Proceedings, IWorld Congress of Genetics Applied to Livestockdrrction

Towards Genomic Selection in Danish Warmblood Horse Expected Impacts and Selective Genotyping Stragg

Thomas Mark?, Lina Jénssort? Maiken Holm® & Karina Christiansen?
YUniversity of CopenhagefiThe Danish Warmblood Horse Breeding Soci&ffie Knowledge Centre for Agriculture,

ABSTRACT: The aim was to investigate the sensitivity of
different selective genotyping strategies, and to
approximate the impact of different genomic setetti
strategies on genetic gain in Danish Warmblood d®srs
using selection index theory. An index for selestiv
genotyping was presented based on reliabilitiesrfoltiple
traits and average unrelatedness. This index wasstdo
varying weights on information sources considered.
Compared to selective genotyping based on dressage,
the index had negligible impact on prospects ofogen
selection for dressage, while benefiting prospefts
jumping. Compared with current practice (no genesyp
stepwise selection), the expected genetic gainréssage
from stallion selection was 4.3 times higher with a
reference population of 5000 genotyped stallionsl an
selection at 1 years of age. Benefits were sméllértimes
higher gain) with 500 stallions genotyped, partizcéuse 3-
year olds were selected to restrict inbreeding.
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Introduction

genomic selection as a useful tool to improve fseding
program. Therefore resources for genotyping (7OKPSN
chip) at least 500 of the most informative DW herbkave
been allocated to develop and investigate the biggiof
genomic selection in DWB horses. It is important to
identify and genotype those horses that will cdnotieé most

to the reliability of genomic EBVs for a young hershosen

at random from the DWB population. The available
genotypes should be used to predict EBVs for aitdr
currently evaluated for DWB horses using multipigitt
single-step genomic selection models. However, veth
relatively limited number of genotypes availablewts
unclear whether to focus all resources on improving
dressage evaluations or whether some focus shtaddba
directed towards jumping as well.

The aim of this study was to investigate the
sensitivity of different selective genotyping ségies and
to assess the potential impact of different genasulection
strategies in DWB horses on genetic gain.

Materials and Methods
index. The

Selective genotyping following

Breeding of sport horses is characterized by longinformation sources were considered for each hadose

generation intervals (~10yr) because horses are ald
before they can obtain reliable breeding valuestiermain
breeding goal traits. Genomic selection has reiaiized
breeding opportunities for other domestic animélsee by
reducing generation intervals (e.g. dairy cattle) o
improving accuracy of selection at an unchanged afge
selection (e.g. pigs and poultry). Particularlydairy cattle,
genomic selection is having a major impact by engbl
accurate young bull selection. A similar large imipaf

decide whether the horse should be genotyped orIjot
The reliability of EBVs (f,) for dressage competition
results, 2) % for jumping competition results, 3% for
young horse gaits (indicator of future dressagéitghi4)

ra for young horse jumping test, and S¥ar for
conformation traits (also recorded at young agej &)
average unrelatedness which was defined as 1l-agvehis

the average genetic relationship between a hordealin
other horses that could potentially be selected for

genomic selection may be expected for sport horsegenotyping. These horses were already a pre-sdlgotelp

breeding. Here the generation interval is evenédottigan it
was in dairy cattle before genomic selection and th
reliabilities of estimated breeding values (EBVY fihe
main breeding goal traits in horses (i.e. dressagd
jumping in competitions) is lower than for dairyttte
Thus there is potentially more to be gained fromageic
information in horses. On the other hand, the heestor in
Denmark and elsewhere is not prepared to allocataany
resources to maintain and develop genetic evaluatio
systems as is the case for cattle. With limitecbueses
available it is interesting to investigate relatigemple
genomic selection strategies that rely on a limitedhber
of genotyped horses as a starting point.

The primary breeding goal of Danish Warmblood
(DWB) horses is to improve their ability to compeéte
either dressage or jumping competitions. Dressagthe
main trait though and the DWB breeding associai®on
determined to further strengthening its internatlon
position in especially dressage competitions. Tisegy

as only horses which already had an available btodthir
sample were considered. Blood or hair samples baen
routinely collected by the DWB association sinc®@0®n
all horses entering conformation and young horsesté-
30 of the best young stallions and ~200 mares diyjua

The initial relative weights for these variableg ar
given in Table 1 (reference) and were chosen somtwh
arbitrarily. Double weight was given to dressagmpared
to jumping because dressage is the main discipiime
DWB horses. Young horse traits were consideredpities
the performance in actual competition results beting
target trait, for three reasons: 1) the impact ehamic
selection should be maximized when the first gemomi
EBVs are expected to be made official which is expe to
last at least a couple of years. At that time honaéth
own/progeny information for young horse traits aleo
expected to have own/progeny information for coritipet
traits, 2) young horse traits are planned to bikided in the
evaluation of competition traits via a multipleitraingle-



step genomic model and the genotypes can helprioech
this information with EBV for future competition iity,
and 3) it is desirable to have genotypes on youmgds
which are more likely selection candidates thaneold

from selecting horses at 1 rather than 3 yearsgef (@r
older). However, here the parent average explaiost rof
the EBV and substantial inbreeding could be thelres
such early selection unless the number of genotyped

horses. Unrelatedness was considered to get a moranimals are large (e.g. 5000) so that mendelianpkagn

balanced distribution of alleles in the referenopylation.
Expected reliability (approximation). The
information source reliability method (Harris anghdson
(1998)) was used to combine the following inforroati
sources which were assumed independent:
average (contribution of 0.2 to the reliability wassumed),
2) own competition records (rounded average ofecords
at different ages for 3 actual DWB elite stallion®re

used), 3) progeny information (also based on actualgenetic merit intensively.

statistics for the 3 elite stallions), 4) genomiéormation.
Basic selection index equations were used to dettiee
reliability due to own and progeny results (e.gregarding
effect of inaccurate estimation of environmentdiees).
The contribution to the reliability from genomic
information was approximated using the formula givey
Goddard (2008), assuming an infinitesimal modelway
as population specific parameters for the DWB paipoih,
i.e. an effective population size of 263 (Jensé¥0&) and
heritabilities of 0.21 (dressage) and 0.11 (jumjing

Results and Discussion

Sensitivity of selective genotyping indexTable 1
shows the weights chosen for different informatsonirces
in the reference index, whereas Table 2 showsntipagt of
varying these index weights. There was little d#éfece in
the selected horses regardless of whether dressage
jumping reliabilities were prioritized. This was dagise
most of the older stallions had progeny informafionboth
dressage and jumping. The impact of varying theghtedn

average unrelatedness was higher than varying weeigh genotype exchanges

between reliabilities of different traits. The ingbappeared
higher when quantified in terms of percent commorsés
than in terms of average reliabilities and unrelaess. This
implies that while somewhat different sets of hersesre
selected, it is not expected to have a major impacthe
usefulness of the genomic predictions. Using amexndf

information sources rather than one source alorenmthat
small sacrifices for a given trait can be offset layger

benefits from other traits. Generally the index vepste

robust to changes in the weights applied. Basedhese
results, it was decided to use the reference irfideactual

selection of DWB horses for genotyping.

Expected reliability and impact of different
genomic selection scenarios on genetic gain for cisage.
Regardless of whether a small (500 genotypes) rgeta
(5000 genotypes) reference population was availtises
was substantially more to be gained from directielgction
pressure towards young horses (Table 3). With ereate
size of 500 genotyped horses, the expected gepgatit
achieved by selecting stallions at 3 years of age about
1.5 and 2.5 times higher than when stallions wetecsed
at 6 and 11 years of age, respectively. The adgantd
early selection became even greater with a largetber of
genotyped horses. The expected genetic gains vigiherh

terms are fairly accurately predicted from genotype
information (see Fig. 1). Therefore strong selectod 1-
year old horses is probably not advisable when &9
genotyped horses are available and definitely ro¢nwno

1) parermgenotypes are available. The impact of genomicctete

on inbreeding is difficult to foresee. While it lieneficial
with more information about mendelian sampling terin
also becomes tempting to use younger stallions i
Implementation of genomi
selection should be accompanied with restrictionshow
much each young stallion can be used. Similar gains
reliability as for stallions are also expected foares, at
least at relative young ages.

Ricard et al. (2013) found a reliability for genami
jumping EBVs of 0.4 based on 800 French horsess Thi
figure was for genomic information alone and cqumexls
exactly to Fig. 1. They did, however, not blend giemomic
EBVs with other information sources. Hence a pcatti
validation of Fig. 2 remains to be seen.

The results presented here are based on sindgie-trai
genomic evaluations. Even higher accuracies can be
achieved by multiple-trait genomic analyses anceeisply
for 3-4 year old horses with own young horse tragords
(Jonsson et al. (2014)). Also, the impact on acygaletic
gains may be even larger than the figures presemteg,
because genomic selection facilitates an objedeetic
comparison of domestic and foreign horses which —
although it is completely lacking today — is venypiortant
for horses. Genomic selection may offer new pobisds
for international collaboration. Countries can aneom
and especially joint genomic
evaluations. This can happen despite larger limkdping
populations being reluctant to collaborate becatlse
genotypes will provide direct genetic links.

Continued research. The feasibility of
implementing a multiple-trait single-step genométestion
evaluation (Misztal et al. (2009); Christensen dnthd
(2010)) for dressage and jumping traits, respeltiwsill
be investigated after genotyping results are readjhe
near future. Advantages of this method are thait £an
easily be integrated with current practice, 2) genotyped
horses are included, which is vital because thezenaany
more of those than genotyped horses, 3) advantzgie
current evaluation system remains, and the syssesasily
extended, e.g. to multiple-traits and heterogen&atiance.
Furthermore, simulations of genomic breeding sclsawik
be conducted to investigate the impact on genetic gnd
especially inbreeding more precisely than in thislg.

Conclusion

Genomic selection can substantially increase
genetic gains in sport horse breeding through reduc
generation intervals. Challenges include 1) esthbig
sufficiently large reference populations, which mbg
achieved through international collaboration, angl 2



convincing breeders to have a systematic approach tTable 3. Impact on genetic gain (accuracy / genelian
breeding which also considers restrictions to aintr interval)® for three genetic evaluation scenarios and

inbreeding. An index for

weights on the information sources considered.
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Table 1. Information sources considered in referere
index for selecting horses for genotyping, its meaand
standard deviation, and associated final index weig”.

Info mean s.d. weight
Reliability for dressage 0.78 0.22 28
Reliability for jumping 0.57 0.36 14
Reliability for YH gait$ 0.68 0.33 12
Reliability for YH jumping  0.26 0.27 6
Conformation 0.68 0.25 5
Average relationship 0.006 0.004 35

%YH = Young horse trait?Statistics computed on selected top 500 horses

Table 2. Sensitivity* (relative to reference index in Table
1) to specific changes in weights of selective geyying
index. The sensitivity with respect to the differene in
average reliability of dressage competition breedip
values (Ar?,), difference in average relationship with
rest of population (Aa), and percent selected stallions in
common with reference index is given.

Chang@ AP Aa  %common
2x weight_dressage 0.011 0.000 96
0% weight_jumping 0.008 0.000 96
100% weight_dressage 0.012 0.000 96
100% weight_jumping -0.105 0.000 83
100% weight_unrelated -0.119  -0.002 79

& Ar A= rZ\A(changed index)” I'ZIAUeference index)
Aa = mean(mean relationshiphged index Mean(mean relationshjg)ingex
o The changes that were tested, in order as thmgeajn the table, were:
. Weight on reliabilities of EBV for dressage comfieti results were doubled
compared to reference index while all other weigtgse unchanged
. The weights on jumping traits (both competition ydng horse) were set to
zero while the other weights were unchanged
. The weights on unrelatedness, conformation an@ joenping traits were set
to zero while weights on the 2 dressage traits wanhanged
. Weights on unrelatedness, conformation and the2&sdige traits were set to
zero while weights on the 2 jumping traits werehamged
. 100 % weight on unrelatedness (i.e. low averag¢ioakhip)

selective genotyping was different ages of selection
presented based on reliabilities for multiple sa#nd
average unrelatedness. This index was robust tgingar

Genetic exatlon scenario

(# germeg)
Age of stallion none 500 5000
(years)
1 0.22 0.30 0.39
3 0.11 0.15 0.20
6 0.08 0.10 0.12
7 0.08 0.09 0.10
11 0.06 0.06 0.07
12 0.07 0.07 0.07

4The accuracies ) were as in Fig. 2 for the 3 scenarios. The geimranterval (L)
was the age of the stallion in th& dolumn plus 1 year (gestation length + semen
collection and use). The impact waglr which is proportional to the genetic gain.
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Figure 1. The expected accuracy of breeding valuésr
dressage and jumping, respectively, due to genomic
information alone as a function of the number of
genotyped stallions.
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Figure 2. The expected reliability of breeding vales for
dressage competition results ) over the life time of
an elite stallion for different sizes of reference
populations (i.e. 0, 500 and 5000 horses). The irase in
r’a from 6 years of age is due to repeated own records
and the increase from 11 years of age is due to geny
records.



