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Abstract

For several years, dairy cattle breeders in the Walloon Region of Belgium have had access to locally
estimated breeding values (EBV) for traits of interest. These evaluations enable Wallonia to contribute
to the Multiple Across Countries Evaluation (MACE) conducted by Interbull. In the current local
genomic evaluation framework, genomic and pedigree data are integrated with local EBV and external
information, MACE-derived EBV (MACE EBYV), through a pseudo-single-step genomic evaluation
system, producing genomically enhanced EBV (GEBV). However, this approach may introduce biases.
To address this, the present study aimed to implement a single-step genomic BLUP (ssGBLUP) that
simultaneously incorporates all available national data alongside MACE information and validate this
method using milk production traits. The proposed strategy first involves defining "pseudo-traits" that
represent MACE traits (i.e., 305-day averages for milk, fat, and protein yields over the first three
lactations). MACE EBYV are then transformed into adjusted pseudo-phenotypes (i.e., deregressed proofs)
and effective contributions but avoiding double-counting of Walloon data within MACE EBV. Next,
the variance-covariance matrices from the local random regression test-day model were modified to
include the three MACE pseudo-traits as correlated traits. Finally, a single-step genomic evaluation was
performed, jointly analyzing test-day records and MACE pseudo-phenotypes. Validation of both
pedigree-based and single-step genomic evaluations, both integrating MACE information, was carried
out using data from the official Walloon genetic evaluations of April 2022. Results show that MACE
information is adequately integrated in the local evaluations, because Pearson correlations between
MACE EBV and the integrated EBV were higher than 0.97 across traits. The addition of genomic
information in single-step evaluations resulted in small changes for all individuals, as illustrated by
Pearson correlations ranging from 0.975 and 0.986 for sires with MACE information.
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Introduction (MACE) system, resulting in MACE-derived
international EBV hereafter called MACE EBV
Walloon Holstein dairy cattle breeders are (Schaefter, 1994).
provided with locally estimated breeding values In the current Walloon genomic evaluation
(EBV) for production-, conformation-, udder system, these MACE EBYV are combined with
health and other functional traits. Nearly all pedigree and genomic information in a pseudo
traits are submitted to Interbull single-step evaluation using a Bayesian
(https://interbull.org, Uppsala, Sweden), which integration procedure, accounting for double-
performs an across-country genetic evaluation counting, to produce local genomically
using a multiple across-country evaluation enhanced EBV (GEBV) (Vandenplas et al.,
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2014; Colinet et al., 2018). This system enables
the integration of external (international)
information across all animals and datasets in
the local system, ultimately enhancing selection
decisions (Vandenplas et al., 2015; Vandenplas
et al., 2017; Bonifazi et al., 2023). Moreover,
post-processing steps are performed to integrate
MACE, GMACE and local EBV/GEBYV before
publication.

However, this pseudo single-step evaluation
introduce biases. In particular, this
approach still relies on a first BLUP step which
does not estimate fixed effects accounting

may

correctly for genetic differences as reflected by
final GEBV. To address this, single-step
GBLUP (ssGBLUP) is the method of choice as
it combines phenotypic data, pedigree and
genomic information simultaneously, resulting
in GEBV that are both more accurate and less
biased (Misztal et al. 2009, Aguilar et al, 2010,
Christensen and Lund, 2010).

The objectives of this study were to develop
and validate a single-step genomic evaluation
that simultaneously incorporates all available
local data alongside MACE information for
milk production traits in Walloon Holstein dairy
cattle. Integration of MACE information in the
current system is very important and had to be
conserved. This study is part of an ongoing
effort to implement this strategy for all our
current evaluations but also for novel traits such
as enteric methane emissions.

Materials and Methods

Data
Phenotypic data
All data were provided by the Walloon breeding
association Elevéo (Awé Groupe, Ciney,
Belgium), which manages performance
recording data in the Walloon region of
Belgium. Data used in the study were from the
official Walloon routine April 2022 genetic
evaluations.

Three types of data were used: 1) 4 851 501
test-day records for 305-day milk (MY), fat
(FY), and protein yields (PY) across three
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lactations, 2) MACE EBYV and reliabilities of 12
547 bulls obtained from Interbull for these
traits, and 3) local EBV and reliabilities of
2230 local Walloon bulls that were sent to
Interbull.

Furthermore, the cleaned pedigree used for
the April 2022 routine evaluation consisted of
4851501 animals. Genetic groups were defined
as in the current evaluations by group of birth
years, origin (Europe vs. USA) and sex.

Genomic data

Genomic data were available for 13 604
and consisted of 30554
nucleotide polymorphisms (SNPs), routinely
used in the Walloon genetic evaluation system.

animals single

Genotyping was done using the BovineSNP50
Beadchip vl to v3 and EuroG MD (SI) v9
(Illumina) chips. SNPs common across the four
chips were retained, while non-mapped SNPs,
SNPs located on sex chromosomes, and
triallelic SNPs were excluded. SNPs exhibiting
Mendelian conflicts or with a minor allele
frequency less than 5% were excluded. The
difference between observed and expected
heterozygosity was estimated, and SNPs with a
difference greater than 0.15 were excluded
(Wiggans et al.,, 2009). After applying all
quality control measures, non-mapped SNP,
SNP located on sex chromosomes, SNP with
Mendelian conflicts, and those with minor
allele frequency less than 5% were excluded.
Finally, data of 28 470 SNPs located on 29
chromosomes were used.

Definition of MACE Pseudo-traits

Adding external information from MACE
discounting for already contained local
information has been a topic of applied research
for a long time (Gengler & Vanderick, 2008).
Recently, a commonly accepted strategy was
developed that we also implemented. Following
the framework of Vandenplas et al. (2015),
MACE EBYV were transformed into deregressed
proofs (DRP), i.e., “pseudo-phenotypes”, for
MY, FY, PY for MACE bulls excluding local
information. These pseudo-traits captured the
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genetic signal embedded in MACE EBV, while
avoiding double-counting of national records.
They were associated to weights called
effective  record contributions (ERC),
expressing how many record equivalences
would have generated the same information
content.
Following the strategy developed by

Bonifazi et al. (2023), deregression was
performed using the method of Garrick et al.
(2009) where EBV were adjusted by their
reliability to produce DRP. There are two
inherent issues that Bonifazi et al. (2023)
solved: the elimination of local information in
MACE EBV, and the deregression applied to
EBV corrected for parent averages (PA), i.e.
Mendelian Sampling deviation. Reliability
(REL) of this deviation is needed in the
deregession process. This value can be obtained
by transforming REL to ERC and subtracting
ERC associated with PA REL from total ERC.
This yields dERC, necessary to properly weigh
the DRP used as pseudo-phenotypes in an
evaluation. In a final step double counting is
eliminated by subtracting local information sent
to Interbull generating DRP* and dERC* free

of local information.

Models and analysis

The model currently used in the Walloon region
of Belgium is a three-lactation, three-trait
random regression test-day model (RRTDM)
for milk, fat and protein yields. Average
lactation EBV are generated
weighted sums of the underlying genetic
random regression solutions resulting in
aggregate 305-DIM three-lactation EBV that
are sent to Interbull (EBV_sent). Details can be
found in Auvray & Gengler (2002) and Croquet
et al. (2000).

We developed the new model to be as close
as possible to the current Walloon genomic
evaluation, which uses a pseudo-single-step
evaluation as outlined in Vandenplas et al.
(2014) and Colinet et al. (2018). Briefly
explained, local EBV and MACE EBV were
combined in a system using a combined

computing
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pedigree and genomic relationships matrix,
while discounting for local information
included in MACE (EBV_sent), resulting in
local GEBV. An overview of this system can be
found in Figure 1A.

The new developed system relies on the
simultaneous analysis of phenotypic data,
instead of local EBV, the MACE pseudo-
phenotypes (as DRP) weighted by ERC, and
pedigree and genomic information using
ssGBLUP (Aguilar et al., 2010), resulting in
GEBV (GEBV _ss).

Another problem is that the local traits and
MACE traits are not on the same scale. Recently
some research (e.g. Boerner et al., 2023) has
proposed complex solutions. The complication
is, however, only because one tries to pass from
a 305DIM 3-lactation MACE trait represented
by a single EBV to a large number of genetic
effects (i.e., 3 random regressions) and traits
(i.e. 3 lactations). Complicated and potentially
imprecise backsolving equations can be
avoided by using the following process. The
variance-covariance matrices from the national
test-day random regression model were
modified to include the three MACE pseudo-
traits as correlated traits but initially without
these to the
polynomials across the 3 lactations. As the
linear function in the direct local evaluation
to MACE EBV is a
transformation, transforming by the
function initial variance-covariance matrices

records linking Legendre

solutions simple

same

generates the needed augmented genetic
(co)variance matrices (Vandenplas et al., 2015).
Its singularity was avoided by multiplying the
used (co)variance between random regressions
and MACE traits by a factor of 0.999. An
interesting side effect of this reparameterization
is that the new system of equation generates
natively EBV to be sent to the MACE runs of
Interbull. Moreover, the setting of this equation
system is very flexible, so, one can choose to
add or not MACE bulls. The system of
equations can also be easily modified to keep
fixed effects constant. This will allow us to
provide Interbull with the different requested
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Figure 1. Comparison of the currently applied genomic evaluation system in Wallonia (above, A), compared to
the developed single-step system with integration of MACE information based on DRP (below, B).
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unbiased EBV in the future (i.e., computing
EBV sent but using fixed effects that are
obtained by solving with H).

Figure 1B gives an overview of the
developed single-step evaluation system with
incorporation of MACE data based on DRP*
and dERC*. Software wused for these
calculations was based on BLUPF90 family of
programs (Misztal et al., 2014) but with a
certain number of adaptations including
checking of residuals for outliers and other
adaptations to improve its usefulness in the
context of genetic evaluations.

Furthermore, the calculation of genomic
reliabilities had to be adapted as well. First,
pedigree reliability (REL) has been determined
using Effective Daughter Contributions and
following standard procedures employed in the
current genetic evaluations for yield traits in the
Walloon Region of Belgium, as described by
Strandén et al. (2000), but extended to allow
integration of ERC of MACE bulls. Second,
genomic reliability (GREL) was calculated
using an approach adapted from Gao et al.
(2023), using the previously obtained pedigree
REL as a starting value after adjustment for
double-counting due to pedigree information
(Zaabza et al., 2022).

Validation

To assess consistency, we did two types of
comparisons. First, to validate the integration of
MACE information in a genetic evaluation, we
compared for the same bulls MACE EBV with
EBV ss obtained from a pedigree-based
evaluation integrating MACE information as in
the developed ssGBLUP. Theoretically, the
system should yield exactly the same EBV _ss
to MACE EBV. Then, the GEBV from the
current genomic evaluation system were
compared to GEBV ss obtained using the
developed ssGBLUP system (GEBV _ss), both
systems integrating EBV MACE. In this study
we compared correlations and regression
coefficients, the first establishing the
relationship between sets of breeding values,
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the later assessing potential changes in
variances (i.e., inflation of deflation) of the sets
of breeding values that are compared.

Results

Validation of integration of MACE
information in the genetic evaluation

Tables 1 and 2 present Pearson correlations
among EBV obtained from the current local
pedigree-based evaluation (EBV_sent), MACE
EBV, EBV obtained from the pedigree-based
evaluation integrating MACE EBV (EBV_ss),
and GEBV obtained from the new ssGBLUP
with integration of MACE EBV (GEBV _ss).
Table 1 specifically shows the correlations for
milk, fat and protein yields for all bulls included
in the MACE evaluation, as well as for own
local bulls participating in MACE.

Table 1: Pearson correlations between (G)EBV _ss
with MACE EBV and EBV _sent, for MACE bulls,
with or without any local information sent to
INTERBULL, for milk (MY), fat (FY) and protein
(PY) yields.

MACEEBV  EBV_SENT
(N=12547) (N=2230)

MY  EBV ss 0.967 0.962
GEBV ss 0.969 0.960

FY  EBV ss 0.945 0.958
GEBV ss 0.950 0.955

PY  EBV ss 0.979 0.964
GEBV ss 0.980 0.961

Table 2 shows the same correlations, but only for
genotyped bulls.

Table 2: Pearson correlations between (G)EBV _ss
with MACE EBV and EBV _SENT, for local
genotyped MACE sires, with or without any local
information sent to INTERBULL, for milk MY), fat
(FY) and protein yields (PY).

MACE EBV  EBV_SENT
(N=2828) (N=1036)
MY EBV ss 0.965 0.961
GEBV ss 0973 0.956
FY EBV_ ss 0.951 0.961
GEBV ss  0.967 0.955
PY EBV ss 0.979 0.967
GEBV ss 0979 0.962
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The developed approach enabled integration
of MACE EBV into multi-trait random
regression test-day evaluations. This is shown
by correlations between MACE EBV and
EBV _ss that range between 0.95 and 0.98, and
by regression coefficients close to 1 (Figure 2).

The new ssGBLUP approach enabled multi-
trait random regression test-day ssGBLUP with
integration of MACE EBV. The impact of
genomic correlations on the evaluation of
genotyped bulls is shown by the Pearson
correlations between MACE EBV and
GEBV _ss, ranging from 0.945 to 0.980.
Compared to EBV_ss, we noticed a very small
augmentation of correlations when genomic
information is integrated (Table 1), and this
augmentation is more visible when only looking
at genotyped bulls (Table 2). Additionally,
Figure 3 shows again excellent R? values and
regression coefficients close to 1 (therefore no
bias) with inclusion of genomic information,
indicating a perfectly valid integration. Figures
for fat and protein yields are not displayed but
show the same tendency.

50000
y =0.9807x

40000 R*=0.9922

EBV_SS

10000 20000 30000 40000 50000
MACE EBV

Figure 2. EBV_ss versus MACE EBYV for all MACE
bulls for milk yield (x10) expressed on the same
scale
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Figure 3. GEBV_ss versus MACE EBYV for all
MACE bulls for milk yield (x10) expressed on the
same scales

Validation of the integration of genomic
information

Walloon GEBV obtained from the current and
developed genomic systems are similar. This is
shown by Pearson correlations between GEBV
calculated with the current and developed
systems of 0.975 (fat yield), 0.984 (milk yield)
and 0.986 (protein yield) for the 2828
genotyped MACE bulls. Additionally, Figure 4
shows again a very high R? value. Graphics for
fat and protein yields are not displayed but show
the same tendency.
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Figure 4. GEBV computed with the current (GEBV)
and the developed (GEBV ss) (x10) genomic
system for all genotyped MACE bulls for milk yield,
not expressed on the same scales.
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Discussion

This study aimed to validate a single-step
analysis that simultaneously incorporates all
Walloon national data with available MACE
information for milk production traits in
Walloon Holstein dairy cattle. In recent years,
ssGBLUP has become the preferred approach
for genomic evaluation. Multiple countries are
shifting their evaluations towards single-step
evaluations, which has been reported to
demonstrate less bias and higher accuracies, as
proven by several countries in dairy cattle,
(Zavadilova et al., 2014; Maintysaari et al.,
2020; Alkhoder et al, 2022; Himmelbauer et al.,
2021; Pimentel et al. 2021, Cesarani et al.,
2021); Guarini et al., 2019)) amongst others.
Furthermore, studies in beef -cattle (e.g.,
Lourenco et al. 2015, Bonifazi et al. 2023) have
also demonstrated effectiveness. Our results
show very high correlations and regression
coefficients close to one, indicating good
robustness and thus validating the method.

In the
implementation,

next step towards practical
REL calculation will be
performed according to the proposed strategy
hereabove. This strategy has already been
validated in our local methane evaluation (Chen
et al., 2025) but has yet to be validated in the
developed Walloon routine evaluation.

The of MACE
information is based on the quality of the parent

averages, calculated directly by Interbull using

deregression  phase

a sire-grand-sire model. So, for a foreign bull
with little or no information in Wallonia, the
information 1s less reliable. However, as
expected, as the number of daughters for this
bull in Wallonia most of the
information in the bull proof comes from the
daughters and/or sons (Mrode & Swanson,
1999). So, in the future, the quality of the DRP

is expected to further improve.

Increases,
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Conclusions

As a conclusion, the proposed single-step
GBLUP enabled an efficient genomic
evaluation process, with robust validation
statistics, highlighting its feasibility for routine
use in Wallonia’s genomic evaluations. The
comparison between the current and developed
genomic systems ensures that base change
modifications of (G)EBV are acceptable, and
that limited changes will be experienced by
farmers. Future developments will continue to
improve the evaluation system, such as for
example a re-estimation of the variance
components.
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