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Abstract

Walloon dairy cattle could be considered as a small scale population where the majority of Al bulls are
imported from several foreign countries. Single-step Genomic Best Linear Unbiased Prediction
(ssGBLUP) methods allow the simultaneous use of genomic, pedigree and phenotypic information and
should reduce potential biases in the estimation of Genomically Enhanced Breeding Values (GEBV).
Therefore, in the context of developing a Walloon genomic evaluation system, it was considered as the
best option. However, in opposition to multi-step genomic predictions, ssGBLUP only uses local
phenotypic information and is unable to use directly important other sources of information coming
from abroad, e.g. Multiple Across Country Evaluation (MACE) results provided by Interbull.
Therefore, single-step Genomic Bayesian Prediction (ssGBayes) was used as an alternative method for
the Walloon genomic evaluation system. The ssGBayes approach allows combining simultaneously all
available genotype, pedigree, local and foreign information in a local evaluation by considering a
correct propagation of external information avoiding double counting of contributions due to
relationships and due to records. In the Walloon genomic evaluation system, local information refers
to Walloon EBV and associated reliabilities (REL) and foreign information refers to MACE EBYV and
associated REL. Furthermore, the Bayesian approach has the advantage to directly combine EBV and
REL without any deregression step. The ssGBayes method computed more accurate predictions for all
types of animals. For example, for genotyped animals with low Walloon REL (< 0.25) without MACE
results and sired by genotyped bulls with MACE results, the average increase of REL for the studied
traits was 0.39 points of which 0.14 points could be traced to the inclusion of MACE information. For
other categories of genotyped animals, the contribution by MACE information was high too. The new
Walloon genomic evaluation system passed the Interbull GEBV tests for several traits in July 2013.
This approach has the potential to improve current genomic prediction strategies as it can be used in
other settings where the combination of different sources of information is required.
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Introduction
also less accurate because only incomplete

Simultaneous use of all data by Best Linear data (i.e., foreign raw data not included) is
Unbiased Prediction is a condition to predict available. Genomic selection could increase
unbiased estimated breeding values (EBV; these problems for local genomic evaluations.
Henderson, 1984). However, this condition is Most current genomic evaluation systems are
not always fully met. For example, small scale multi-step, relying heavily on the use of
local populations lead to evaluations based Multiple Across Country Evaluation (MACE)
only on local data while foreign bulls are used results as the primary source of foreign
(e.g., 87 % of cows in 1% to 3" parity in 2012 phenotypic information. However, these
were sired by Al bulls born outside of Walloon implementations of genomic prediction using
Region of Belgium). Although these bulls were MACE results mitigated these issues only for
strongly preselected, foreign raw data used to sires with high REL which are introduced
select them is unavailable leading to potential during the SNP prediction equation estimation
biases in local evaluations. Local EBV will be step.
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Single-step genomic evaluations
(ssGBLUP) should reduce potential biases in
the estimation of genomically enhanced
breeding values (GEBV) by the simultaneous
combination of genomic, pedigree and all local
phenotypic information (VanRaden, 2012),
also because fewer approximations are made
than in multi-step methods. Therefore, in the
context of developing a Walloon genomic
evaluation system, ssGBLUP was considered
as the best option. However, in opposition to
multi-step genomic prediction, sSsGBLUP uses
only local phenotypic information and is
unable to use directly important others source
of information coming, e.g. Multiple Across
Country  Evaluation (MACE)  results.
Nevertheless, the recovery of such important
sources of information in the Walloon genomic
evaluation system was required, i.e. due to the
widespread use of imported Al bulls.

Therefore, in the context of the Walloon
genomic evaluation system, the aim of this
research was to assess the potential of a
Bayesian approach, based on ssGBLUP, to
simultaneously ~ combine all  available
genotype, pedigree, local and foreign
information in a local genomic evaluation.
This approach also avoids deregression steps,
allows a correct propagation of external
information and avoids multiple considerations
of contributions due to relationships and due to
records.

Materials and Methods

In this study, local information will refer to
local EBV and associated reliabilities (REL)
estimated from all available local data and
foreign information will refer to MACE EBV
and associated REL.
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Currently, in the Walloon Region of Belgium,
genomic evaluations for the Holstein breed are
performed for all traits submitted to MACE.
In this study, results are reported showing the
strategy and the results obtained in the July
2013 run for milk, fat and protein vyields,
somatic cell score, longevity and two
conformational traits (stature and udder
support).

The genomic evaluation system
implemented in the Walloon region of
Belgium consisted in several steps. First, a
group of genotyped animals was defined as
those animals born after the year 1998.
Ancestors for these animals were extracted
from the database used for the official Walloon
genetic evaluation and covered up to 6 known
ancestral generations. After extraction, the
pedigree file contained 16 234 animals of
which 1909 animals (1378 bulls and 525
cows) were genotyped. The genotyped cows
were in a large majority not from selective
genotyping but representing local variability of
Holstein animals. A total of 38 604 SNP
markers were selected after editing.

Local information included EBV and
associated REL for cows and bulls estimated
from data provided by the Walloon Breeding
Association (subscript W; EBVy, RELy) for
the official Walloon evaluation of April 2013
(Auvray and Gengler, 2002; Croquet et al.,
2006). Table 1 shows the number of animals
associated to Walloon information for which
EBV were available for each studied trait.

Foreign information included EBV and
REL for sires provided by the April 2013
MACE evaluation performed by Interbull
(subscript M; EBV\, RELy; Table 1).
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Table 1. Used genetic parameters, local and foreign information available for the genomic evaluation

for the seven reported traits.

Trait Heritability Ge_netic No. of animals No. of genotyped animals
variance EBVy EBVy EBVyc EBVw EBVym EBVwc
Milk yield 0.38 280425 12046 1981 601 1762 1205 278
Fat yield 0.43 523 12046 1981 601 1762 1205 278
Protein yield 0.41 262 12046 1981 601 1762 1205 278
SCS 0.13 0.2060 12047 1941 575 1762 1167 261
Longevity 0.11 0.0797 11641 1914 520 1758 1155 238
Stature 0.52 11984 12671 1922 595 1706 1158 277
Udder support 0.19 0.3212 12226 1911 573 1699 1158 277

For every trait, contributions of Walloon
information into MACE were determined
based on the domestic effective daughter
equivalents (EDC) associated to EBV) and
RELy as reported by Interbull. MACE
information free of Walloon information had
therefore a reported domestic EDC equal to 0.
For all animals and traits with a domestic EDC
different from 0, Walloon EBV and associated
REL contributing to the April 2013 MACE
routine-run (subscript Wc; EBVw., RELwc)
were considered to avoid double counting of
contributions due to records (Table 1).
Information was harmonized between the local
and MACE traits by adjusting scale and mean
difference towards the original expression of
the trait in the Walloon genetic evaluation
computations. As shown in Table 1, numbers
of available local and foreign records were
slightly different among the traits.

The Bayesian procedures to integrate
external information into genetic evaluations
were outlined by Vandenplas and Gengler
(2012a) and were adapted to blend Walloon
and MACE information into a modified
ssGBLUP (Vandenplas and Gengler, 2012b;
Vandenplas et al., 2012) for each trait
separately. This method, called here single-
step Genomic Bayesian Prediction (ssGBayes),
was used as an alternative method for the
Walloon genomic evaluation system. As in our
implementation  Walloon and MACE
information were added and Walloon
information contributing to MACE subtracted,
the used Genomic evaluation will be called
ssGBayesw.m.we and can be described by the
following system of equations:
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(G e Ay + Ay _AWC) Ay m_we
= 1)

1~ “1n 1A
Dwuy + DUy — Dyye Uyye

where G" = H ¢ % is the combined genomic-
pedigree based (co)variances matrix, H is the
combined genomic-pedigree based relationship
matrix (e.g., Aguilar et al., 2010), ¢ % is the
genetic additive variance, &w+m.wc IS the vector
of Walloon GEBV based on Walloon and
MACE information, Oy is the vector of EBV\y,
Oy is the vector of EBV), Ow. is the vector of
EBVw, A; (i=W, M and Wc) is a matrix
miming least square part of hypothetical
BLUP, and D;* is the inverse of the prediction
error (co)variances matrix of ;. For the 3
sources of information (i.e., W, M and Wc),
animals having known EBV were called
external animals. This was an extension from
the theory outlined by Vandenplas and Gengler
(2012a) as so-called local contributions to the
formation of the left-hand side and right-hand
side were replaced by information summarized
by EBVw, RELy translated into Ay and
Dw 'Ow.

The inverse of the combined genomic-
pedigree based relationship matrix H was
computed using the inverse of the additive
pedigree relationship matrix and a modified
genomic relationships matrix using a weight of
95 % for raw genomic relationships and of 5 %
for pedigree relationships. For matrix
compatibility, both diagonal and off-diagonal
values were respectively centered on the
average of diagonal and off-diagonal elements
of the subpart of the additive relationship
matrix among genotyped animals.
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For each information source, animals not
associated to available EBV were called
internal animals and their EBV were predicted
following the multivariate normal (MVN) prior
distribution:

p (um) ai(E)) = MVN (Gi(IE) Gige lt'i(E)v(Gi(“))il)

where the subscript | refers to internal animals
not associated to the i source of information
and E refers to external animals associated to
the i" source of information.

For the 3 sources of information (i.e. W, M
and Wc), the matrix D;™" was approximated by
D'=G ™+ A; where G is the pedigree-
based additive (co)variances matrix and A; is a
diagonal variance matrix with one element per
animal (Quaas and Zhang, 2006). Each
diagonal element of A; is equal to RE;; /o 2, for
j=1, 2, ..., ] animals. The element c % is the
residual variance and the element RE; is the
effective number of records, so-called record

equivalents, for the j™ animal. Record
equivalents expressed the amount of
contributions for an animal (Misztal and

Wiggans, 1988).

As both Walloon and MACE information
were associated to related animals, double
counting of contributions due to relationships
among related animals could exist. Therefore,
the combination of Walloon and MACE
information was performed by taking into
account contributions due to relationships
among related animals. These contributions
were estimated by a two-step algorithm (TSA;
Vandenplas and Gengler, 2012a). It takes into
account all relationships between animals
associated to information and their ancestors.
Therefore, for the internal animals, REj is
equal to 0. All contributions for these animals
were only due to their relationships with
external animals. For the external animals, RE;;
was estimated through TSA and only express
the amount of contributions due to records.

Because a major feature of the Walloon
genomic evaluation system is its ability to use
MACE information, the influence of the use of
this information was tested. To test this
influence, ssGBayes was run considering only
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Walloon information (ssGBayesy) using the
following system of equations:

(G*1+A,)a, =Did,, (2

where &y is the vector of Walloon GEBV only
based on Walloon information.

Approximation of genomic REL (GREL)
for GEBV in Genomic evaluation systems is
not always straight forward (Misztal et al.,
2013). Because systems of equations (1) and
(2) associated to model ssGBayeSw.m-we
respectively ssGBayesy represented
hypothetical mixed model equations, the
computation of REL was tested using the
standard formula:

GREL=1-PEV/s; (3)

where % is the genetic variance for the
corresponding trait based on the diagonal
element of the G™ matrix and PEV is the
prediction error variance obtained from the
diagonal element of the inverted left-hand-side
of the equations (1) and (2), respectively. By
using elements of G to get the genetic
variance, the method corrected for inbreeding
estimated using combined pedigree and
genomic information.

The two ssGBayes were performed using
BLUPF90 (Misztal, 2013) modified to
implement equations (1) and (2).

Results & Discussion

For all traits, among the approximately 12 000
animals associated to available Walloon
information around 1950 bulls were also
evaluated by Interbull. Walloon information
for around one third of these bulls contributed
to the April 2013 MACE routine-run. Table 1
also indicates that more than 80 % of the 1 378
genotyped bulls and around 10 % of the 16 234
animals in the considered pedigree file had
foreign information. This large amount of
additional information was incorporated in the
genomic evaluation system and would allow
increasing the overall accuracy of the produced
GEBV.
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Table 2 gives details on the improvement of
REL when estimating (G)EBV from different
sources. First, the improvement due to
including only genomic information was
considered. For the genotyped bulls with low
reliable official Walloon EBV (REL < 0.50),
the genomic information allowed an
substantial increase of between 0.13 and 0.19
points for average REL of these bulls
according to the studied traits.

The genomic information also increased
average REL of the two other categories of
bulls with more accurate Walloon EBV.
Indeed, the average REL was increased with
0.05-0.06 points for the bulls with RELy
between 0.50 and 0.75. Even for locally well
proven bulls (i.e., RELy > 0.75), the genomic
information added 0.01 to the average REL.

Table 2. Average REL (SD) associated to EBVy, GEBVy, and GEBV.u.wc for genotyped bulls for

the seven studied traits

RELw

Trait 10.00 - 0.50[ [0.50 - 0.75] [0.75-0.99]
N EBV' GEBV? GEBV? N EBV' GEBV? GEBV® N EBV' GEBV? GEBV?
w w W+M-We w W WHM-We w W W+M-We

Milk yield 647 0.25 0.44 0.80 173 0.63 0.69 0.87 390 090 0091 0.94
(0.12) (0.09)  (0.09) 0.07) (0.06) (0.05) (0.07) (0.06)  (0.04)

Fat yield 642 0.26 0.45 080 158 063 069 087 412 090 0091 0.94
(0.12) (0.09)  (0.09) 0.07) (0.05) (0.04) (0.07) (0.06)  (0.04)

Protein yield 644 0.26 0.44 080 162 063 0.69 0.87 4pg 090 0091 0.94
(0.12) (0.09)  (0.09) 0.07) (0.06) (0.04) (0.07) (0.06)  (0.04)

SCS 682 0.25 0.43 0.84 g 063 0.68 090 337 090 0091 0.96
0.12) (0.09)  (0.12) (0.07) (0.06) (0.08) 0.07) (0.06)  (0.04)

Longevity ggg 0.23 0.36 051 146 061 066 075 149 0.86 0.87 0.89
0.12) (0.09)  (0.09) 0.08) (0.07) (0.07) (0.06) (0.06)  (0.04)

Stature 632 0.28 0.46 0.82 141 0.63 0.69 091 4og 091 092 0.96
(0.10) (0.08)  (0.13) (0.07) (0.05) (0.06) 0.07) (0.06)  (0.04)

Udder support 699 0.28 0.43 0.71 189 0.63 0.68 0.84 96 091 0092 0.95
(0.10) (0.08)  (0.14) 0.07) (0.06) (0.08) (0.08) (0.07)  (0.04)

" REL obtained from Walloon polygenic evaluation

2 REL obtained from Walloon genomic evaluation using only EBVyy (eq. 1 and 3)
* REL obtained from Walloon genomic evaluation using EBV\y, EBVy, and EBVy (eq. 2 and 3)

Considering the simultaneous combination
of genomic and foreign information
(ssGBayesw:m-we), the increases of the
averaged REL for each of the three mentioned
categories of genotyped bulls (Table 2) were
higher than those associated to ssGBayesy. As
expected, the highest increase of REL was
observed for the bulls with the lowest REL,.
When comparing different traits, the use of
ssGBayesw-m-we led to an increase of average
REL between 0.20 points for longevity and
0.41 points for milk yield compared to
ssGBayesy. The increase was lower for
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genotyped bulls with RELy included in the
range [0.50-0.75[ with 0.09 to 0.22 additional
REL. Even for the already locally well proven
bulls (i.e., RELy > 0.75), ssGBayesSw.m-we Still
provided more reliable GEBV than
ssGBayesy. Additional points of REL ranged
from 0.02 for longevity to 0.05 for fat yield
(Table 2).

Table 3 shows the improvements for only
genotyped animals with available EBVy,
without foreign information, and sired by
genotyped bulls with MACE results. These
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genotyped animals were typically Walloon
cows and bulls and foreign or Walloon bulls to
be tested. Again, similarly to Table 2, even if
ssGBayesy, allowed an increase of average
REL with 0.16-0.28 additional points of REL,
ssGBayesw.m.we led to higher REL. For most

traits, the system combining all available
information (ssGBayeSw.mwe) provided an
average REL higher than 0.50 for these
genotyped animals with a RELy, included in
the range ]0.00-0.25].

Table 3. Average REL (SD) associated to EBV,y, GEBV\, and GEBV\y.\ for genotyped animals
without MACE results and sired by genotyped bulls with MACE result for the studied traits.

RELy
Trait 10.00 - 0.25[ [0.25 — 0.50[ [0.50 — 0.75[
N EBV' GEBV? GEBV® N EBV! GEBV?GEBV? N EBV! GEBV?’ GEBV®
w w W+M-Wc w w W+M-Wc w w W+M-Wc
Milk yield 43 011 038 052 193 043 054 060 197 052 0.61 0.64
(0.10) (0.08)  (0.04) (0.07) (0.05) (0.03) (0.02)  (0.02) (0.02)
Fat yield 43 011 039 053 77 041 054 060 147 054 0.62 0.65
(0.10) (0.08)  (0.04) (0.08) (0.05) (0.04) (0.03)  (0.02) (0.02)
Proteinyield 43 011 039 053 g9 042 054 060 133 053 0.61 0.65
(0.10) (0.08)  (0.04) (0.08) (0.05) (0.03) 0.02)  (0.02) (0.02)
SCS 0.11 0.36 0.54 194 043 053 061 30 0.53 0.61 0.66
(0.10) (0.08)  (0.04) (0.06) (0.04) (0.03) (0.07)  (0.06) (0.05)
Longevity 117 0.14 0.30 0.38 165 0.31 040 044 0 - --- ---
(008) (0.06)  (0.04) (0.04) (0.04) (0.03) ) ) (=)
Stature 46 0.08 0.36 0.53 114 0.36 051 0.59 120 0.70 0.74 0.76
(0.09) (0.10)  (0.05) (0.06) (0.05) (0.03) (0.04)  (0.03) (0.03)
Udder support 65 011 034 048 4155 0.38 050 056 73 053 0.60 0.64
(0.09) (0.09)  (0.06) (0.07) (0.05) (0.04) (0.03)  (0.03) (0.03)

" REL obtained from Walloon polygenic evaluation

2 REL obtained from Walloon genomic evaluation using only EBVy (eq. 1 and 3)
® REL obtained from Walloon genomic evaluation using EBVy, EBVy and EBVy. (eq. 2 and 3)

The Genomic evaluation addressed another
category of genotyped animals including the
newborn Walloon bulls (candidate for Al
bulls) and recently imported Al bulls (or with a
forecasted importation), both types of animals
not being yet included in the routine genetic
evaluations. Therefore, these bulls had no
available external information due to their
absence in the pedigree file at the last official
Walloon genetic evaluation. These animals
were incorporated in the genomic evaluation
system by only using their available
information (i.e., pedigree and genotypes) and
information available for their relatives.

If their sires had available MACE EBV, the
accuracy of their GEBV was sufficiently
increased for their GEBV to become
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publishable (Table 4). For each of the seven
studied traits, the genomic evaluation system
(ssGBayesw+m-we) provided a publishable
GEBYV for more than two thirds of these bulls.

Currently, the system is not yet optimized by
genotyping additional related animals with
information  (e.g., maternal  grand-sires,
brothers, half-brothers) in order to increase the
links between these candidate animals and the
genotyped animals with information. An
appropriate strategy will be implemented to
detect the most important animals to be also
genotyped which should increase the
proportion of publishable GEBV even further.

The Walloon genomic evaluation system
was used and results tested inside the GEBV
tests of Interbull. Results passed the tests for
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several traits in April and July 2013. Currently, between raw genomic and pedigree
research is undertaken to optimize the relationships directly reflects the critical
formation of the modified genomic partitioning of total genetic variance in
relationships matrix. Indeed, several tests variances explained by SNP effects or
showed that the weighting used has a large polynomial residuals.

influence and that the optimal proportion

Table 4. Average REL (SD) associated to GEBVw.m.we for genotyped bulls without external
phenotype information (neither local EBV neither MACE EBYV), sired by genotyped bulls with MACE
results for the studied trait.

Trait Publi(I;aItEiEanules: No. of bulls RELA\A\,/f,\TV?,Ce((jSD) Noégg%ﬁi;:zjfle
Milk yield 0.50 17 0.53 (0.05) 13
Fat yield 0.50 17 0.53 (0.06) 13
Protein yield 0.50 17 0.53 (0.05) 13
SCS 0.45 20 0.54 (0.05) 19
Longevity 0.35 23 0.38 (0.05) 18
Stature 0.50 21 0.54 (0.06) 15
Udder support 0.50 21 0.47 (0.07) 15

RELw+m-we and GEBVyy.m.we from Walloon genomic evaluation using EBVy, EBV) and EBVyy,

Conclusions Finally, the ssGBayes approach has the

potential to improve current genomic
The ssGBayes method, through its Bayesian prediction strategies as it can be used in other
approach, integrated well MACE results into settings (e.g., beef cattle and pigs) where the
ssGBLUP and allowed recovering indirectly a combination  of  different sources  of
large amount of phenotypic information. All information is required.
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