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Abstract

Albertsdattir, E. 2010lntegrated genetic evaluation of breeding field tesits, competition traits
and test status in Icelandic hors@&octoral thesis

The main goal in breeding the Icelandic horse iprimduce aesthetically appealing and
capable riding horses with five gaits and good ispsuited both for leisure and
competition. Selection of Icelandic breeding horiselsased on breeding values calculated
from the breeding field test records. It has bgeecslated that assessed horses are not a
random sample of the population, a situation thadld/ lead to bias in estimated breeding
values and retards genetic improvement. The maim @i this thesis was to study
integrated genetic evaluation of competition tragisd breeding field test traits for
Icelandic horses where the effects of preseledtidhe data were accounted for.

Genetic parameters of the competition traits, amdgenetic relationships between
competition traits and the breeding field testtsravere analysed. The breeding field test
data included individual records of Icelandic hersevaluated in 11 countries. The
competition data included records of horses thdtduanpeted in Iceland and Sweden. The
competition traits and breeding field test traitsrevanalysed using linear animal models.
The competition traits analysed were both originad combined ones covering the
competition aptitude of four-gait, five-gait, toednd pace. The combined traits were
formed in order to describe the competition traitsa simpler manner. The estimated
heritabilities were low to moderately high for abmpetition traits and the genetic
correlations estimated among competition traitsewggnerally strong and favourable with
few exceptions. Moderate genetic correlations weséimated between most of the
competition traits and some of the conformatioitdrassessed at breeding field tests. High
genetic correlations were generally estimated betwtee competition traits and most of
the riding ability traits recorded in breeding figksts. Competition traits were concluded

to be suitable for genetic selection.

Breeding field test traits and test status, anomltone trait describing attendance at
breeding field tests, were genetically analysechgiddivariate animal and sire linear-
threshold models. The presence of preselectiomaading field test data was verified by
the estimated genetic parameters for test stahis: ttait had a significant genetic

component and related strongly to the breedingl fiett traits, especially those that had



high weight in the selection index. This appliedbimth conformation and riding ability

traits, although breeders seem to pre-select hdmsedtend breeding field tests more
strongly on good riding qualities than on aesthetinformation. The emphasis on riding
ability as the criterion for preselection was ferthsupported by a larger increase in

estimated genetic parameters for these traits \ahatysed simultaneously with test status.

Environmental covariances between test status apddimg field test traits are not
estimable as all individuals with test status edoatero lack phenotypic values on the
tested traitsThe effect of assuming zero environmental covagangetween test status
and the breeding field test traits was studied smaulation. It did not lead to serious bias
in the estimated genetic parameters unless the esiimable true environmental
correlation deviated largely from zero. Moderatbigsed genetic parameters had only
relatively small effects on the genetic evaluatiBstimation of breeding values where test
status was included in the model always led to awpment in genetic progress and in

higher correlations between true and estimateddorgeralues.

The benefits from integrating test status, comjoetitraits or both into current genetic

evaluation based on breeding field test traits vestemated. In general there were trivial

differences between models. Estimated breedingegaleere largely unbiased for all traits,

although models including test status showed muoheriances from this. The current

breeding evaluation system seems therefore to beestblished. However, breeding

values were more accurately estimated with theugich of the new traits, especially the

test status. The ranking of sires, based on cordhimdexes, changed (between 10% and
20%) with inclusion of the competition traits arebtt status. This indicates how large the
effect of adding new traits to the genetic evaluatwill have on the selection of sires.

Integration of test status and competition trarisréases the accuracy of the genetic
evaluation and influences the ranking of sires, tratefore selection of sires for future

breeding. Genetic parameters for the test stasitsstnould be re-estimated where the trait
is re-defined for all horses and all traits inchglboth competition and breeding field test
data. Competition traits can be included directiythe genetic evaluation and will give

breeders an effective tool on which to base tredecdion.

Keywords: Horse; Genetic evaluation; Breeding field testsmPetitions; Test status; Genetic analyses;
Model evaluation.

Author’s addressElsa Albertsdéttir. Faculty of Land and Animal Restes, Agricultural University of
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Agrip

Reektunartakmark fyrir islenska hestinn midar almea® pvi ad reekta vel skapadan,
léttbyggdan, fjolheefan, viljugan og gedprudan hemn fer gleesilega i reid. Vid urval
hrossa er notast vid kynbotamat sem byggir a kyadsivhum. pvi hefur verid haldid fram
ad hross sem koma til doms séu ekki slembilurtakinsitts. Slikt veldur skekktu
kynbotamati og dregur ur erfdaframfor. Meginmarknjiéssarar rannsoknar var kanna
sampeett kynbdtamat keppniseiginleika og eiginladm daemdir eru a kynbotasyningum

(kynbotaeiginleika), ad teknu tilliti til forvalsgégnum.

Erfdastudlar keppniseiginleika og erfdafylgni mikynbota- og keppniseiginleika voru
greindir. Kynbdétagognin innihéldu einstaklingsdérna ellefu l6ndum. Keppnisgdgnin
innihéldu endurtekna déma a hrossum sem toku [@fjédlega vidurkenndum motum &
islandi og i Svipj0d. Linuleg einstaklinglikén vamotud vid Greikninga. Rannsakadir voru
keppniseiginleikarnir télt, fjérgangur, fimmganguyg gaedingaskeid. Unnid var med
undirflokka framangreindra eiginleika en til eirdéihar var einnig unnid med samsetta
eiginleika fyrir hvern flokk. Metin arfgengi voru edalha fyrir alla keppniseiginleikana.
Tvimeelingagildi peirra var um 60%. Sterk erfdaténvgsu jafnan metin milli keppnis- og
kynboétaeiginleika. Su alyktun var dregin ad keppmgmleikar séu heefir til pess ad byggja

kynbotamat a.

Til ad greina hvort forval setti sér stad i gognuan skilgreindur sérstakur eiginleiki sem
lysir pvi hvort hross meetir til kynbotaddms edaieklessi maetingareiginleiki var sidan
metinn saman med kynbotaeiginleikum med tvibreynstaklings- og fedra linulegum-
proskulds likonum. Gégnin voru kynbotadomar hryssemm fseddar voru & islandi. Sénnur
voru feerdar 4 tilvist forvals i kynbétagégnum meétmum erfédastudlum: forval hefur
markteekan erfdapatt og sterk erfdatengsl vio kyedaginleika, sér i lagi pa eiginleika
domstigans sem hafa haa veegistudla. betta atti b@dum skopulagseiginleika og
haefileika, pd svo synt sé ad raektendur beiti starf@vali vid hross sem bua yfir miklum
reidheefileikum en pau sem eru einungis vel sko@iérkt for-arvalsmark reidheefileika
var enn frekar stadfest med heekkun erfdastudlaialeikum med hatt veegi pegar peir

voru greindir asamt maetingu.

Ekki er unnt ad meta umhverfisfylgni milli maetingag kynbétaeiginleika par sem ad

einstaklingar sem meeta ekki til doms, hafa ekkpfrsgildi fyrir kynbotaeiginleikana.
Vv



Ahrif pess ad aesetla ad umhverfisfylgnin jafngiltilln voru metin med likindarannsokn.
Slik einfoldun olli ekki verulegri skekkju i metnurerfdastudlum nema ef sénn
umhverfisfylgni vék verulega fra nulli. Medalskekkterfdastudlar hofdu adeins
smaveegileg ahrif a kynbotamatid. Kynbotamat par ssad var tillit til forvals i gégnum

jok erfdaframfarir og sterkari fylgni kom fram miannra og metinna kynbétagilda.

Avinningur pess ad sampaetta naverandi kynbotaneat, lsyggir & kynbotadomum, med
keppniseiginleikum og/eda taka tillit til forvalsgognum var metinn med samanburdi
mismunandi likana. Ad jafnadi voru ahrif & kynbotdrkynbotaeiginleikana takmarkadur.
Nuverandi kynbétamatskerfi virdist pvi vera velugdad. Metin kynbétagildi allra likana

voru jafnan 6skekkt, pé svo ad nokkur fravik keemant i likbnum par sem tekid var tillit

til forvals i gognum. Oryggi kynbdtamatsins joksédrpvi ad sampeaetta kynbdtamatid nyju
eiginleikunum, sér i lagi ad teknu tilliti til foals. Upprodun stdédhesta midad vid
adaleinkunnir breyttist (um 10-20%) med pvi ad begjam eiginleikum vid sem visar til

bess hve mikil ahrif vidbétareiginleikarnir hafaval & framtidarstoohestum. Erfdastudlar
fyrir maetingu pyrfi ad endurmeta par sem eiginkeikiveeri endurskilgreindur med sama
haetti og notkun hans i framtidar kynbotamati veréuweeting aetti pa vid um alla hesta og
naedi til baedi kynbota- og keppniseiginleika. Paérert ad beeta keppniseiginleikum beint
inn i kynbotamatiskerfid. Af pvi mun hljétast mikévinningur par sem ad pad mun gefa

reektendum faeri & pvi ad byggja urval keppnishragsaustari grunni.

Vi
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1 Introduction

Successful breeding of livestock involves a walliaured breeding scheme where all traits
of interest are thoroughly defined and improved disectional selection on estimated
breeding values (Koenen et al., 2004). In orddre@nbiased the genetic evaluation has to be
based on a large amount of unselected recordseofydal traits or take into account the

criterion of selection (Henderson, 1975).

The main goal in breeding the Icelandic horse igioduce aesthetically appealing and
capable riding horses with five gaits and gooditssuited both for leisure and competition
(FEIF, 2010a). Currently fifteen breeding fieldttésits meet the detailed definition of the
breeding objectives but no competition traits aeéinekd as goal traits. Numerous horses
compete at international levels and a large amotimformation is available on competing

horses. Furthermore, competition horses are venakke individuals which many breeders,
therefore, aim to produce. There has thus been esl e evaluate suitability of the

competition data for genetic evaluation and to merssubsequent integration of competition

traits into the current breeding scheme.

Selection of Icelandic breeding horses is basedb@eding values calculated from the
breeding field test records. It has been speculdtat assessed horses are not a random
sample of the population, a situation that woultléo bias in estimated breeding values and
retard the development of genetic improvement (ldeswh, 1975; Klemetsdal, 1992). The
alleged preselection was therefore studied by geligt analysing an all-or-none test status
trait, and the effect of including it into the géneevaluation of Icelandic horses was

examined.

The effects of integrating either or both competitiraits and test status into the breeding
evaluation of Icelandic horses was tested regardliag} predictive ability and accuracy of the
estimation, correlations between breeding valugsated with different models, and ranking

of sires.



1.1 Background

The Icelandic horse breed developed in Iceland,reviteis the only horse breed. The first
references on horses in Iceland are found'live Book of Settlemenivhich narrates the
settlement of the country by the Norse in tfeahd 18 centuries. The horses that were
brought by the Vikings in their ocean-going shipalledknerrir) over the Atlantic Ocean had
to be carefully selected as the space on the stagsvery restricted. The importance of the
horse to the Icelanders is demonstrated throughatibus Sagas of Icelanders, the skin
manuscripts which contain the record of eventstiai place in Iceland in the $@nd early
11" centuries. In these stories descriptions of homesr qualities and how their owners
selected horses for breeding and riding are giwesn space, while other livestock is hardly
ever referenced. Although the horse’s task hasgdththroughout history it has always been
used for riding as no roads were built in Icelamdiluthe turn of the 19 century. In the
beginning and continuing into the twentieth centing horse’s primary role was as a means
of transportation and for agriculture; only sinceamanisation and development in the 1950’s
has the horse been raised primarily for leisure emghpetition (Bjornsson & Sveinsson,
2004)

The Icelandic horse population consists of 214,82 individuals that are registered with
unique ID numbers in the stud book, WorldfengurpAgximately 55% of them are located
outside Iceland, overall in 31 countries (www.wéeltgur.com). Since almost no horses have
been imported into Iceland for more than a thousarads, the Icelandic horse is a purebred
horse breed (Adalsteinsson, 1981). Only one casenpbrtation was reported in the 12
century (Palsson, 1996). In 1882 all importationswWarbidden by law because of health
regulations (Stephensen & Jensson, 1887). Apprdrign@00,000 Icelandic horses have
been exported to various countries since the 1830isthe first half century as working
horses in British coalmines and later as ridingsker Most went to European countries, some
to North America and a few to Asia (Statistics &el, 1997).

The Icelandic horse is small, long-lived and harlye attractiveness of the breed is mainly
through the horse’s pleasant temperament and urggqiimg ability, including the smooth
four-beat toelt and the flying pace. Almost alllis®lic horses have the toelt besides the three
ground gaits of walk, trot and gallop, and somesbsthave also the pacing ability. Those that

show pace are called five-gaited horses; otherscalled four-gaited horses. Toelt has the
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same foot ranking as walk, where one or two feetsamultaneously on the ground and is
therefore without a suspension phase. Toelt vases is ridden in a very slow and up to a
fast tempo. Pace is a lateral two-beat gait wisugpension phase and is commonly ridden at
a fast speed. Pace is considered to be a thresfadldn the sense that a horse must have a
combination of genetic ability and environmentaicamstances to surpass the phenotypic
threshold for expressing the trait. Pacing abibtglosely correlated to abilities in other gaits,
especially the toelt. Horses with limited pacingligbare often not trained as five-gaiters as

the pace training may impair the quality of thett¢arnason & Sigurdsson, 2004).
1.1.1 Breeding goal

Breeding of horses was initially legislated in 1881celand and was guided through the first
years by advisory services and horse breeding ias®os offering horse exhibitions
(Bjornsson & Sveinsson, 2004). In 1950 a uniquedireg assessment system was established
with a scoring index for registration of individuhits on a linear scale that are assessed at
breeding field tests (Arnason et al., 1994; Hugask®94). In 1990 a thoroughly defined
breeding field assessment scale was reproducedh&ycElandic Farmers Association where
all the assessed traits were detailed. Furthernpoaetical use of the scale in order to make
clear differences between the good and bad quabtiehe traits was underlined, resulting in

scoring that was less centred on the average ghehheritabilities of the traits (Bi, 1992).

The official breeding goal that is describedi¢gelandic Horse BreedingFEIF, 2010a)was
set to breed healthy, fertile and durable horsegepably 135-145 cm high at the withers, and
to preserve all varieties of coat colours presatttiwthe breed. The breeding goal described
the ideal horse to be light-bodied with emphasistength, flexibility and a muscular body.
The conformation should facilitate exceptional gaiegarding quality and movements, a
naturally good head carriage and be in all aspeedthetically pleasing. As for riding abilities
the general aim was to breed a versatile, relibblse with five clear gaits and an excellent
temperament. Although, the verbal description & general breeding goal has remained
unchanged since its establishment, the breedingmysas been in continuous development
and evaluation where new traits have been incotgdrand the weighting of the different
traits has been altered (Table 1) (Bjornsson & &son, 2004). Until 1994 breeding
organisation was directed exclusively from Icelafiden a joint declaration on the breeding
of Icelandic horses was signed by The InternatioRaberation of Icelandic Horse



Associations (FEIF) and the State of Iceland, racgg Iceland as the country of origin of

the Icelandic horse. This declaration ensured tthateighteen FEIF member nations outside
Iceland would do their best to follow the lead cfland in all matters of breeding and the use
of the horse (FEIF, 2010c). FEIF was established969 and focuses besides breeding on

different aspects as the horses’ welfare, compastieducation and youth work.

Table 1 Weighting of traits measured at breeding fiektge2000-20009.

Conformation traits Riding abilities

Head 3% Toelt 15%
Neck, withers and shoulders 10%  Trot 7.5%
Back and hindquarters 3% Pace 9%
Proportions 7.5% Canter/gallop 4.5%
Leg quality 6% Spirit 12.5%
Leg stance 3% General impression  10%
Hooves 6% Walk 1.5%
Mane and tail 1.5%

1.1.2 Breeding field tests

At breeding field tests stallions, geldings and esaare assessed in separate age-classes (4, 5,
6 and >6 years old) and 31 international judgesehlawen certified to operate. At each
assessment three judges work together evaluatirmei@nd they give a joint score in the
range of 5.0 to 10.0 with 0.5 intervals for eaditirThe assessment starts with evaluation of
the conformation, preferably executed indoors. Ttenhorses are ridden on a straight track
for a maximum of five times in each direction whehe riders can choose in which order
they show the gaits and which gaits are performestore of 5.0 is given for a gait if a horse
has not been shown in it. There are five gaitssaeskin addition to the general impression of
the horse and its spirit. When all registered holigea given assessment have been shown
once, a second ridden assessment is arranged., Tiweréo four horses are ridden on the
track at any one time for a maximum of three timmesach direction. Here judges are allowed
to raise the scores if the horse shows bettertgpgalin Figure 1 distribution of assessments
from 1990 to 2008 of neck, withers and shouldergpertions; toelt, pace and general

impression are shown.
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Figure 1. Distribution of assessments on five breeding fiekt traits, 1990-2008.

All registered and individually marked Icelandicrbes with a verified pedigree aged four
years or older that are healthy and without anyrieg can participate at breeding field tests
for as many times as the owner wishes. All staflidhat come to a breeding show are
parentally proven through DNA analyses, blood sas@lre collected and their testicles are
measured in size and density as this relates tdhonge’s fertility. Moreover, in order to

reduce the frequency of bone spavin in the Icelahdrse population x-rays of their hocks

must be handed in for all stallions aged five yearslder (FEIF, 2010a). All information on



health, fertility, quality of traits and verificath of pedigree is registered and published on
Worldfengur, the International Icelandic Horse @ate accessible on the web through

www.worldfengur.con{Arnason et al., 2006).

1.2 Competitions

There are special equestrian competitions for hchtahorses that have become very popular
in Europe. The competitions are either open foroasyto compete in or include different
levels where a minimum score for each equipageqsired. There are three different types of
competition: pace racing, sport competitions ayakdingacompetitions (a riding horse
guality competition), that each includes severatigilines. These special competitions follow
standardised international rules (FIPO) that aproduced and reviewed annually by FEIF
(FEIF, 2006; FEIF, 2010b). In general, the discigd involve four kinds of gaiting tests:
toelt, four-gait, five-gait and pace. Toelt, fouaHgand five-gait are ridden on an oval track
(200-300m) while pace is ridden on a straight tréld0-250m). The toelt involves two sport
disciplines, T1 and T2 where the toelt gait is destated in various tempos. The former is
adapted for four-gaiters and the latter, the laase-toelt (T2), is tailored for five-gaiters. The
four-gait involves one sport discipline, V1 and gaedingadiscipline, B-Class where four
gaits: toelt, trot, gallop and walk are exhibit&tie five-gait involves one sport discipline, F1
and onegaedingadiscipline, A-Class where pace is exhibited iniadd to the other four
gaits. The pace involves four disciplines where, dhe pace test (PP1) is a sport competition
and three are pace racing disciplines where the gataced over different lengths (P1, P2,
and P3). In the pace test not only the speed op#ee is measured in seconds, as is done in
pace racing, but the quality of the pace is alsessed. Since 2009 competition records from
internationally standardised events have beentexgi$ on the Worldfengur database, thereby
improving the availability of competition data imnsely. At competitions three or five
gualified judges give separate scores that areagedr into one score for each element
performed. In sport competition the quality of thder, how he handles and sits the horse,
influences greatly the score given for each ga#t.sAich, the sport competitions acquire not
only high performance ability of the horse but algeat precision in the performance of the

rider as in changes of gaits, etc. In thaedinga competitions, first and foremost the



performance ability of the horse is evaluated. €hém addition to the gaits, the general
impression and spirit of the horse are assessd# (2HO06).

1.2.1 Comparisons of assessments in competition andegidlomg field tests

It can take several years before a sport horsehesads maximum performance level
(Thorén-Hellsten, 2008). Imperfect competitive periances are harshly penalised in
scoring, even when accompanied by a high qualitgaiting ability, general impression and
spirit. At breeding field tests, however the sitoiatis different as the goal is to assess the
quality of the horse independently of the level tidining, riding etc., and even when
demonstrated with trivial defects. Whereas youngsé® often lack strength and training to
perform without flaws, competition horses are oftéter and more thoroughly trained than
horses presented at breeding field tests. Furthesmbcan be expected that competitive
scoring for young or inexperienced horses is fratjyeskewed regarding evaluation of the
horses’ actual merit where the effect of the ridas a great influence. It can also be safely
assumed that competition horses are more caredelgcted individuals than are breeding
horses because competition horses are expecte@ tpotential winners while breeding
assessments aim at evaluating the genetic poteftiaé horse. These assumptions about age
and selection make competition records less seitatd a basis of genetic evaluation
compared to breeding field test records: longeregsion intervals and biased estimation of
genetic ability is often associated with competitaata (Tavernier, 1991; Thorén-Hellsten,
2008). Nevertheless, the suitability of competititata as a basis to genetic evaluation may be
studied as competitive ability is declared in theddling goal and many breeders strive to
produce capable competition horses because ofuakie. Inclusion of the competition traits
into the genetic evaluation should thereby imprdke selection criterion for breeding
competition horses and add information on many maliwiduals as geldings often compete

but few are assessed at breeding field tests.

1.2.2 Previous studies on competition traits

Besides a pilot study on pace racing traits (Ragpuar, 2001) competition traits in Icelandic
horses had not previously been genetically analySesnpetition data in the Warmblood

riding horse population have however been studiggeat deal where the aim has been to
breed high quality competition horses, mainly irsdiage and jumping (Koenen et al., 2004;

Langlois & Blouin, 2004; Thorén et al., 2006). Irlgium, France and Ireland the genetic
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evaluation for Warmblood riding horses is solelysdxh on competition data, whereas in
Denmark, Germany and The Netherlands competitioth ywung horse test results are
combined (Bruns et al., 2004). In Sweden competitesults have been included since 2005
but prior to that time the genetic evaluation wadydbased on performance test results
(Olsson, 2006). The BLUP animal model is genenadlgd for the genetic evaluations of these
horse breeds. Research on characteristics impadathieve international genetic evaluation
of sport horses was initiated by The Interstalli@mmmittee, with two pilot studies in 2001

where the use of international sport horse datagalvith young horse tests in genetic
evaluations was recognised as being increasingpoitant since sport horse breeding has
become global (Bruns et al., 2004; Thorén-Hellsk&@38).

In 2004 the breeding objectives for Warmblood spwantses in a number of countries were
studied. There it was observed that the breedimarosations sometimes assigned high
weightings to traits that were not defined in thedding objective, and the traits often lacked
detailed definitions (Koenen et al., 2004). Addiadly, the breeding objectives were often
deficient in specifying what kind of performanceyhncluded, both as to the sport discipline
and the level of competition. This approach waschated to be inadequate if the aim was to
gain maximum genetic response, because optimiserton strategies requires clear and
well accepted breeding objectives that include dhghly defined traits of interest with

detailed descriptions and relative weightings.

1.3 The breeding organisation for Icelandic horses

1.3.1 Genetic evaluation

Selection of Icelandic breeding horses has beemlynbased on estimated breeding values
for more than three decades. In that time diffeesgects of the breeding programme have
been thoroughly examined where many studies hage beecuted. In 1975 the first multiple
trait selection indices for individual selectiondaprogeny tests were constructed based on
estimated genetic parameters on ten breeding fasttraits (Arnason, 1979). The genetic
parameters used in the breeding evaluation hava bstmated with genetic analyses a
number of times, with the most recent ones predant@004 from a study that was based on
breeding field test records from 1990-2003 (Arna&oS8igurdsson, 2004). In 1979 a BLUP
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sire model was applied in a single trait genetialeation of total score of breeding field test

traits, but since 1983 a BLUP multivariate animabdd®al has been used (Arnason, 1982,
1984). The first practical application of a multide animal model was in Icelandic horses
(Carabans & Alenda, 1990; Langlois & VrijenhoecRP2). The current model considers the

environmental factors of the interaction of yeatl anuntry of assessment, and the interaction
of sex and age of the horse.

Today estimated breeding values for 31 individwaltd are calculated from international
breeding field test scores (Arnason et al., 20B6)m 1961 till 1995 only Icelandic breeding
field test records were used in the genetic evanathen records from shows held in
Denmark, Norway and Sweden were included and s206& records have been used from
assessments in 11 countries, also including Auysfialand, Germany, Great Britain,
Switzerland, The Netherlands, and The United Sta&esh international genetic evaluation
requires unique identification numbers, good genetinnectedness among countries and a
properly synchronised cross-border assessmentnsysteried out by qualified judges who
have been authorised to operate (Arnason & Ric081; Bruns et al., 2004). In 2006 the
global genetic evaluations of the Icelandic horsd #he genetic connectedness between
countries were evaluated. It was concluded thatmeastd breeding values of individual
horses can be compared across countries with siedtaracy as within the country, and that

good genetic connection exists between the cosntlimason et al., 2006).

1.3.2 Selection programme

In 1987 optimal selection strategies for the Icdlarhorse population were studied, and it
was concluded that approximately one fourth of bheeding mares should be covered by
young stallions with an outstanding pedigree indetf of the mares by performance-tested
stallions selected on an index combining parental ewvn records, and the remaining one
fourth by the very best progeny-tested stallioriecded on an index combining parental and
own records along with progeny average (Hugas@h..e1987). This research was continued
by studying the effects of using the BLUP methorbss stallion age classes on genetic gain
with the conclusion that it would give results @ot® the maximum (Hugason, 1994).
Subsequently, breeders were urged to make useeoéshmated breeding values in their
selection decisions and to have a large numberocdels assessed as early as possible at

breeding field tests. Annually, ranking of horsesading to the estimated breeding value of



a total score is reproduced on the Worldfengurlziete. The total score is calculated from all
the breeding field test traits with given weighsnghere the conformation accounts for 40%
of the total score and riding ability traits accotor 60% (Table 1). Breeding values are also
presented for each of the fifteen traits, alondhwigight at withers, which gives breeders an
opportunity to emphasise traits of their own choicepractice, the distribution of covering

across the three stages in the population has foeer to be very satisfactory (Hugason,
1994), and calculated genetic response in the $otake over the last fifteen years is equal to

one additive genetic standard deviation (Arnasa.e2006).

1.3.3 Attendance at breeding field tests

Roughly 30,000 Icelandic horses worldwide have bessessed at breeding field tests since
the 1950’s, accounting for approximately 12.5% e population (www.worldfengur.com).
Participation in the field tests is open for aklendic horses, but the tests are primarily aimed
for mares and stallions. Geldings are sometimessass, however, especially the progeny of
elite breeding horses. The number of male horsemdihg field tests is smaller than the
number of female horses as it is common to castrédege proportion of stallions at a young
age (Hugason et. al, 1985). Young colts with atgpedigree that are aesthetically appealing
and show promising gaits and movements are kegtadléons, while others are castrated,
usually in their first year. Stallions that attebceeding field tests can therefore be safely
assumed to be preselected to a certain degreg.also common knowledge that breeding
field assessments influence greatly the marketevafuhorses, which in turn further restricts
how many and which horses are presented at bredigdiagtests. Highly valued breeding
horses are both those that have a high estimagsling value and those that receive a high
total score (over 8.0), or perform well in speatflg valuable traits where the weighting
factors are associated with market val(€sable 1). An interaction can also be presumed
between owner and horse as dedicated owners are Iikely to own well prepared and
trained quality horses that are more likely to radtdreeding field tests than horses whose
owners are less interested in breeding. If attendiorses at field tests are assumed to be
preselected, (co)variance components used in thetigesvaluation could be biased, and the
ranking of sires affected. Therefore the effecpadselection should be studied (Robertson,
1966; Henderson, 1975; Meyer & Thompson, 1984; Klesakal, 1992).
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1.3.4 Studies on preselection

Several studies have been made on preselectianlimgeof data in other horse breeds where
an all-or-none trait, racing/test status is assigfee the attendance of horses: Horses are
assigned a value of 0 if they have no record andlae of 1 if they have at least one
performance record. This has been researched fees\@ompeting in races like the Swedish
and Norwegian trotters (Arnason, 1996, 1999), thecB trotter (Koerhuis and Schepers,
1998), the Finnish trotter (Thuneberg-Selonon et 2001), the Thoroughbred in France
(Langlois and Hernu, 2003, Langlois & Vrijenhoe@Q04, Rose et al., 2007, Langlois &
Blouin, 2008) and the German trotter (Bugislaualgt2005) as well as for the Belgian sport
horse performing in sport events (Janssens eR@D7). The attendance of horses at these
events were between 35% and 62% where estimatédbires showed that the racing/test
status had a significant genetic component and ithet correlated genetically with the
breeding goal traits. Furthermore, it was shown thelusion of the racing/test status in the
genetic evaluation of these horse breeds resuiteldigher correlations between true and
estimated breeding values, and thus reduced tleetsel bias considerably and led to a
different ranking of sires (Langlois & VrijenhoeckQ04; Bugislaus et al., 2005; Janssens et
al. 2007). However, the effects of including radiegt status in the genetic evaluation have
been shown to be dependent on the difference betesmated genetic parameters of the

traits in consideration (Bugislaus et al., 2005).

Estimation of genetic parameters for racing/teatust can be problematic as all individuals
with test status equal to zero lack phenotypic @slan the tested traits. This leads to un-
estimable environmental covariances between thestaisis and the recorded traits (Meyer &
Thompson, 1984). Given that the pedigree is dedpcamplete where all individuals without
records have both tested and untested relativegtigecovariances can however be estimated
by use of an animal model and a complete genelatiorship matrix by restricting the
environmental covariances to some predefined valueason (1996; 1999) showed in a
simulation study that by restricting the residual/ariance to zero, selection on estimated
breeding values where racing/test status was iedlud the genetic evaluation reduced the
selection bias, increased the correlation betweea &nd estimated breeding values and
increased true genetic progress, given that tleegemetic parameters were used in the genetic
evaluation. It is however important to determinee tlconsequences of using zero

environmental covariance when the true values tkevieom zero on estimated genetic
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parameters and breeding values, and to evaluatettievaffects genetic gain from selection
based on BLUP and Gibbs sampler estimates of brgedilues.

In order to optimise selection strategies integratf competition traits and test status in the
genetic evaluation is expected to be a more adecamiroach, given that competition traits
are suitable for inclusion and test status is geal&t significant in this context (Henderson,

1975; Koenen et al., 2004). The effect of suchgragon could be tested by estimating the
reduction of selection bias, predictive abilitytbé genetic evaluation, accuracy of the genetic
evaluation, correlations between estimated breedalges, and effects on ranking of sires

using different models.
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2 Objectives of the thesis

The main aim of the thesis was to accomplish irtisgl genetic evaluation of competition
traits and breeding field test traits for Icelandarses where the effects of preselection in the
data were accounted for. Firstly, this involvedemefic analysis of the competition traits to
find out whether they were suitable for geneticlea@on. Secondly, correlations between the
competition traits and traits currently includedtire breeding evaluation were estimated.
Thirdly, the all-or-none trait test status was dmadly analysed to find out whether it
exhibited genetic variation, whether it correlateith the traits assessed in the breeding field
tests, and what the effects of simultaneous geragtadysis of the test status trait and the
breeding field test traits were on the estimatedanae components for the latter group of
traits. Fourthly, the effect of assuming zero eommental covariance between the test status
trait and a breeding goal trait on the estimategesfetic parameters and evaluation of the
corresponding consequences in genetic selectioadbas BLUP and Gibbs sampler was
studied by use of stochastic simulation. Fifthhg benefits from integrating either test status,
competition traits or both into current geneticlaafion was evaluated in terms of reduction
of selection bias, predictive ability and accuraxythe estimation, correlations between

estimated breeding values, and ranking of siregyudifferent models.

13



3 Summary of investigations

The thesis summarizes five papers where the firs# cluded genetic analyses on
competition traits; in the second paper relatiopstbetween competition traits and breeding
field test traits were studied and the third papetuded genetic analyses on test status and
how test status related to the breeding fieldtragtis. The fourth paper included a simulation
study on what the effects were of estimating gengrameters assuming zero environmental
covariances between test status and a breedingrgdaln addition, the responses of BLUP
selection where the test status was included, basezkrtain premises, were evaluated. The
fifth and final paper regarded the effect of ineggrg either or both competition traits and test

status into a genetic evaluation of breeding fiekt records.

3.1 Material

In Paper | competition data were included wheretal of ten traits, seven original and three
combined competition traits, were analysed. In Pajpebreeding field test data and
competition data were analysed, including seventeeseding field test traits and four
competition traits: one original and the three comal ones. In Paper Il breeding field test
data were studied including fifteen breeding figddt traits and a newly defined test status
trait. In Paper V the breeding field test data eanhpetition data were analysed where fifteen
breeding field test traits, four competition traiés in Paper Il) and the test status trait were
studied. In Paper IV simulated data, including &atus and one continuous Gaussian trait

resembling the breeding field test trait, were peed.

3.1.1 Competition data

Internationally standardised competition data omsé® registered on the Worldfengur
database were collected from the Icelandic Natié&sabciation of Riding Clubs and from the
Swedish Icelandic Horse Association. In Papersdl lhrcompetition results from the period
1998 to 2004 were analysed, counting 18,981 reaufr8s790 horses. In Paper V competition
results from 1998 to 2008 were studied, coverind@d records from 7,687 horses.

In Paper | the following traits were included: sewiginal traits counting four-gait (B-Class)
and five-gait (A-Class) frongaedingacompetitions, and toelt (T1 and T2), four-gait V1
14



five-gait (F1) and the pace test (PP1) from sporhpetitions. In addition, three combined
competition traits were created: Toelt (comp) (anbmation of T1 and T2), 4-gait (a

combination of B-Class and V1) and 5-gait (a corabon of A-Class and F1). Each of the
combined traits was constructed from similar tréitst correlated very strongly (>90%). As
different scales are used in the assessmeagaaerdinga(5.0-10.0) and sport competitions (0.0-
10.0) the combined traits were rescaled to an geeod zero and a standard deviation of 1.0.
In Papers Il and V only the combined traits weredualong with one original trait, the pace
test (PP1), thereby covering all the Icelandic aalisciplines: toelt, four-gait, five-gait and

pace.

3.1.2 Breeding field test data

Breeding field test data were collected from therMfengur database where one record was
included for each individual, representing the legfhage-corrected total score if an individual
had been assessed more than once. In Paper I111i8di0idual records from horses tested in
eleven countries between 1990 and 2005 were indlUeper 1l studied 7,431 breeding field
test records from mares born in Iceland betweerD 188 2001 and tested for the period
1994-2007, and in Paper V records from 1990-200&mem 19,954 individual records from

eleven countries.

The seventeen traits studied in Paper Il were:hteaf) withers; mane and tail; head; neck,
withers and shoulders; back and hindquarters; ptigms; leg quality; leg stance; hooves;
walk; slow toelt; toelt; trot; pace; gallop; genemapression and spirit. Pace was analysed
both regarding all records and by excluding recardsal to 5.0 (pace 5.5) in order to
examine possible differences in genetic paramefesords equal to 5.0 reflect a lack of
pacing ability and are considered to be a comlonadif actual deficiency of pacing aptitude
and the decision of riders or owners not to shosepaven though horses are capable of it.
The decision is based on the assumption that paiceng impairs the quality of other traits,
especially the toelt. In Paper V fifteen traits estudied, including all previously mentioned

traits except the height of withers and slow toelt.

3.1.3 Test status

In Papers Il and V breeding field test traits aest status describing whether or not a horse
was assessed in a breeding field test were studlledata included a total of 39,443 mares
born in Iceland 1990 to 2001, of which 7,431 wessessed at breeding field tests in 1994-
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2007, where the average assessment age was apatelyird years. The reason for only
including data on mares was that 82% of attendmgds at breeding field tests are females
and attending male horses are a partially highlgcsed group (Hugason, 1987). Furthermore,
data including only mares born in Iceland were udeld to avoid possible inter-country
differences in attendance and differences in makegjsions about attendance. Mares were
assigned values according to whether or not theycpmted at breeding field tests, i.e. if a
mare had at least one record it was assigned a w#ll, otherwise it was assigned a value of
0. It was also tested as to whether stud origin sigisificant, reflecting a possible interaction
between a breeder and a horse by assigning migalngs for test status for mares from studs
where not a single horse had a breeding assesserend in the studied period.

In Figure 2 it is clear that the number of mareenang a total score above 8.0 had increased
at the same time that the number of mares recewitaal score below 7.5 had decreased.
This could have been because the qualities of taesrhad improved over the period and/or
because attending mares were more preselecteddegnee of attendance (number of mares
born versus number of assessed mares six yearshatzame higher over the studied period
from 15% in 1996 to 25% in 2007.

70% -
60% -
50% -

0, -
40% —o—Total score> 8.0

30% - Total score 8.0 ->7.5

—4—Total score< 7.5
20% -

10% -

0% T T T T T T T T T T T T T T 1
1994 1996 1998 2000 2002 2004 2006 2008

Figure 2. Division of the total score of attending marebraeding field tests: 8.0, 8>7.5,
and below 7.5.
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3.1.4 Pedigree

Pedigree data including ten generations were delefrom the Worldfengur database. The
numbers of individuals that were included in thdigeee was 12,324 (Paper 1); 30,198 (Paper
I); 103,172 (Paper Ill) including 641 sires (of mh 285 had records), each of whom had
more than 20 offspring, in order to eliminate thehability that all progeny of a stallion
could fall in the same category for the binary able; and 213,591 (Paper V). Pedigrees for
all horses registered in the database can be tlzedto Icelandic founders (Arnason et al.,
2006)

3.2 Methods

3.2.1 Statistical models
In Paper | statistical models for the competitioaits were analysed to test which fixed

effects were significant using the GLM procedurethe SAS package (SAS Institute Inc.,
2008). In Papers Il and Ill the same model was dsethe breeding field test traits, as was
used in the current genetic evaluation. The modeluded two fixed effects: age by sex
interaction and year by country interaction, ana tndom effects: the additive genetic
effect of the horse and the residual effect. InédPapthe same two fixed effects for breeding
field test traits were used as in Papers Il andlhllPaper Ill a statistical model for the test
status trait was analysed to test which fixed ¢$fewere significant, using the GLM
procedure in the SAS package (SAS Institute IMa082.

3.2.2 Estimation of genetic parameters

The DMU package (Jensen & Madsen, 2009) was usd®apers |-V to estimate genetic

parameters.

In Papers | and Il variance and covariance comgsnanre estimated with univariate and
bivariate models using an average information (Alyorithm for restricted maximum

likelihood, and the asymptotic standard errors auf)\{ariance components were computed
from the inverse of the Al matrix. Standard errofshe heritabilities and repeatabilities were
computed with a Taylor series expansion. The redidarrelations between breeding field
test traits and competition traits in Paper Il weonstrained to zero as very few horses

participated both in breeding field tests and cditipas.
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In Paper Il genetic analyses were carried outhired multivariate analyses including all
breeding field test traits; all conformation traatisd test status; and all riding ability traits and
test status, using the Markov Chain Monte Carloho@tvia Gibbs sampling. An underlying
non-observable continuous random variable (ligbiit was assumed for the threshold trait
test status. If the liability exceeded a fixed #in@ld the observation for test status equalled 1;
otherwise it equalled 0. Both sire and animal medeere used to estimate the genetic
parameters where uninformative priors were used.rékidual variance of the threshold trait
was assumed to be 1.0 and the threshold value gta® sero. The residual correlations
between breeding field test traits and test statei® constrained to zero, because those are
not estimable (Meyer & Thompson, 1984). The Gib&h8l program by van Kaam (1998)
was used to ascertain effective numbers of samplesi-in’s and skip-parameters, and the

mode of the marginal posterior distributions waniel as the point estimates of parameters.

In Paper V estimation of (co)variances betweendinggfield test traits and competition traits
and between breeding field test traits and testistaere repeated with bivariate runs using
the Gibbs sampler because an additional randomteffgpermanent environment was added
to the model for the breeding field test traits aest status for technical reasons: As some
horses had both a breeding field assessment andmgpetition record, a permanent
environmental effect was included to account fog #nvironmental covariance between
records. However, since only one breeding fielssment was used for each individual the
variances of the residual effects were constraboethe small value of 0.001. Correlations
between test status and the competition traits weteestimable due to insufficient data.
Therefore, the correlations were calculated by ragsy zero partial correlations between test
status and competition traits, using a multivarfaten of pxy = pxz X pzy, where X denotes
test-status, Y denotes competition traits and DHteenbreeding field test traits.

3.2.3 Simulation study

Paper IV evaluated the effect of assuming non-ediiemenvironmental covariances between
test status and a breeding goal trait as zero wthentrue value deviated from zero.
Corresponding consequences on a simulated geradictisn on EBVs obtained by BLUP
and Gibbs sampling with these premises were alsduated. In the simulations, a base
population of 525 animals, including 25 males af@ females, was constructed. The first
three generations were randomly selected and thanass selection was applied on

subsequent five generations. The data includedah db 7,500 records on test status and the
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pedigree file included 9,600 individuals. The fregay of tested animals corresponding to
culling rates of 0.5 and 0.8 were studied where hetabilities of the threshold trait test
status and of the breeding goal trait were set4cafid the genetic correlation was set to 0.5.

Three different environmental correlations weréges-0.5, 0.0 and 0.5.

3.2.4 Model evaluation

In Paper V the effects of including the competiticaits and the test status trait in the genetic
evaluation were evaluated by comparing the perfaoaaf four sets of multivariate models:
Model 15 — including 15 breeding field test tratépdel 16 — including the 15 breeding field
test traits and test status; Model 19 — includihg 15 breeding field test traits and 4
competition traits; and Model 20 — including the dreeding field test traits, 4 competition
traits and test status. The models were compardbdeobasis of (i) (Method R) the regression
coefficient of EBVs based on the whole data seEBWVs obtained from five subsamples of
the data, each with 50% of the observations |gftthle phenotypic predictive ability (MSEP)
using the five subsamples; (iii) the standard ermir EBVS; (iv) the Pearson’s correlation
between EBVs for sires with five or more testedpifing; and (v) comparing number of sires

ranking among the top 10% in common.

If the linear regression coefficient (R) deviatednfi 1.0 it indicated incorrectly estimated
breeding values, where values below 1.0 imply asteration of EBVs and values of R

above 1.0 imply too low estimates (Reverter etl®94). The predictive ability was evaluated
by calculating themean square error of prediction (MSEP) of phenatymlues, i.e. the

phenotypic values that were discarded in each effite subsamples were predicted and
compared to the real phenotypic values in the whitdta set. Therefore low values are
preferred for the MSEP. A total of 668 sires hack for more tested offspring. Sires were
grouped into four categories according to numbetesfed offspring: (i) 474 sires had 5-19
tested offspring; (ii) 116 sires had 20-49 testéidpoing; (iii) 45 sires had 50-99 tested
offspring; and (iv) 33 sires had 100 or more testéfidpring. The average standard errors
were estimated for the sires, considering all graltow values are preferred. Pearson
correlations were estimated for EBVs for the stessidering three combined indexes: total
conformation score, total riding ability score, atudal score where the high values are
preferred. The common ranking, with different madelf sires with more than five tested

offspring was also tested for these combined inslexe
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The (co)variance matrices used in the genetic atialu were made positive definite using a
bending method (Hayes & Hill, 1981): a bending daaif 0.1 was needed for the permanent
environmental (co)variance matrix and a bendingofaof 0.6 was needed for the genetic
(co)variance matrix. Linear models were used fertdst status trait in the genetic evaluation
and heritabilities from the underlying scale weransformed to the observed scale using
Robertson’s formula (Dempster & Lerner, 1950) whaneintermediate value from analyses

using sire and animal models was used.

The DMU5 module was used to estimate breeding sdioiethe R-method and MSEP while
the Gibbs sampling procedure was used to estinfetestandard errors of the EBVSs. In
estimation of the SE, for each model the averagenffive different chains of 30,000
iterations was used where burn-in’s and interleaas set to zero, applying EBVs from the

DMUS runs as starting values.
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4 Main findings

4.1 Statistical models

For all traits, both original and combined oneg fixed effects of age, sex and event were
significant (P<0.01) Additionally, the fixed effect of competition lel was statistically
significant for the four original sport traits (T, F1 and PP1). To examine the influence of
the fixed effect of competition level, i.e. whethiemwas only a measurement of the rider’s
skills, it was also tested to exclude competitievel as a fixed effect from the model for the
traits T1, T2, V1 and F1. The fixed effect of rideas statistically significant for all traits;
however, due to the fact that approximately 80%lbfiders competed only on one or two
horses, the rider effect was excluded from the maoderder to avoid confounding. For
relevant competition traits the same models weesl us Paper |, Paper Il and Paper V. In
addition to the fixed effects, three random effeegse included in the models that were used
in estimation of variance and covariance componeargsthe additive genetic effect of the
horse, the permanent environmental and the resedfest.

The fixed effect of birth year was statisticallgmificant (P<0.01) for test status and was
included in the modeln Paper lll the random additive genetic effecttlté horse and the
random residual effect were included in the modeltést status. In Paper V the fixed effect
of sex was added to the model for test status #sawéhe random permanent environmental
effect, as previously described for the breedieflftest traits.

4.2 Genetic analyses

4.2.1 Competition traits

In Papers | and Il estimated heritabilities for thrgginal competition traits ranged between
0.33 and 0.35 for thgaedingacompetition traits and between 0.18 and 0.23 lier gport
competition traits (Table 2). Heritabilities didtrgenerally change with regard to whether or
not competition level was included as a fixed dffecthe model. For the combined traits
estimated heritabilities ranged between 0.19 ar?.0Standard errors for the estimated
heritabilities ranged between 0.05 and 0.23 whéee \talues were the lowest for the
combined traits. Repeatabilities were around 60%2(0.68). In Paper Il higher estimated
heritabilities were observed for the competiticaits when analysed in bivariate runs together

with highly correlated breeding field test traits.
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Table 2. Summary of estimated heritabilities on competiti@its with standard errors within
parentheses in Papers | and I

Heritability

Competition traits Paper | Paper Il
Tl 0.18 (0.05)

T2 0.23 (0.14)

V1 0.19 (0.05)

F1 0.19 (0.07)

PP1 0.21 (0.11) 0.17-0.24
B-Class 0.33 (0.21)

A-Class 0.35(0.23)

Toelt(comp) 0.19 (0.05) 0.18-0.37
4-gait 0.22 (0.05) 0.21-0.44
5-gait 0.22 (0.07) 0.20-0.42

Toelt(comp) combination of T1 and T2, 4-gait conattion of B-Class and V1, 5-gait combination of Aa&3
and F1

The gaedingacompetition traits (A- and B-Class) correlated madely (0.43) (Table 3). The
sport competition traits related moderately or regfg with each other: genetic correlations
ranged between 0.63 and 0.96 where toelt (T1) anddait (V1); loose-rain toelt (T2) and
five-gait (F1); and five-gait (F1) and pace (PP1) @rrelated very strongly (>0.85).
Comparablgaedingaand sport competition traits associated very gfisgn.e. B-Class to T1,
T2 and V1 (0.93-1.00) and A-Class to F1 and PP34{0.97). Estimated genetic correlations
amongst the combined competition traits were vemyilar to those observed amongst the
original ones and ranged between 0.62 and 0.90inAgenetic correlations between the
combined traits were estimated with lower standardrs compared with genetic correlations

amongst the original competition traits.

Table 3. Genetic correlations with S.E. as subscripts betwsmpetition traits in Paper I.

T1 T2 V1 F1 PP1 A-Cl.  Toelt(comp) 4-gait 5-gait

T2 0.7% 1

V1 0.8%07 0.742

F1 0.6315 09614 0.7l

PP1 0.4824 0.1Ga1 -0.033 0.93:7

B-Cl. 09317 1.0Q3 0932 0184, -0.424

A-Cl.  0.8%3 0.5Qss 0503 094, 0.9%4 0435

4-gait 0.9Qy 05
5-gait 0.741, 0.6%16
PP1 0382 -0.1%32 1.0Q13

Toelt(comp) combination of T1 and T2, 4-gait conation of B-Class and V1, 5-gait combination of Aa€d
and F1
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4.2.2 Associations between breeding field test traits emupetition traits

In Paper Il estimated genetic correlations betwigegen breeding field test traits and four
competition traits, including the three combinede®n(toelt, 4-gait and 5-gait) and one
original sport trait (PP1) ranged between -0.24 @b (Table 4). The conformation traits:
neck, withers and shoulders; back and hindquarigrsportions; and hooves associated
moderately strong with the competition traits. @tbenformation traits related only weakly
with the competition traits. The riding ability tist slow toelt, toelt, gallop, spirit and general
impression related very strongly with the combirteits. Walk showed moderately high
genetic correlations with the combined traits 4-gaid 5-gait and furthermore pace was
highly genetically correlated with 5-gait. The ndi ability traits: toelt, pace, spirit and

general impression associated moderately stronglythe pace test (PP1).

Table 4.Genetic correlations with S.E. in parentheses detwcompetition traits and
breeding field test traits in Paper II.

Trait Toelt(comp) 4-gait 5-gait PP1
Height on withers 0.15(0.09) 0.15(0.09) 0.14@p.1 0.38(0.15)
Mane and tail 0.08 (0.10) 0.09 (0.09) 0.22 (0.11) 0.07 (0.15)
Head 0.28 (0.09) 0.23(0.10) 0.24 (0.11) -0.055p.1
Neck, withers &shoulders  0.52 (0.08) 0.41 (0.08) .0500.18) 0.29 (0.14)
Back and hindquarters 0.41 (0.10) 0.29 (0.10) 00su2) 0.26 (0.15)
Proportions 0.39 (0.09) 0.32(0.09) 0.45(0.11) 7qa14)
Leg quality 0.06 (0.09) 0.15(0.09) 0.03(0.10) 10¢0.14)
Leg stance -0.03 (0.11) -0.07(0.11) -0.24(0.12).13@0.17)
Hooves 0.52 (0.09) 0.45(0.09) 0.39(0.11) 0.414p.
Slow toelt 0.93(0.06) 0.89(0.55) 0.73(0.10) 0OBGA48)
Walk 0.23(0.12) 0.71(0.08) 0.51(0.14) -0.108).1
Toelt 0.96 (0.03) 0.87 (0.04) 0.84(0.08) 0.55%0.1
Trot 0.91 (0.05) 0.95(0.04) 0.79(0.08) 0.16 (9.16
Pace (records 5.5) 0.38 (0.11) 0.12(0.12) 0.86 (0.08) 0.83%D.1
Gallop 0.93(0.06) 0.90(0.05) 0.65(0.11) 0.3470.
Spirit 0.94 (0.04) 0.87(0.04) 0.79(0.09) 0.438).
General impression 0.88 (0.05) 0.75 (0.06) 0.833)0. 0.68 (0.20)

Toelt(comp) combination of T1 and T2, 4-gait conattion of B-Class and V1, 5-gait combination of Aa&3

and F1

4.2.3 Breeding field test traits

Estimated heritabilities, both from univariate dmdariate analyses including two breeding
field test traits, ranged between 0.15 and 0.6Mlera), and were very similar to those of
previous research (Arnason & Sigurdsson, 2004)ndstal errors for the estimated

heritabilities ranged between 0.02 and 0.08. InePdpslight increases were observed in
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estimated heritabilities when the analyses includigtlly correlated breeding field test traits
and competition traits. This was also the caseapeP Ill when bivariate models included

highly correlated breeding field test traits anst sgatus.

Estimated genetic correlations among breeding tiedtl traits ranged between -0.07 and 0.69
and were similar to previous estimations (Arnaso®igurdsson, 2004). Standard errors on
genetic correlations ranged between 0.02 and Bi6@ht of withers; head; neck, withers and
shoulders; back and hindquarters; and proportioglated genetically moderately strongly
with other conformation and riding ability trai®®ther conformation traits showed generally
only weak genetic correlations with other traiten@tic correlations among riding ability
traits were in general moderate or strong but rdrayerall between -0.22 and 0.92, where the
traits walk and pace associated weakly with otfeetst

4.2.4 Test status

In Paper 1l the degree of preselection was inéiddty comparing BLUP, BLUE and average
total scoring of assessed mares in a given pefisdhe average age of assessed mares was 6
years the BLUPs of total score and BLUEs of thedixeffects (interaction of year and
country) from the birth years 1990-2001 were coragavith yearly assessments in the period
1997-2007. In the period 1997-2007 the average sotaring of attending mares increased
steadily from 7.58 to 7.81. The genetic gain foresaborn in 1990 to 2001 was 0.15 points in
the total score. Therefore, the difference of appnately 0.11 points between genetic trend
(0.15) and total scoring (0.26), given that the Bl Wwas steady over the studied period, may

in part be attributed to stricter pre selectiomofses which attended the field tests.

Genetic parameters for test status were estimatiéld animal and sire models using
univariate and bivariate analyses where test sttdsreeding field test traits were included.
The estimated heritabilities for test status rangetiveen 0.51 and 0.67, where the animal

model gave the higher results.

Estimated genetic correlations between test stahg breeding field test traits ranged
between 0.00 and 0.87 for the animal model and detw).08 and 0.73 for the sire model.
Test status related moderately strongly with alifoamation traits except leg quality, leg
stance, and mane and tail, and strongly with dihg ability traits except walk. Thus, test
status related strongly with most breeding fielst teaits with high weighting proportions in

the index (Table 1).
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Table 5. Heritabilities (H) for test status and breeding field test traithiether or not
including test status in the runs, and geneticetations (§) between test status and breeding
field test traits estimated with animal and siredeis using Gibbs sampler, with standard
errors as subscripts (Paper IlI).

Animal model Sire model
test status not test status test status
included included included

Traits i h Iy h Iy
Test status (con) 0.670.02 0.530.06

Test status (rid) 0.630.02 0.510,0

Head 0.27%.04 0.290.04 0.4140s 0.33p05 0.28010
Neck, withers & shoulders  0.49. 0.54¢ 03 0.67¢.04 0.39.0s 0.49¢0s
Back and hindquarters 0.34; 0.31003 0.49¢.07 0.31p05 0.46¢ 09
Proportions 0.3903 0.48¢.04 0.69¢.05 0.33p05 0.43¢09
Leg quality 0.43 04 0.42¢03 0.120.0s 0.31p05 0.08¢10
Leg stance 0.1503 0.179 03 0.00¢ 11 0.17004 0.12012
Hooves 0.4% 04 0.470.04 0.46¢ s 0.31p05 0.33010
Mane and tail 0.5604 0.570.04 0.25¢ 07 0.59,07 0.144 09
Toelt 0.53.05 0.560.03 0.82¢03 0.36005 0.6800s
Trot 0.44¢ 04 0.490.04 0.630.05 0.33p05 0.35¢10
Pace (records 5.5) 0.60y 03 0.620.03 0.680.05 0.73005 0.47010
Gallop 0.42y03 0.470.04 0.770.05 0.2905 0.58¢0s
Spirit 0.54¢ 03 0.630.02 0.85¢.04 0.2905 0.73007
General impression 0.563 0.630.03 0.870.03 0.39%.05 0.7100s
Walk 0.18p04 0.200.03 0.12011 0.26005 0.01¢1»

"Test status analysed together with all conformattiaits
Test status analysed together with all riding bthaits

4.2.5 Simulation study

In Paper IV the effects of assuming zero environalerovariances between test status and a
breeding goal trait on estimated heritability amehetic correlations were studied. The results
showed that unbiased estimates of all genetic peteasy were obtained when the true
environmental correlation was zero. When the tmérenmental correlation was 0.5, the
assumption of zero environmental correlation ledcatolear underestimation of the genetic
correlation and slight underestimation of the wa& components, even though the
heritability estimates remained practically unbéhs@n the other hand, for a true negative
environmental correlation of -0.5, upward bias whserved in the genetic correlation, in the
genetic variance and in heritability of the bregdgwoal trait, while the heritability estimate of
test status remained unbiased. Heritability estmateemed therefore to be relatively

unbiased unless the environmental correlation wesngly negative, but the estimated
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genetic correlations were much more affected iftthe environmental correlation deviated

heavily from zero.

The study showed that genetic progress througlctsmbewas reduced when preselection
existed in the data. However, the reduction in ger@ogress was considerably less when
index selection (AM-BLUP) was applied compared tassiselection. This shows how robust
animal models account for selection in data. Thieicgon in the genetic response was even
greater when test status was included in the madehpared to mass selection the genetic
progress increased between 20-40% depending odelipee of preselection. Furthermore,
the estimated response from index selection wasrghy robust to moderate errors in the

used parameters.

4.2.6 Model evaluation

In Paper V estimated breeding values for all modglpeared to be largely unbiased
according to estimated regression coefficients (R.319). The predictive abilities of the
different models were very similar. The estimateshdard errors were reduced with inclusion
of new traits, especially in the case of test stgftable 6). High correlations were estimated
between EBVs on total conformation, total ridingligband total score from different models
(Table 7). Ranking of sires changed between maddelble 8). Differences between models
for ranking and standard errors were largest fasswith 5-19 offspring. Common ranking
and estimated standard errors for other groupsres $ollowed the same trend, though the

differences became smaller as the number of tedtspring increased.

26



Table 6. Average estimated standard errors on EBVs fos ¢#474) with 5-19 tested

offspring
Trait Model 15 Model 16 Model 19 Model 20
Test status 0.110 0.109

Breeding field test traits
Head 0.162 0.162 0.163 0.162
Neck, withers, shoulders 0.142 0.139 0.142 0.139
Back and hindquarters 0.168 0.166 0.168 0.166
Proportions 0.153 0.150 0.154 0.150
Leg quality 0.180 0.179 0.179 0.178
Leg stance 0.164 0.164 0.164 0.164
Hooves 0.174 0.172 0.174 0.172
Mane and tail 0.282 0.282 0.282 0.280
Toelt 0.193 0.187 0.191 0.186
Trot 0.219 0.215 0.216 0.214
Pace 0.295 0.290 0.294 0.289
Gallop 0.186 0.182 0.185 0.180
General impression 0.154 0.149 0.153 0.147
Spirit 0.169 0.164 0.168 0.163
Walk 0.235 0.235 0.235 0.233

Competition traits
Toelt(comp) 0.258 0.254
4-gait 0.254 0.251
5-gait 0.256 0.251
PP1 0.244 0.243

Toelt(comp) combination of T1 and T2, 4-gait conation of B-Class and V1, 5-gait combination of Aa€d
and F1

Table 7.Pearson correlation between EBVs from differentets for sires (#668) with 5 or
more tested offspring

Total conformation scoreTotal riding ability score Total score
Trait M-15 M-16 M-19 M-15 M-16 M-19 M-15 M-16 M-19
Model 16 97.9 96.6 96.6
Model 19 99.2 97.8 98.0 95.9 98.2 96.0

Model 20 97.2 99.2 97.4 98.0 98.5 96.2 95.7 98.7 .196

Table 8 Number of sires (#47) with 5-19 tested offspniagking commonly in the top 10%

Total conformation scoreTotal riding ability score Total score
Trait M-15 M-16 M-19 M-15 M-16 M-19 M-15 M-16 M-19
Model 16 40 40 40
Model 19 43 38 39 40 30 29

Model 20 38 44 39 38 42 38 38 43 38
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4.2.7 Current breeding evaluation model (Model 15)

The estimated regression coefficients (R = 1.0d4)afl traits in Model 15 were on average
close to 1.0 and ranked second best after Modeinlthe comparison of models. The
predictive ability (MSEP) for model 15 was on awya).258 when pace (MSEP = 1.382)
was not included, accounting for the second wasking of all models, just before Model

16. Model 15 gave in general higher estimated stahdrrors than other models.

4.2.8 Inclusion of test status (Model 16)

The average estimated regression coefficients {R26) for all traits deviated more from 1.0
with integration of test status (Model 16) compat@d/odels 15 and 19, but were similar to
Model 20 where test status was also included. MdBeajave on average the worst predictive
ability (MSEP = 0.259) of all models. Model 16 gawegeneral the second lowest estimated

standard errors after Model 20.

4.2.9 Inclusion of competition traits (Model 19)

With integration of the competition traits into tigenetic evaluation, the average estimated
regression coefficient (R = 1.009) for all traitsvéhted the least from 1.0 compared to other
models. Model 19 had on average the best predieiiity (MSEP = 0.256) along with
Model 20. Model 19 gave lower estimated standardrgron most traits compared to Model
15 but higher than Model 16 and Model 20.

4.2.10 Inclusion of test status and competition traits (db20)

On average the estimated linear regression cosfticvas 1.030 for all traits in Model 20.
The average predictive ability (MSEP = 0.256) waes best for Model 20 along with Model
19. The lowest estimated standard errors wereradddan Model 20 for all competition traits

and for all breeding field test traits.
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5 General discussion

5.1 Genetic analyses

5.1.1 Competition traits

Competition traits are suitable for genetic evabmtthey are normally distributed with
moderately estimated heritabilities, correlaterggip with the breeding field test traits and the
genetic parameters were estimated with low standiaais. Higher estimates of heritabilities
for the competition traits when analysed togeth#éh Wwreeding field test traits indicate that
the effects of preselection in competition dataevexduced when analysed simultaneously
with less selected breeding field test data. Witlegration of the competition data into the
genetic evaluation, which is currently based orebirg field test data, the breeding goal is
better reflected. In addition, a large amount édimation on new horses will become utilised
as many competing horses are geldings, and breeaafingpmpetition horses based on

selection indices is expected to increase the gegain.

The combined competition traits should preferaldyitcluded in the genetic evaluation as
they were the most stable in the sense that tistimated parameters were very similar,
irrespective of which other traits they were anatyswith. Furthermore, their genetic
parameters were estimated with greater precisiompaoed to the original competition traits.
Combined competition traits express competing gbih toelt, four-gait and five-gait in a

simpler manner than the original traits and maydftge be more readily accepted by
breeders. In order to cover pacing ability in cotijp®, the pace test could be used in the

genetic evaluation in addition to the combined cetition traits.

5.1.2 Associations between breeding field test traits @mmpetition traits

Estimated genetic correlations between breedird fest traits and competition traits show
that comparable traits are assessed similarly th beents. Conformation traits assessed at
breeding field tests genetically relate in a corapbr way to performance abilities in both
breeding assessments and competitions. Havingtguatioves seems to be even more
important in competition performance than in bregdield tests, and this could be expected
as competition horses are often older and therefeeel strong and durable hooves to be able
to perform. Performance ability in competition amd breeding field tests seems to be
controlled to a great deal by the same genes.
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5.1.3 Breeding field test traits

There was consistency between previous resultsagam & Sigurdsson, 2004) and current
results on estimated genetic parameters for thedbrg field test traits. Arnason and

Sigurdsson based their estimation of genetic paem®n a data set which was similar to,
and overlapped with, that used in the present stiddifmation of genetic parameters for the
pace changed considerably, whether the data indlatleecords or pace scores equal to 5.0
were excluded: in the latter case heritability reates were lower and genetic correlations
were moderately to highly positive instead of bemgpative for the most part. This is

coherent with earlier results and indicates thatete parameters analysed on data where
pace scores equal to 5.0 are excluded are lessdbzasl should therefore be used in genetic

evaluation.

Higher estimated genetic parameters on the brediligtest traits, when analysed together
with strongly associated competition traits and $¢stus, show that these traits are controlled
to great deal by the same genetic components tpabost integrated genetic evaluation.

5.1.4 Test status

Breeding field tests became more popular and batteepted by breeders over the studied
period as shown by the increase in the numbertehding mares. These events have proven
to be a good venue for promotion by the breeders jrageneral have led to increased market
values for highly assessed horses. Breeders havefohe been indirectly led to preselecting

which horses attend the field tests.

The signs of preselection of horses during theistugeriod were verified by the estimated
genetic parameters for the test status: thisheaita significant genetic component and related
strongly to breeding field test traits, especidtigse with a high weight in the selection index.
This applied to both conformation and riding abpiliraits, although breeders seem to
preselect horses to attend breeding field test® mtwongly on good riding qualities than on
aesthetic conformation. The emphasis on ridingitgkals the criterion for preselection was
further supported by the larger increase in esBohajenetic parameters for these traits

(compared to conformation traits) when they wer@ysed simultaneously with test status.

It is probable, however, that estimated genetiaipaters for test status were inflated to some
degree due to the positive interactions between gbeetic value of a horse and the

environmental effect associated with its breedath&siastic breeders are more likely to own
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horses with good potential and pedigree which thepare and train thoroughly prior to

assessments. Differences in estimates of genegimnea from sire and animal models, where
the former gave lower results, supports this, &s dhvironmental effects of the breeders
related to maternal/stud effects are largely elated in sire models as sires are Cross-

classified across studs (Rose et al., 2007).

5.1.5 Simulation study

Assuming zero environmental covariances betwedrstatis and the breeding field test traits
did not lead to a serious bias on the estimate@tgeparameters unless the non-estimable
true environmental correlation deviated largely nfrazero. Moderately biased genetic
parameters had relatively small effects on the gerevaluation. Estimation of breeding
values where test status was included in the maliedys led to improvement in genetic
progress and in higher correlations between traeestimated breeding values.

5.1.6 Model evaluation

In general there were trivial differences betweerdets regarding Method R and predictive
ability. Estimated breeding values were largely iasbd for all traits, although models

including test status showed minor deviances frbia. tThe current breeding evaluation
system seems therefore to be very thoroughly anidestablished. However, breeding values
were more accurately estimated with the inclusibthe new traits, specially the test status
(Model 16 and 20). Ranking of sires, based on tBBYs, changed with inclusion of the

competition traits and test status. This indicdtew large an effect adding new traits to the

genetic evaluation will have on the selection oési

Test status was differently defined in the genatialyses (Paper IIl) and genetic evaluation
(Paper V). The genetic parameters for the tesustatit should therefore be re-estimated
with linear models where test status would be fedd as attendance of horses both in
competition and/or at breeding field tests, a mettiat was used in the genetic evaluation. In
this way a larger data set covering both competitiata and breeding field test data, would
be utilised and the trait would apply to all horsestallions, mares and geldings, instead of
only mares attending breeding field tests, as voa® ¢h the genetic analyses.

Competition traits strengthened the genetic evalnaespecially when looking at the results

on Method R, predictive ability, and strong cortielas between EBVs from the current
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model and the model including the competition sralthese traits can therefore be included in
the genetic evaluation directly. Inclusion of thempetition traits will provide additional

information on many new individuals and will giveekders an effective tool on which to
base their selection. Many breeders aim to prodyomel competition horses. Selection of
sires will therefore be affected as ranking of best sires changed with inclusion of the

competition traits into the genetic evaluation.

Arnason, Sigurdsson and Lorange (2006) calculagetktic response in the total score over
the last fifteen years to be equal to one addigeeetic standard deviation. This genetic
response is strong but probably biased as assksssés at breeding field tests are not a
random sample of the population (Henderson 1978&mi€tsdal 1992). The current study
showed that competition traits can and should brided in the genetic evaluation. Addition

of competition traits as goal traits would betteflect the breeding goal and would therefore
lead to increased genetic improvement and lessedbigstimates of genetic progress,

according to selection theories (Koenen et al.4200

Addition of re-defined test status should reduce bies even further when correct genetic
parameters have been obtained. With inclusion eftéist status into the genetic evaluation
breeders and owners of sires and their offsprirggsabsequently urged to have as many

offspring as possible tested to avoid reductiothefsires’ EBVSs.

In future genetic evaluations of the Icelandic lkorhe large genetic gain should also be
balanced against the rate of inbreeding. A piladgt (Kristiansson, 2003) showed that
inbreeding depression was present in almost allaldé traits of the Icelandic horse.
Furthermore, the rate of inbreeding per generata® increased from 0.14% in the period
1978-1989 to 0.52% in the period 1991-2001. Duthregsame time effective population size
was reduced from 365.5 individuals to 97 accordonthe same study. Application of optimal
contribution methodology showed a good possibdityetter utilizing the genetic variation in

the Icelandic horse without significant reductidrgenetic progress.

Other general breeding goal traits such as feftihiealth and temperament may also be of
importance to consider more in the future genetali@tion when a sufficient amount of

information is available for the appropriate stgdie be made.
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Conclusions

« Competition traits are suitable for genetic setetti

» Performance abilities in competition and at bregdiald tests are closely correlated

genetically.

» Selection bias in the estimation of genetic paransebf competition data reduces
when highly correlated competition traits and bnegdield test traits are analysed

simultaneously.

* International competition data should be genetycaltalysed and pace racing traits

should also be included.

 The presence of preselection in breeding field tmia was verified based on

estimated genetic parameters.

* Small differences from model comparisons showetl cberent genetic evaluation is

thoroughly studied and well established.

* Integration of test status and competition trai®g some advantages over the current

system.

* Integration of test status and competition traitsreases accuracy of the genetic

evaluation, affects ranking of sires and theref@iection of sires for future breeding.

* Genetic parameters for the test status trait shioellce-estimated where the trait is re-
defined for all horses and all traits, includingbbcompetition and breeding field test

data.

« Competition traits can be included directly in thenetic evaluation and will give

breeders an effective tool on which to base thedection.
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Future research

The possible economic benefits of integrated geretaluation and consequent genetic gain
in both breeding field test traits and competiticaits should be studied. Records from pace
racing competitions should be genetically analysedéind out whether they are suitable to
include in the genetic evaluation along with otbempetition traits when a sufficient amount
of standardised pace racing data is availablerdat®mnal competition data should be studied
including all available internationally standardiseompetition results. Genetic parameters
should be re-estimated for a re-defined test st where it accounts for both genders
irrespective of whether the horses are competirjoarbeing assessed at breeding shows.
Possible interaction between breeders and horsegdshe further analysed where the stud
effects are more thoroughly defined. Preselectionnternational competition data and in
international breeding field test data should helisd as future integrated genetic evaluation
should involve this factor. Then the effect of oating test status into the genetic evaluation

should be done after re-analysed genetic paramedgesbeen obtained.
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