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Introduction 
Genomic selection (Meuwissen et al. (2001)) predicts breeding values estimated from effects 
of genome wide dense genetic markers to select young bulls. The development of high 
throughput genotyping of many thousands of single nucleotide polymorphisms (SNPs) 
enabled the rapid implementation of genomic selection in cattle breeding programs. An 
Interbull survey on genomic selection reported a variety of methods and phenotypes that are 
being used in genomic predictions all around the world (Loberg and Dürr (2009)). In this 
study we compared conventional breeding values, de-regressed breeding values, and 
daughter yield deviations as phenotypes using three different methods to predict direct 
genomic breeding values for one production and two fertility traits in the Fleckvieh breed. 

Material and methods 
Data. In total, 3,118 Fleckvieh bulls, born between 1975 and 2004, were genotyped with the 
Illumina Bovine SNP50TM Beadchip. Only SNPs with minor allele frequencies of greater 
0.5% and a SNP call rates of greater 75% were included, resulting in 45,551 SNPs. Missing 
genotypes of a SNP were replaced by average allele frequency in the population. Bulls were 
included only when their overall call rate was greater 95%. The average call rate of bulls 
included in the analysis was 0.992. The data was split in a reference (training set) population 
including bulls born before 2002 and a validation (test set) population of bulls born between 
2002 and 2004. Phenotypes used were conventional breeding values (EBV), de-regressed 
breeding values (DREBV), and daughter yield deviations (DYD) for the quantitative traits 
protein yield of first lactation (PROT), the interval between first and last insemination in 
heifers (IFL-H), and interval between first and last insemination in cows (IFL-C). 
Conventional EBVs and DYDs for PROT were taken from the November 2009 routine 
genetic evaluation in Austria and Germany. EBVs and DYDs for the fertility traits were 
obtained from a univariate genetic evaluation. The average reliability of EBVs for PROT, 
IFL-H, and IFL-C was 93.7%, 53.9%, and 63.4%, respectively. DYDs were estimated using 
the approach of Mrode and Swanson (2004) implemented in the software package MiX99 
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(Vuori et al. (2006)). DREBVs and corresponding weights were estimated by the approach of 
Garrick et al. (2009) with parental information being excluded from the EBV. Descriptive 
statistics for all traits of bulls in the reference and validation population are shown in Table 1 
and 2.  
 
Table 1. Descriptive statistics for all traits and phenotypes of bulls in the reference set 

Trait  EBV DREBV DYD 
 N Mean STD Mean STD Mean STD 
PROT 2,477 -4.74 16.64 -4.91 17.40 25.63 8.41 
IFL-H 2,455 101.09 7.70 102.01 21.24 1.03 4.09 
IFL-C 2,474 100.91 9.50 102.48 17.82 0.88 5.28 

 
Table 1. Descriptive statistics for all traits and phenotypes of bulls in the validation set 

Trait  EBV DREBV DYD 
 N Mean STD Mean STD Mean STD 
PROT 523 8.35 12.37 7.77 14.21 31.57 6.38 
IFL-H 586 98.94 7.32 99.18 28.62 1.33 4.74 
IFL-C 485 100.54 8.23 104.87 26.91 0.10 6.69 

 
Statistical analyses. Direct genomic breeding values were estimated using partial least 
squares regression (PLSR, Tibshirani (1996)), the Bayesian approach BayesB (Meuwissen 
(2009)), and GBLUP (Hayes et al. (2009)). PLSR is used to reduce the dimension of SNP 
data, where orthogonal components, also called latent variables, are constructed from the 
original variables and used for prediction instead. The PLSR analysis was carried out using 
the SAS PROC PLS (SAS, 2009). The optimal number of latent variables was assessed by 
cross validation such that the covariance of SNP data and phenotypes was maximized. The 
BayesB method is similar to the BayesB presented by Meuwissen et al. (2001) whereas the 
prior distribution assumed that some SNPs have a big effect and the majority of markers 
have a small effect instead of presuming that these SNPs have no effect (Meuwissen (2009)). 
GBLUP assumes that there are many SNPs whose effects are assumed to be normally 
distributed with constant variance. In this case the expected relationship matrix can be 
replaced by the genomic relationship matrix estimated directly from the SNP markers 
(Habier et al. (2007)). The genomic relationship matrix was estimated according to Hayes et 
al. (2009) and implemented in the equations to calculate BLUP breeding values using 
ASReml (Gilmour et al. (2009)). To assess accuracy of genomic selection, the correlation 
between estimated direct genomic breeding values and the conventional EBVs based on 
progeny testing was calculated for bulls in the validation set, where the conventional EBV 
was regarded as the true breeding value. To account for different accuracies of the 
conventional EBVs the calculated correlation was corrected by the accuracy of conventional 
EBVs. Confidence intervals were obtained from 1,000 bootstrap samples, where bulls of the 
validation data set were randomly sampled with replacement. 
 



Results and discussion 
Accuracies of direct genomic breeding values using all methods and phenotypes for PROT, 
IFL-H, and IFL-C are presented in Tables 3, 4, and 5, respectively. Accuracies for PROT 
were in the range of 0.429 to 0.527 using different phenotypes and methods. Highest 
correlations were obtained using GBLUP in combination with EBVs and DREBVs and 
BayesB in combination with DREBVs as phenotypes, whereas lowest correlations were 
achieved using PLSR (Table 3). 
 
Table 3: Arithmetic means and confidence intervals of accuracies for PROT 

Phenotype PLSR BayesB GBLUP 
EBV 0.460 

[0.383;0.541] 
0.494 

[0.416;0.569] 
0.522 

[0.448;0.600] 
DREBV 0.467 

[0.389;0.548] 
0.524 

[0.455;0.596] 
0.527 

[0.458;0.599] 
DYD 0.429 

[0.353;0.506] 
0.457 

[0.376;0.538] 
0.491 

[0.417;0.565] 
 
Table 4: Arithmetic means and confidence intervals of accuracies for IFL-H 

Phenotype PLSR BayesB GBLUP 
EBV 0.675 

[0.640;0.708] 
0.722 

[0.691;0.751] 
0.735 

[0.706;0.764] 
DREBV 0.512 

[0.463;0.561] 
0.660 

[0.624;0.695] 
0.706 

[0.674;0.739] 
DYD -0.543 

[-0.586;-0.500] 
-0.548 

[-0.591;-0.499] 
-0.580 

[-0.619;-0.538] 
 
Table 5: Arithmetic means and confidence intervals of accuracies for IFL-C 

Phenotype PLSR BayesB GBLUP 
EBV 0.629 

[0.579;0.675] 
0.627 

[0.577;0.673] 
0.640 

[0.594;0.683] 
DREBV 0.535 

[0.479;0.589] 
0.539 

[0.478;0.596] 
0.603 

[0.555;0.650] 
DYD -0.554 

[-0.609;-0.498] 
-0.514 

[-0.567;-0.461] 
-0.557 

[-0.606;-0.504] 
 
For IFL-H accuracies ranged from 0.512 to 0.735 (Table 4). Again, GBLUP in combination 
with EBVs outperformed PLSR and BayesB. Using DREBVs gave similar results except for 
PLSR, where the lowest correlation of 0.512 was achieved. Correlations for DYDs were in 
the range of -0.580 to -0.543. These correlations are negative as a result of different scales of 
EBVs and DYDs as standardized values and natural units, respectively. In Table 5 accuracies 
for IFL-C are reported. Using EBVs GBLUP and PLSR resulted in highest accuracies of 
0.640 and 0.629, respectively. Lowest correlations were observed using DYDs in 
combination with BayesB. Accuracies for IFL-H were higher than for IFL-C. In general, 
obtained accuracies for PROT are lower compared to findings in other studies involving 
other breeds and the same regression methods (e.g. Sölkner et al. (2007)). In contrast to this 



study Habier et al. (2009) found higher correlations in German Holstein cattle using a 
BayesB approach indicating that BayesB exploits linkage disequilibrium (LD) better than 
GBLUP. As LD in Fleckvieh is substantially lower compared to Holstein (unpublished data) 
it is reasonable that BayesB gave slightly lower accuracies compared to GBLUP in our 
study. The results indicate that the density of the SNP data on the one hand and the size of 
the training set were not sufficient for BayesB to outperform GBLUP. 

Conclusion 
The obtained results show that GBLUP results in slightly better accuracies of direct genomic 
breeding values in dual purpose Fleckvieh cattle. Comparing EBVs, DREBVs and DYDs as 
phenotypes for genomic predictions, results indicate that slightly higher accuracies can be 
gained using EBVs to predict conventional EBVs. 
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