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Introduction 

� Prediction of EBV for mean and environmental variance requires 

genetic variation in mean and environmental variance

Bull A Bull B Bull C

Difference in mean

Difference in variance
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Introduction 

� Existence of genetic variation in environmental variance

� Pigs (Sorensen and Waagepeetersen, 2003; Ibanez-Escriche et al., 2008)

� Chickens (Rowe et al., 2006, Wolc et al., 2009; Mulder et al., 2009)

� Mice (Gutierrez et al., 2006; Ibanez-Escriche et al., 2008)

� Drosophila (Mackay and Lyman, 2005)

� Snail (Ros et al., 2004)

� Rabbit (Ibanez-Escrische et al., 2008; Garreau et al., 2008)

� Focus has been mainly on estimation of variance 

components and less on estimation of breeding values
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Objective 

� To develop an iterative BLUP-procedure to estimate 

breeding values for mean and environmental variance

� Bivariate versus univariate breeding value estimation

� Homogeneous versus heterogeneous residual 

variance

� With or without use of leverages
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Quantitative genetic model

� Genetic differences in environmental variance
� Additive model

vEm AAP +++= 2σχµ
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Bivariate EBV-model: heterogeneous variance
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Bivariate EBV-model: with leverages

� Leverage (l): Effect of an observation on the predicted value 

= diagonal element of hat-matrix

→ 1-l ~ accuracy of residual
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Similar to Rönnegård et al. (2010); without GLM
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Implementation

� MiXBLUP software to solve mixed model equations 

(Lidauer and Stranden, 1999)

� True variance components were used

� Iterative updating of squared residuals; 10 iterations

� Approximated reliabilities (Tier and Meyer, 2004)

� Four models

� 2 univariate runs: on phenotype and squared residuals

� Homogeneous variance

� Heterogeneous variance

� Heterogeneous variance with leverages
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Simulation

� Simulation according to simplified genetic model
� No fixed effect yet on mean or environmental variance

� Structured population
� 5 discrete generations

� 50 bulls with each 50 daughters, bulls are sired by 10 
randomly selected bull-sires

� No selection
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Results

Accuracy of Av

→ Accuracy Av improves with bivariate analysis when ra≠0

  Ar  

 Model 0.00 0.25 0.50 0.75 

Bulls Univariate 0.567 0.578 0.587 0.561 

 Bivariate homogeneous 0.557 0.576 0.653 0.732 

 Bivariate heterogeneous 0.553 0.575 0.652 0.728 

 Bivariate heterogeneous leverage 0.553 0.575 0.652 0.728 

      

Cows Univariate 0.336 0.344 0.340 0.340 

 Bivariate homogeneous 0.335 0.357 0.426 0.502 

 Bivariate heterogeneous 0.334 0.356 0.427 0.502 

 Bivariate heterogeneous leverage 0.334 0.356 0.427 0.502 
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Results

� Model with heterogeneous residual variance 

improves regression of true on estimated Av
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Conclusion

� The iterative BLUP procedure works nicely and can be 

used in existing BLUP-software

� The iterative BLUP-procedure mainly improves the 

regression of true on estimated Av

� Differences in accuracy of estimated Av are small

� Model with heterogeneous variance and leverages is the 

model of choice, especially with large differences in 

accuracy of Am and unbalanced data 
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Thank you for your attention!
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Conclusion

� The iterative BLUP procedure works nicely and 
can be used in existing BLUP-software

� The iterative BLUP-procedure mainly improves 
the regression of true on estimated Av

� Models differ little in accuracy of estimated Av

� Model with heterogeneous variance and 
leverages is the model of choice, especially with 
large differences in accuracy of Am 


