trait the environmental variability of birth weight could be 
regarding uterine conformation aspects leading to similar or 
different rooms at different points of the uterus (Pun et al., 
2012), then a correlated response could be producing an 
increase in the litter size. More generations seems to be 
needed to attain sound results. 

 
Conclusion 

The experiment and the genetic analysis are 
performing well and it seems to be possible to control 
genetically the environmental variance of birth weight. A 
correlated response over the litter size could be present. 
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Figure 1. Phenotypic trend in the variance of birth 
weights across generations per line.  

Figure 2. Average of litter size across generations per 
line 
 

8.00

8.50

9.00

9.50

10.00

10.50

11.00

11.50

Initial Gen 1 Gen 2 Gen 3 Gen 4 Gen 5 Gen 6

High Low


