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Introduction

In Swiss dairy cattle breeding, genomic breeding val-
ues are estimated using marker-effect models (MEM)
and a Bayesian Regression approach (Bayes A − C
and Cπ; Gianola (2013)). MEM do not provide
genomic breeding value estimates for animals that
are not genotyped. Furthermore, as phenotypes of
non-genotyped animals are not used in the analysis,
covariances between genotyped an non-genotyped
animals are not contributing to estimates of genomic
breeding values. Estimated genomic breeding values
are further combined with traditional BLUP-based
breeding values via an index procedure. Again in
this index approach, genomic breeding values of geno-
typed individuals do not contribute to estimating
animals without SNP-information. The reliability of
genomic breeding values is combined with those of
traditional BLUP-based breeding values in an ad-hoc
manner.

In dairy cattle breeding programs genotypic infor-
mation is exchanged between different countries, but
phenotypic information is not. Hence for foreign
sires no phenotypic information or only that from
its domestic daughters may be available. Therefore
MEM evaluations are usually based on de-regressed
MACE breeding values.

Single Step GBLUP

In dairy cattle, genomic BLUP (GBLUP) is a widely
used procedure to estimate genomic breeding values.
GBLUP can be parametrised as MEM or as breeding-
value-model (BVM) where the sum of all SNP-effects
per animal is modeled as a single random compo-
nent. Legarra, Aguilar, and Misztal (2009) showed
a single-step GBLUP approach which directly com-
bines information of genotyped animals with animals
that do not have any SNP-information. The BVM
single-step GBLUP model differs from the traditional
BLUP animal model only in the variance-covariance
matrix of the random effects ‘animal’. For the BVM
single-step GBLUP model, the additive genetic rela-
tionship matrix used to model the covariance between
genotyped relatives is replaced by a genomic rela-
tionship matrix. This genomic relationship matrix

is often blended with additive genetic relationships.
For the non-genotyped animals covariances are lin-
early estimated based on the additive relationship
matrix and the genotyped relatives. The final total
variance-covariance matrix again requires a lot of
fine-tuning depending on the trait of interest and
on the SNP-allele frequencies in the base population
(which are unknown).

Combining Different Information
Sources

As outlined above, the major problem in using infor-
mation from foreign sires in the national evaluation
is that foreign phenotypic information is not avail-
able. Vandenplas et al. (2017) showed how genomic
breeding values can be estimated using single-step
BVM GBLUP for populations with different sources
of information. A second problem is, that simply
using deregressed foreign MACE breeding values as
phenotypic information together with the national in-
formation will result in double counting the national
information. Thus, a strategy to combine domestic
with foreign information without double counting is
required. In this study, we want to evaluate strategies
for combining all available information to come up
with a single-step GBLUP approach which is suitable
for Swiss dairy cattle breeding populations.

Further information will be provided on the
project website at: https://charlotte-ngs.github.io/
SingleStepGBLUP/.
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