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Résumeé

Cette étude a pour objectii®S RS SN A YISANID QR NEENIY BY R RQSa (A Y.
t ASGNI Aya gl ff2ya Sdgénétigueleystarited éhé&zNdifféientes Rdp@elidid A G S
européennesde Piétrain A cettefin, le pedigree et les pseudahénotypes (i.elSa @ f SdzNBE RQSf
dérégressées) de la population wallonne et les génotypes de différentes populations européennes ont
été étudiéesLe positionnementmutRA YSY aA2yy St X 061 &S &dzNJ £ Sa 3ISy2i:
fQ2NAIAYS RSa tASGNIAya SO OSNIAGAdZRS® / SLISYRI
races locales anglaises (e.g. le Berkshire) et de différentes lacales tachetées. Ensuite, différents
parameétres basés sur le pedigree de verrats dont la descendance a été testée en station ont été
analységour avoir un apercu de la diversité génétique de la population wallobaecoefficient de
consanguinité mogn a été estimé 2,74%, la taille effective de la population a 223esparamétre de
diversité génétique a 97,96%. Ces paramétres indiquent que la diversité génétique de la population
wallonne semi# relativement préservée. Les flux génétiques, peu fedga entre fermes, ont
également été étudiés grace a un positionnement MRIA YSY aA2yy St o1 asS &dzNJ
coefficients de kinship. Unénalyse enComposantePrincipale basée sur les pseugbénotypes a
donné une indication de la trajectoire depapulation via les objectifs de sélection actueln effet,
ceuxci sont orientés soit vers les traits de croissance, soit vers les traits viarildpaxt donc étre
suggéré au programme Belgian Piétrain, basé sur la cryopréservation de la semence dss verra
RQSOKIYyUGAtft2yySNI RS TFlee2y NBLNBaSydalrdiirAgsS tSa (
phénotypique estimées dans cette étud@n peut également recommander aux éleveurs de
O2Yy GNROGdzZSNI RS Tl e2y LI dza S| dzA f &leveiSaSenvbydz5560 s | 3 S
verrats testés. Finalement, les génotypes de Piésrailropéens et américains ont été analysés. Les
estimations de la consanguinité et des segments génomigues en homozggopermisde déduire
que les populations néerlandaisesaméricaines, supposées commerciafgajent plus consanguines
Si Y2Aya GIFNRFOfSad t 2dzNJ SOAGSNI dzyS aAddzZ A2y R
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Abstract

This study aims to infer the origin of the Piétrain breed, to estimate the diversity of the Walloon
Piétrain population and to analyze the existiggnetic diversity of different EuropearPiétrain
populations. For these purposes, pedigree and pseydt@notypes (i.e. deregressed estimated
breeding values) of the Walloon population and genotypes of several European populations were
analyzed.The Multi-DimensionalScaling(MDS)based on genotypes did not allow to have an exact
assumption of the Piétrain breed origirlowever, itsuggested theénvolvement of different local
English (e.g. Berkshire) and Spotted breells.have an insight of the Walloon genetic diversity,
different pedigree parameters of boars provided to progeny testing were then analyzed. The average
inbreeding coefficient wag.74%, the effective population size {Nvas 223 and the genetic diversity
parameter was 97.96%. The genetic diversity found in the Wallpapulation seemed therefore
relatively high. Gene flows, relatively uncommon between farms, vatgestudied by a MDS based
on the opposite of kinship coefficients. Fincipal Component Analysis PCA based on pseudo
phenotypes provided complementarmformation about breeding objectiveas it was found that
owners focused on meat or growth traitt. could therefore besuggested to the Belgian Piétrain
program, based orthe 0 2 I BkEh@n cryopreservation, to sample representative boars in the
populationregarding its genetic and phenotypic diveiesit Moreover, as one owner provided 55% of
the tested boars, owners should equally contribute to progeny teskitally, different European and
an American Piétrain populations were analyzed through genatyipdreeding estimations arilins
of Homozygosity (ROHSs) stated that Dutch and American populations, supposedly held by commercial
firms, were more inbred and uniform. More exchangésnimalsshould be done in these populations

to avoid bottleneck in th future.
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General introduction

In the last decadeseverakhallenges arose in the agricultural field such as to produce enough
food to meet the demand, or even to minimize the ecologioatprint of agriculture. Conservation of
genetic diversity in animal breeding is one of the main concerns agricuttusedeal with(FAO, 2015)
Different reasons justify #hneed for animal genetic resources preservation: economic, social and
cultural, environmental, reduction of any kind of risks or research purp@s&®, 2013)According to
the FAO (2015), only 20% of the mammalian breeds are not at risk of endangerment, whereas 55% are

of unknown status. International transboundary breeds are logically less impacted than local ones.

One of these international breeds is Piétrain, which is widely used as a terminal boar to
produce finishing pigs. This brefghtures muscle hypertrophy thathds to high quality carcass traits.
It is therefore not expected to require conservation measures. Nevertheless, there is an important
paradox in Piétrain meat production. Despite its use as a terminal boar by indpatg/,Piétrain
animalscan beseleced in a traditionalmanner. Walloon Piétrain breeding is not an exception: with
approximately ten traditional breeders nowadays, the pure Piétrain pig population seems to go
through a bottleneck in Wallonia, the region of its origin. Moreover, Piétraied®es are getting old
and their natural replacement by heirs or even by new breedemst in line. In this context, it seems
hard to avoid inbreeding in the population, even if some breeders liagd to precisely identify

animals by line to avoid it.

Sme difficulties are currentlprevening the survivalof pig farms. Pork meat is, in general,
not expensive and its price fluctuaeExportation is another major issue, since it is blocked by sanitary
restrictions. The outbreak of African Swine FeverSeptember 2018 in Belgium frightened pig
breeders, and international trades are now quite challenging. Moreover, welfare issues entangle
breeders in a stronger way. As Hanset (1992) precisely reported, a genetic particularity can persist and
spread only ithe economic environment is advantageous and if bans of any kind do not block its
progression. As long as economic, political or even pathogen conditions do not support pig production
in general, it is important to determine what measures could be implaied in order to protect the
Walloon Piétrain breed. Walloon Piétrain pigs are also at risk not anheing overwhelmed by
commercial enterprises but alsf losingits specificity. Thus, to preserve this breed, the establishment

of the genetic diversitpf Piétrain pigs in Wallonia is crucial.

Two first steps were initiated to endorse Walloon Piétrain breeding. The Walloon Breeding
Association (awé) established the performance progeny testing around ten years ago to determine
which Piétrain boars seem thave high genetic merit. Progeny testing contributes to less biased
genetic evaluationfDufrasne, 2014)n 2017, the Belgian Piétrain program, based on cryopreservation

of Walloon Piétrain semen, was launchédwé, 2019) Cryopreservation is often chosen in
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conservationprograms as it is not expensiypumasy et al., 2012Pespite bothmeasures taken to

ensurethe breed conservation, alternative solutions should be implemented.
Fromthis observationcome the objectives of this study:

1 To investigate the origin of the Piétrain breed;

1 To assess the genetic diversity of the Walldiétrain population by pedigree and
pseudephenotypes;

9 To come up witlsolutionsfor the preservation of the Walloon Piétrain population;

1 To investigate the diversity of different European Piétrain populations by using
genomic information.

This studys divided irto three main chapters. The first chapter consisttliterature review of
general pig production, the Piétrain breed and the importance of conservation tools to maintain
genetic diversity. The second chapter descsitiee data access and differenbmputation analges.
Lastly the third chapter focuseon achievedresults and how they can be used in terms of genetic

diversity preservation for the Piétrain breed.
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Introduction

This chapter is divided into five main sections. In the first section, we focus on the social and
economic context of pigroduction and sanitary issues, one of the threats for pig holdings. In the
second section, we expand on pig domestication and selection processes. We detail the different
breeds as a result from these processes and also crossbreeding, mainly used agammnt tool to
obtain finishing pigs with desired features. This section paves the way for a breed of special interest
for this study: the Piétrain breed. This fourth part descsitiee supposed origin of this breed, its
specific features such as great saling, the factors implied in its decrease in Wallonia, and current
available options to conserve this Walloon heritage. Finaillghe last section, other preservation

options as well as the concept of genetic diversity are explored.

1. Context
1.1. Social and economic context

In 2017, 111 million tons of pork meat were produced all over the world. The three greatest
producers are China, Europe and the USA, with 55, 24 and 11 million tons, respectively. This meat is
the most consumed (38%) indlworld(Statista, 2019)The three biggest producers are also the three
biggest consumers. China, Europe and the USA consume together almost 808ctaifl world
production(Planetoscope, 2012Pork meat consumption does not stop increasing. It incre&sen
82 to 100 million tons, from 2001 to 201This increase was higher in China (49.68%) and Europe
(20.05%)YMARM, 2010)ltis estimated that China will represent half of the pork meat dentaygext
year (Planetoscope, 2012)Europe is the main exporter with 42%Gtatista, 2019) and ha
approximately one third of the global pig populatifiraval et al., 2000)n Europe, Germany is tfiest
producer and consumer giork, whereas France is the third and Belgisits at the eighth place

together with Luxemburg@Planetoscope, 2012)

In Belgium, pork consumption in 2015 was of 24 kg/capita/\{€dagri, 2015)It is not a
significant number compared t8pain (54 kg/capita/year)Germany (53 kg/capitajyear), or even
Italy (391 kg/capita/year)Sukhvinder, 2017Almost all he production capacity of Belgian pork meat
(945%)is in Flanders. It means a salfifficiency of 25% in Wallonia vs. 340% in Flanders. At the
national scale, autosufficiency raises up to 190%. In 2013, the absolute number was estimated at

6,351,300 pigxnf which 6,024,914 (~94.9%) were in Fland&gagW, 2014)
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1.2. Sanitary issues

Pig production is highly susceptible to diseases specially because the wild counterpart of the
pig, i.e. the wild boar, stilives wildly(HerreroMedrano et al., 2013)Pigs are partularly susceptible
to diseases such @rcine Reproductive andRespiratorySyndrome (PRRS)r suchasdiarrheg very
frequent in piglets. The pressure of pathogettesnot decreas overtime, and some (zoonoses) are
even transmittable to humans suchsamonellosis or influenZ®ourmad& Riquet 2014) Outbreaks
of new diseaseare another threat. An example of this is illustrated by the outbreak of African Swine
Fever (ASF) in Etalle locality, in the extreme south of Belgium. Even if there were no contaminated
domestic pigs, they were eradicated from the infectedi& compliance wittthe Federal Minister
of Agricultur€ decision. The AFSCA indicated that this daeto avoid an eventual spread to swine
breeds, especially the domestic ones, and alsortdect the Belgian Pork Industry. Breeders from this
regionwere financially compensated, since they could not continue their activitiesattitne. The
carcasses of piggom infected regions enteredheither the food chain nor the agroindustry. In

addition, control measurewere applied to limit the diseage disseminatiofAFSCA, 2018)

Beside limiting the occurrence ofliseases, another goal is to reduce antibiotic use and to
promote vaccination as aalternative because of problenvgith antibiotic resistance both in human
and animas. Consumers are becoming matemandingegarding the production system aspects such
as management and welfare. Particularly, it is more and more demandedathiatalsbe able to
express normabehavior This is why health issues nowadays not anlycernthe absence of diseases
but alsothe question of animal welbeing. Different measures can be applied in order to lifmét
occurrence ofliseases antheir spreadng: pigpenhygiene biosecurity measures, vaccination, stress
reduction and genetic selectigibourmad& Riquet 2014) Research has also a key role to phathe

fight against pork diseases f@ourmad& Riquet 2014)

1 Knowledge of biology of pathogens, their hosts and their interactions;
1 Development of diagnostic tools, prophylactic measures such as vacands
treatments;

91 Determine their feasibility of implementation (efficacy, cost, ease of use, etc

In this section, w have observed how important pork meatasour society. It is appreciated
worldwide and is not expensive. Nowadalf® pork industry $ faed with(i K S O 2 ydasitefos NA Q
healthy pork meat from pigs raised in good welfare conditions. This is only one example of the fact

that breeding objectives have been changing overtime. For these reasons, in the next section, we will



Chapter I: Literature review

see how humanbkave used wild boars and how they later took advantage of genetics to achieve their

need formeat and/or other requirements.

2. Pig domestication and selection
2.1. Pig domestication

Sus scrofgor wild boar) originated from South East Asia and it setirasthis species spread
in Asia, Europe and North Africa between 3.0 and 3.5 million years ago. During tice agé in the
end of the PleistoceneSus scroffaced a harsh environmerand remaining populations endured in
warmer zones called refug{alerreroMedrano, 2013)The ice agénposed a huge selection press
on wild boargBosse, 2015)Ten thousand years ago, at the end of ite age Sus scrofaecolonized
Europe(HerrerecMedrano, 2013; Bosse, 201%)uringthis periodbeganthe domestication process,
causedby different reasons (e.g. religious beliéDllivier et al., 2005)The domesticatiorenter of
this speciess still in debag, but scientists have reached a consensus that multiple independent events
of domestication took place in Europe and A@asse et al., 2012; HerreMedrano, 2013; Yang et
al., 2017)European pigs mayme fromthe Near East, but they were also crossed with European wild
boarsmany timegAmaral et al., 2008; Herrefdedrano et al., 2013)Apparently, there were regular
introgressions of wild boars genes in domesticated animals in both contifBotsse et al., 2012;
HerreroMedrano, 2013) However, he managementof pig populations in Europe and Asia was
different. Asian pigsvere raised in farmsince the beginning of the domestication process, whereas
European pigs were used for hunting games and uprooting truffles, and were fed with acorns and other
foodstuff found in the forest, where they could also gather to reproduce with wild boars. This latter
fact and the European colonization have led to feral or hybrid pig populations. Management
differences applied in Europe and Asia led to contrasted pig morphologies. European pigs were
relatively similar to their wild counterparts as pravby haplotypes lsared by both types of animals
(Amaral et al., 2008; Herrefddedrano, 2013) On the other hand, Asian pigs have a mongidsl
domestic pig morphology.e. they still tend to be stockie(HerrereoMedrano, 2013) Both types of
pigs are genetically different due to their divergent histfBpsseet al., 2012; Bosse, 2015; Yang et al.,
2017) For example, European pigs, especially commercial lines, aslumgerLinkageDisequilibrium
(LD) and less haplotypes diversity than Asian ones. Moreover, the genetic diversity of Chinese pigs is
higher because European wild boars, the ancestors of European pigs, endured stronger bottlenecks,
which resulted in longer LD, and also doeselection process that a higher level of inbreeding in

Europeimplied (Amaral et al., 2008; Groenen et al., 2012)
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2.2. Modern breeding

For all types of animal productions, breeding is based on selection criteria/goals, e.g. for milk
or meat production breeding purposes. The multiplicity of existing breeds allows breeders to make
their first choice according to the kind of productions tli®sire. After criteria definition, the breeders
have to create a mating strategy to achieve their goals, i.e. they have to choose animals that encounter
the best breeding objectives and mate them in an appropriate way. During almogheall
domesticationperiod, selection was visual, i.e. via phenotyf@&lenbroek, 2017)However, this way
of procealing is biased due to environment impact on phenotyfEalconer, 1952)Besides, best
animals based on their phenotypes are often genetically related, which could lead to inbreeding
depressionEynard, 2018)

Animal breeding effectively began for all types of animal production in tHecg@tury, with
the use of pedigree as a tool to provide efficient mating strate@@@denbroek, 2017)This idea can
be illustraed in pigs by the importation of Chinese breeds in England during the domination of China
by Great Britain between the ¥8&nd 19" centuries Duringthat period, the aim was to cross Chinese
animals with English ones in order to optimize their proldicand weight gain as the demand for fat
products was very higfHerrerecMedrano, 2013; Bosse, 2015; Yang et al., 2017¢ needor animals
that could easilybe kept in farms mighhave arisen fronthe constant decrease of available forests
(Bosse, 2015)This point marks the start of high productive farms in Europe. Animals originated from
local English and Asiamosses were the ancestors of English breeds, andefbre, of main breeds
currently used all over the world: the Landrace and Large White bréeldsreroMedrano, 2013; Yang
et al., 2017) Furthermore, haplotypes are shared between Chinese pigs and European pigs such as
Large White, Landrace, Duroc and Piéti@maal et al., 2008)During the colonization period, pigs
were also introduced in the Americas and OceaBwdences show thaEnglish modern pigs were
crossed with Chinese ones sirntbe mid-eighteenth century in China. However, this appeared to be
doneto a lesser extent than the crosses observed in England. Therefore, Chinese breeds specificity
seems to be better conservegtfang et al., 2017Pig populations can therefore be classified in three
main groups:1- commercial or international breeds coming from crosses between Chinese and
European pigs, these breeds are genetically close to each other arwhid&laropean breeds to a lesser
extent; 2- local breeds (Asian or European) that are, in general, genetically close to other breeds of the
same continent3- wild boars that tend to be apart from their domesticated counterparésd feral

pigs(HerreracMedrano, 2013; Yang et al., 2017)

During the secondhalf of the last centiry, animal breeding became more efficient due to

advances in genetic evaluation methodologies. One example is the introduction of the Best Linear
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' yoAFASR tNBRAOGAZ2YAE oO.[!t0 Ay (KS dEdated| SYRS!
BreedingValues (BVs)more precise because environmeaheffects are minimized and, as an animal

model (Henderson, 1984), performances of all relatives are taken into account. Then, EBVs for
economically important traits are combined into indexes that will help breedersetect young

candidates. With the development afatistical methods, data processing progress facilitated less

biased genetic evaluatior{SanCristobadt al., 200®). Technical tools andrtificial Insemination (Al)

also helped to increase genetic progréSalatin, 2013)

2.3.Genomics

During the last decade, the use of genomics has increasainly because of growing
throughput and decreasg of its cost§Oldenbroek, 2017)Genomic is the study of genomes through
the use of genetic méiers. Some objectives of genomics are the mapping of genes and determining
their functions i.e. linking them to phenotypé&ibson& Muse 2004) There are different kinds of
genetic makers (e.g.RFLP, mrosatellites, DArT) busomeof the most usedare Sngle Nucleotide
Polymorphisms (SNPs). They are thesmimportant source of DNA variation: this of one single
nucleotide (Meuwissen et al., 20015hift from one base to another, insertion or deletion of one
nucleotide are SNP&Gibson& Muse 2004) These SNPs are usually obtained by chips that can
genotype a huge number of them simultaneously. The choice of SNPs chips to be used is made
according to their utility, whereatheir price increase as the deitgand coverage increase. Coverage
is the average number of reads of each part of the gen¢@iderbroek, 2017)One of the most used
porcine chips is th®orcineSNP60 v2 BeadChiglisplays 64,232 SNPs distant on average of 43.4 kb
and evenly distributed. It is the second version of this chip and it covers a great part of the porcine

genome(lllumina, n.d.)

The principle of genomgelection iste following a reference populatioraf which genotypes
and phenotypes are known, is used to establish a link between SNPs and phenotypes through a
predictive formula. This formula can then be used on a candidate populaftiohich phenotys are
unknown to estimateGenomic Breeding Values (GEBVs). The main advantage of genomics is that
breeders can select animabmsedon some traits that are ager sexlinked or even obtained after
slaughter. Before genomics, these kinds of traits wetigreged by parental average, which is nary
precise because of Mendelian sampling. Genomic selection allows the increase in accuracy and
selection intensity, and the decrease of generation intervals. However, accuracy of genomic selection
depends mainhpon three factors: heritability, number of animals in the reference population and LD

(proportional). Correlations among alleles are taken into account b§Oldenbroek, 2017)For less
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biased genomic predictions, ittiserefore important to have the larget and mostdiversereference
population (Jonas et al., A¥). Unlike Whole Genome Sequencing (WGS), SNPs are not randomly

chosen, and are used to fulfil certain purposes which causegEyasird, 2018)

3.Breeds

After discussing the process of domestication and selection iny&eiillnow gainan insight
into some of the different breeds resulting from these processes. However, first of all, we will try to

define this concept.

3.1. Definition of breeds

Breedis a notion thais commonlylinked to the field of animal productiortaily use However,
defining breed is complex because the boundary between one breed and another is not always easy
to identify (phenotypically and/or genetically). Moreover, this cqutcs linked toculture and tothe
0 NB S BV NiBiaR(FAO, 2013)

A traditional definition of breed can be fourah the website of Oklahoma State University
(1995) They define it aa group ofanimalswhoseoffspring share some traits arttiat is relatively
homogenous because of selection and breegingcessesThis definition is not very clear and some
issuesarise from it. As they suggest on the website, whaistinguishedcrossbrel animalsfrom
composite breeds? Moreover, Oldenbrog017) pointed out the absence tife role of thebreeder

and the list of traits passeah offspring.

A better definition highlighing the role of breeders in the creation, definition and evolution
of a breed was provided by Lusti994)

G! ONBSR Aa F 3INRdzL) 2F R2YSAGAO FyAYIFfasx GSNI
a term which arose among breeders of livestock, created one might say, for their own use, and no one
is warranted in assigning to thigord a scientific definition and in calling the breeders wrong when
iKS&8 RSOAIFGS FNRY GKS F2NNdZ I 6SR RSFAYAGAZY D L
S Ydzald | O0OSLI | a*GKS O2NNBOU RSTAYAGAZ2Y €

w

1 Lush J.L., 1994. Genetics of population, Genetics Research, Ames, IA, USA.
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The FAO definitiolFAO, 2001js less subjective than ¢honeproposd by Lush (1994) and

will be used in this study:

G 9 A (i K Sdpicific g@dufzdf domestic livestock with definable and identifiable external
characteristics that enable it to be separated by visual appraisal from other similarly defined groups
within the same species, or a grouprfavhich geographical and/or cultural separation from
LIKSYy20eLIAOFfte aAYALIl NI ANRAzZLIA K P This defthion pravidass OO S LG |
some key points for the definition of a breed:dlbreed is a suigroup of animals of the same egies

and 2 they can be separatefrom other subgroups by their phenotypes.

3.2. Most importanbreeds of pigs presemtorldwide

Around 350 pig breeds were describgshlain, 2013)Therefore, some authoi®.g. Ollivier
et al., 2005)onsider pigs as one of the most variable species. Neverthelessdaysonly four of
them are commonly used: Large White, Landrace, Duroc and Piétrain. There are also a lot of small
populations of local breeds raised by farmers, especially in developing coui@aksin, 2013; FAO,
2019)

1 The Large White breed, also called Yorkshire, is a pure white pig with eretiaardginated
in Great Britairfrom a local pig breed and Asian p{§slatin, 2013; National Pork Board, 2019)
It is weltknown for its adaptive faculty, reproductive abilities and meat qudlifiarcq &
Lahaye 1941; Salalin, 2013; National Pork Board, 20#@yeover, this breed is thizader as
far asgrowth performancego. It is frequently crossed with Piétrain and LandréSalaln,
2013)

1 The Landrace is a breed with falling ears amwhite coat. It is mainly used for its maternal
qualities inasmuch as sows are kigdod milkersand give birth to large pigle{$alaiin, 2013;
National Pork Board, 2019)There aremany different European Landrace populations,
sometimes considered as differehteeds. British, Danish, Dutch and French Landraces are
similar, whereas German and Belgian ones have started later to eradicate Hal affii@als

gene is explained in section 4.2.@&plain, 2013)

2 FAO, 2001. Working definitions for use in developing country reports and providing supportingndata.
Boyazoglu, S.G.& J. ékhimal Genetic Resources Informatié®AO, Rome, Italy.
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1

)l

The Piétrain breewill be explained in more details in the next section as it is the main subject
of this study.

The Durog¢ anciently named the Duregersey,originated in the USAfrom two red haired
breeds: the Duroc and the Jers@ylarcqé& Lahaye 1941; Oklahoma StatUniversity, 1995;
National Spotted Swine Record, 2018he main strengths of this breed are its highdipust
nature, a high intramuscular fat contentarcass yield and fast grow¢8alaln, 2013; National
Pork Board, 2019)The Duroc breed has developed both mater(dational Spotted Swine
Record, 2019and paternal linegSalain, 2013)This may explain why there is no consensus
in the literature about eproductive performancesThey are considered less favorable
according to Salaln (201But it is contradicted byther source§Marcq & Lahaye 1941;
National Pork Board, 2019)

The Hampshirdreed originated in Great Britain and presents black hair véttvhite belt
including front leggMarcq & Lahaye 1941; Salaiin, 2013)his breed is known for its lean
meat and good maternal abilitig@National Pork Board, 2019The Hal gene is absent and
intramuscular fat content is also interestingowever, it owns Rillele responsible for acid
meat Today, compared to the other main breeds presented, the Hampshire breed is less
common(Salauin, 2013)which could be explagd by this latter fact.

3.3. Pig breeds in Wallonia

Besides the breeds aforementioned, some other bremdsreed typesare alsocurrently

raised in Wallonia:

)l

)l

Belgian Landrace sows are fertile, maternal and good mil@kiahoma State University,
1995) The homozygous NNtfsss resistant) Belgian Landrace, selected since 1994, is used as
a boar and crossed with Large White sows (naturally stress resistant) to have a F1 sow with
heterosis. This sow is used as a parent (maternal line, please see nexnphistsection for
explanation of maternal line). This breedhgn crossed withthe Piétrain to provide finishing

pigs. Nowadays, all Belgian Landrace pigs are stress regBtadboeuf, 2014a)

Other types of Landrace can be found in Wallonia such as Danish, German, English, Finnish,
French, Dutch, Norwegian, Austrian and Swed#sadboeuf, 2014a)

The Berkshire is almost totally black and has erect @descq& Lahaye 1941; Piedboeuf,
2014a) It is considered to have interesting growth and reproductive tréNational Pork
Board, 2019)In some regions of the world, its sweetatarkerand less acid meat is highly

appreciated (e.g. the USA or the Kptional Pork Board, 2019)espiteprodudng a lot of
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bacon(Piedboeuf, 2014ajhis breedwas formerly considered as a mgabducer(Marcgand

Lahaye 1941) Nowadaysit is rarely used in Belgium.

3.4. Crossbreeding pigs

There are different types of crossbreeding schemes, each of them for the achievement of
different purposes. In this section, we will det@ilmixtureand terminal cross, which are of paular

interest in this study.

Even if admixture isften used to improve existing breeds, it can alim to create a new
breed by crossing at least two existing bre¢dsandley et al., 2001)An example will be provided in
part4.1.Piétrain historyOn the other handterminalcros&sonly interd to create production animals
i.e. pure breeds are crossed to obtain progeny with desired qualifiesminal crossbreeding is
characterized by iteumber of levels, i.e. the number of generations to obtain fimal production
animal, and by its number of ways, i.e. the number of breeds involved. The breeds most used for
terminalcrossbreeding are those mentioned in sect®8. of the literature reiew. Crossbred animals
are not used for reproduction purposes in this schef@SEI, 2019pnly potentially to generate the
next level Nowadaysterminal cross is commonly used in pig industry, which implies that there are
less and less purebred pigs worldwi@@llivier et al., 2005)The nain advantages pork industry can
draw fromterminal cros®s i.e. heterosis and complementary effects, explain partially why it is so

popular(Sellier, 1976)

Heterosis isnostlydue to the interaction between different alleles at the locus level. Indeed,
when two different breeds with different alleles for some traits are crossed, a dominance effect appear
for these trais on the progeny. It means that progeny is on average better than the average of parents
for the trait (Lynch& Walsh 1998a) One might ask why parents of different breeds carry different
alleles. Actually, during the selection process, a breed can lose some alleles by chance or by inbreeding
depression. This explainghy heterosis is greater when breeds are genetically(fgnch& Walsh
1998b)

Besides heterosis, another important aim dérminal crossbreeding isto exploit
complementary effects i.e. a combination between two genomes selected foretitfgourposes
(Lynch& Walsh 1998c) It is important to highlight that, in pigs, selection objectives differ across
breeds. Moreover, as long as production and reproduction traits cannot be selected simulshneou
finishing pigs resulted from crosses between maternal and paternal lines. Paternal lines, which include

Piétrain, are selected for their production traits suchaagragedaily gain ADG), feed consumption
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(FC), carcass quality or meat percentage. Maternal lines such as the Landrace breed, are selected for
their maternal qualities and prolificity, but also for their production traits to be transmitted to their
finishing offspringShort et al., 1997; Litten et al., 2004; Dgina, 2009; Salatin, 2013Jherefore,

maternal and paternal lines in pigs are used to achieve complementarity in the finishing pig.

The same breed can be divided into two lines as it is the case for the Large White and the
LandraceHowever in these beedspaternal linesare nowaday®f minor importance. The Hampshire
breed is used as a paternal line wher&asDuroc does not belong to any of these limgsriori(Salaln,

2013) This point of view is contested bye awé (Piedboeuf, 2014ahat considers the Duroc breed

as a paternal line.

4. ThePiétrain breed

As populations of purebred pigs used for terminal crosses deem@zestime, it is important
to assess and maintain their getit diversity. The Piétrain breed is one of these breeds and is the main

topic of this study.

4.1. Piétrain history

This part explains how this breed, and its particularitreay have been created. Even if the
popular history says that the Piétrain breed was originated in Piétrain, Walloon Brabant, Southern
Belgium, in the twentieHansoul, 1964; St&#&Mougenot 2009; Stratz et al., 2014here areseveral
versions of its origin. We now present one main version of the origin of the Piétrain breed as well as

somealternativeversionsjn less detas.

4.1.1. Pig production in Wallonia before Piétrain breed

Before World War |, different types of pigs weraised in Wallonia. Among them, the
Indigenous white breed, also called the Celtic pig, was the most common. This breed had a white coat,
falling ears and produced fat products, highly demanded during the (Wansoul, 1964)The Celtic
pig later beame the Belgian Landradeeroy et al.,1960)Besides the Celtic breed, other types of
unknown animals, more mustar and of better quality, were used, especially for butchery pork

purposes. They came from Flanders and Ardennes and were sold at the Tirlamd Jodoigne
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markets. Some Walloon regions also raised crossbred animals from the Celtic and Small White breeds

(Hansoul, 1964)

In the twenties, English breeds were importedoirBelgium. At this time, crossbreeding
became common. Moreover, dhe end of World War |, consumers started to demand lean meat
(Hansoul, 1964)

4.1.2. Main version

Jules Buis and his father, from the region of Jodaignsmall town in Belgium, would have
tried to improve Walloon pigs by English crosses. For this purpose, they would have bought a young
English blaclpied boar that may be originating frortme Berkshire breed. Their objective was to
increase the length ahe offspring ofthis doublemuscing boar by crosses with Yorkshire pigs. This
first experience was a failure because, even if pigs werscular animals were short and fattened as
early as eighty kilograms. Some breeders thus gave up on raisingitisflkinimals andeturnedto
the Indigenous breed that gw faster than blackpied pigs. Nevertheless, blapled pigs spread in the
NBEIA2Y YR 6SNB OFtftSR i GKAa GAYS afSa FfSdzNRAa
refer to theirblack spotsjHansoul, 1964)

Between 1925 and 1926, Jules Buis would have tried again to increase the length giddack
pigs by means of crosses with different White breeds. He would have achieved his goal in 1927 with
an Indigenous sow. Pigtefrom this cross had straight and large snout, horizontal eanscularand
deep ham, were long and well conformed with a large and flat back, and a groove along the loin.
Moreover, they were white and black spotted. Then, the breed type was stabiliztkdresses with

Large White sowgHansoul, 1964)

The aforementioned version suggest that Piétrain pigs originated from a-thagecross, first
between Berkshire type boars and Indigenous sows, and then the F1 boars with Large White sows

(Marcqg & Lahaye 1941; Hansoul, 1964)

4.1.3. Other versions

Another version of the Piétrain origolaimsthat Jules Kaisin, the grandfather of Henri Stas, a
current Walloon Piétrain breeder, would have bought from hi&ghbor black spotted piglets

originated from crosses between two different unknown breé8tas& Mougenot 2009)
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Someauthors reportedthat the Piétrainmay originate from Bayeux pigs, which come from a
cross between local Norman and Berkshire pigarcq& Lahaye1941; Camerlynck Brankaey 1958;
Stratz et al., 2014)They would have been imported by German officers during &d\aidr |. However,
German troops neverentto Normandy at this time. It was also thought that Piétrain pigs originated

from a cross between Berkshire and an Iberic brégeaimerlynclg& Brankaey 1958)

The aforementioned versiongemainmore or less plausible. However, ott@riorful scenaros
should beconsidered asumors For example, oneumor said thatthe Piétrain came from wild boar
Two elementssupported this hypothesis. First, some Berkshire sows were thought to be freed by
German officers during World War |, and therefore, to henet wild boars(Camerlyncl& Brankaey
1958) Secondly, Jules Buischkeld a wild sow for a few months and thus would have used it for
crossing, a fact he denied (Hansoul, 1964). As CameByBciknkaer (1958) suggested, this is nety
plausibleas Piétrain pigsalreadyshoweda welldeveloped back. Moreover, theyere considered

really tame(Camerlyncl& Brankaer 1958)

4.1.4. Expansion of the Piétrain breed

LY GKS mMponQas RdzS G2 GKSANI KAIKSNI tSFyySaas
to farm and exchanges between breeders became comif®Bas& Mougenot 2009) Moreover,
butchers have demanded this type of animals due to their good wdtiean meat (1/6.8) that invole
I 0SGGSNI YFEFNYL SO @Ol tdzSd® LY mepopZ Al gFa 20aSNBSR
Y2ANRBRE OAY O yHhhshul K0B4) ¢ G KS of I O1 £ 0

Around1940, the breed was popular in the region of Jodoigne. However, during World War I,
farms were abandoned and disappeared. Tingscularanimals also disappeared since, undeemy
occupation, fat meat carcasses were desifeansoul, 1964; Stas Mougenot 2009) The breed was
thus considered at thérim of extinction. Then, with the end of the Wdahe demand for lean meat
increased(Rubin et al., 2012and Piétrain breeding started agaiklowever, the breed was not

immediately recognize(Hansoul, 1964; Sta& Mougenot 2009)

During the fifties, this trend towards lean meat strengthened, which eased again the expansion
of the Piétrain breedYoussao et al., 2002n 1950, an association of le@ers was born and called
G{B8YRAOI(G RS&a StSOSdNE tASGNIAY SG SEGSyarzyé ot
gl a 2FFAOALEE & yIFYSR at A S NI angRiétrainofadt@lersyetali, 2 T (K
1960; Hansoul, 1964; Std&sMougenot 20090 ¢ KS TFANBRG YSyidAz2y 2F GKS «a
pork, in English) appeared in Mar&glLahaye(1941) Nevertheless, 20 years before its recognition,
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this breed usedtob© 1 t ft SR & aNI OS gl tft2yySeés A-p&ipigsi KS 2|
GSNB taz2 O2yvyzyte LINBOAz2dzte OF f f $Hansoul, BE4) Tt S dzNA

In 1951, boars were admitted to pubhaturalservice and the Bbook was create{leroy et
al., 1960; Hansoul, 1964; Hanset, 1992; &t&dougenot 2009) The first Piétrain boar to enter into
iKS tA3o221 o1& Ol tt SR {Hahsbul, 1964yvberehsyfHe first sow was 2 NI/ A
G9ALISNI yO$ RE& WdfSHEda NiBuGenot 2009) The standrd of the breed was also
defined(Camerlynck, 1973)n Appendix I, Max 7B1 and other Piétrain pigs from the fifties/sixties are

illustrated.

In 1953, the first competition was organiz¢tleroy et al., 1960; Hanset, 1992; Sts
Mougenot, 2009) In 19551956, the breed was recognized in Belgium as a national breed by the
Agricultue Ministry, apparently following persuasive arguments of Jules Kaisin at a c{iréesy et
al., 1960; Sta& Mougenot 2009) At this time, the first breeders association was incorporated i
iKS GCSRSNIGA2y o6St3S RSa StS@Sdz2NBA RS (3t@&NDa¢ 2N
Mougenot, 2009) The year 195@lsomeans first exportations to foreign countries (e.g. France, the
Netherlands Germany). Moreover, boars have been offered to breeders through a mobile pig mating

service. kst assessmerst of boars suitable for mating were maf&tas& Mougenot 2009)

InMmpp n QAT Ay RdzA G NR I &ninWalibriia2HoweXeF, PibtainERdbgefayiedizNBE 0 S =
mainlytraditional because animals are more stressed by nature, take more time to gain weight and
need more cargStas& Mougenot 2009) Stas (2009) employed the term®R2 YSAGA O y A OKS
O2NBE 2F |y AYRdzZAGONARIf 62NI Ré D

' GKS Sy R a8s&ssnieft & boargsuitabl€ifar natural service were stopped by
the FBEPecause of restructurimg LYy G KS Moy n Qa > wasiebhiddetoprd@ded SLIAT 2
mobile pig mating service. Then, gatheripigisfor other reasons than for competitionsasforbidden.
In competitions, sanitary measures became more stringent and participating animals had to be placed

in quarantine, which has a co@tas& Mougenot 2009)

{AYOS (KSys GKNBS (50K ypaatedidhdRictamcédd@Risté & dz00
stress resistant or stregsegativelines (also called ReHah Belgiumfor Halothane Resistant) eve

created (please see poidt2.3.Muscle lypertrophy and stress susceptibildj this literature review

for further details). Secondly, Adrganizedin Artificial InseminationGenters(AIC), increased genetic

progress and have limitethe spread of sexually transmittediseases. However, concurrence is

normally severe athnowadays there is only one AIC in Wallonia. Findéigpite concerns by some

breeders that their own vision of Piétrain pigs might be dilug@ths et al., 20093ince 2007, arpgeny

testing scheme has been operati(igufrasne, 2009)
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4.1.5.0rigin of the Piétrain breed, whae really know

As a conclusigmrmost scholars agree thtte Piétrain breedirose from Berkshire pigs. Indeed,
Berkshire pigs have black or red hair and piglets are sometimes md@iacherlynck& Brankaer
1958) Marcq & Lahaye (1941bhought the Piétrain originated from a cross between Berkshire and
Celtic pigs but with Yorkshire influenc&&cent genomic studies support this¥emng et al. (201 4lso
provided evidences thathe Piétrain pig originates from White pigs like Landrace and Large White
through theirMulti-DimensionalScaling (MDS)Li et al. (2014noreover suggested that Berkshire and
Piétrain breeds are relatively close geneticaliilfe most likely scenario is an initial cross between
Berkshire and White breed&eroy et al., 1960; Hansoul, 1964; Le Sillon belge, 280fations and
inbreeding would have occurred to achieve the spedficiblemusclingPiétrain (Camerlynckand

Brankaer 1958; Leroy et al., 1960)

The breed appeared aft World War influenced by English breedss supported by recent
studies,and almost disappeared during World WafHansoul, 1964; Stas Mougenot 2009) It was
only at the end of World War 1l that demand and selection for lean meat stdRabin et al., 2012)
This situation was a breeding ground for the development of the Piétrain hitdadsoul, 1964)In
1950, the name of the breed was officially chosen, and the breeders union crgatexy et al., 1960;
Hansoul, 1964; St&Mougenot 2009) It should be noticed that until 1950, white Piétrain had existed
(Marcq & Lahaye 1947 but were then progressiveleliminated to give a specificity to the breed
(Camerlynck, 1973n 1951, boars were admitted twaturalpublic servicéLeroy et al., 1960; Hansoul,
1964; Hanset, 1992; St&Mougenot,2009) the standard was define@Camerlynck, 1973nd the
Pigbook createdHansoul, 1964; Hanset, 1992; SRaklougenot 2009) In 1953, the first competition
was organize@Leroy et al., 1960; Hanset, 1992; aglougenot 2009) In 19551956, the breed had
a national recognitiorfLeroy et al., 1960; Hansoul, 1964; Sadglougenot 2009)

4.2. Phenotypic particularities thfe Piétrain breed
4.2.1. Standard of the Piétrain breed

In figure 1 is illustrated a Piétrain boar. The awé has developed the standard of the breed on
its website(Piedboeuf, 2014b)

9 Hair: pied, irregular with black mottles, sometimes red on¢dge
1 Head: relatively light, short and straight, sometimes slightly @&eeks are moderately

developed.
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Ears: small, erect and orientéorward.
Neck: short and light.

Chest: broad, cylindrical and shallow.
Shoulder: salient and very neidar.
Withers: flat and broad.

=A =4 =4 =4 A =

Back: relatively long, slightly curved, broad witlitttee median ridge delimited by highly
developed dorsal muscles.

Loin: highly musular.

Abdomen: mildly developed, firmly suspended. Inferior and superior lines are almost parallel.
Rump: broad with average length. A slight hollow can be seen overheaditiraplantation.

Tail: moderately thin, low implantation.

Hams: well developed in depth, well filled, broad and spherical.

Legs: moderately long, light and solid.

Posture: correct walk, even hoof leftovers and closed foot.

= 4 =4 -4 =4 =4 4 -1

Teats: evenly distributed, well developed, at minimum 2x6.

R < A

Figure 1Piétrain boar (Lempereur, 2009)
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4.2.2. Coatolor of the Piétrain breed

The coatcolor can be considered as highly specific for certain breeds like Duroc, Hampshire,
Berkshire and obviousRiétrain. Seven genes are known to influence the coldrin pigs. Wild boars
carry the dominant allel@&that is typical of the wild coat. AImost all the domestic breeds, except some
that arecolored share the recessive alledeof this gene. The locuGin its recessive formainduces an
extreme dilution of the coatolorthat leads to dirtwhite tinge. TheD locus is also linked to dilution
and sepiacolor. The geneEis responsible for differentolors B! for dominant blackE for black or
blackpied, P for black domino and black with six white poingSpr red ande"for white head.Smith
et al. (©35)consider that the allel@eis responsible for white head. The allglgvhich results ircolor
inhibition typical ofwhite breeds such as Landrace and Large White, is dominant. Other alleles of the
locusl lead to grey, black spots aolor. Finaly, the white belt of certain breeds like Hampshire is
thought to be caused by thBeallele(Legault& Chardon 2000) Lauvergne et a[1982)also reported

aBgene responsible for broweolor.

The Piétrain is a black spotted pig. This coat particularity is called Domino. The Piétrain thus
carry the following genotypeaa (no wildtype coat),ii (no inhibition ofcolor), B’ (Domino),HeHe
(white head) andebe(no white belt). The majority ofyrebred Piétrain have indeed homozygous
coatcolor because this property is fixed in the breed, even for dominant aliglegault& Chardon
2000)

The Berkshire pigs show four stockings and white chamfer and tail end. These animals share
the same genotype as Piétrain for haalor. This type of coat can be obtained by exgian of black
in Domino animals. This expansion is highly heritable: 68&&ault& Chardon 2000) Some Piétrain
animals with a Berkshire hair are found in Wallonia (Figure 2). The origin of the Piétrain coat could

therefore beexplainedasthe result from crosses between the Indigenous and Berkshire breeds.
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Figure 2 Piétrain piglet with Berkshire type coat (Wilmot, 2019)

4.2.3. Musular hypertrophy and stress susceptibility in Piétrain breed

One of the first character we see by looking at Piétrain pighigge musalature. Amaral et
al. (201) demonstrated thathe Piérain breed has the greatest nucleotide diversity and wasntiost
selectedcommercial breed for muscle development. The IGF2 gene, identifidtbbgr et al. (1999)
is partly responsible for the leanness amdscular hypertrophyf the Piétrain. It explains on average
25% of the differenceketween Piétrain and Large White pigs for these tréltezer et al., 1999)te
frequency of occurrence of the gene in the Piétrain population is very high. This gene is carried and
transmitted by sire and dam, but is only expressed when transmitted by sires. This is called imprinting.
For these reasons, the terminal cross usingér&n boar is highly beneficial for finishing pigeroy

et al., 2000; Youssao et al., 2002)

However, the Hal gene wouldso imply in 25% of the difference between Piétrain and Large
White. This means that 50% of genes involved in muscle hypertrophy are not yet idefitéieg et
al., 2000; Youssao et al.,, 2002he Hal geneaflele n) is responsible foa stress susceptibility
(monogenic and recessive trgBellier et al., 198%ralled Porcine StresSyndrome (PS8joussao et
al., 2002) Tre Hal gengallelen) leads alsoto Pale, Soft and Exudative (PSE) meand to Malignant
Hyperthermia Syndrome (MHEINA PG, 1999; Youssao et al., 200Zhis gene was identified by
researchers at LiegéeterinaryMedicine University in 198Q.eroy et al., 1999)
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As Hal and@F2 genes are independent, it is thus possible to select animals to be- stress
negativebut carrying the interesting allele for the IGF2 gefkee first ReHal Piétrain was produced in
1989 froman absorption cross witla Large White followed by successive Piétrain backcratsgsy
et al., 1999; Youssao et al., 200Bhe objective was to introduce thadlele N of the Hal gene in the
Piétrain line to avoid negative effects of this gef¥oussao et al., 2002)his denomination of ReHal
Piétrainis used iBelgium{ A YA f I NJ f AySa SEA&G Ay 204SHI 02 drfé NR §
d a iNBaa a étlaiy. if is wettkhown that stresgositive animals shows less backfat thickness,
better carcass yield and conformation than sse&gative animalgYoussao et al., 2002; Maqu&t
Montfort, 2014) However,Leroy et al. (n.d.jeported stressnegative lines thahave carcass yield
similar to stresgositive andthat show meat percentage of 59%, 0.5% less than sipesgive
Piétrain.Nowadays, NN homozygous animals with more than 99.7% of Piétrain genetics have been

used by farms as sires/dartiseroy et al., 1999)

4.3. Piétrain disappearance in Wallonia

Even if the Piétrain breed carries interesting genes and slawarticular phenotype, the
Walloon Piétrain population seems to be at risk of endangerment according to several Walloon Piétrain
breeders (J. Lempereur, personal communicatidrgbruary 22, 2019; H. Stas, personal
communication, March 29, 2019These beeders(Lempereur, 20117T., 2012)and Benoit Lutge
(reported byWarnotte, 2009) Minister of Agriculture from 2004 to 2011, stated some reasons of the

Piétrain pigs decrease in Wallonia:

1. The size of Belgium and thkaw number of farrowto-finish farms in Walloniaompared tahe
highproduction capacity of boars in Flanders. Despite the decreasing number of pig herds and

breeders, the Belgian supply of pig meat is-safficient;

2. The move of the Tienen market towardst&errp, which makes boar sales more difficult for
Walloon breeders;

3. The use of Al that reduces the number of boars used (one boar per one hundred sows or
higher). Technological advances have lowered the quantity of ejaculate necessary to make a
straw and ircreased their lifetime. Thus, the number of boars used for the same number of
doses have decreased. The price of one boar has dwindled. However, AIC are really helpful to
effectively spread genetic progress. It is the main outlet for boar sales;

4. Integrative agricultural systems where porcine selection enterprises provide semen straws to

their customers;
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5. Customers of breeders are mordemanding and take a closer look to zootechnical
performances;

6. Sanitary requirements have increased and smmetimes difficult to implement;

7. Administrative tasks are more and more stringent;

8. Fluctuating and often low prices tife pork market.

4.4. TheBelgian Piétrain program

This project was launched in 2017 through a tripartite agreement between the adéhan
provinces of Liege and Walloon Brabant. It aims to presertreitong run the genetic diversity tie
Piétrain breed and to promote it in an attractive and modern eayé, 2019) It isafirst step for the

preservation of the Walloon Piétrain population.

4.4.1. Boars selectipguarantineand sampling

A commission of active Piétrdimeederswas created byhe awé. This commission is in charge
of the definition of breeding objectives and boar choice that will enter the conservation program. If
aSt SOGSR 62FNBR FINB FTNBS FNRY /tlaaarolt {s6AyS CSO
one month, they &y in quarantine for another month and then are sent to the
Interprofessional Ceet for Animal Improvement and Promotion (ClaPArgenteayawé, 2019)The

CIAP is the only porcine artificial inseminataamterin Wallonia.

Boars stay at CIAP until enough semen straws are produced. Fresh semen is useetior ge
evaluation on Landrace (please see next section). If the use of fresh semen is not possible, frozen
straws are used The semen sampled during the stay tbeé boars at CIAP has three possible
destinations(awé, 2019)

1. Frozen straws can be used by breeders.
2. It can be conserved in a cryobank to presethe breeR Qjénetics.

3. Boars, wlosesemen has been frozen, are pyt for sale.

Finally, boars are sent back to their ownéas/é, 2019)
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4.42. Genetic evaluation of Piétrain in Wallonia

The genetic evaluation of Piétrain boars in Wallonia, set irZ280not only earmarked for
boars entering the Belgian Piétrain program but for each boar breeders would like to test. This
evaluation is performed by Gembloux Ag® Tech and results are published twe awé. The
objective is to determine if Walloon Riéin boars are good enough to transmit interesting production

qualities.

Mating plans are organized on two recurring groups of Landrace sowdtisowWalloon Center
of Agronomic SearclfCRAW) with the objective to obtain 18 descendants per boar to bstéel at a
given moment in time. Their offspring are recorded for carcass weight A (kg/d), backfat
thickness (mm), consumption index, conformation index and meat percentage. Moreovérmn
recording (tested boars and close relatives) is perforfoedive weight (kg), backfat thickness (mm),
meat percentage and loin muscle depth (mm). These criteria are supposed to tbeverg y S NA Q
selection objectives. Based on the aforementioned strategy, a total of 10 sraisvailable for tested
boars; sixrecorded on crossbred offspring and four own on farm recording. Different models are

currently used to generateEBVdor these progenytested boargDufrasneet al., 2011)

5. Genetic diversity

In the previoussection, wesawthat the Walloon Piétrain population is potentially at rittkis
therefore important to determine 4if it is endangered and-2vhich measures could be implemented
to protect this ppulation. This is whynithis section, the genetic diversity wWilist be defined. Then,

alternatives to preservan endangeredreed will be also gt forward.

5.1. Genetic diversity definition and concept

The DNA contains all the genetiformation necessary to produce proteins that will, with the
environment, generate phenotypes. The diversity observed on populations or species is based on a
simple fact: diploid individuals carry two copiesalled allelespf eachgene that are subjectto
mutations. The differentalleles and the relationship between both copiegroduce diversity
(Oldenbroek, 2017) Genetic diversity was, thus, reported by Oldenbratkal. (2017) asDNA or
phenotygdcal differences that arise between species, breeds and individigadhyay (2019) added
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that it can refer to individual genome variation and that retkethe variety within a population as it is

a sample of it.

Genetic diversity is under constant variation. Mutations occur continuously during population
history and some allegare lost from one generation to anothédldenbroek, 2017)These mutations
are essential for animals to adapt to their environment andnmal breedingto select animks with
desired trait Eynard, 2018)Another source of variation of the genome is recombination which occurs
during meiosis. This phenomenon can produce new blend of alleles and, as genes can interact, new

phenotypes are observe@Jpadhyay, 2018)

Moreover, some breeds can maximize more genetic diversity because they carry more within
breed variation(Oldenbroek, 2017)If we downscale this concept, some populations may be more

important for genetic diversity of Piétrain pigs. Maybe this is the case for Belgian (Walloon) Piétrain

pigs.

5.2. Why it is important to preserve genetic diversity

Nowadays, as previously mentioned, only a fagbreeds are widely used in Eurofieaval et
al., 2000; SanCristobat al., 200®). The Large White represents 30% of the anirfladsal et al., 2000)
while the FAO(2015)reported that 90 pig breeds were declared extinct in Eurdip@w did we come
to such anextreme? During the 20century, the loss of pig breeds was considerable because high
productivity was the main lever of farmirf§anCristobal et al., 2006 The numilers of local pigs thus
declined, and some were crosseith major breeddeading to theirabsorption(HerreraeMedrano et
al., 2013) However, astudy by Ollivier et al. (200bdemonstrated that 56% of the microsatellite
diversity between breeds was due to local breeds whereas commercial breeds are more important for
within breed variation. Local breeds aasopart of regional culture and histoffHerrerecMedrano et
al., 2013)

Moreover, this diversity loss within and across breeds could lead to the loss of unkatieles
with possible desable characteristics such as medical application or specific meat properties, not
directly selected so fg©Oldenbroek, 2017)These specific or raedlelescould therefore be irreversibly
lost (HerreraMedrano et al., 2013; Francois et al., 2017; Eynard, 2@i8rsity allows the choice of
animals with different, opposite and complementary traits that could be useful if objective goals
change accordingp human needs or even environmental and farming conditifires/al et al., 2000;
Eynard, 2018)For example, to be resistant to certain or novel diseases particular interest. To

ensure food security in aontext of global warming and environmental issues is also highly desired
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(HerreroMedrano et al., 2013)Besides, the increase of inbreeding rates higalors health and
fertility problems. The genetic diversity loss and increased inbreeding levels ovedimsgtute what

isknown as genetic erosidfHerrercMedrano et al., 2013; Bosse et al., 2015; Eynard, 2018)

The needor genetic diversity preservation in pigquluction in Europe is undeniab{eaval et
al., 2000) It is thus critical to establish the genetic diversity of local breeds andgieiment solutions
to preserve them(Eynard, 2018)The Piétrain breed coulsh part applyto this issue. Moreover,
Piétrain pigs have a highly specific phenotype as seen in sectidiv&12if by keeping genetic disity
at a high level is critical, this cannot be achieved without considering deleterious alleles that must be
eliminated or, at least, mitigated. €hefore, the fitness of animals must be considered as Rtsse

et al., 2015)

5.3. How to preserve genetic diversity

One driving factoagainst genetic diversity is selection for the best animals and therefore their
alleles.OptimalContributions (OC) is one way of limititmng term increase ahbreeding preserving
genetic diversitybut also genetiprogress. It is defined as tipeoportion of total offspring each animal
of the current population shouldenerateto limit inbreeding levels while enhancing genetic progress

to the next generatiorfMeuwissen, 1997)

As weare limited by the resources that we can use to preserve breeds, assessing genetic
diversity is critical. Kinship coefficierdsad genetic distancedy establishing genetic links between
populations or breeds, help us to understand at which level a pdipular breed is irreplaceable
(Laval et al., 2000; Eding et al., 2008breeding coefficients state relationships within the population
(Upadhyay, 218) As inbreeding increases, the risk of homozygosity, and thus, the risk of expressing
deleterious alleles also increas@Bosse et al., 2012The effective population size {Nis another
parameter hat can give an insight of sustainability of a brédéuwisser& Woolliams 1994b) These
tools are highly precious to determine the degree of endangerment of besdr, and therefore, the
ones to be conserved. This way of working involves a ranking of breeds or populagamndimg
genetic variation. However, the main risk with this method is that limged populations or breeds
may not be contributing highly to global genetic diversity and thus could be considered as being not
really worth it. It is therefore, really imptant to check if the alleles they carry are rare and specific
(Eding et al., 2002)
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As we have seen in section 2.3., hdgnsity SNPs are commonly used to select economically
important features(HerreroMedrano et al., 2013)out it is oy one way of exploiting the advantages
that genomic evaluation can provide. The evolution of genomics during the last decade paved the way
for the use of novel preservation toolSanCristobadt al., 200@) such as LD. In inbred populations,
correlations between alleles are high (and sd.i3) because the portions of genome are highly
conserved from one animal to anoth@@ldenbroek2017) The LD is thus, proportional to inbreeding,
genetic drift, selection, and inversely proportionalth@ recombination rate of the chromosomal area
(Amaral, 201Q)Regions oHomozygosity (ROHsYe related to LDThe length of these regions was
shown to corresponadvell to inbreeding coefficients based on pedigree. For example, a past limited
size population which was not under high pressure of inbreeding recently shows a high number of
short ROH¢HerreroMedrano et al., 2013)The ROHs characteristics are therefore due to population
history like bottlenecks, genetic drift and selection proog¢srreroMedrano et al., 2013; Bosse et al.,
2015) Thereby, Nis an important parameter to assess genetic diversity as long as it depends of
population history eventgSanCristobal, et al., 2086Bosse et al., 2012Another parameter of
importance to preserve rare and small breeds is to determine mdsienarker coancestry (or
inbreeding) or shared regions in the genomBasse et al. (201%)emonstrated that these methods
better preserve diversity and fitnesk this way real inbreeding levels, because crossingrs are
considered, are known and conservation measures as well as mating can be precisely (arsased
et al., 2015) The use of genomic tools allsus to detect rare or deleterious genes to be, respectively,
conserved in and removed frothe population, as well as exogen alleles that result from crosses of
the endangered breed with a sister one, of greater importafBmese et al., 2015; Frangois et al., 2017,
Eynard, 2018)

Despite all the insights genomics can provide in terms of population history and conservation
perspectives, their use in smaikzed pig breeds is still limitéHerreroMedrano et al., 2013)Genomic
tools are used more often on mainstream than rare breeds, which could increase the gap between
them (Frangois eal., 2017; Oldenbroek, 2017Moreover, small populations are commonly not
NEO2NRSR da GKSANI adl yRINR 0NBSRQa-baskd egiimatdrdllI NI &
to search for pedigree errors, calculate allele frequencies and knovBtBentity bySate) (Eynard,

2018)

Once the status of the breed or population is known, conservation measures can be set up.
Breeders have obviously a key role to play in the preservation of the breddebymanagement
strategy, i.e. their mating schemes or transfers of animals. However, other institutions can help them,
i.e. by cryopreservation of gametes in a gene bank, by research about threatening diseabestor

the breed characteristicAO, 2013)
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Conclusion

We have covered the overall context of the Piétrain breed. As stated, Piétrain sires are
nowadays largely used in terminal crosses to obtain a finishing piggedtt conformation andhigh
meat percentage. However, ¢hcurrentsituation of Piétrainis pre@rious in Wallonia. Besides the
general bad economic and pathogen conditions inherent to every pig holding, pure Piétrain breeding
lacks new and young breeders in Wallonia and is atofisleing overwhelmedby commercial firms.
Moreover, purebred pig pogations are, most of the time, of very limited size whereas crossbred pigs
exist in great number to meet the hugmrk meatdemand. Therefore, as onfgur main breeds are
intensively used worldwide for pork meat production, it is important to maximizeetiewiversity of

pigs in Wallonia, in Euromnd worldwidein general, even within thesieur main breeds.

To preserve the Walloon Piétrain population, two first solutions wareadyimplemented.
Progeny testing allows better genetic evaluations oftRiié boars whereas the Belgian Piétrain

program is based on cryopreservationtioé boarsconsidered representative of the genetic diversity

We have seen that different genetic and genomic parameters could be used to determine the
genetic diversity of a population or a breed. Assessing the genetic diversity of the ARilbi@in pigs
seensthereforeto be another steptowardsthe conservatiorof this populationFor this purposen
the next chaptersthe Walloon Piétrairpedigree will be used to determine several genetic parameters
and to have an insight of genetic distances between farms. The EBVs will also be analyzed allowing to
determinethe phenotypic diversity as well as breeding objectives of Piétrain owners. Both types of
information will be combined with information about transfers of animals to suggest some
conservation measures to the Walloon Piétrain breeders and to the BelgidraiRi@rogram.
Genotypes of other Piétrain populations will then be used to have a glance of the overall genetic
diversity found in the breed. Finallys ¢he origin of the Piétrain breed is not definitely known, positions
of different breeds compared tdts of Piétrain will be assessed through genotytpetetermine which

breeds may be involved in its genesis.
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Introduction

This chapter was dividedtmfive main parts: historic review, pedigree, psetmlzenotypes,
transfers and genotypes anads. Themainobjective was to obtaimnoverview of the Piétrain breed

diversity.

1. Historic review

To obtain information about the origin of Piétrain pigs, Jean Lempereur, breeder of Piétrain
pigs in the region of Grosage (Wallonia, Belgium) was interviewed. He provided a lot of archival
documents that were very useful to reconstruct the probable orgjithe breed. Henri Stas, breeder

of Piétrain in Piétrain itself, was also interviewed about the origin of the breed.

2. Pedigree
2.1. Data and prprocessing

The pig pedigree, provided lifie awé, is essential to anay genetic links of animalike
inbreeding or kinship coefficients. It contains notably ID of the animal, its tattoo, ID of its sire and its
dam, breed, sex, birthdate, culling date, province and exploitation. These data were dispersed in
different files and the first step was ¢efore to merge all the interesting files to extract important
information. With SAS softwal&AS group, 2014)D, ID of the sire and the dam and group of pigs
were extracted. n pedigree study, boars were assigned to a group according to their breeder
(hereafter called breedegroup). The hypothesis was that breeders are responsible for mating choices,
iethed3SYySGAO KAal2NE 2F 02FNBE® @iedwd. 2F 021 NAEQ 06 NBS

Detecting errors in the pedigree was done with GEC0 software (Sargolzaei et al., 2006)
Some animals appeared as both sire and dam. According to their sex, the information was corrected.
Others were appearing as their own ancestor (cycling pedigree) and were therefore corrected. Finally,
some animals appeared twice in the pedigree as the merging process dopli@rmmeasures where

animals can sometimes have been measured twice. Duplicates were thus removed.
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2.2. Pedigree parameters

Pedigree can be used to assess different parametesh asN. or inbreeding coefficient. The
knowledge of these parameters is the first step to come up with conservation meg&dieg et al.,
2002; Bosse et al., 2012)

Total pedigree numér of animals, sires, dams, founders, number of generations and
inbreeding coefficierg distribution were computed via CFC v1.0 softwéBargolzaei et al., 20Q6)\
total of 219 progenytested boarswere used for further aalysis. The last batch of these 219 boars
(n=5) entered the station in March"82018. Their piglets were born two months earlier (between
January 3 and 4"), and slaughtered between June'2and August ?. Maximum and average
inbreeding coefficienteand number of unique ancestors per breedgoup were also computed via
CFC v1.0 softwaK&argolzaei et al., 20Q6jor all tested boars, kinship coefficients, average inbreeding
coefficient, completeness, Nand genetic diersity parameter were assessed by opti8&.0.2R
packaggWellman, 2018)

Inbreeding coefficients were defined as the probability that two alleles, randomly chosen from
sire and dam, arddentical by Descent (IBD) whereasinship coefficients were defined as the
probability that two alleles, randomly chosen from two individuals, are (Bd@iing et al., 2002;

Wellman, 2018)The completeness was defined as proposeMagCluer et al. (1983)

H Fa ARSI v
1
a AB®r v @)
and,
/ FB "Oh 2)

in which, C is the contribution of sire or damisgthe proportion of ancestors present in generation i,
and d is the total number of generations. In this study, d was fixed to four generations as proposed by
Wellman (2018). Completeness is a very important parameter: if ancestors are sufficiently, known
other parameters such as genetic diversity or kinship coefficients would be more rlialde al.,

2011)The genetic diversity parameter was computed asdan of kinship coefficients.

Ne , defined as the theoretical number of néambred parents that would give birth to the

current population(Wright, 1931)was:

~

—h 3)

H
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where ® dwas the average afbcj defined as:

=]

Wwd ' m  MQh (4)

cjis the kinshigoefficientbetweenindividuals and j, and ggare the numbers of equivalent complete
generations of individuals i and(yWellman, 2018) Some assumptions were made fog: N- the
population isisolated; 2 mating are panmictic; -3he population growth is lineafHerreroMedrano

et al., 2013) Finally, the number of equivalent complete generations was characterized as the sum of

the proportion of known ancestors over all traced generatifiveliman, 2018)

2.3. MultitDimensionascaling

A classicaMDSanalysis was performed by using the cmdscale R fun¢Kabacoff, 2017)
MDS allows to structure the population within and among farfRgncois et al., 2017)Genetic
diversity might be accessed by using tppositeof kinship coefficients as long as they reflect genetic
distances among animafkaval et al., 2000The MDS is based on a dissimilarity matrix and, thus, 1

kinship coeffi@nt.

3. Transfers of animals among breeders

Based on information given lihe awé, the breeders and current owners of the 219 boars
5SNE RSGSNNYAYSR® ¢KS NBIFaz2y oK& ONBSRSNBER YR 26y
I NB NBaLRyaAoftsS T2NJ GKS 3IASYySGAO0 2NARAIAY 2F GKS |
animalsto progeny testing Additionally, to interpret correctly the different analyses, Walloon pure
breeders were interviewed in a sefirective manner about their transfers of animals within Wallonia

and also across other regions of Europe.
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4. Pseudegphenotypes
4.1. Data and prerocessing

The EBVs of boars of which progeny was tested at sté@teR19)as well as their reliabilities
were obtained from Gembloux Agigio Tech where genetic evaluations are performed. Sstadion
EBVs were available: AD@/j), carcass weight (kg), backfat thickness (mm), meat percentage,
conformation index and consumption index. Fourfarm EBVs were also used: backfat thickness
(mm), meat percentage, live weight (kg) and loin muscle depth (mm). To have more inforafatian
Piétrain genetic evaluations in Wallonia, please refer to seeidr8. Genetic evaluation of Piétrain in

Walloniain the literature review.

Boars were assigned to a group according to their current owner (hereafter called -owner
group), also considered the nominator for testiridpe hypothesis was that the animals reflect the

breeding objectives of this nominator. Information about owners wawioled bythe awe.

The EBV file was merged with others to obtain one file with ID of the animal, its plAB¥s
and their reliabilitiesIn order to avoid any biabecause ofdifferences in reliabilities due to EBV
regressed nature, corrected phenotypes should be used. Moreover, direct phenotypes of purebred
boars are not directly usable for two reasons: they are not always directly recorded on farm and do
not reflect performances in crossbreeding. To overcome these limitations, EBVs were deregressed; i.e.

they were divided by their reliabilitig€arrick et al., 2009)n order to obtain pseudphenotypes.

4.2. Correlations, PCA, Mahalanobis distances and separation power

Correlations between trait§.e. deregressed EBMsgre computedBy using the &toMineR
v.1.42R packagéLé et al., 2008}wo PCA were further performed to assess the distribution of boars
according to their pseudphenotypes values. Thirst PCA focused on distribution of boars among
breedergroups whereas the second one focused on their distribution according to stiess. For
these PCA, only six pseughenotypes were exploited, i.e. offspring performances. This allowed to
use trats that were more uniformly tested and more reliable. For each animal, to weight PCA, we took
the mean of its six astation traits reliabilities. Weighting was applied because, even if values are on

the same scale for each trait, there are still some mdjfferences due to reliabilities.

Mahalanobis distanceg@Vhitfield et al., 1987amongowner-groups were then assessed using
the HDMDv.1.2R packagé€McFerrin, 2013and a dendrogram established. The objective of this test

was to discriminate ownegroups.Separation power of the six different traits tested at station were
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finally computed to determine for which traits the different owners wettee most dissimilar.
Separation power was definess the variance among owngroups divided by the variance within
owner-groups(Coghlan, 2019)rhis analysis was performed by means of MAZ351.3R package
(Ripley et al., 2019)

5. Genotypes
5.1. Data

Piétrain genotypes from the Netherlands and the USA were obtained from the Dryad Digital
Repository(Yang et al., 2018s well as some German Piétrain genotypes. Genotypes from Baden
Wirttemberg, North RhieeWestphalia and Schleswidplstein were provided by the University of
Hohenheim (Germany). The KULeuven University, provided a merged binary file with both data. The
Bavarian State Institute for Agriculture (LFL), provided Bavarian Piétrain boars genoGgeotypes
from all other pig breeds came from the Dryad Digital Reposi{¥ang et al., 2017)All these
populations were genotyped by theorcine60kBeadchip W@Ilumina, n.d.) defined in sectior2.3.

Genomics

5.2. Preprocessing

The preprocessingf genotypesvas made via PLINKL.9(Purcell et al., 2007, 2019; Chang
et al., 2015) First, the different data were merged. For this purpose, when necessary, XY chromosome,
which corresponds to pseudautosomal regia of X chromosome, was encoded as X chromosome.
The X and Y chromosomes were then encoded as chromosomes 19 and 20, respectively. This was made
0 KNR deBr& S& wmycinerdey R H®dzy OliAz2yad tA3I& OF NNE wmy LI AN
sexual pai(Guru Vishnu et al., 2019yamily and individual IDs as well as the sex were recoded, when
y SO0Saal NElpdabed Rdzd SUdRRHJIEE Fdzy OlGA2yad ¢NALFfdr St AO {
i2 RAFTTSNBYyOSa 2F SyO2RAYy3 o0SGgSEH ALIS TUzyDIRR Y
NEYFAYAYy3a GNRAFEESEAO {bta 6SNB SEOf diRER F e Fii ¥ 22K
the data sets were merged according to lllumiharcire60kBeadchip v&pecificationglllumina, n.d.)
GKNR@IMSNEHSE: TdzyOliA2y o

The @ality control of genotypeE 0 & dzamy R FOA DG w2 g wadsythent [ L bY
implemented to remove SNPs in sexual and 0 chromosoBt@®mosome 0 refers to problem probes

or sequences used for chip quality cont(&lccles, 2011)all rates (genotype and individual) < 0.90
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andMinor Allele Frequencies (MAF) < 0.@dere also removedlrhe MAF threshold was chosen to keep

I Y RY Xy R n @ wm éTabfedzyravidsthe yhizsholds reported in the literature.

Table 1.

Genotypes quality control thresholds reported in literature

Filter Threshold Reference
0.05 Bosse et al., 2012
' HerreroMedrano, 2013
. Stratz et al., 2014
MAF 0.03
Bosse et al., 2015
0.01 Francois et al., 2017
Yang et al., 2017
Bosse et al., 2012
0.95 Francois et al., 2017
Genotype calrate Stratz et al., 2014
0.90 Bosse et al., 2015
' Yang et al., 2017
Individual caltrate 0.90 Stratz et al., 2014

Yang et al., 2017

5.3.Investigation of thé&iétrain breed origin

A MDS was performed for all the European breadailable in the Dryad Digital Repository
(Yang et al., 201%p determine which ones were the closest to Piétrain breed. TheMD&s was
reperformed by using only the closest breeds in order to have a better overview. These MDS were
performed with PLINK.1.9(Purcell et al., 2007, 2019; Chang et al., 2@%) dzgO\fydaa G6SNE | Yy R
mdsLX 2 (¢ FdzyOGA2yad ¢KS NBadd REtudd bl 2015 MOS R OA I
were based on genetic distances, i.e. Hamming distances. Hamming distances, applied to genetics, are
simple counts of differences beeen two strands of DNAHamming, 1950)Only SNPs in Hardy
Weinberg equilibrium ¢hardy midp andchwe midp options;Wigginton et al., 2005; Graffelmaa
Moreno, 2013)were kept for MDS. Hardyeinberg equilibrium supposed notably the absence of
selection and migratiofWigginton et al., 2005 It is thus more relevant to determine the origin of a

breed when erasing the effect of selection. The threshold was fixed to*dbHtause it allowd to
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keep enough SNPs (4,601 variants instead of 413 with®tht@shold). Thus, variants compléyenot

in HardyWeinberg equilibrium were removed for further analysis.

5.4.Analyzinghe genomic diversity @uropean Piétrain populatien

These analyses were performed through PLVNKO (Purcell et al., 2007, 2019; Chang et al.,
2015)and plotted in Rstudio.1.2.1335RStudio team?2015) A MDS based on Hamming distances as
previously definedHamming, 1950yvas performed on the different Piétrain populations. However,
the HardyWeinberg filter was not applied as long as the objective was nintvestigate the origin of
Piétrain but to determine the effects of selection process on these populations. To avoid overweighting
due to LDwhich are alleles nerandomly associate(Amaral et al., @08), a filter was applied through
éeindeplLJ- ANBA&SE FdzyOlA2yd® ¢KS RATFTSNdhg/efial. REIRBPB A K2 RA
for window size, 10 for step and 0.2 for The r2 is used to define a threshold of correlation between
SNPs to be considered as LTn determine thegenetic differentiation degree among Piétrain
populations, thek; statistic (also known as fixation indewjas determinedlt was defined as in Weir
& Cockerhan(1984)

)

r v

()

where™ gandnfare the variance and the mean of allele frequencies, respectively.

Inbreeding coefficients were investigated through two coefficients (Fhatl and Fhat3) proposed
by PLINKv.1.9 (Purcell et al., 2007, 2019; Chang et al., 20Hjatl is based on the variance
standardied relationship minus 1. Fhat3, based Ganomic RelationshipMatrix (GRM), is clearly
defined inBérénos et al. (2016)

0 0

: (6)

piis the allele frequency of th& individual and iis the number of copies of the reference allele for

the i"individual and the'j SNP marker. Homozygous minor alleles have more weight with this method

than homozygous major alleles. The underlyintgripretation is the correlation among uniting

AL YSGSad ¢KSasS (g2 O02STEMOAS yHidyy GRSy RBEI§ KT RIS (i
used for adequate estimations through loaded MAF. The same LD pruning as for the previous MDS was
made to avid overweighting of SNP$he Fhat2 coefficient, also proposed by PL¥NK9Y was not

used for studying inbreeding levels as it does not weight more homozygous minor alleles than major

ones.
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Another way to have an insight of inbreeding is through RGHns of homozygosity are
homozygous segments of the genorfiéerreroMedrano, 2013p ¢K& Y@ 1 @3¢ TFdzy Ol A2y
to determine tiem. The same parameters &&ng et al. (2017yvere chosen: a sliding window of 50
SNPs, 5 missing calls maximum, 1 heterozygous SNP maximum, a minimum of 50 SNPs to be defined
as ROH&homozygsnp functiorg) as well as a minimum length of 500 kKhHomozygkb functiorg).

Pruning & LD was not performed before this analysis as 8id L3 ae correlated.
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Introduction

In this chapter are developed the results and discussion of pedigree, transfers, pseudo
phenotypes and genotypes analysis. Moreover, before the seatiated to genotypesthe usefulness
of assessing diversity by both pedigree and phenotypes as well as conservation recommendations

based orthem are discussed.

1. Pedigreeanalysis
1.1.Pedigree parameters
1.1.1.Overall pedigree parameters

The number of animals in theverall pedigree was 777,321. These animafisvhich 12,148
boars and 45,307 sows had offspringere born between 1970 and 2018. In 1980, the electronic
Pigbook recording started in Belgium and the number of animals registered increased up tA1992
deaeasing trend has been observed since then. This may be the first indicator of pure breeding activity
decline. This aforementioneoehaviorwas also reported byelsh et al. (2010)orking with several
pedigrees from different pig breeds in the USA. It indicates a piguptimh worldwide trend, probably
due to the emergence of breeding companies. In 2003, there was a sharp decrease of the number of
animals registered in Belgium. This was the result of the disengagement of Walloon and Flemish
Pigbooks caused by the reorgaation of Belgian agriculture. Between 2011 and 2014, it was observed
a slight increase likely due to healthy economic conditi@BF Economie, 201%jut also to good
dynamics in the Walloon pig breeding. From 2014 to 2017 tallmv income earned by breede(SPF
Economie, 2015)the number of animals registereaalved (from 2,144 to 1,18\ Therefore, the

Walloon Piétrain population is currently under a strong bottleneck.

The analysis of thiengest ancestral path indicated that there were 30 generations of animals.
This number was greater thdahe number of generations for breeds reported in other studies (e.g. 17
19 rangein Welsh et al., 2010)n the overall pedigree, a total of 10,557 animals were fiers, of
which 8,031 had offspring (2,220 boars and 5,811 sows). For thdononers, more than 99% of
animals had both known sires and dams. None of the animals had an inbreeding coefficient higher
than 41%and aound 99%of the animaldad inbreeding cefficients smaller than 20%. The maximum
level of inbreeding was smaller compared to other breeds in the USA: 51% for Landrace and 65% for
Large White(Welsh et al., 2010)The average inbreeding was estimated to 4.15%. These values
indicate that inbreeding is not yet an issue in the studied populaiitis carbe explained partially by

the fact that the number of animals recorded in the Pigbadas relatively highMoreover, pedigree
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information from 1950 to 1970 were not available, which could underestimate inbreeding coefficients.

A study from Hansegtl973)assessed the inbreeding coefficient of animals of this earlier part of the
pedigree. For boars of which bothesimnd maternal grangire were known, it decreased from 15.62%

in 1951 to 5.28% in 1960. At the beginning, some remarkable boars were intensively used by breeders
leading to high levels of inbreedinglanset (1973) added that this inbreediteyel was howeer
smallerthan those observedor other breeds (e.g. Large White, Danish Landrace, Berksine).
Piétrain breed seemed therefore to undergo less inbreeding than other br@dusefore, three key
elements could explain these low levels of inbreedinga nissing part of the pedigree: 8 former

large population; 3less inbreedingtrategythan for other breeds.

1.1.2.Boars pedigree parameters

The mearindex ofPedigreeCompleteness (PCI) for the 219 boars was 0.95. The vast majority
of these boars had PCI higher than 0.60. Accordihgébal. (2011)this value is considered sufficient.
However, some boars, especially imported ones, had limited informaliento incompletepedigree
transfer. The mean nuimer of equivalent complete generation for boars was 9.97. Télier
parameter seemed to be the most appropriate for pedigree completeness investigation (Wellman,
2018). The pedigree of the 219 boars seemed therefore to be sufficiently complete for rfurthe
analysesin general, Walloon tested boars dha deep pedigree. It seems logical\@alloono 2 I NR Q

progeny testecpedigreeshould be sufficiently complete.

There were 19 breedegroups of boars: five from Flemish (n=12 animals), one from German
(n=4 aninals) and 13 froncurrent and formeiValloon (n=P3 animals) breeders. Flemish and German
breedergroups were kept to determine relationships of these populations with Walloon Piétrain pigs.
The average kinship coefficients within each breegi®up, by exkuding selfrelationships, ranged
from 0.01 to 0.40. The mean inbreeding coefficient for the boars was relatively small (2.74%). All
breedergroups had average inbreeding coefficients under 10%. However, by looking at the maximum
inbreeding coefficient, fie out of 19 breedegroups (2, 4, 7, 8 and 13) provided boars with inbreeding
coefficients equal or higher than 10%, with the maximum inbreeding coefficient equal to 21%
(breedergroup 4, n=11 boars). This means that some breeders, by purpose or ndttdeards
higher levels of inbreeding. This fact can be seen as a management strategy since breeders may tend
to send optimal boars for crossbreeding. In this situation, high level of individual inbreeding coefficient
of the parent would not be apparent ooffspring.It seemedhoweverthat the majority of breeders

paid particular attention to inbreeding and succeeded in its managemestexplained before,
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inbreeding levels from 1950 to 1970 could not be computed since this part of the pedigieaot
available It could underestimate inbreeding estimatian$ seemed also that inbreeding coefficients

of boars relatively lowwere the result of a former k@e population.

The number of unique ancestors for each breedeupranged from 2, for a breedegroup
of one animalto 4,386 for a breedegroup ofnine boas. It appeared that another breederoup was
composed of onlpne boar but this had more uniguancestors (220) than the one witlwo unique
ancestors.The group with only two unique ancestonsas imported and hd limited pedigree (only
parents).Also,a breedergroup composeaf 55% ofanimalsdid not have the higher level of unique
ancestors. fiis can be explained by two points: dter a certain number of animals provided by the
breeder, the number of unigue ancestors of his animals reach a plateau because the pedigree is limited
and 2 there is a certain variability between breeders for thember of unique ancestorsA high
numberof unigue ancestors can be explained by the deepness of pedigre# emdforcesthe idea

of a former large population.

The genetic diversity parameter among boars was 97.96%NJheas 223, thus, inside the
minimum range 32250 suggested beuwissen& Woolliams (1994) for sufficient fithess.The
different genetic parameters and the PCI mean can be considered as reliable values. It seeraed that
high genetic diversity exists in the Walloon Piétrain populatioshould however be noticed that this
high N was maybe due to Flemish and German animals of which ancestors could be different from
Walloon animals.Besides, ame imported animals hd cut pedigree which involved that the
assumption of ancestors missing at random for thefddmula was not observed(Wellman, 2018)
Moreover, as inbreeding effects due to intensive use of one boar can be seen a few generations after
(Robertson, 1961)it would be important to avoid a current excessive use pé doar in the

population.

As a single breeder provided 55% of the boars, potentially nahaldiversity was actually
captured. Ideallyeach Walloon farm should provid®% (n= 10 current breeders) of the tested boars
As long as different breeders Yanot the same number of animals available, the boars in progeny
testing should at least be proportional. This point is cruciaterbreed preservation, and especially
for the Belgian Piétrain program success. This program should be able to have tactessnost

diverse boars as well as to a balanced number of animals coming from different farms.
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1.2.Multi-Dimensionalscaling

The Figure 3 poistout four main clusters of boars. The first one presented the greatest
diversity even though all boars came from the same bred€deredergroup 1, who provided 55% of
the boarg. These animals miglhtave an influence from German boars as some of them wezar to
breedergroup 14 (different German breeders not identified in the data base). In general, the second
cluster was composed by breeders from the Walloon Brabant province and seemed to have genetic
links within them mainly due to transfefbreedergroups 2, 4, 7 and 10T his cluster can be divided
in two subclusters that did not transfer animals but were somehow linked to the core cluster. The
third cluster was composed by animals from breeders from Liége and Walloon Brabant provinces
(breedergroups 8 and 13)Some animals from breedgroups 1, 7, 16 and 19 seemed to have links
with animals from this cluster. At last, it was observed a core cluster that grooqaéaly Hainaut
province, Flemishbfeedergroups 5, 12, 16, 17 and 18) and German begstbreedergroup 14) In
general, genetic linkamonggroups fitted well with statements from interviewed breederhis MDS

therefore seemed reliable.

The core cluster would indicate higher rates of inbreeding. However, by looking at the
maximum inbreedhg coefficients of these breedgroups (from 0.00%, for boars of limited pedigree,
to 3.96%), in general, it did not actually seem the case. Note that the first two components had a
goodness of fit of 7.14%. This small percentage was expected sincex&2229%natrix was reduced to
a two-dimension one. This could explain why these breegteiups did not express high inbreeding

levels. They only seemed to be close in the first-thirmension plarbut they were not on other plans

Currently, members of albfir clusters are active, even if breeders 7, 11, 13 angut@n end
to their activities.TheMDS analysis can help us to develop conservation measures regarding genetic
diversity and relationships among farnfiderreroMedrano et al., 2013)It would be important to
preserve diversity from each cluster. As previously mentioned, the MDS was only a glanee of th
genetic diversity existing in Walloon Piétrain pig populatioh@ars ofcertain breederavere more
represented at progeny testingn addition,all boars did not enter progeny testing but only those
owners considered as being superiBreeder 1 was the only exception siriteeemedthat almost all

of hisboarsenteredprogeny testing.
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Figure 3Multi-Dimensionalsaling between 219 progeny testboars from 19 breedegroups
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2. Transfes of animals

The Figure 4 depicts transfers of animals from breeders to owAersireminder, breeders
I NB NBalLRyarofsS FT2NJGKS 2NAIAY 2F (KS LIAIT 606ANIK
testingselection. In order to clarify, identical numbexgre used to identify the same person (same
number for breeder and owner in the grh). Furthermore, theCIARand the Belgian Piétrain program

were considered as owners.

. 2 | thaAsfers from Walloon breeders to Walloon owners were almost inexistent. Only one
transfer appeared between breeder 13 and owner 6. By combining this informatitb semidirected
interviews, we can infer that, even if transfers of pigs have occurred among Walloon farms during the
last ten years, thy were relatively scarce. In addition, it seemed that owners/breeders have
bought/sold animals from/to the same breeders/owners. Therefore, some nuclei of breeders were

created as already seen on MDS analysis (Fig.3).

On the other hand, some owners have boufgbars in Flanders, and therefore, it seemed that
there were two types of situations in Wallonia: hreeders whadid not transfer animals (or very few);
2- breeders/owners who sometimes sold/bought animals in Flanders. These two strategies were also
seen h the MDS (Fig.3) where breeders from type two were in the core cluster whereas breeders from
type one were spread all around. The fact that transfers were an uncommon practice can explain the
great diversity previously found in the studied populatamboars sent to progeny testing came from
different lines It also means that excessive use of one boar in the current population is not expected
Moreover, the limited transferérom foreign regiongould mitigate inbreedingoefficiensat the farm
leveland relatively increasg¢he overallgenetic diversityln a thoughtful manner, transfers of animals
between Walloon farms may increase genetic variability among them (Gomes Arandas et al., 2017).
An increase of genetic diversity in edahm would thereforebe expectedas different boars would be
added to each farm pedigreghile the overall N of boars would decreasas boars sent to progeny
testing will share more ancestorhis N decreasenvould allow better genetic progregMeuwissent
Woolliams 1994a) Low transfersalso partiallyexplain thehigh Ne observed Some farms showed
relativelyhigh levels of inbreeding which involiess heterozygotes. As aforementioned, boars which
are progeny tested are expected to be used in a balanced manner in the populEtios). @en if the
population is undergoing a bottleneck, a low genetic drift could be inferred from these two latter fact

resulting in high B(Caballero% Torg 2000)

The specificity of the Walloon populationight also be under threat by transfers from

Flanders. This kind of animals should not be privileged in the Belgianiiigtogram since its main
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objective is to maintain genetic diversity of Walloon Piétrain population germplaemFigure 4 also
shows that Flemish breeders sold regularly boars to@h&P In this figure, German breededgd not
transfer any animals atlalt did not mean that they have never bought or sold animals in Wallonia but

it was not the case for animals sentttee CIAP.

Besides transfers between breeders and owners, another type of gene flow existent is due to
artificial insemination. This kiraf gene flow was evident ithe MDS analysis (Fig.3). In summary, close
breedergroups of animals share common ancestors, in recent or even distant past, due to animal

transfers between farms as well as artificial insemination.

Breeders Owners
1 1 )
2 2
3 3
4 4
6 6
7
; 8 =  Walloon owners
9 10
10 11
11 13
13 15
15 19

14 Germarowners
0CIAP
1 Belgian Piétrain program

By
(o]

17=
18

14 German breeders

Figure 4 Transfers of boars. The thicknessasfows is proportional to the number of boar
transferred. Blue arrows represent transfers from Walloon breeders. Red arrows repr
transfers from Flemish breeders.
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3. Pseudephenotypesanalysis
3.1.Descriptivestatistics

A total of 16 different owners sent boars for progeny tagtA large variation in the number
of boars selected per own&vas noticed there was an owner that sent less than 1% whereas another
one provided 55%. The latter provided good andséesggood boars which mitigated this imbalance.
This disparity in the number of boars provided by owners to progeny testing could be explained by
differences in the total number of animals found in farms and/or by the fact that some breeders did
not think to benefit from providing more boars fwogeny testingAssome breeders can be considered
as close to retirement, their investment could also have decreaskdeover, 13 Walloon owners
have sent boars for progeny testing in Z00his means a loss 4fowners in ten years for progeny
testing program(4 former owners, 9 current ownerand 1 farm that has never sent any boar to

progeny testing)

The graph of correlations (Fay.indicates several strong correlations between certaaits

which justified therealizationof a PCAGomes Arandas et al., 2017)he ADGwas negatively
correlated with consumption index and positively correlated withwegght. Indeed, the consumption
index represents the quantity of feed necessary for an animal to gain lokgr means better
Obviously, iADGis more important, the boar has better chances to have a highenlaight. Backfat
thickness was negatively correlated with meat percentagefarm or at station. It seems logical: a
boar with more fat has a lesser meat percentage.f@Gonation was not really correlated with any of

the traits. The good development of muscles seemed thus to be not correlated to muscle, fat or growth

traits.
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Figure 5.Correlation graph ofraits measured on farm andt station. ADG_dregleregressed EBV of aver:
daily gain; carw_dreg: deregressed EBV of carcass weight; BFTa_dreg: deregressed EBV of backfait
station; meata_dreg: deregressed EBV of meat percentagstation; conform_dreg: deregressed EB\
conformation indexconsum_dreg: deregressed EBV of consumption index; LW_dreg: deregressed EE
weight; BFTp_dreg: deregressed EBV of backfat thickness on farm; LMp_dreg: deregressed EBV of |
depth; meatp_dreg: deregressed value of meat percentage on farm.
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3.2.Principal Component Analysis

Even ifthe pedigree analysis allows us to detect past gene flow, it does not illustrate current
breeding decisions that reflect breeding objectiv@sajectory of the Walloon population came
determined by means of PCRBigenvalues and percentage of variance are presented in Table 2. The
first two components were chosen with the criteria of eigenvalue superior to 1 and a minimum of 70%
of the variance explained (Gomes Arandas et al., 201#.first component explained 49.28% of the
variance and the second 34.70% (83.98% in total). They seemed therefore to be sufficient to explain
the pseudephenotypic variation in this population. Figure 6 illustrates relationships between traits
and compaments of the PCA. Table 3 presents the correlations of the different traits with the first two
components and their walues whereas Table ghows the contributions of these traits to the PCA.
Figure 7 depicts positions of boacsloredby ownergroup, onthe PCA whereas Figure 8 depicts the
same PCA butolored by stressstatus. In Figure 8, group 1 represent strpssitive animals (nn),
group 2 heterozygotes stresgegative (Nn) and group 3 homozygotes streegative (NN)In Figures
6, 7 and 8, it wasbserved that he first component was related with growth whereas the second one
with meat traits. Conformation was explained by both componeftem Figure 7 and 8, it can be seen
that animals of the first quadranfclockwise)had a high backfat thickise. Boars on the first two
guadrants and near the-Xxis had high carcass weight and ADG whereas in the third quadrant, they
had a high meat percentage. Finally, in the last quadrant, they had high conformation and consumption

indexes.

While MDS based gredigree highlighted gene flows among farms, often linked to geographic
distances, the first PQ/ig. 7displayed selection objectives of farms. Animals from owner 1 were well
sparse but almost all were located on the first two quadrants which impliedtrtraits selection. By
excluding owneggroups 1, 11, 14 and 19, we can see timaistowners have selected more for meat
or conformation traits, the specificities of the Piétrain breidneans that breeders chose one of the
following strategies: Aminimizing input costs and increasing the total price perceived by carcass or 2
optimizing the price perceived by kg of carcass.feed representaround 70% of production cost

(Leroy et al., 200Q}hefirst strategy seems cost saving.

InHgure 7, it can also be seen thatrse ownergroups (6, 9, 10, 11, 14, 20 and 21) presented
a great disprsion. Ownemgroups 20 and 21 represented respectively @idRand the Belgian Piétrain
program. This explains the dispersion observed in these ogramips. Ownegroup 14 regrouped
different German owners which also clarifies the distribution among dlvnergroup. Ownefgroup
11 presented very high backfat thickness which is particularly uncommon in Piétrain pigs. However,

this ownerput an end tohis business and caused biodiversity losses. Owgrarp 6 was an outlier
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and had distinguishable characistics thatcould be preserved. However, this owner was closely
linked with Flanders and therefore with less Walloon characteristics. Moreover, egvoap 6 was

only composed of two animals, not raised by the same breeder, which also exptaimboarsfrom

this ownergroup were so far from each other. As owrggpoup 11 no longer exist, the diversity of
owner-groups 9 and 10 should be preserved, especially for group vdmtlistinct from other owner
groups. The Belgian Piétrain program (owgesup 2) seemed to choose high conformation boars.
Our results may be useful and could suggest that the inclusion of animals with greater meat percentage

(e.g. from ownegroup 4)is important due to its current lack.

From FigureB, we can observe that there was great diversity of pseudphenotypes for
stresspositive animals. They were distributed in all directions on the graph and the mean of this group
was very close to the graptenter. Some animals even showed better growth traits than stress
negative animbs. It is thus possible to select Piétrain strpssitive boars with goodDGandcarcass
weight. Heterozygos boars were also distributed among all the quadrants. Howevey, Wege less
numbered and tended less to the grapbnter. There were a few homozyge stressnegative and
they seemed to be more selected for growth traits. This is logical as stegsgive animals tend to be
less conformed and showed lower meat percemégeroy et al., 2000; Youssao et al., 2088)stress
positive boars show better meat characteristics they transmit by intioig to their offspringLeroy et
al., 2000; Youssao et al., 20pR)seems logical that breeders mostly provide this lah@nimals for
progeny testing of which one of the commercial outlets is crossbreeding. Siegsdive animals may
be mainly used for reproduction purposes in the purebred core, to mitigate excessive effects of n gene
or for onfarm distribution of Piétain meat (H. Stas, personal communication, March 29, 2019). Meat
of stressnegative animals is most of the tintetter appreciatel by consumergLeroy etal., 2000)

The number of streseegative animals is also lower than strgessitive ones in Wallonia.

At last, by looking athe genetic diversity parameter, inbreeding coefficients,add PCA of
pseudephenotypes, we may infer that the overall diversity of Walloon Piétrain pigs Stebe so far
well preserved. However, given the limited size of the population, different threats can break this
precarious balance such as germplasmdasshe compromise of the Walloon population specificity,

(i.e. by the excessive use of external byarsthe spread of any diseases.
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Table 2.

Eigenvalue, percentage of variance and cumulative variance of the principal components.

Component Eigenvalue Variance (%) Cumulative variance (%)
1 2.96 49.28 49.28
2 2.08 34.70 83.98
3 0.81 13.43 97.41
4 0.11 1.81 99.21
5 0.03 0.58 99.80
6 0.01 0.20 100.00
< BFTa-dreg

conform_dreg

05

carw_dreq ADG_dreg

Component 2
0.0

05

meata_dreg

-1.0

Component 1
Figure 6. Traits factor map. ADG_drederegressed EBV of average daily gain; carw_
deregressed EBV of carcass weight; BFTa_dreg: deregressed EBV of backfat thi
station; meata_dreg: deregressed EBV of meat percentage at station; conform
deregressed EBV of conformation indexnsum_dreg: deregressed EBV of consum,

index.
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Table 3.

Correlations between the traits tested in the station and the first two principal components and their

respective pvalues.

Traits Component 1 p-value 1 Component 2 p-value 2
Deregressed ADG 0.91 5.60°1 (***) -0.01 9.13.10
Deregressed carcass
_ 0.90 1.61.10°° (***) -0.02 7.71.10
weight
Deregressed BFTa 0.31 9.21.1C° (***) 0.92 1.20.10°2 (***)
Deregressed meafat
_ -0.13 1.15.1¢ -0.99 2.41.10123 (%)
station
Deregressed
o -0.65 9.76.107° (***) 0.51 1.1.10M (***)
conformation index
Deregressed
-0.88 3.27.10°% (***) 0.05 5.00.10"

consumption index

2 EBV of average daily gainEBV of backfat thickness at statirEBV bmeat percentage at statign

(***): extremely significant correlation

Table 4.

Contributions of studied traits (%) in the station to the first two principal components.

Traits Component 1 Component 2
Deregressed ADG 28.17 3.77.10%
Deregressed carcass weight 27.36 2.68.1¢7
Deregressed BFTa 3.25 40.40
Deregressed meata 0.55 46.82
Deregressed conformation index 14.21 12.61
Deregressed consumption index 16.46 0.14

2. EBV of average daily gainEBV of backfat thickness at stati6nEBV bmeat percentage at

station.
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3.3.Mahalanobis distances

Mahalanobis distances are illustrated in Fig@réThe distance of ownegroup 11 who put
an end tohis businessn relation to others can also be clearly seen in this graph. The loss of this-owner
group can therefore be considered as a problem. Owgreups 4, 7 and 10 formed a first owrgroup
in the dendrogram that seemed to be linked with the worse consumptidex when we combine this
information with the PCA. A second cluster was made of ovgneups 1, 3, 14 and 19 that seemed to
select for efficient growth traits. The third cluster with owrgmoups 2, 8, 9 and 21 seemed to select
for lesser good consumptioindex (but better than ownegroups 4, 7 and 10) and in general for better
conformation. Aswo boars from ownergroup 2 entered the Belgian Piétrain program, it was logical
that the ownergroup 21 was closer from owngroup 2. Other groups were lessident to
characterizeBoth pairs (breedegroups 6 and 15 and breedgroups 13 and 20) were not really close
on the PCA first plan but they were maybe close on other PCA pMatelanobis distances seemed
therefore to reflect more similar breeding objaes among owners than transfers of animals or

genetic links. Therevas an exception for breedegroups 2 and 21 for which transfers appeared

recently.
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Figure 9 Dendrogram of Mahalanobis distancasongowner-groups.

53



Chapter Ill: Results and discussion

3.4.Separation power dfaits

As a great dispersion of individuals was seen in the first PCA (Fig. 7), separation powers of traits
were computed in order to determine which traits discriminate the most different breeders. The
different separation powers arpresented in Tabl&. In general, owners seemed to be the more
divergent forADGand for consumption index (growth traits). That is why the Belgian Piétrain program
should ensure representative samples for these traits. Moreover, animals with superior meat
performances should be tested and enter the program as they seem to be rare. Note that the Piétrain
breed shows already exceptional meat characteristics compared to other bré@dmerlynck&
Brankaer 1958; Youssao et al., 200R8) the ownerpoint of view, it is totally justified to keep a superior
animal. However, lesser good animals may also be kept since this kind of animals could maybe carry
unknown genes of importance (genetic variability). It can also have excellent growth traitssaoulyt
at this condition that it will enter the station. It is the mission of the Belgian Piétrain program to

conserve both types of animals.

Tableb.

Separation power of the tested traits the station.

Traits Separation power
Deregressed ADG 6.44
Deregressed carcass weight 4.16
Deregressed BFTa 2.79
Deregressed meafa 3.67
Deregressed conformation index 2.63
Deregressed consumption index 7.61

& EBV of average daily gdinEBV of backfat thickness at statiéirEBV dmeat percentage at station.
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4.Use of pedigree and phenotyp&sultaneously

The use of both pedigree and phenotypes in this study was interesting as groups that were
genetically close did not have similar performances based on bregrdeips PCA (Fig.7). For example,
groups 3, 6, 11 and 15 were in the core cluster of MDS (Figt3pbead out in PCA (Fig.Pedigree
informationis very important to determine levels of inbreeding and gene flow between populations
whereas phenotypic measures allow to discriminate in our, due to breeding preferences, rather
heterogeneous populationpwner-groups having animals that carry interesting or rare traits. It
indicates that the selection work of the breederdan important place by studying the diversity of an
endangered or not breed. Our results support other authors emphasizing the iemm&tof using
physical traits for preservation purposes since some of them cannot be captured by genetic distances
computations (Fabuel et al., 2004; Ruane, 1998 use of phenotypes for conservation purposes is
not usual in animal breedin@.g. Gomes Arandas et al., 2017; Tocci et al., 28d@)ary to ecology
(e.g.Amanoé& Yamaura, 2007; Jones et al., 2009; Turnhout et al., 2B®}herefore suggest to add
phenotypic measures by studying genetic diversity of a breed as it adds a certain amount of
information to pedigreeGenotypes can complete the dig#ty overview and conservation measures

stated

5. Conservatiomecommendations based on pedigree and psepldenotypes

Until now, the Walloon Piétrain population seems to maintain sufficient diversity. The MDS
and the PCA analyses demonstrated thattsospread well considering genetic and phenotypic
diversities. However, different threats can break this precarious balande: the last ten years, 4
breeders out of 14 have retired without any successor, the germplasm of their animals mostly lost in
the process. If this situation continues at this pace, in a few years, it is very likely that there will be any
Walloon Piétrain breeder left. -2The importation of foreign or Flemish boars or straws might
compromise the specificity of the Walloon populatid@3 The spread of diseases like ASF leading to

compulsory culling, could lead to the extinction of the Walloon Piétrain.

To preserve better the Walloon Piétrain breed, also by doing some adaptations to the Belgian
Piétrain program, different solutionsxest: 1 Currently many boars come from the same breeder. To
have a better management of the genetic diversity and improving the choice of boars by the Belgian
Piétrain program, other breeders should send more boars for progeny testifigneBelgian Pitain

program could choose more diverse boars, i.e. different for growth traits and greater meat percentage.
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This study showethannes to detect phenotypically different animals as those from owgeerups 9

and 10 that should be sampled by the prografomever, it should be noticed that only one batch of
Belgian Piétrain boars could be areg in this study since EBVs for further batches were not yet
available. Considering other batches could help to determine if the Belgian Piétrain program follows
these advices3- Financial assistance by the government for breeders couldtbetptigate economic
conditions that are nofavorablenowadays. The government should ease the installation of new and
young breeders, who might have rather limited numbers of purebred animals, and separate this
support from the support for larger pig producing. Ba small purebred populationlike Walloon
Piétrain, diseases like ASF are a large threat. In addition to the current strategy based on limiting the
spread of ASF, thgovernment should support specific measures to protect the purebred animals and
provide exemptions from immediate cullings- The Walloon population has to stay competitive to
foreign or Flemish importation of boars. Only through a strong progeny testing this can be achieved.
6- As shown by the fact that some breeders segito rely relativelyheavily on the use of inbreeding,
adapted mating tools provided ke awé could helgo plan mating. Such a tool could be based on
OC theory therefore optimizing simultaneously genetic and phenotypic variability, i.e. genetic
improvement. 7- Transfers ofanimals between breeders should &vored but it should also be
ensured that groups can keep their specificity. Breeding circles proposafinoyg& Kaal (20083ould

be onemannerto organizethese transfers.
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6. Genotypes analysis

Previous results have focused on amily the genetic diversity of the Walloon Piétrain
population. In this section, we will increase the discussion to an international levelilyestigating

its origin; and 2assessing the diversity séveralPiétrain populations.

6.1.Multi-Dimensional Scaling Biropean pig breeds

TheAppendix Il shows the MDS with all the European pig breeds. Figure 10 shows the MDS
with the closest breeds to Piétraifihree main clustersan be seenthis of Landrace, Large White and
Piétrain poplationdstrains. In between these three clusters, different lo8abtted breeds of pigs can
be seenthe Angler Sattleschwein and Bunte Bentheimer breeds from Germany, Pul8pskdrom
Poland, Poltava from Ukraine, National Spotted Swine from the USA (but that comes from Poland China
breed; National Spotted Swine Record, 2018hdto a lesser extent the Byelorussian pork breed.
Another cluster close to thesgpotted breeds is composed tdcal English breeds such as Berkshire,
Tamworth and Gloucester Old Spot. Appendix Il illustrédedl English breeds whereas Appendix IV

showed somdocal Spottedbreeds

A recent study fronGorssen (2018)Iso analged data from DryadYang et al., 201&nd some
Piétrain populations to infer about the originstbk Piétrain breed. These results were similathiose
obtained in this studyhowever it seems that this author did not ap HardyWeinberg filter to
remove selection process. This author did not capture the close link between Piétrain and English

breeds as well, since this link could not be seethauit a HardyWeinberg filter.

The study of Gorssen (2018) proposed three hypotheses to explain the close relationship of
Piétrain populations and loc&botted breeds: 1Piétrain and loca®otted breedswere all originating
fromthe localEnglish breest 2 Piétrain genes were introgressed in lo§abtted breeds or viceversa;

3- Piétrain populationsvere close tolocal $otted breeds because of independent path of selection

based on spots.

As mentioned (please, see sectibrd. Piétrain historyn literature review), it is supposed that
Piétrain animals @ane from crosses betweeBerkshire and White breed€amerlynck& Brankaer
1958; Li et al., 2014; Yang et al., 20ihr)he decade of 1920. Regarding our results, this hypothesis
cannot be neglected. However, we may also consider that the Piétrain breed may originate from

Tamworth and Gloucester Old Sgfig. 10)
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Some localSotted breeds werecreated before Piétrain The National Spotted Swinavas
createdaround 188Q(National Spotted Swine Record, 2089 Bunte Bentheimer, midineteenth
century (Zwick, 199Q)From that we cannot exclude the fact that Piétrain could originate also from
these breeds. On the other hanthe Poland Chingancestor of the Natinal Spotted Swinayas not
exported during these decades according to Matdoahaye (1941) and may not be one of the origins
of Piétrain pigs. Likewise, the Pulawska, Angler SattlesctameirByelorussian pigs, originated in the
twenties (Heiner Iversen, 1997; Porter, 2002; Slow food fundation for Biodiversity, 284 9)ell a
the Poltava breed, recognized in the forti@soziner& Shtakelberg1989), cannot be related to the
origin of Piétrain. Moreoverthe Piétrain breed is more susceptible to have genetic links with
geographically close populations (as German local breeds) which reinforces the aforementioned

statement.

In addition to thesehypotheses, same breed introgressions are presumed for Buzted
breeds. For improvement purposes, the Bunte Bentheimer breed was crosseiti@Brkshire breed
in the beginning of the 1 century (Zwick, 1990and the Angler Sattleschwein with Berkshire and
Tamworth breeds(Férderverein Angler Sattleschwein e.V., -BiB019) The Pulawska pig would
originate from local and Berkshire breg@ow food fundation for Biodiversity, 201&)d the Poltava
breed from an Ukrainian native pig crossed with Berkshire, Large White and Tamworth (iteeier
& Shtakelberg1989) The Byelorussian pig breed came from a native pig breesded with Berkshire,
Large White, Large Black and Middle WiiRerter, 2002)
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Figure 10 Multi-DimensionalSalingamongdifferent European breeds/populations close f
the Piétrain breed. BYPS: Byelorussian Pork Swine; DEAS: Germany Angler Sattle
DEBB: Germany Bunte Bentheimer; German_BA: Germanyi@a®iétrain; German_BW
Germany BadeiVurttemberg Piétrain; Germany_NW: Germany North Riwestphalia
Piétrain; German_SH: Germany Schleddatgtein Piétrain; LDR1: Denmark Landrace; LL
Norway Landrace; LDRS3: Finland Landrace; LDR4: China LardR&:elJSA Landrace; LDF
Spain Landrace; LDR7: Netherlands Landrace; LWT1: Denmark Large White; LWT2: Ch
White; LWT3: USA Large White; LWT4: Netherlands Large White; PIT1: USA Piétrai
Netherlands Piétrain; PIT8Germany2 ( K $Nifiain; PLPS: Poland Pulawska Spot; UA
Ukraine Poltava Swine; UKBK: UK Berkshire; UKGO: UK Gloucester Old Spot; UK
Middle White; UKTA: UK Tamworth; USSP: USA Spot (or National Spotted Swine)
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6.2.Multi-Dimensional Scaling Bfétrain populations

In Figure 11 is illustrated the MDS of Piétrain populations. It is important to remind that for
this analysis, the Hareieinberg filter was not applied to have an insight of selection faththe
different Piétrain populations. Moreover, a LD filter was applied to avoid overweighting of some SNPs
selected jointly. It is difficult to determine clear clusters among different populations even if some
preferential orientations of selection can be seen. Addriy’ > 5dzi OK YR AGaDSNX¥YI Yy
populations tended to split up from other populations, which can be partially explained by geographic
2NAIAYyEad LG O2dA R +ftaz2 o06S SELXIAYSR o6& G(KS T O
from commerci& firms. These three populations were genotyped earlier than Bavarian, Baden
Wirttemberg, North RhindVestphalia and Schleswidplstein populations as well. This could imply a
greater genetic gap between both kind of populations as the selection path etdh@& same. As the
same chip was used for genotyping, these differences could not be explained by genotyping artefacts.
Bavarian Piétrain tended to cluster in thenterof the figure. BadeiWirttemberg and North Rhine
Westphalia populations were well sad even if a direction of selection seemed to be followed (i.e.
dimension 2 and 1, respectively). These differences in termgtbin-populationdiversity between
BadenWirttemberg/North RhineNestphalia and other populations are expected to be partidllg

to differences in sample size.

It can also be observed froffigure 1lexchanges among different German populations. This
is why Bavarian, Badawirttemberg, North Rhind&Vestphalia and Schleswidplstein populations
were particularly mixed u@opulation from BadeiVirttemberg tended to be less similar than those
from North RhineWestphalia and Schleswigolstein, which was already observed $iratz et al.
(2014) However the Riwas estimated to 0.03, which implies little genetic drift accordintipresholds
defined byHartl & Qark (1997) This seems to be logical: different Piétrain populations did not

substantially discriminate.
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Figure 11 Multi-DimensionalScalingamongdifferent Piétrain populations. German_BA: Germa
Bavarian Piétrain; German_BW: Germany Bad&nttemberg Piétrain; Germany NW: Germal
North RhineWestphalia Piétrain; German_SH: Germany Schledwistein Piétain; PIT 1: US/
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Table 6 illustrates different genomic inbreeding estimations for each Piétrain population,
whereas Table 7 shows ROH parameters for each population. Negative vaklestbinvolves less
relatedness within population than positive ones. Greater Fhat3 values mean higher inbreeding levels
because rare homozygous appear at a higher frequency. We can therefore infer that Dutch and
American populations had higher levels obrieeding (Table 6). Note thdahe Dutch population
seemed to carry rarer homozygous than American due to its higher Fhat3. Bavarian,- Baden
Wirttemberg, North Rhin&Vestphalia and Schleswidplstein showed low levels of inbreeding
GKSNEIF & (KS aeD ImMBdg I AARSNIKI R AYGISNYSRAINE 2ySao

It can be seen that the Dutch Piétrain showed the highest number of ROH segments and the
higheststandard deviatioffSD)Table 7). The total number of kilobases in ROH was relatively high with
the highestSD.However, their average number of kilobases in ROH and 8iaere not far from
other populations. It means that they showed more ROH segments but their length wasemyge
similar to other populations. American Piétrain also showed a relatively high number of ROH segments
with the lowestSD For this population, the total and average number of kilobases in ROH was the
highest.However, the average length of ROHsmeed not to differ enough from other populations to
infer that the American population underwent a more recent inbreeding pres@degreroMedrano
et al., 2013)Populations from Bavaj BadeAwlrttemberg, North RhindVestphalia and Schleswig
I 2f aGSAY aK26SR aAYAT NI @FfdzSa F2NJ whil LI NFYSQGSH
low levels for all parameters. These results were aligned with inbreeding estimations except for
GDNY Y 20KSNEE LRLMzZ I A2y ¢ KRSt ak RalaSdNdnalgdd! & & S N.
LINELR2 NIAZ2Y 2F whla Ay GKS alYS$S ' YSNAOIYS 5dziOK
these populations was the same: American shdvhigher proportion of ROHSs followed by Dutch and
GKSYy aDSNXIY 20KSNBRE LRLMAZ FGAzyad ¢KSas fSgSt a

populations even if theiSDwas also lower.

Theseaesults suggested that there was a greater variability in German populations (supposedly
traditionally raised) compared to Dutch and American populations (expected to be commercial lines).
The American population seemed to be particularly inbred and umifoThis can be due to
management strategies applied for industrial lines. However, it is indicated to increase exchanges and
the number of animals used for reproduction in this population to avoid inbreeding depression in the
future. Clark et al. (2013uggested the use of GEBVs for the determination of OC as it can increase
more genetic merit than pedigrelbased OC for the same inbreeding restricti@ther tools can be
used as markeby-marker coancestry or coancestry based on R@Bisse et al.,, 2015)f the
hypothesis of traditional’s.commercial lines is confirmed, means that traditionally raised animals

have a keyole in the preservation of Piétrain genetic resourc@sstudy ofOllivier et al. (2005)
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demonstrated that the Belgian Piéin line could catribute relatively highly to betweetreed
variation. This has to be determiddor the current populationA further step willtherefore be to

include Walloon animals and other European ones to confirm the specificity of each population.
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Table 6.

Inbreeding estimations for different Piétrain populations.

Population FhatT" Fhat3
German_BA -0.02 0.03
German_BW -0.10 0.01
German_NW -0.06 0.01
German_SH -0.04 0.02
PITE 0.70 0.25
PIT2 0.86 0.23
PIT3 0.26 0.14

& Germany Bavarian Piétrath;Germany BadekVurttemberg Piétrain®: Germany North
RhineWestphalia Piétrain?. Germany Schleswigolstein Piétrain?: USA Piétraint:
Netherlands Piétrair; Germany Piétrairl; inbreeding estimatiovased on the variance
standardized relationship minus 1; inbreeding estimation emphasizing minor
homozygous alleles frequency.

Table 7.

Runs of homozygosity parameters for different Piétrain populations.

Population NSE®(+ SD) KB (+ SD) KBAVG(+ SD)
German_BA 36.42 (+ 6.74) 190,016 (+ 47,808) 5,213 831)
German_BW 34.70(+ 5.24) 174,798 £ 39,442) 5,043 - 886)
German_NW 34.61 5.56) 176,618 £ 44,813) 5,101 ¢973)
German_SH 34.79 £5.92) 179,827 £ 46,396) 5,155 {963)

PITE 37.60 {4.02) 329,441 £43,331) 6,406 (1,181)
PIT2 39.30 £9.38) 211,280 £ 65,991) 5,284 919)
PIT3 32.61 £4.72) 163,140 £ 29,899) 5,008 ¢ 675)

& Germany Bavarian Piétraift; Germany BadekVirttemberg Piétrain. Germany North Rhine
Westphalia Piétrairf: Germany Schleswigolstein Piétrain® USA Piétrairi; Netherlands Piétrair;
GDSNXI y& 2 i KSiednaumber & RO segméntsmean total number of kilobases in

ROH!: mean of mean number of kilobases in ROH.
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The breeding of Piétrain purebred animals is curredtipe in two different contexts: 1by
breeding companies that keep private industrial lines of limited sizéy2he remaiing individual
purebred breeders, whose numbers have been strongly decrgasiartime (e.gWelsh et al., 2010)
Even if the Piétrain breed is normally not considered as endang@temson, 1992) Piétrain
populations raised outside breeding companies are scarce. Two solutioesaltesndyimplemented
in Wallonia for the preservation of the Piétrain bremised by traditional breedergirst, hie progeny
testing of Piétrain boarsvas set up in 2007 Then, he Belgian Piétrain program, based on

cryopreservation othe best boar€) erréen was launched in 201(&wé, 2019)

The objectives of tis study were thereforéo investigate the origin of the Piétrain breet,
assess the genetic diversity of the Walloon Piétrain pig population and to determine the genomic

differences between some Europepapulatiors.

The investigation of the origin oh¢ Piétrain breed did not allow to determirabsolutely
which breeds were involved in its genesis. The hypothesis of an initial cross of a Berkshire boar with an
Indigenous sow followed by crosses with the Large White brealticotbe excluded. Howevespme
other local English and/or local Spotted breeds colblve been involved (e.g. Tamworth and
Gloucester Old Spot). Some local Spotted pig breeds, supposedly with the same origins as Piétrain and
Go2NYyé¢ Y2NB 2NJ fSaa |4 (FéBainpdpyation BEriNgr dveigawBidlls Of 2
howeverrequired to garchfor more accurate factaboutthe Piétrain bree@ arigin. Theneighbor

joining treeand the admixture methods could maybe help to solve this issue.

Besides the study of the breed origin, thenetic diversity of the Walloon population was
assessedhrough pedigree.TheN. was 223the genetic diversityparameter97.96% andhe average
inbreeding coefficien2.74%.As confirmed by these main pedigrearpmeters, the genetic diversity
seemed to be sufficiently high in the Walloon Piétrain populatiobreeding did notkither seened
to be an issueThese good resultsan be duean partto a former large population or management

strategy.

In addition the PCA, based on deregressed EBVs, reinfldheeidea that a high diversity exists
in the current Walloon population. Actually,he breeding objectives were found to highly vary
implying that owners ied to differentiate from each other. Moreover, by sejpdion power
computation, it seemed that owners diverged the most growth traits Two main strategies can
therefore be observed: meat or growth traitslost owners focused othe first type of traits which

wasthe primary objective when the breed was created.

However,some conversation measures could be advisethasliversity found in the Walloon

populationcould be under threaDifferent analyses and statistics consolidated this statemke@ene
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flows between farms were uncommgrasobserved inthe MDS based on the opposite of kinship
coefficients andn the analysis of animal transfer® Only ae breeder provided 55% of the boars
tested, which means that, potentiallyot all the Walloon diversity isnown.3- Four breedergut an
end to their activity which means that the diversity loss is already a facDutch and American
populations supposedly from commercial lineseemed to be more inbred and with greater RQids
found by studying their gerotypes If the traditionally raised Walloon Piétrain population is

overwhelmed by commercial firms, an increase in diversity loss could therefore be expected.

Some adaptations should thus be done in genetic diversity managenfetite Walloon
Piétrain pgulation. Improvements through the choice of boars for efficient mating plans and strong
progeny testingare a first solutionIn addition, advanced tools (e @Cwhich is based on EBVs and
pedigree;Meuwissen, 1997as well as transfers of animals among breeders (e.g. through breeding
circles proposed bWindig& Kaal, 2008%hould be considered by the Belgian Piétrain prograhis
program can also play a very important role in finding an equilibrium between keeping all genetic

diversity and the best germplasm.

As for other local breeds in Wania, Piétrain could be included into agenvironmenal
measures. These measures provide a framework for financial assistance by the government to
breeders to support genetic diversity. They are very efficient emdd maybebe implemented, by
requiring the European Commission to accept national strategy plans that includes support for
endangered breeds. Finally, governments in general should also support specific measures to protect
rare purebred animals against diseases. Currently, culling stratégiizgy diseases outbreaks are not

designed to protect animals with high genetic value.

Another important advice when studying the status of a breed could be drawn from the results
of this study Physical traits can add a substantial amount of informatiooua breeding objectives
and breed particularitiethat cannot be covered by genetic distances and other parameittoaever,
there are not commonly used for conservation purposBEserefore, pedigree, (pseudphenotypes

and genotypes should be used sitameouslyto have an overall picture of théatus of a breed.

One perspective of this study would be to add new batches of boars from the Belgian Piétrain
program to check if the different advises provided in this study were followed. The pedigree study of
sows born a few years ago could also be done to check dfitteeent pedigree parameters are actually
similar for this other part of the populatiorAn index currently lackingbased on the first two
dimensions of the PCA couddsobe elaborated. This index would help owners to achieve breeding

goals by syntheting the 10 EBVs currently used.
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General conclusion and perspectives

As afurther study; it is plannedto add other European Piétrain populations (Walloon, French
and Austrian genotypes are under acquisition) to araper differentiation degreehrough a MDS
and the R parameter By tte analysis of inbreeding estimations, ROHs, LD and other genomic
parameters, it iexpeckedto determine ifthe Walloon Piétrain population is unique and ithighly
contributes to the genetic diversity of the Piétrain bre@dhe development of genomic alations,

suitable for Walloon Piétrain pigs, could also be of particular interest as it does not exist currently.
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Appendix.lOIld pictures of Piétrain pigs

Appendix Ib.Piétrain sow and her litterSourceVan Snicl& de Lantsheerg¢1961)
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~ MAX 7BI

Appendix IcMax 7B1, first boar to enter the Pigbadknonymous source.
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Dimension 2

Appendixes

Appendix Il
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Dimension 1

Appendix I Multi-Dimensional Saling among different European breeds/populatiean BYPS:
Byelorussian pork swine; DEAS: Germany Angler Sattleschwein; DEBB: Germany Bunte Bentheimer:
DUR1 to DUR4: Duroc populations; ESCM: Spain Chato Murciano; ESIB: Spain Iberian; ESMJ: Spain
Manchato de Jabugo; German_BA: Germany Bavarian Piétrain; German_BWangeBaden
Wirttemberg Piétrain; German_NW: Germany NeRhine Westphalia Piétrain; German_SH:
Germany Schleswig Holstein Piétrain; HUMA: Hungary Mangalica; ITCA: Italy Calabrese; ITCS: Italy
Cinta Senese; ITCT: Italy Casertana; ITMR: Italy Mora Roanalditd: Italy Nera Siciliana; LDR1 to

LDR7: Landrace populations; LWT1 to LWT4: Large White populations; PIT1: USA Piétrain; PIT2:
NetherlandsPiétrain; PIT36Germae 2 (i Ri&mlili; £LPS: Poland Pulawska Spot; PTBI: Portugal
Bisaro; RUBR: Russia BrejtRULV: Russia Livni; RUMR: Russia Murom; RUUZ: Russia Urhzum; SELI:
Sweden Linderoth; TRPR: Czech Prestice; UAMI: Ukraine Mirgorod Swine; UAPL: Ukraine Poltava
Swine; UAPS: Ukrainian Pork Swine; UARW: Ukraine Red White Belted; UASS: Ukrainian Spotted
Steppe; UAWS: Ukrainian White Steppe; UKBK: UK Berkshire; UKBL: UK British Lop; UKBS: UK British
Saddleback; UKGO: UK Gloucester Old Spot; UKHS: UK Hampshire; UKLB: UK Large Black; UKLE: UK
Leicoma; UKMW: UK Middle White; UKTA: UK Tamworth; UKWE: UK Welsh.
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Appendix llILocalEnglishpig breeds

Appendix IllaChampion Berkshire boar at 20B®yal Adelaide Show. Sour&avis(2005)
https://commons.wikimedia.org/wiki/File:Adelaide _champion Berkshire _boar _2005.jpg

Appendix llIb.Gloucester Old Spot boar. Sour&ater(2008)
https://www.flickr.com/photos/15181848@N02/2803601977/
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