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French Abstract / Résumé Francais

Titre : Une approche globale de la diversité généue du poulet a Taiwan

combinant phénotypes et marqueurs moléculaires

La conservation et [lutilisation des ressources éfgnes animales
domestiques est un enjeu d’'importance globale pesisociétés humaines. Le
processus de sélection des populations d’élevageemiplace par 'homme a
conduit a une érosion de leur diversité génétiques races locales sont des
ressources d’intérét potentiel, leur caractérisatist une étape essentielle de tout
programme destiné a conserver la diversité gérgitiges outils moléculaires et
les caractéres phénotypiques fournissent I'infoimnahécessaire a I'évaluation
du statut de la population pour éclairer la priseldcision dans un programme de

conservation.

Cette thése s’inscrit dans un programme de colédloor entre Taiwan et la
France. Elle s’intéresse a la diversité génétiquesig races locales de poulet a

Taiwan avec deux objectifs.

Le premier objectif est de combiner les donnéepeatéormances d’élevage
(croissance, réponse immunitaire) et les donnée&cmaires (marqueurs
microsatellites, ADN mitochondrial, gendC1R marqueur LEIO258 pour le
CMH) pour analyser la diversité génétique de aixes de poulet conservées a
I'Université nationale de Chung-Hsing depuis 198he méthode d’analyse
multivariée est proposée pour combiner les vargabtmtinues (performances) et
les fréquences alléliques (données moléculairéahalyse combinée discrimine
clairement toutes les races a I'exception des rakeshi et Quemoy qui
apparaissent tres semblables sauf pour la répamse@nitaire. Un processus de
sélection est mis en évidence sur le gMt@1R controlant la variation de la

couleur du plumage.

Le second objectif cible le polymorphisme du comple majeur
d’histocompatibilité, décrit par le marqueur hyparable LEI0258, et ses effets
sur la réponse immunitaire. Sur un total de 17led|e7 alleles sont nouveaux.
L’évolution des fréguences alléliques dans cha@eoe en conservation, a été
étudiée pour trois générations entre 2001 et 2068.résultats suggerent que le

Vi



polymorphisme du CMH peut étre un indicateur upitar la surveillance de la
diversité génétique dans des petites populationsoaservation. Une épreuve
d’infection expérimentale par un virus d’'influeraaaire faiblement pathogene a
montré des différences significatives entre raegsc une réponse immunitaire
plus rapide pour la race Quemoy et une sensiliététivement plus forte a
I'infection pour la race Hsin-Yi. Les races diff@aat aussi pour la réponse
secondaire aux vaccins contre la maladie de Nelec#estronchite infectieuse et
la bursite infectieuse, avec une réponse génératepias forte dans la race
Quemoy. Seuls 4 haplotypes du CMH étaient commuyplssieurs races sur les
19 alleles présents mais ils n'avaient pas d'effghificatif. Toutefois, un effet
significatif du CMH a été observé intra-race entipalier pour la race Quemoy.
Il serait intéressant de caractériser plus préasgnes alléles présents dans cette

race ainsi que ceux présents dans la race Hsin-Yi

En conclusion, cette thése montre qu’il est posgillel combiner des caracteres
de performance et des données moléculaires polueg\a diversité géenétique et
souligne l'intérét d'un suivi spécifique du CMH powmettre en relation la

diversité génétique et la résistance aux maladies.

Mots clés: poulet, diversité génétique, marqueunléoulaire, réponse

immunitaire, CMH
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English Abstract

Conservation and utilization of domestic animal gjenresources is a global
and important issue for human society. Animal gendiversity has become
eroded during the process of breeding and humaettgat. Local breeds are
potentially useful genetic resources that needetaharacterized as the first step
of any programme aimed at the conservation of gedetersity. Molecular tools
and phenotypic traits provide information to evéduie status of population and

for conservation program decision-making.

This thesis is part of a collaborative programm@veen Taiwan and France,
and is focusing on genetic diversity of six lochloken breeds in Taiwan. The
first objective is to use phenotypic data (growtid dammune responses) and
molecular data (microsatellite markers, mtDNA, MCaRd LEI0258 marker of
MHC) to analyze genetic diversity of six chickeredds conserved in National
Chung Hsing University since 1982. A multivariateethod is proposed to
combine continuous variables (performance traiteyl allelic frequencies
(molecular data). The combined analysis clearlgrdisinates all breeds except
Ju-Chi and Quemoy which appear very similar exéeptmmune response and
MC1R. A selection process has been observed oM@ER gene which controls
variability of plumage colour. The second objectivéocusing on chicken MHC
polymorphism, as described by the hypervariableORPE8 marker, and it is effect
on immune responses. On a total of 17 LEIO258 edlelf were new. The
distribution of MHC genotypes in each breed undeoaservation program has
been studied for three generations between 20012@08. The results suggest
that the polymorphism at the MHC locus can serveaasseful indicator of
genetic diversity for monitoring conservation of ahpopulations.A challenge
experiment with a low pathogenic avian influenzausi has shown significant
differences between breeds, with a faster antibedponse in the Quemoy breed and a
higher sensitivity to the infection for the Hsin-Breed. Breeds also differed in their
secondary response to vaccines against Newcasteas®, Infectious Bronchitis,
Infectious Bursal Disease, with most often a higlesponse in the Quemoy breed. Only
four out of nineteen MHC haplotypes were shared/den breeds and were found not to

influence antibody response. However, a significeiC effect could be observed



within breed, particularly for the Quemoy breed.réined characterization of MHC

alleles found in Quemoy and Hsin-Yi breeds wouldriteresting.

The final conclusion suggest that by combining mitgpic traits and
molecular data for evaluating genetic diversitypassible and that MHC locus
can be used as a useful indicator for monitoringity in addition to disease
resistance.

Key-words : chicken, genetic diversity, molecularker, immune response, MHC
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INTRODUCTION
Worldwide intensive livestock production is utiligy a narrow range of selected breeds.
A limited number of high-output breeds is most padfle to modern and industrial
production systems. During this process, genetoures are eroded and in a risky
status. The important principle for keeping genédiiersity and resources is to prepare
for further needs, such as disease challenge arommvent changing. Genetic resources

provide a reservoir for future economic, scient#fral socio-cultural opportunities.

The recommendation from FAO suggested methods doacterize and manage genetic
resources and establish conservation programméidriramework, the first aim of this
study is to combine molecular data and phenotymta,din order to provide a
comprehensive view of the genetic diversity for eol® kept under a conservation
programme. Since 1982, National Chung Hsing Unityerstarted this conservation
programme for four local breeds and two importededs. Previous studies showed
Taiwan local chickens are considered to have betsistance against many local
diseases and environmental stress (Lee 2006). €hend aim of this study is to
investigate the contribution of chicken MHC to thesessment of genetic diversity, as
this complex locus plays a major role for the cohtff immune response. The LEI0258
marker has been used to identify MHC alleles ambtypes in the six local breeds which
are under the conservation programme. The fundtiomaortance of MHC alleles has
then been evaluated by performing a challengentista low pathogenic influenza virus,
and by testing vaccine responses to a set of 3 aonpathogenic viruses (Newcastle
Disease, Infectious Bursal Disease and Infectiaum&hitis). The results are expected to
improve our understanding of the genetic make-upthelse breeds after long term
domestication and conservation and to provide maistfor the management and the use
of these breeds.
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FAQO’s recommendation and information system

In 2007, The Food and Agriculture Organization loé tJnited Nations (FAO)
published the first global assessment report fer shatus and trends of animal
genetic resources (AnGR), which revealed that anigpeaetic diversity is under
threat and proposed an international frameworkifanagement and conservation of
genetic resources. Animal genetic diversity israpartant resource for selection and
breeding in domestic livestock industries. More eyatly, genetically diverse
populations can provide society with great optitmseet future challenges such as
climate change and emergence of new and virulemalrdiseases. Because many
breeds have unique characteristics such as diseastance, tolerance to certain
climatic conditions or special phenotypes that dowgbntribute to meet these
challenges, breed inventories, characterizationraaditoring are necessary for the
management of AnGR. FAO had surveyed and estallish&lobal Database for
Animal Genetic Resources on a total of 7616 livelstoreeds and suggestedvivo
andin vitro conversation programmes. In order to promote Bwiie uses of animal
genetic resources, FAO madescommendationsto characterize and assess animal
genetic resources, and defined guidelines for teasdrement of Domestic Animal
Diversity (MoDAD).

FAO recommended a systematic strategy for animahetye resources
management (Fig. 1). Primary assessment (baselme)s is a key consideration for

the management of AnGR and for decision-makinggtvishould include:
« population size and structure;
« geographical distribution;
« within-breed genetic diversity;

«the genetic connectedness of breeds when popudation found in more than

one country (transboundary breeds).



The decision-making process is based upon the smees of the genetic
distinctiveness, adaptive traits, relative valueftmd and agriculture, historical and
culture values of the breeds. Conservation metfiadsvo, in vitro or a combination
of both) and levels (subnational, national, regicarad international level) will be

decided by breeds/population characters and red@viammation.

The aim of policy decisions is to ensure AnGR avaserved for the needs of
present and future generations. The ultimate airacogssing global state of AnGR
should be to use the world’s wealth in the bessibs way for current and future

needs of the human population.

[ Breed population within a country ‘

Status of the breed:

* population size and structure

» geographical distribution within the country
* populations of same breed in other countries

| Breeds potentially at risk ‘ ] Breeds not at risk |
“Value” of the breed: Potential for improvement:

population)
» preference of market and society

S T—,

* adaptive traits
» relative utility value for food and agriculture
« historical or cultural use

e genetic distinctiveness ‘ ‘ » target traits (genetic diversity within ‘

R Genetic No planned
No conservation corr:iravr::::" _.-A| improvement genetic
programme preg i programme changes

High risk
of extinction

. ) 3 Cross-breeding
conservation conservation breeding

In vitro ] ‘ In vivo ’ ‘ Pure/straight ‘

Risk i Elements of
status Criteria action plans

Figure 1. Information required to design managemseategies (FAO 2007).

FAO also established the Domestic Animal Diversitiprmation System (DAD-
IS, http://dad.fao.org/) for worldwide communicaticand information tool for
5



implementing strategies for AnGR. DAD-IS is the lzgb network centre and links
information from regional or countries, its objees are to involve, coordinate and
assist governments, international agencies, NGfsnirtg and research groups

throughout the world, to achieve better managerofal AnGR.



Characterization

The objective of characterization is to obtain #dyeknowledge of AnGR. The
methods and tools used for characterization wilethel on the current management
system of a breed. When commercial or conservdtions keep regular records of
pedigree, individual performance and environmealaracteristics, information are
rather easy to collect. In the absence of any gemant or conservation programme,
specific surveys need to be set up. The procecwrie de divided into three steps as

follows.

A. Sampling

The most important and the first step for animaledsity is sample collection.
Sampling may be combined with surveying and/or naooimg. FAO (2007)
recommended that samples should be unrelated presemtative of the populations,
30 to 50 well-chosen individuals per breed is sigfit to provide first information
for breed distinctiveness and within-breed divgrdn fact, the sample size required
to be representative may depend on population ryista highly inbred local
populations, a lower number of individuals may le=ded to describe population
diversity that in widely spread population. The ren of males and females
sampled should be equal. Sample collection for-defined breeds is based on herd
book or pedigree record, but for indigenous popatat without records, the

geographic criterion is recommended for sampling@r2007).

A well-chosen set of samples can be a long-lastesgurce and could produce
meaningful results, and initial sampling bias sdooé avoided from the beginning,

in order to make possible future studies.

B. Molecular markers

Molecular markers are a useful tool for explorimmetic diversity, both in basic
and applied researches (FAO 2007). A number of eraréare available for genetic
diversity studies. Whereas a few protein polymapis were available for the first
studies of genetic diversity, the progress in makacgenetics since the 90s has

provided a lot of molecular tools.



Mitochondrial DNA markers

Mitochondrial DNA (mtDNA) follows a maternal modef anheritance, and
assessing sequence polymorphism of the hypervarsgggment of mtDNA can be
used for phylogenetics and genetic diversity. Thalysis of the mtDNA linage is
used for domestication studies, to trace back aheregration events and to detect
introgression events between wild and domestickstgeAO 2007). Liu et al.
(2006) revealed nine highly divergent clades byl@ygnetic analysis (Fig. 2), from
834 domestic chicken$s( g. domesticysand 66 Red Jungle FowE( gallug. Seven
clades contained both the RFJ and domestic chicket,no breed-specific clade.
Clades A, B, and E are distributed ubiquitousl¥urasia, but the other clades were
only found in to South and South-east Asia. Cladeds distributed in Japan and
Southeast China. Clades F and G were exclusivehinaC Their results indicated
that different clades may originate from differesgions, such as Yunnan, South and
Southwest China and/or surrounding areas (i.etn¥ii|, Burma, and Thailand), and
the Indian subcontinent, respectively. This infotiora also supports the theory of

multiple origins in South and Southeast Asia.

Continental Subspecies Island Subspecies

) bankival
eONVEL  _ bankiva3

Gallus gallus bankiva

Figure 2. Highly divergent mtDNA clades from A tan unrooted neighbor-joining (NJ) tree in 834
domestic chickens and 66 Red Jungle Fow! @tial. 2006).



Microsatellite markers

Microsatellites consist in tandem repeats of 2 toudleotides in nuclear DNA
sequences. They became the most popular markelisestock genetic studies
during the 90s because of their high level of payphism. Their polymorphism is
revealed after PCR amplification and estimatiofragment size by gel migration or
sequencing. Fragment size estimation may stromghend on the technics used and
is not easy to standardize. Furthermore, someeallehay be amplified more
efficiently than others, with the possible occuoermf ‘null’ alleles, i.e. alleles that
cannot be amplified by PCR, leading to a wrong sssent of the genotype at a
marker locus (Delany 2003).

FAO has published a list of recommended microstgelbci to be used for
diversity studies in various livestock species aadommended 25 microsatellite
markers. Guidelines were also published for DNAraotion methods, so as to

guarantee reliable microsatellite studies.
The criteria to select appropriate microsatellgedollowing (FAO 2004):
a. The microsatellite markers should be in the puiimain,

b. Microsatellite loci that have been identified inppang studies should be used,

and those selected should preferably be known tmbeked,

c. The microsatellite variants should be shown to leixhiendelian inheritance
(highly mutable microsatellite loci may show depaes from the Mendelian

segregation, and would not be suitable for gerBsiance analysis),

d. Each microsatellite locus should exhibit at leamirfalleles, There should be

information on the microsatellites in a publishegdort,

e. Microsatellite loci that can be used on severaltesl species such as cattle, sheep

and goats are preferable.



Microsatellites are considered to be neutral makathough they may be linked

to known genes with a functional effect. Markerssatere generally chosen to

achieve a large genome coverage with a high lefsglotymorphism without any

prior information about selection effects (i.e.fural or artificial). As a consequence,

microsatellite genotypes can be analysed with @djmui genetics methods. A list of

microsatellites loci for chicken is in Table 1 (HHofnnet al.2004).

Table 1. List of microsatellites loci from FAO (Hofannet al.2004)

Chrom Map Position Primer Sequence (5-3)), Annealing . Allele Size
No. Locus Name GenBank Accession No.
osome [cM (Mb)] Forward and Reverse Temperature (°C) Range (bp)

GTTGTTCAAAAGAAGATGCATG

1 MCwO0248 1 19 (0.58) 60 G32016 205-225
TTGCATTAACTGGGCACTTTC
GCTCCATGTGAAGTGGTTTA

2 MCwo0111 1 118 (39.97) 60 L48909 96-120
ATGTCCACTTGTCAATGATG
CTCCACCCCTCTCAGAACTA

3 ADLO0268 1 288 (82.96) 60 G01688 102-116
CAACTTCCCATCTACCTACT
TCTTCTTTGACATGAATTGGCA

4 MCWO0020 1 460 (156.62) 60 L40055 179-185
GCAAGGAAGATTTTGTACAAAATC
ATGCATCAGATTGGTATTCAA

5 LEIO234 2 50 (10.72) 60 794837 216-364
CGTGGCTGTGAACAAATATG
ACATCTAGAATTGACTGTTCAC

6 MCWO0206 2 104 (30.49) 60 AF030579 221-249
CTTGACAGTGATGCATTAAATG
TGCACGCACTTACATACTTAGAGA

7 MCWO0034 2 233 (69.66) 60 L43674 212-246
TGTCCTTCCAATTACATTCATGGG
GCAGTTACATTGAAATGATTCC

8 MCWO0222 3 85 (19.35) 60 G31997 220-226
TTCTCAAAACACCTAGAAGAC
AACTGCGTTGAGAGTGAATGC

9 MCWO0103 3 201 (67.76) 64 G31956 266-270
TTTCCTAACTGGATGCTTCTG
ATGGCGCAGAAGGCAAAGCGATAT

10 MCWO0016 3 247 (~90) 60 L40041 162-206
TGGCTTCTGAAGCAGTTGCTATGG
CTCCTGCCCTTAGCTACGCA

11 LEIO166 3 300 (103.36) 60 X85531 354-370
TATCCCCTGGCTGGGAGTTT
ACCGGTGCCATCAATTACCTATTA

12 MCWO0037 3 317 (106.71) 64 L43676 154-160
GAAAGCTCACATGACACTGCGAAA
ATCACTACAGAACACCCTCTC

13 MCWO0295 4 75 (16.09) 60 G32051 88-106
TATGTATGCACGCAGATATCC
GATCTCACCAGTATGAGCTGC

14 LEIO094 4 153 (50.65) 60 X83246 247-287
TCTCACACTGTAACACAGTGC
CAGAGCTGGATTGGTGTCAAG

15 MCWwWO0284 4 167 (53.91) 60 G32043 235-243

GCCTTAGGAAAAACTCCTAAGG
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Table 1. (continued)

Chrom Map Position Primer Sequence (5'-3"), Annealing ) Allele Size
No. Locus Name GenBank Accession No.
osome  [cM (Mb)] Forward and Reverse Temperature (°C) Range (bp)

GGCTGCTTTGTGCTCTTCTCG

16 MCWO0098 4 217 (78.89) 60 L40074 261-265
CGATGGTCGTAATTCTCACGT
CCACACGGAGAGGAGAAGGTCT

17 MCWwWO0078 5 93 (26.44) 60 L43686 135-147
TAGCATATGAGTGTACTGAGCTTC
GTTGCTGAGAGCCTGGTGCAG

18 MCWO0081 5 151 (45.68) 60 L43636 112-135
CCTGTATGTGGAATTACTTCTC
TGCCAGAGCTTCAGTCTGT

19 LEI0192 6 31(2.41) 60 783797 244-370
GTCATTACTGTTATGTTTATTGC
TATTGGCTCTAGGAACTGTC

20 MCwO0014 6 50 (6.38) 58 L40040 164-182
GAAATGAAGGTAAGACTAGC
ATCCCAGTGTCGAGTATCCGA

21 MCwO0183 7 86 (23.42) 58 G31974 296-326
TGAGATTTACTGGAGCCTGCC
CCAGCAGTCTACCTTCCTAT

22 ADLO278 8 94 (29.24) 60 G01698 114-126
TGTCATCCAAGAACAGTGTG
GCACTACTGTGTGCTGCAGTTT

23 MCWO0067 1 (111.68) 60 G31945 176-186
GAGATGTAGTTGCCACATTCCGAC
GGCTTAAGCTGACCCATTAT

24 ADLO112 10 120 (20.83) 58 G01725 120-134
ATCTCAAATGTAATGCGTGC
GGGTTTTACAGGATGGGACG

25 MCWwWO0216 13 47 (11.88) 60 AF030586 139-149
AGTTTCACTCCCAGGGCTCG
TAGCACAACTCAAGCTGTGAG

26 MCWwWO0104 13 74 (16.60) 60 L43640 190-234
AGACTTGCACAGCTGTGTACC
CCACTAGAAAAGAACATCCTC

27 MCwO0123 14 45 (13.61) 60 L43645 76-100
GGCTGATGTAAGAAGGGATGA
TGGACCTCATCAGTCTGACAG

28 MCWO0330 17 41 (7.01) 60 G32085 256-300
AATGTTCTCATAGAGTTCCTGC
CAGACATGCATGCCCAGATGA

29 MCWO0165 23 1(0.59) 60 L43663 114-118
GATCCAGTCCTGCAGGCTGC
GCACTCGAGAAAACTTCCTGCG

30 MCWO0069 26 47 (1.21) 60 L43684 158-176

ATTGCTTCAGCAAGCATGGGAGGA
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SNPs

Single-nucleotide polymorphism (SNP) occurs thraughthe genome with a
high frequency, particularly in the chicken (Woetgal. 2004). SNPs located in non-
coding regions are generally considered as neubdl, SNPs located in coding
regions such as expressed sequences or regioosnaiihg gene expression, may
induce changes in protein structure or regulat8¥Ps located in coding regions are
generally avoided for population genetics studiest imake the hypothesis of no

selection.

Application of SNP genotyping can use a much highenber of markers than
traditional genotyping with microsatellites. Follmg genome sequencing projects,
millions of SNPs have been produced in severalispeimcluding the chicken with a
first publication of 2.8 million SNPs (Wongt al. 2004) and a more recent
publication with more than 7 million SNPs (Rulgihal. 2010).

Sets of thousands of SNPs are used to producedeigsity SNP chips (60k or
more) providing a dense coverage of the whole gendsenotyping technology is
standardized and results are easier to comparesbetiaboratories than they are for
microsatellites. SNPs genotyping is the curreptigferred approach for genome-
wide association studies and will be used moreraack often for diversity studies,
but there is not yet a standard set of SNPs recadettby FAO.

Known genes

Genetic diversity may also be studied at the |lefedpecific genes of particular
interest. Chicken Major Histocompatibility Compl@HC, Figure 3) is a complex
locus showing a very high level of polymorphism.plays a central role in the
regulation of immune response. Effects of chickejomhistocompatibility complex
(MHC) on disease resistance have been reported flang time (Bacon 1987,
Lamontet al. 1987 & Lamont 1989). For many years, serologigplirtg has been
used to identify chicken MHC haplotypes, but thisthod was not easy to apply to
local populations where no reference samples andspexific reagents were

available.
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Figure 3. Map of the MHC B complex locus in theakain.

Chicken MHC polymorphism is now easily identifieg the genotyping of a
hypervariable marker, LEI0258, located within tloenplex locus (Fultoret al. 2006,
Table 2). Numerous new alleles have been desciitretlEI0258 in local breeds
(Chazaraet al. 2010) and a SNPs panel is under development faptgping
(Bed’hom & Chazara 2010).
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Table 2. Polymorphisms identified within the LEI@alleles of defined MHC haplotypes (Fultetnal.

2006).
B haplotype C(.)nsensus Position R13R12 Position MCWO?TH Unique Ger?ebank
size (bp) allele size genotype accession number
61 -30-29 -28 -11 5 2329 33 39 46
4 182 - - -A 1 2 - A A - - 202 * DQ239540
15.1 193 - - —-=1 3T - - 200 * DQ239512
11 193 - - —-=1 3 T A - - 201 DQ239495
61 193 - - —-= 1 3 T A - - 201 DQ239547
27 193 - - —-—=1 3 T A - - 205 * DQ239538
BW3 194 - - —-A 1 3 - A A - - 203 * DQ239561
13 205 - - —-=1 47T A - - 202 * DQ239501
13.2 205 - - —-= 1 4 - A - - 202 * DQ239505
17 205 - - —-= 1 4 - A - - 205 * DQ239514
BwW11 205 - - —=1 4 - A - - 206 * DQ239560
18 247 - A - -1 7 - - - - A 203 * DQ239515
15.2 249 - - -=1 7 - - - T - 206 DQ239513
22 249 - - —-=1 7 - - - T - 206 DQ239531
73 249 - - —-=1 7 - - - T - 206 DQ239551
15 261 - - —-=1 8 - - - - A 203 * DQ239509
2 261 - - —-=1 8 - - - — A 206 DQ239523
29 261 - - —-=1 8 - - - — A 206 DQ239539
11.1 295 - A A -1 11 - - - - - 209 * DQ239496
5 295 - A - -1 11 - - - - - 209 * DQ239541
72 307 - A A -1 12 - - - - - 208 DQ239550
78 307 - A A -1 12 - - - - - 208 DQ239555
10 309 - - -=1 12 - - - T - 205 DQ239494
24 309 - - —-=1 12- - - T - 205 DQ239533
26 309 - - —-=1 12- - - T - 205 DQ239537
76 309 - - -=1 122 - - - T - 205 DQ239554
74 321 - - -=-1 13- - - T - 202 * DQ239552
BW4 333 - - -=1 14 - - - - A 201 * DQ239562
14 345 - - -=1 15 - - — — 201 * DQ239508
130 357 - - -=1 16 - - — — 205 DQ239506
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Table 2. (continued)

B haplotype C(?nsensus Position R13R12 Position MCWO?H Unique Ger.lebank
size (bp) allele size genotype accession number
61 -30-29 -28 -11 5 2329 33 39 46

131 357 - - -=1 16 - - - T - 205 DQ239507
201 357 - - -=1 16 - - - T - 205 DQ239526
51 357 - - —-=1 16 - - - T - 205 DQ239543
6.1 357 - - —-=1 16 - - - T - 205 DQ239546
21 357 - - -=-1 16 - - - T - 205 DQ239527
75 357 - - -=1 16 - - - T - 205 DQ239553
23 357 - - —-=1 16 - - - A 206 * DQ239532
C 367 - A - -1 17 - - - — A 202 * DQ239557
21.1 369 - - -= 1 17 - - - T - 205 DQ239530
Q 369 - - -= 1 17 - - - T - 205 DQ239558
BW1 369 - - --=-1 17 - - - T - 205 DQ239559
13.1 381 - - —-=- 1 18- - - T - 206 * DQ239504
1 393 - - —-=1 19- - - T - 206 * DQ239493
8 405 - - —-=1 20- - - T - 206 * DQ239556
62 420 - - —-=-16 5 - - - - - 205 * DQ239548
6 443 - - —--=-15 8 - - - - - 205 * DQ239544
12.2 474 - - —-=22 3 - - - - - 205 * DQ239499
71 474 A - —22 3 - - - - - 205 * DQ239549
12 487 - - -=23 3 - - - - - 205 * DQ239497
12.3 513 - - —=-=25 3 - - - - - 205 * DQ239500
19 539 - - -=-=27 3 - - - - - 205 * DQ239516
19.1 552 - - —--28 3 - - - - - 205 * DQ239521
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C.

Phenotypes

Phenotypic variation provides a basis for utiliaatand genetic improvement of
domestic populations. Phenotypic characterizatiowclude various levels
morphological attributes, morphometrical indicespduction levels and specific
adaptations (Tixier-Boichar@t al 2008). Appearance of plumage colour, shank
colour, shape and size of comb were the firstartot be used farmers for early
selection and for breed definition, these traits still useful to record because they
give information on population history and can tglegt in a conservation program.
Regarding poultry breeding, performance recordingcontrolled environmental
conditions on large numbers of animals is usedstonate genetic parameters for a
wide array of traits, such as egg production, egglity, body weight and meat
production, reproduction, feed efficiency, diseassistance, conformation and
behaviour (Szwaczkowski 2003). The production emuiment needs also to be
described, and FAO is working on a set of descripfor that aim.

However, performance recording is more difficutt brganise for local
populations kept in village conditions for instan€geld surveys have to be set up
specifically and the environment where the aninas performing needs to be
described in order to document the data. The tigeagraphic information systems
is an option currently proposed to integrate défdrtypes of data for the analysis of
genetic diversity (Joost al.2010).
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[ll. Methods of population genetics
“The science of population genetics deals with Ma'sdlaws and other genetic
principles as they apply to entire populations gfamisms” by Daniel L. Hartl &
Andrew G. Clark

The main driving factors of changes in genetiedsity are the following :

® Artificial selection: the process of choosing parents of the followgegeration

on the basis of one or more heritable traits.

® Genetic drift the chance changes in allelic frequencies thatilrefrom the
sampling of gametes from generation to generatod,occurs in all population;

effects are particularly important in very smalppéations.
® Inbreeding the mating of related individuals.

® Inbreeding depressionthe reduction in phenotypic value due to inbregdas

compared to a normally outbreeding population.

® Mutations : spontaneous change in the DNA sequence, sinceotteey at a very

low frequency, they are generally assumed to bégilelg.

® Crossbreeding results generally iheterosis, which is the difference between the
mean performance of individuals resulting from aser of two genetically

different lines, and the average performance optrental lines.

As a consequencgenetic diversityis the heritable variation within and between

populations, determined by mutation, genetic dmifigration and selection.

In the case of DNA markers such as microsatellB®s, AFLPs, mutations of a
known gene, allelic frequencies and genotype freges are used to calculate
population parameters that provide information opyation structure and genetic

diversity, both within-population and between p@tians.
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A. Within population parameters
Review of the terms:

® Allelic frequency the percentage of a given allele found at a laew@spopulation

® Heterozygositythe sum of the frequencies of the heterozygoumstypes of the

population at a particular locus.

® Heterozygote an individual having different forms of an alled¢ a locus on

homologous parental chromosome.

® Homozygote an individual having the same form of an alleledocus on each

homologous parental chromosome.

® Hardy-Weinberg equilibrium the prediction of genotype frequencies on the
basis of allele frequencies in the population, assg a randomly mating large

population without selection, migration, mutation

® Effective population sizéNe): the size of an ideal population that would hthe
same rate of increase in inbreeding or decreagemetic diversity by genetic
drift.

The mean number of alleles per marker locus prevalérst description of gene
diversity. The observed heterozygosity level soah simple description of genetic
diversity. A low heterozygosity generally indicatesome inbreeding in the
population. When the breeding structure and matlags of a population are known,
with random choice of males and females for repctdno, N. can be easily

calculated from the number of reproducing malesidl famales F :
Ne = 4AMF/ (M+F).

Assuming Hardy-Weinberg equilibrium; the frequency of genotypes can
simply be calculated from the frequency of allelgBich makes possible to calculate
the expected heterozygosity as the product of iallélequencies. A low
heterozygosity indicates generally a rather inlpegulation. The difference between
observed (Hobs) and expected heterozygosity (Heap) be tested, and a large

difference indicates that the hypotheses of a petienpopulation are not met.
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Wright's Fis statistics is calculated as the ratib [(Hexp — Hobs)/Hexp] and
represents the deviation from Hardy-Weinberg eluidm. Deviations can be
observed in case of an excess of heterozygotes ex@ss of homozygotes, which
can be the result of population fragmentation inakkngroups (excess of
homozygotes) or recent introductions and crosslimge@@xcess of heterozygotes).
Such data can be very useful to understand pasttsel and to take decisions for

further management and conservation of genetiauress.

B. Between population parameters
When a set of populations is genotyped for the sanakers, parameters can be

calculated to quantify the diversity between bremuid to study genetic relationships
between breeds.

® Wright Fst measures population differentiation, consideringpeeted
heterozygosity within a given population (Hexp@))d expected heterozygosity
calculated on all animals (Hexptot) , as the rat{lexptot — Hexp(i))/Hexptot

® Genetic distancea calculated value based on allelic or genotypguencies used

to evaluate genetic variation and construct phylege trees.

® Phylogenetic tree describes relationships between populations assgutotal

separation after a given node

Tree construction is generally achieved with eittierunweighted pair-group
method with arithmetic mean (UPGMA) orneighbour joining. A longer branch
indicates a more distant population, which often corresponalsatmore inbred
population. Significance of the tree ‘nodes’ whbereeds are separated or grouped
together is calculated by bootstrapping methodsy Gigh bootstrap values (>90%)
should be considered for population classification.

® Multivariate Co-inertia Analysis (MCOA)

This method makes possible the extraction of commfmrmation from separate
analyses, by setting up a reference typology, aochparing each typology
separately. The efficiency of a marker is assebgeits typological value (Tv), the

contribution of the marker to the construction loé treference typology, which is
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equal to the product of the variance (Var) multiply the congruence with the
consensus Cos? (i.e. the correlation between resof individual locus tables and

the synthetic variable of the same rank) (Lalo&l €2007).
® Hill and Smith Analysis

The method ofHill and Smith (1976) was used to combine discrete and
continuous variables to characterize breed or p@djoms. This method is a
combination of an internal correspondence analysisdiscrete data, i.e. the
molecular marker data (Lalo#& al. 2002; Berthoulyet al. 2008) and a principal

component analysis for continuous variables, eefgpmance traits.

Bayesian methods to infer population structure
In last decade, Bayesian approaches have beenywitkeieloped (Berthouly

2008). The STRUCTURE program (Pritchatdal. 2001) is one of the mostly used
programs for Bayesian analysis of multilocus gepesy As in any Bayesian
approach, assumptions are of two types: i) ther mtistribution for unobserved
guantities and ii) the likelihood function relatitigese unknown parameters to the
observed genotypes (Berthouly 2008). The analysimulti-locus genotypes of a
set of populations makes possible to group pomuiatby clusters and to calculate
the proportion of the genome of a given individbalonging to each cluster. The
main outcome of STRUCTURE is to determine the numbef distinct genetic
clusters in the total sample. This method can g useful to detect introgressions
and to identify homogenous populations correspandiina standard breed as was
illustrated in the chicken (Rosenbegal. 2001).
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IV. Summary of results obtained on local chicken beeds in Asia
Cattle, sheep, goat, pig and chicken are the “lvg’ fdomesticated animal and

distributed on a global scale (Fig. 4), chickerestae majority of the total number of
avian breeds (Fig. 5). There are 17 billion chickevorldwide, nearly 50% are in
Asia, 25% in Latin America and the Caribbean, 13%&urope and the Caucasus,
and 7% in Africa. The distribution of chicken breeeported in Asia shows 93
chicken breeds (Fig. 6), traditional characteradi are based on phenotypic traits
such as feather colour and other easily measurely lbeatures (FAO 2006).
Recently, by molecular technology, DNA markers haweven useful in basic and
applied research (FAO 2007). Microsatellites argubar markers in livestock
genetic characterization studies (FAO 2007), Tébkummarized some of results
obtained on Asia local chicken breeds to accesetgediversity and population
structure.

Species and world
population (millions)
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.1 345 l

Sheep
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Figure 4. Regional distribution of major livestosgiecies (FAO 2007).

21



M Chicken

M Duck

B Turkey
Goose
Guinea fow!

m Pigeon

m Others

Figure 5. Distribution of the world’s avian bredasspecies (FAO 2007).
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Table 3. Summary of results obtained on local dmichreeds in Asia.

Reference | Numb.er of Total. Asia Sample siz Results
microsatellite markerdPopulation breeds per breed
Ponsuksiliet al. 1999 15 12 4 8-26 H:0.121 - 0.568
Wimmerset al. 2000 22 23 4 4 -20 H:0.45-0.71
Hillel et al 2003 22 52 3 50 H: 0.05 - 0.64
Gaoet al.2004 20 11 11 40 H: 0.68 - 0.74
Quet al.2004 28 4 4 31-32 H: 0.55 - 0.67
Quet al.2006 27 78 78 30-62 H: 0.505 - 0.678
Berthoulyet al.2008 22 20 6 50 H: 0.409 - 0.584
Granevitzeet al. 2007 29 64 14 14 - 40 H: 0.05 - 0.64
Tadanoet al 2007 40 11 35-48 H: 0.273 - 0.523
Tadancet al. 2007 40 12 34 - 48 H: 0.295 - 0.664
Tadancet al. 2008 40 7 33-70 H: 0.342 - 0.505
Berthoulyet al.2009 18 15 50 H: 0.27 - 0.66
Granevitzeet al. 2009 29 65 14 30 Genetic structure

"H means heterzygosity

Ponsuksili et al. (1999) used 15 microsatellite kaes and DNA fingerprints to

evaluate genetic variation of 12 populations, whadntained two breeds from
Taiwan (TWW & TWB), one from India (KAD) one fromHhha (SIL) one from

Indonesia (NUN) in addition to other populationsnfr Europe or Africa (figure 7).

Low bootstrap values were obtained, which did nipip®rt definitive conclusions.

Wimmers et al. (2000) applied 22 microsatellite keas to estimate the genetic

diversity and distance for 23 populations, the ltssshowed a clustering of

populations according to their country of originighker bootstrap values were

obtained which supported the reliability of micrediites analysis (Fig. 8).
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Figure 7. Genetic distance of twelve chicken pojporte (Ponsuksilet al. 1999).

Rhode Island Red layer line (RIR): Germany; Broitegile strain (BRO): Germany; White Leghorn layer
line (LEG): Germany; White Leghorn inbred line ETHTIBL): Switzerland; Fayoumi (FAU): Egypt;
Nunukan NUN): Indonesia; Bankiva (BAN): Germany; Taiwan Brodarkmeat broiler line TWW):
Taiwan; Taiwan White-darkmeat broiler lindWB): Taiwan; Dandarawi (DAN): Egypt; Silky (SIL):
China; KadakanattKAD ): India.
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Figure 8. Genetic distance of local chicken popoet from subtropical and tropical countries (Winse
et al. 2000).

Gaoet al. (2004) investigated the genetic diversity of 1linéke native chicken
breeds, and showed Zang chicken has the highestokggosity (0.7432) and
Langshang chicken has the lowest (0.68).6Q@l. surveyed four Chinese chicken
populations (2004) and 78 Chinese chicken populati(?006) by microsatellite
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markers, the result also showed Langshan (as Lang$tchicken has the lowest
heterozygosity (0.505) and Shuanglian has the Bigloe678).

Berthoulyet al. (2008) used 22 microsatellite markers to compaeal[European
and Asiatic chicken breeds, including six consergegdulations in National Chung
Hsing University. The highest genetic diversity wiasind in the French breed
Coucou de Rennes and the Taiwanese breed Hua-TUmg. mean expected
heterozygosity of the Taiwanese breeds was .488a-Hing exhibited the highest
value and Nagoya the lowest. Heterozygosity waevinéhe average for Ju-Chi and
Shek-ki and above for Hsin-Yi and Quemoy. Percentafgindividuals showing the
highest probability of assignment to their truedateeached 100% for Hua-Tung,
Quemoy and Shek-Ki, 95.7% for Hsin-Yi and laid beénr 90 and 95% for Juchi
anbd Nagoya. Hua-tung contributed the most to agdeediversity, due to a strong
contribution to the within-breed component, follavby Nagoya who contributed
mainly to the between-breeds component. Juchi ibutéd the least to aggregate
diversity.

The neighbornet tree analysis showed a clear digiimbetween, on the one hand,
Asiatic breeds and European breeds with an Asatgin, and, on the other hand,
European breeds, particularly Mediterranean breetigch did not undergo recent

introgression from Asia (Figure 9).

A further study used 18 microsatellite markers tmpare Vietnamese local
chickens with Red Jungle Fowl, European and Taisar®eeds (Berthoulgt al,
2009). The results showed the Viethamese Ha Gihaiggen population had a high
genetic diversity and showed evidence of gene flem wild jungle fowl to village

chickens in this region.

More recently, a study of nine Viethnamese localckbn breeds sampled
throughout the country, together with two Chinedecleen breeds, combined
molecular data of 29 microsatellites, demographttath and a socio-economical
survey to assess conservation potential of br@ddshighest potential was found for
the Te, Dong Tao and Ac chicken breeds, whereabtiwst was observed in the Ri
and Mia chicken breeds (Cuc et al., 2011).
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Figure 9. A neighbournet tree based on 14 micrbgatci showing the Asiatic/European cline.
(Berthoulyet al.2008)

Green circle: Asiatic breeds; Red : commercialdinad French breeds with an Asiatic Origin ; Purple
rectangle: wild ancestor

Tadanoet al. (2007a & 2007b) used 40 microsatellite markerstieranalysis of
the genetic relationships and genetic diversity Japanese long-tailed and
commercial lines. Tadanet al. (2008) showed that Japanese miniature breeds
exhibited a strong genetic differentiation: levél leeterozygosity was quite low
(Table 3) and breeds were very much distant frooh esther (Fst from 0.336 to
0.483) and from the wild ancestor Red Jungle Fé&wt from 0.390 to 0.513).
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MATERIALS AND METHODS

Local chicken breeds in Taiwan

A.General history

Six local chicken breeds are maintained in a caagien program at NCHU since
1982 (Lee 2006; Fig. 10, Table 4 & 5). Three breads Taiwan local chickens,
Hsin-Yi originates from an aboriginal tribe in thentral mountain of Taiwan, Ju-Chi
from a village in central-south of Taiwan and Huad@ from east of Taiwan.
Quemoy comes from Quemoy Island near Fu-Jian Pecevof China, Shek-Ki is

from the GuangDong province of China and Nagoyeois Japan.

Hsin-Yi is a medium size red feathered chicken wibhspecial pattern, white skin,
and blue shanks. Ju-Chi is a small size and HuaTaia medium size, both breeds
have black plumage without special pattern andkdhanks. Quemoy is a small size
black plumage with gold laced feather on the nedhite skin, and blue shanks.
Shek-Ki has yellow skin, yellow feather and yell®lanks with medium size.

Nagoya has yellow plumage with black tail, and dhanks with medium size.

The history of local chicken breed in Taiwan cartlaeed back to the aborigines
in the island who domesticated some jungle fowlso 400 years ago, the Chinese
immigrants came to Taiwan and brought in chickensnfthe southeastern China.
And nearly 300 years ago, the Dutch and the Spamé&h come to Taiwan for
decades, and some European chickens might havebbeeght into Taiwan in this
period. Later, Japanese ruled Taiwan from 18959#bland Rhode Island Red and
White Leghorn were the earliest exotic breeds thiced to Taiwan in 1918. Also
some Japanese breeds, such as Nagoya and Mikadv&nagrican breeds, such as
Barred Plymouth Rock, were also introduced by #padese before 1925.

Most of chickens raised in Taiwan were the descetsdaf these chickens, before
modern white broilers were introduced. These brdelse inhabited Taiwan for
several generations and have become adapted tentli®nment. They have been
selected by the local people, who recognized theithe native chickens of Taiwan
(Lee 2006).
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Pacific Ocean

Figure 10. Six local chicken breeds are maintaineaiconservation program at NCHU.
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Table 4. Description of phenotype of local chickeaeds conserved in NCHU.

Breeds Body Comb  Color of
size type Skin Shank and foot Egg shell Plumage and pattern
Hsin-Yi Medium  Single White Blue Pale ¢ Red feather with black tail
brown 2 Brown, red and yellow feather
with some black pattern
Ju-Chi Small Single White Blue Pale 3 Black with some red and
brown yellow feather at neck and
back
% Black
Hua-Tung Medium Pea  White Black Pale 3 Black feather
comb brown ¢ Black feather
Quemoy Small Single White Blue Pale ¢ Black with some red feather at
brown neck and back
% Black feather with a few red
hackles
Shek-Ki  Medium Single Yellow Yellow Pale 2 Yellow feather with black tail
brown ¢ vellow feather with black tail
Nagoya  Medium Single White Yellow Pale ¢ Yellow feather with black tail
brown

£ Yellow feather with black tail
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B.Breeds conservation program in NCHU

Conservation of chicken breeds was set up to s&udwrray of traits, such as
disease resistance or meat quality (Lee 2006). rRlgcehey were included in a
survey of molecular diversity using a set of mietetite markers which revealed
different heterozygosity levels among them (Berthai al. 2008).

Table 5 shows the number of chickens for each bitestdwere used to set up the
conservation programme in NCHU. Pedigree was rexbahd random mating was
used to produce chickens of each generation. Teemge generation interval varied
from 1 to 2 years.

Table 5. Number of sires, dams, genetic siz@ éNd predicted increase in inbreeding per germrdfiF).

Breeds Sire Dam &l AF  Year when conservation started

Hsin-Yi 5 8 12.3 0.041 1982
Ju-Chi 1 6 34 0.146 1984
Hua-Tung 2 4 5.3 0.094 1990
Quemoy 1 4 3.2 0.156 1992
Nagoya 5 17 155 0.032 1987
Shek-Ki N N N N 1992

*Additional introductions of founders took place fQuemoy in later generations.

Table 6 shows the data on population size from 2002008, but unfortunately
the data are missing in 2002 and 2003.
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Table 6. Family structure, number of sires, dantsgemetic size (N from 2001 to 2008.

Breeds Family Production yeafs
structuré
2001 2004 2005 2006 2007 2008
Hua- _
Tung Sire 12 20 35 23 19 10
Dam 25 45 41 43 28 38
Ne 32 5 76 60 45 32
Offspring 108 247 244 477 154 199
Hsin-Yi Sire 14 18 26 25 11 19
Dam 24 26 42 48 22 53
Ne 35 43 64 66 29 56
Offspring 114 102 253 384 97 298
Ju-Chi Sire 15 18 26 22 24 19
Dam 25 37 42 46 34 47
Ne 38 48 64 60 56 54
Offspring 117 251 219 471 189 286
Quemoy Sire 17 17 26 14 19 18
Dam 36 36 40 55 33 43
Ne 46 46 63 45 48 51
Offspring 116 258 242 454 155 248
Nagoya Sire 16 16 25 22 22 19
Dam 37 38 41 43 45 46
Ne 45 45 62 58 59 54
Offspring 120 164 220 324 234 233
Shek-Ki Sire 17 14 16 19 16 14
Dam 25 18 33 46 31 46
Ne 40 32 43 54 42 43

Offspring 119 85 173 311 115 171
IN, mearfData loss in 2002 and 2003
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Table 7. Number of animals sampled for the thesis.

Population sampling for the thesis (years, numberdamily structure)

Table 7 shows the number of animals included i tthesis. In 2001, the

sampling involved only half of the total populatiofhe experimental protocols used

for different sampling stages are listed in Tahlsamples from 2001 were used for

population diversity (microsatellites, mtDNA, MCladhd LEIO258) and phenotypic

data analysis (growth traits and immune responses),

Samples from generation 2007 and 2008 were usedinfogstigating the

distribution of LEIO258 locus under a non-selectsoiation. Samples in 2009 were

used for H6N1 low-pathogenic avian influenza vialgllenge experiment, and to

observe the antibody response for challenge anskesulence vaccines.

% of
Year Hua-TungJu-Chi Quemoy Shek-Ki Nagoya Hsin-Yi Total Use for population
sampled
Microsatellites
2001 48 48 48 48 48 47 287 MeIR T o0%
MtDNA
LEIO258
2007 73 86 83 85 89 82 498 LEI0258 100%
2008 87 89 82 96 80 87 521 LEI0258 100%
LEI0258 NA*
2009 51 52 91 21 37 68 320 H6N1 LPAIV challenge

Subsequence vaccines

'Specific sample for challenge experiment with pethmatings for LEI0258.
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A.

Molecular markers

MtDNA

The hypervariable sequence 1 (HVS-I) of the D-loegion was amplified using
the same primers (Table 8) following Léd al. (2006) protocol. PCR target region is
showed in Figure 11. PCR was done using 20 ng wémgé& DNA, with 1 pmol of
each primer, and units of HotStarTaq Master Mix (Qfagen) in a final volume of
25 ul. Initial denaturation for 15 min at 95°C waiowed by 35 cycles of 94°C for
30 s, 58°C for 30 s, 72°C for 1 min, followed by.@ min extension at 72°C. PCR
products were sequenced by Eurofins MWG Operomgusieir standard protocol
for purified PCR products. The Bioedit version 3.0.(Thomas, 1999) was used to
assemble sequences and identify polymorphisms. mkdian-joining networks
(Bandelt 1999) were constructed using the progranetwrk 4.516

(http://lwww.fluxus-engineering.com/sharenet rn.htm

Table 8. Description of the primers used in thiglgt PCR regions and amplification lengths, nanmes a
primer sequences.

PCR region Length (bp) Primer name Primer sequence
mMtDNA 600 bp L16750 5'-AGGACTACGGCTTGAAAAGC-3’
H547 5'-ATGTGCCTGACCGAGGAACCAG-3’
MC1R 750 bp Mc1Co-up 5'-GAGGGCAACCAGAGCAATGC-3’

397281-dwn 5-TGAAGAAGCAGGTGCAGAAG-3

MHC 200-500 bp  LEIO258-F 5-CACGCAGCAGAACTTGGTAAGG-

LEIO258-R 5-AGCTGTGCTCAGTCCTCAGTGC-3'
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Figure 11. PCR target region of chicken mtDNA.

gi[71895454 ref|Nkl_001031462.1]
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B34 833 345

/

Figure 12. PCR target region of chickd€1R
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B. Microsatellite markers
A set of 24 microsatellite markers derived from tharker set of the AvianDiv
European research project was genotyped on the LA facilities at Jouy-en-

Josas. The list of 24 analyzed markers is listeGaiple 9.

Table 9. General characteristics of the 24 micedbt& markers for the six breeds.

Locus Chromosom n* No. alleles Allele size range (b
ADL112 10 281 3 121-127
ADL268 1 281 5 101-113
ADL278 8 28¢ 6 11C-122
LEIO94 4 27¢ 10 24€-281
LEI166 3 27¢ 6 251-261
LEI192 6 257 15 255424
LEI228 2 27¢ 14 163443
LEI234 2 281 14 212-354
MCWO014 6 28( 5 162-183
MCW034 2 28: 8 212-24¢8
MCWO037 3 28C 5 15C-15&
MCWO067 10 28C 4 174-18C
MCWO06¢ 26 281 7 154-174
MCWO7E 5 28C 4 134-142
MCWO081 5 27¢ 4 10¢-131
MCWO09¢ 4 28C 2 25E5-257
MCW111 1 27¢ 5 97-111
MCW18: 7 27t 8 292-322
MCW20¢€ 2 27¢ 6 22(-23¢
MCW21¢€ 13 28( 7 134-14¢
MCW222 3 281 4 21€-222
MCW24¢ 1 27¢€ 4 213221
MCW?29¢t 4 271 6 85-99
MCW33C 17 27z 4 254-28€
All'loci 15€

! Number of successfully typed birds.
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C. MCI1R

Plumage, skin and eye color variations of the deimésw| are used as selection
criteria since the first mutant phenotypes appeane@arly domesticated stocks
(Smyth 1990). Plumage colour selection is not datyfancy breeding, but also as a
standard for commercial poultry industry like laygoduction system (red plumage
for brown-egg lines) or to satisfy the preferen@zgirement in different geographic
markets (Groen 2003). The character of the genetfcgutaneous and ocular
pigmentation which combined phenotypes and utilégame particularly interesting
for research.

Several loci control plumage or coat color in birdsd mammals, such as
Extended blackE), Dominant white(l), Recessive whité) loci (Table 10; Smyth
1990, Kerjeet al. 2003, Kerjeet al. 2004 & Changet al. 2006).E locus affects the
distribution of black (eumelanin) and red (phaeangl) pigment, and Takeucbt
al. (1996) indicated a strong correlation betw®#d1R polymorphism andk locus.
Further molecular studies confirmed that the geroslyct of theExtended black
locus controlling plumage color in chicken Wd€1R which is located on chicken
chromosome 11. Mutations in tihMC1R sequence caused amino acid substitutions
which were correlated with plumage color variat{&erje et al. 2003 & Linget al.
2003; Table 10).

PCR target region is showed in Figure 12, PCR puanfer PCR are listed in
Table 8. PCR was done using 20 ng of genomic DNi#h i pmol of each primer,
and units of HotStarTaq Master Mix Kit (Qiagen)arfinal volume of 25 ul. Initial
denaturation for 15 min at 95°C was followed byy2les of 94°C for 45 s, 66°C for
30 s, 72°C for 1 min, and 2 cycles of 94°C for 4%3°C for 30 s, 72°C for 1 min,
and 2 cycles of 94°C for 45 s, 60°C for 30 s, 781 min, and 26 cycles of 94°C
for 45 s, 57°C for 30 s, 72°C for 1 min, followeg & 15 min extension at 72°C.
PCR products were sequenced by Eurofins MWG Opensing their standard
protocol for purified PCR products. SNPs analysismag the Staden package (Staden
1998) and defined genotype and haplotype. Phylogam was used Populations
1.2.30 (Langella 1999) to compute population distsrand phylogenetic tree.
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Table 10. Association of amino acid substitutioanBC1Rwith plumage color.

Phenotype class Haplotypes Breeds Codon no. References
71 92 126 143 212 213 215
Wwild type e" Red junglefowl Met Glu Val Thr Ala Cys His Kerg al.2003
e Brown Leghorn Met Glu Val Ala Ala Arg His Takeucet al. 1996
e Richardson's RJF Met Glu - Thr Ala Arg His Liegal. 2003
e B &D RJF Met Glu - Thr Ala Cys His Lingt al.2003
Extended black E White Leghorn Met Lys lle Thr Ala Arg His Kerget al.2003
E Rock Cornish Thr Lys Val Thr Ala Cys His Takeuchial. 1996
E Barred Plymouth Rock Thr Lys Val Thr Ala Cys His Keachiet al. 1996
E Black Australorp Thr Lys - Thr Ala Cys His Lireg al. 2003
Black and red ER ADOL line 0 Met Lys - Thr Ala Arg His Lingt al.2003
E" Fayoumi Met Glu - Thr Ala Arg His Lingt al.2003
Brown e Buttercup Thr Lys Val Thr Ala Cys Pro Keng al. 2003
e Smyth Brown line Thr Lys - Thr Ala Cys Pro Lireg al. 2003
Recessive wheaten e Nagoya Cortin Met Glu Val Ala Ala Arg His Takeuctti al. 1996
Dominant wheaten / wh ] ) )
recessive wheaten e"/e’ NHR, RIR, Buff Min Met Glu - Ala Ala Arg His Linget al.2003
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LEI0258

LEI0258 marker is an atypical Variable Number ohd@lam Repeat (VNTR)
located within the chicken MHC region. Chicken MH€gion located on
chromosomel6, LEI0O258 marker is a minisatellite which exhsbid good
correlation with serological typing of the chickBtHC (Fultonet al. 2006). The
structure of LEIO258 locus contain a 12 bp repeat,l3bp repeat and other
polymorphisms, and can be a criteria to determirthifierent types of alleles
(Fig. 13 & Fig. 14). Fultoret al. (2006) identified LEI0258 alleles from chicken
stocks (Table 8), and proposed to use marker LEB@25a standard procedure to

identify MHC alleles in any population.

Primers for PCR are the same as those used by M&l@h al 1999 in Table
9. PCR was done using 20 ng of genomic DNA, withniol of each primer, and
units of HotStarTaq Master Mix Kit (Qiagen) in adl volume of 25 ul. The
amplification protocol included a first cycle ofitial denaturation for 15 min at
95°C, followed by 35 cycles of 94°C for 45 s, 6X0€ 90 s, 72°C for 60 s, with
a last cycle of extension for 15 min at 72°C. Gajnation was realized with a
4% agarose gel for a first determination of allslee. Due to the complex
structure of the LEIO258 sequence which containelB-4p and 12-bp repeat
sequences and several SNP sites, sequencing issaegeto provide an
unambiguous identification of alleles. Direct semgirg of PCR products was
performed for homozygous genotypes (following Fulks al. 2006) or after 4%
agarose gel cutting and purification with QIAquieKR Purification Kit (Qiagen)
for heterozygous genotypes. Sequencing was dorteubgfins MWG Operon,
using their standard protocol for purified PCR prad. The Bioedit version
7.0.9.0 (Thomas 1999) was used to assemble sequandeto check the length
(varying according to the number of repeats) arflgrporphic sites (either single
nucleotide polymorphisms or deletions) for eacklallPhylogam tree was used
Populations 1.2.30 (Langella 1999) to compute papat distances and
phylogenetic tree.

Due to previously results showed Taiwan local chickoreeds have better
disease resistance (Chestgal 1987, Faret al 1988, Chengt al. 1990, Cheret
al. 1991 and Chao & Lee 1991), and it is lack for gtatdout investigate the
relationship between Taiwanese local chickens’tgpes and immune response

or more thorough experiments to carry out. Theegeftihe aim of the thesis is
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also to search for private LEI0258 alleles in Idmadeds and test their functional

effect by vaccine or pathogen challenge experiment.

R13 R12

Repeat Structure
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Figure 13. Schematic of the repeat structure acatilon of SNP and deletions within the LEI0258

Locus (Fultoret al.2006).
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Figure 14. LEI0258 marker PCR product separati@hsaguence size for different chicken MHC

haplotypes (Fultoet al.2006).

40



IV. Performance traits
Growth

Body weight (BW) was measured at various frequencies depenainghe
experiment. For the global analysis of diversityee measures were retained:
initial body weight at hatch (BWO0), body weight the time of rapid growth
(BW12) and mature body weight (BW47). For the dradie experiment, body

weight was measured every week from hatch to 1&ksvekage.
Heat adaptation

Panting is generally observed when ambient temperatuabdave 29°C with
50% humidity (Weaver 2002). For the global analysi diversity, panting was
recorded individually on a daily basis between 2d @7 weeks of age, in the
afternoon of the hot season when the ambient teatyperwas higher than 30°C
(highest for 36°C, lowest for 31°C and average38/5°C with 61% humidity).
Individual panting rate was calculated as the rafimumber of days where a

given chicken exhibited panting on the total numifesbserved days
Immune traits

Immune responsewas investigated for the global analysis of diigrby
using two different antigens. Sheep Red Blood QERBC) are frequently used
as a non-pathogenic antigen for evaluating antiboelgponse in selection
experiments, and antibody response to NDV vaca@natan be used as a
selection criterion for immune response (Lamenal. 2003). Newcastle disease
is a major poultry disease in Taiwan (Yagigal 1999) and vaccination against
Newcastle disease virus (NDV) is a standard proeedecommended by
government sanitary authorities. All day-old chigksre vaccinated against NDV
in this study. At 8 weeks of age, all chickens wegiecinated again with 0.5 mL
NDV vaccine, and serum was collected 7 and 14 t&tgs. Haemagglutination
inhibition tests were used to determine antibotirdiagainst NDV. At 11 and 13
weeks of age, chickens were injected with 0.1 n25% SRBC intravenously
and serum was collected 7 days later. Antibodystité chickens against SRBC
were determined by haemagglutination tests. Thib@uohy titer was expressed as

the log of reciprocal of the highest dilution.
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Kinetics of antibody titers was studied by calcumi@tNDD, as the difference
between anti-ND antibody titer at day 14 and aridi-Bintibody titer at day 7
post-inoculation, and SRBCD, as the difference betwanti-SRBC antibody

titer at secondary response and anti-SRBC antibitetyat primary response

For the challenge experiment,immune response to Avian influenza and
secondary immune response was measured for Infsct®ronchitis (IB),

Infectious Bursal Disease (IBD) and Newcastle disea

Anti-Al titer: Chickens received a drop with 1@EIDs, of HEN1 avian
influenza viruses (A/chicken/Taiwan/0825/2006, pded by Dr. Poa-Chun
Chang, Graduate Institute of Microbiology and Paltliealth, National Chung-
Hsing University, Taiwan, R.O.C.) into eye and no&ood samples were
collected at 0, 7, 14 and 21 days post-challengi-A titers were measured by
enzyme-linked immunosorbent assay (ELISA) with caroial test kit (IDEXX
Laboratories, Inc., Westbrook, ME;
http://www.idexx.com/view/xhtml/en_us/livestock-dy/poultry/avian-

influenza.jsf).

Anti-IB titer: Chickens were vaccinated again with5 mL Infectious
Bronchitis (IB) vaccine, and serum was collected®Dand 28 days later. Anti-IB
titers were measured by enzyme-linked immune-sdriassay (ELISA) with
commercial test kit (IDEXX Laboratories, Inc., Wasiok, ME).

Anti-IBD titer: Chickens were vaccinated again withh mL Infectious Bursal
Diseasg(IBD) vaccine, and serum was collected 0, 14 andl&gs later. Anti-
IBD titers were measured by enzyme-linked immuniosot assay (ELISA) with
commercial test kit (IDEXX Laboratories, Inc., Wasiok, ME).

The antibody responses to ND were measured by tgduategation inhibition
test (HIT), the antibody titer was expressed aslag@ of the reciprocal of the

highest dilution.
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V. Methods

A. Sequencing and sequence analysis
PCR products of mtDNA, MC1R and LEI0258, were semed and sequence
alignment, editing and processing were performetth woftware BioEdit 7.0.9.0
(Hall 1999) and Staden package (Staeteal. 1998).

Mitochondrial DNA and LEIO258 sequence alignment golymorphisms
identification were done by using BioEdit. Haplo#gpwere scored manually.
The median-joining networks (Bande#t al. 1999) were constructed for
mitochondrial DNA data using the program Network1s (http://www.fluxus-

engineering.com/sharenet_rn.htm).

The length variants (number of repeats) and potpmo sites (either single
nucleotide polymorphisms or deletions) of LEI0258/&é been checked for each
allele. MC1R SNP analysis was done with Staden ggeKStadeet al. 1998) to
define genotypes and haplotypes.

B. Population genetics
Allele frequencies, number of alleles, expected ahsgerved heterozygosity
were calculated by using GENETIX 4.04 (Belkatral. 2004). Genetic distances
(Nei 1983) were calculated and neighbor-joining)(iMdes were established with
Populations 1.2.30 (Langella 1999).

All marker data, including microsatelliteBlC1R and LEI0258, were merged
and treated with a Multiple CO-inertia Analysis (&) by using R (R Core
Development Team 2006) with ADE-4 package (Chessell. 2004; Dray &
Dufour 2007). This method makes possible the etitnaof common information
from separate analyses, by setting up a refereqpm#ogy, and comparing each
typology separately. The efficiency of a markerassessed by its typological
value (Tv), the contribution of the marker to thenstruction of the reference
typology, which is equal to the product of the sage (Var) multiply by the
congruence with the consensus Cos? (i.e. the etiorl between the scores of
individual locus tables and the synthetic variatfiehe same rank) (Laloét al
2007).
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C.

Analysis of performance data

Body weight, antibody titers and panting rate wanalyzed by the general
linear model (GLM) procedure of SAS software (SAStitute 2008). Residual
correlations between traits were calculated usirgg MANOVA option of the
GLM procedure, considering the breed as a fixeelotfh the model.

Principal component analysis (PCA) was performeth vADE-4 package
from R, in order to identify the best combinatiohvariables which explained

most of the variance between breeds.

Combining molecular and phenotypic data

The Hill and Smith method (1976) was used to combiiscrete and
continuous variables to compare populations. Tethod is a combination of an
internal correspondence analysis for discrete d&tathe molecular marker data
(Laloé et al. 2002) and a principal component analysis for caaus variables,
i.e. performance traits. It was implemented withdiions of the ADE-4 package

from R software.

Bayesian approach
The STRUCTURE program (Pritchaed al. 2001) was used to determine the
number K of distinct genetic groups in the totahpée of local chicken breeds on

the basis of microsatellite genotypes.
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F. Experimental challenge for HGN1 low pathogenic avianfluenza virus
In generation 2009, chickens were produced by LEB08enotypes, H6N1

LPAIV challenge were performed and measured antjilbibers.

G. Experimental chickens
A total of 314 chicks were hatched from 23 siredl &1 dams with full

pedigree in six local breeds. Twenty-five SPF chiskere purchased from
Animal Health Research Institute (Council of Agttawe, Executive Yuan
R.O.C.). Day-old chicks were wing-banded and raiadtbor pens until 5 weeks
of age, and they were transferred to experimeigés after 6 weeks of age. Sire
families were distributed between the control dmdhallenge group. Individual
body weights were recorded weekly from hatch tovééks of age.

kg

wk > 3wk 4wk  Swk 6wk

£14 ND28

IB w5 Al A0 AI7 Al14 A1 IB14 IB28
HEN T s
[IB Alchicken/Taiwan/0825/2008 IBD14 IBD28

Figure 15. Experiment scheme for population in 2009

H. Viruses
The virus strain A/chicken/Taiwan/0825/2006 (HENIBAIV was isolated

from a commercial broiler flock showing increasdadck mortality in central
Taiwan in 2006. The method used for isolation arapagation of the virus on
chicken embryos was described by Lee et al. (20@8ample of HGN1 avian
influenza virus (A/chicken/Taiwan/0825/2006) waspded by Dr. Poa-Chun
Chang, Graduate Institute of Microbiology and Pwlbliealth, National Chung-
Hsing University, Taiwan, R.O.C.). The live virussvused for the challenge at 7
weeks of age (Fig. 15). Chickens received a drdp @@ EIDso (50% Embryo

infectious Dose) into eye and nose.
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I.  MHC genotyping
MHC genotyping was achieved by using LEI0258 marker

J.  Mating for specific MHC genotypes of experimentdiickens and
management
Within each breed, sires and dams were mated aogotd their MHC

genotype, in order to obtain the segregation of twahree alleles within each
sire family (Fig. 16). A total of 23 sires and 9&nads were used to produce
offspring. A batch of 24 SPF chicks was hatchedhat same time. Day-old
chicks were wing-banded and raised in floor pertd8 Grweeks of age, and were
transferred to experimental cages at 6 weeks af lagevidual body weight was
recorded weekly from hatch to 16 weeks of age. Bedight gains (BWG) were
calculated by periods of three successive weeks/-dth chicks were all
vaccinated against Marek’s disease and ND. At tweeks of age, chicks were
vaccinated against ND, IB, IBD, Fowl Pox and AvRReovirus infection. At four
weeks of age, chickens were vaccinated against IBDJBD and Infectious
Laryngotracheitis.

Sire Dam
309/381 309/381

|4 \ 4 &
Offspring1 Offspring2 Offspring 3
309/309 309/381 381/381

Figure 16. Example for mating for specific MHC g&pes.

309 and 381 means LEI0258 allele size as the MH®type.
K. Challenge experiment and antibody responses measianet
At 6 weeks of age, sire families were distributedween the control and the
challenge group, at 7 weeks of age birds from Halenge group received a drop
with 10’ EIDso of viruses in 20ul via drop into eye and nose respectively.
Clinical signs and mortality were recorded, re¢emhperature was measured by
mercury thermometer and recorded at hour 0, 24 4dpost-challenge to

monitor the body temperature (BT). Animals wereairfed state when body
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temperature was recorded. Serum was collected ifndimidual blood samples at

day 0, 7, 14 and 21 post-challenge.

Individual ELISA titers of Al antibodies for eachrded were measured by
Avian Influenza Virus Antibody Test Kit and calctdd by FlockChek software
(IDEXX Lab. Inc., Maine, USA). Kinetics of antibodijfters was studied by
calculating the difference between different staafgsost-challenge.

Statistical analysis
Data were analyzed by the general linear model (pkbcedure of SAS

software (SAS Institute 2008Body weight gains, body temperature, antibody giter

and differences between successive titers wereysathlwith the following statistical
model,

Yo =H*T +a; +s +(Ta)ij * €
whereYjyq is the antibody titer of thih animal of thath breed, théth sex after
thejth challenge treatmentl, 2,...,7,j=1,2,k=1,2, 1=1,2,...,338 is the mean,
7 is the fixed effect of theth breed,XZz=0, o; is the fixed effect of thgth
challenge treatmen0;=0, (a); is the fixed interaction effect between title
breed and th@th challenge treatment&X(za);=0, andej is the residual random
error, g, N N(0,07).
All statistical analyses were conducted by usingSS#oftware (SAS Institute,
2003).
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RESULTS

I. Polymorphisms of LEI0258

A. Inventory of MHC alleles in Taiwan local chickens

These results were first presented at the WorldtBoGonference in Brisbane 2008,
(annexe 1)

A total of 17 alleles was identified according ke tsize of the PCR fragment
among the 6 breeds (Table 11 & 12). Alleles diffiereainly by the number of the
R12 repeat, except for allele 443 which showedgh mumber of R13 repeat (table
12). A few deletions or SNPs were also observesbme cases: 2 alleles exhibited a
deletion upstream of the repeats and 9 allelesbégrdi a deletion downstream. The
SNP A-T at position 39 downstream of the repeats was Veeguent. A
downstream sequence polymorphism made possiblstiaglish two alleles sharing
the same fragment size: 357 in Hua-Tung and 35Hsim-Yi, so that 18 different
alleles were finally identified (Table 12). Six ndviEl0258 alleles which did not
match with a known B haplotype were found in th@2&ample (Table 11). A
seventh new allele was identified in Hua-Tung i@2(QTable 14).

Table 11 shows the heterozygosity, allele frequesnand distribution for each
breed in 2001. Hua-Tung had the highest nhumbeilefiea and genotypes and
showed the highest heterozygosity on LEI0258 marker

Table 11. Allele frequency and mean heterozygdsity EI0258 marker in the six chicken breeds.

Breeds | Animal Allele Percentage of different alleles (%)
HE Ho
No. [No. Combination 181 182 193 205 217 241* 249 273 295 309 319 345 357 381 419 443

Hsin-Yi 47 4 6 0.61 0.51 11 2 44 44
Ju-Chi 48 4 5 0.380.40 17 5 77 1
Hua-Tung 48 7 18 0.84 0.83 6 19 2 7 11 16 19
Quemoy 48 4 6 0.610.65 20 1 54 25

Shek-Ki 48 4 8 0.730.71 21 14 34 31

Nagoya 48 3 5 0.580.58] 40 56 4

" means new alleles
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Table 12. Polymorphisms identified of LEI0258 adtel

Size (bp) upstream R13R12 downstream Known B haplotypes
Position -30-29 -28-11 5 23-29 33 39 46
character nb 1 2 3 4 5 6 7 8
Breeds TT G G C ATTTTGAG Ao A T
Nagoya 181* - - - 1 2 - A - - - NA
Shek-Ki 182 - - A 1 2 - A A - - 4
Hua-Tung, Ju-Chi, Hsin-Yi 193 - - - 1 3 7T A - - - 11, 15.1, 27,61
Ju-Chi, Quemoy 205 - - - 1 4 T A - - - 13
Hsin-Yi 217* - - - 1 5 - A - - - NA
Hua-Tung 237* - - - 1 6 T NA
Shek-Ki 241* - - - 1 7 - A - - - NA
Nagoya 249 - - - 1 7 T 15.2,22,73
Shek-Ki 273* - - - 1 9 - - - - A NA
Hua-Tung 295 A - - 1 11 - - - - - 5
Hua-Tung, Ju-Chi, Nagoya
Hsin-Yi, Quemoy 309 - - - 1 12 - - - T - 10, 24, 26, 76
Hua-Tung 319* A A - 1 13 - - - - - NA
Shek-Ki 345 - - - 1 15 - - - T - 14
Hua-Tung 357 - - - 1 16 - - - - A 23
Hsin-Yi 357 - - - 1 16 - - - T - 5.1,6.1, 21, 750,131, 201
Ju-Chi, Quemoy 381 - - - 1 18 - - - T - 13.1
Hua-Tung 419* - - - 15 6 - - - - - NA
Hsin-Yi 443 - - - 15 8 - - - - 6
Gallus 369 - - - 1 17 - - - T -
B19.1 552 - - - 28 3 - ATTTGAGG- - -

" new alleles

50



B. Trends in frequencies (Tours 2010, annex 1)

1. Introduction

Following the investigation of LEIO258 allelic digtution in a sample of 50
animals per breed in year 2001, we continued totype LEI0258 alleles for all
animals of generations born in 2007 and 2008, andbined data from three
generations to analyze the possible trends inialledquency at the MHC locus
across generations for each breed. Heterozygosisyocalculated with GENETIX
4.05 (Belkhir et al 2000). Hardy-Weinberg (H-W) equilibrium test was
calculated with Genepop 4.0 (Raymond & Rousset5199

Results were presented as an oral communicatiotheatEuropean Poultry
Conference in Tours, 23-27 August; 2010 (annex 2)

Numbers of animals for each generation are ligtebable 13.

Table 13. Number of sires, dams, and genetic dieg for each breed in each generation

Breeds 2001 2007 2008

sires dams Ne sires dams Ne sires dams Ne

Hsin-Yi 14 24 35 11 22 29 19 53 56
Ju-Chi 15 25 38 24 34 56 19 47 54
Hua-Tung 12 25 32 19 28 45 10 38 32
Quemoy 17 36 46 19 33 48 18 43 51
Shek-Ki 17 16 14 16 31 42 14 46 43

Nagoya 16 37 45 22 45 59 19 46 54

2. Results and discussion
A total of 17 alleles were identified for marker I0258, seven of them did not
match with a known B haplotype. Hua-Tung exhibitece new alleles, Shek-Ki

and Hsin-Yi exhibited two new alleles (with one @@mmon) and Nagoya
exhibited one new allele.

Allele frequency fluctuated slightly between genieres in most breeds (Table
14). Hsin-Yi, Ju-Chi, Hua-Tung exhibited some ratteles (frequency below
10%) whereas Quemoy, Shek-Ki and Nagoya exhibitedataer balanced

51



distribution of alleles. Hsin-Yi showed a markedrease in frequency of allele

193 and a marked decrease in frequency of alle3e 44

Table 14. LEIO258 allele size and allele frequeacgording to breed and to generations

Breeds Allele Allele frequency (%) Breeds Allele Allele frequency (%)
size 2001 2007 200¢ size 2001 2007 200¢

Hsin-Y1 19 11 38 54 Quemo 20t 20 13 13
217 2 18 9 24¢ 1 12 2C
30 44 27 29 30¢ 54 43 47
357 - 1 2 381 25 31 2C
44: 44 15 6 Nagoy: 181 4Q 33 38

Juw-Chi  19: - 5 7 24¢ 56 43 42
208 17 27 28 30¢ 4 25 21
24¢ 5 1 1 ShelKi 18z 21 26 34
30¢ 77 67 63 241° 14 24 26
381 1 - - 272 34 25 19

Hue-Tunc 19:¢ 6 14 7 34t 31 25 21
2377 - 16 21

24¢ 18 14 2C
29t 22 14 11
30¢ 7 3 1
31¢* 11 5 13
357 16 13 13
41¢° 18 21 14

2 new allele of LEI0258 marker
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Figure 17 is a 3-dimension graphical representaifdhe frequency data given in table 14
and also shows the corresponding B haplotypesEt®258 alleles.

‘ 38 181 4=m Nagoya
I 57.11 “

& 7 12 4

20 43 s .“W - il o 11,15.1, 27, 61
| Hmm = , o0
A\ 26 — 6“0 217 == Hsinvi
\ 43 a2 14 ‘ - " 27 dmmHua-Tung
' -‘ 720 [ I 19 20 !
- 5 44 1a 20 54 &= Shekki
l!-\ —- T s — H 249 15.2,22. 73
{ ! & Shekki
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Figure 17. LEIO258 allele frequencies across tigesgerations.

Inbreeding coefficient (Fis) was highest in Hsin-@Quemoy and Hua-Tung in
2008, whereas Ju-Chi, Shek-Ki and Nagoya exhildiecer values (Table 15),
consistent with the status of random mating. Resoft H-W equilibrium test
pointed out that Ju-Chi, Shek-Ki and Nagoya wer@&ennHardy-Weinberg
equilibrium at the MHC locus. However, Hua-Tung,égqoy and Hsin-Yi were
not in equilibrium for generation 2008 and Hsinwas not in equilibrium also
for generation 2007. The departure from equilibriums due to an excess of
homozygotes, which is quite surprising for MHC. Floould be due to genetic
drift with small family size and fluctuating numbef sire families between
generations. Hua-Tung breed had the largest nurmbeailleles and genotype

frequencies may be quite susceptible to samplinigwvan.
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Table 15. Heterozygosity and test for Hardy-Weigbeguilibrium.

Breeds Year k. Hops. Fs P-value of HW test Significant
Hsin-Yi 2007 0.73 0.68 0.0649 0.0000 kk
2008 0.61 0.45 0.2699 0.0002 Fokk
Quemoy 2008 0.69 0.56 0.1836 0.0000 Tk
Hua-Tung 2008 0.85 0.71 0.1631 0.0000 *xk

Comparing allele frequencies across the three gdors showed that allele 237 was not
found in the sample genotyped in 2001 for Hua-Tumg,was present in 2007 and 2008
at a moderate frequency, which could suggest rezsettion. Allele 249 (matching
MHC B15.2) exhibited a similar trend in Quemoy lre®egarding Hsin-Yi
breed, the important changes in allelic frequenoieserved for alleles 193 and
443 could indicate short term selection pressurbese alleles can be matched to
MHC B15.1 and B6, respectively. Allele 193 was disond in Ju-Chi and Hua-
tung but did not exhibit any specific trend in thdweeds. Allele 443 was only
found in Hsin-Yi, and could have been counter-delcin general, observed
heterozygosity of LEI0258 was rather high in akkdxuls except Hsin-Yi, which
showed a quite low value in 2008 (Table 15). H#eof MHC alleles on
performance or viability deserve further studiestle Hsin-Yi breed. These
changes result in a very unbalanced distributioalleles in this breed, with one
very frequent allele, 193 and one moderately fratjadlele, 309, all the other
alleles being rare (less than 10%). The deviatioomf Hardy-Weinberg
equilibrium in this breed remains puzzling and doindicate the occurrence of

an undescribed selection process.

Deviation from Hardy-Weinberg was not observed foicrosatellite data
(Berthouly et al., 2008) and appeared to be smetfiEI0258. As compared to
microsatellite data, LEI0258 exhibited a highereaslied heterozygosity for Hua-
Tung (0.84 versus 0.58), Quemoy (0.65 versus 038¢k-Ki (0.71 versus 0.42)
and Nagoya (0.58 versus 0.44) breeds. Howeveerobd heterozygosity was
lower for LEIO258 in Hsin-Yi (0.51 versus 0.53) add-Chi (0.40 versus 0.46)
breeds. Hsin-Yi was the only breed to exhibit lowbserved heterozygosity
values than expected for LEI0258, which may deséuviner studies on MHC
function in this breed.
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In conclusion, polymorphism at the MHC locus canelasily monitored with a
single highly variable marker and can serve as efulisndicator to monitor
genetic diversity for conservation of small popuas. Mating plans could be
designed in order to avoid allele loss at the Mid€uk. Keeping a stable number
of sire families could be recommended in orderuoid any effect of sampling

on allele frequencies.
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A.

Combining molecular data and performance traits

Paper accepted in Animal Genetics
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A global analysis of molecular markers and phenotypic traits in local
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Summary

Molecular and phenotypic data have been combined to characterize the genetic diversity of
six local chicken breeds maintained with a long-term conservation programme. Hua-Tung,
Hsin-Yi, Ju-Chi and Quemoyv originated from Taiwan, Shek-Ki is from South China, and
Nagova is from Japan. Molecular tools included 24 microsatellite markers, melanocortin 1
receptor {alpha melanocyte stimulating hormone eceptor) | MCTR), the LEIO25 8 marker located
within the major histocompatibility complex (MHC) and mitochondrial DNA, Performance
was recorded on the same individuals for body weight, panting rate in summer and antibody
response (antigens: Newcastle disease virns and sheepred blood cells). A multivariate method
previously proposed for taxonomy was used to combine the different data sets. Melanooortin 1
receptor (alpha meanocyte stimulating hormone receptor ) and the MCW 330 marker contributed
the most to the first axis of the multiple coinertia analysis of molecular markers. Melanocortin
1 receptor (alpha melanocyte stimulating hormone recepror) showed evidence of selection,
probably related to its effect on feather colour. The MHC exhibited a large diversity, with 16
alleles of the LEIO2 58 marker, Immune response traits contributed the most to the principal
component analysis of phenotypic data. Eight mitochondrial DNA haplotypes related to
clades A, B, C and E were distributed across breeds and revealed an important contribution of
Indian and Hurcpean breeds to Ju-Chi, Quemoy and Hsin-Yi. Phenotypic data contributed
less than molecular data to the combined analvsis, and two markers, LEIO258 and LEI22 8,
contributed the most. The combined analysis could clearly discriminate all breeds, except Ju-
Chi, which was similar to Quemoy for many criteria, except immune response,

Keywords local chicken. microsatellites. melanocortin 1 receptor (alpha mdanocyte stimu-
lating Rormone receptor), major histocompatibility complex, mitochondrial DNA, immune
response; body weight.

Introduction

production systems have spread over all continents. Local
breeds have low productivity but may harbour specific

Preserving local breeds is an important issue for the con-
servation of domestic animal genetic diversity (FAOQ 2007 ).
There is a wide array of chicken hreeds with abundant
phenotypic diversity, as a result of domestication and
selection. Commercial lines and induostrialized livestock
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features as a result of adaptation to their environment.
A subtropical island such as Taiwan (21%907-25%29'N;
120905-122%0'E) provides an interesting framework to
study genetic diversity of local chicken breeds, because of its
climate and its geographic sitnation. Initially, native
chickens were raised in Taiwan by aboriginal tribes, His-
torical records (Lee 2006) indicate several waves of intro-
duction of domestic chickens from China (400 vears ago),
Earope ( 300 vears ago) and Japan { 100 vearsago). Chicken
populations were then exposed to the subtropical climate,
with some selection by local farmers,

© 2011 The Authors, Animal Genetics © 2017 Stichting International Foundation for Animal Genetics
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A conservation programime was set up in 1982 for four
local chicken breeds and two imported breads at National
Chung-Hsing University (NCHU) in Taiwan. These breeds
were characterized for an arrav of traits, such as disease
resistance, meat quality (Lee 20006) and molecular diversity
(Chen et al, 2004 & Berthouly et al. 2008), However, the
latter studv mainly addressed neutral diversitv, which is not
sufficient to assess the global conservation potential of local
breeds.

The aim of this study was to extend the diversity study to
fmetional traits and to complete the knowledge of breed
history by seguencing mitochondrial DNA (mtDNA). We
added two hypervariable microsatellite markers (LEIN228
and LENT92) and two markers associated with functional
information: (i) the MCIR gene, which is one of the main
lIoci controlling feather colour (Takeuchi et al. 1996; Kerje
et al. 2003 ) and (i) the LEI0) 258 marker located within the
MHC locus, involved in response to infectious diseases
(Lamont 1989). Because individual phenotypes were also
available for an array of traits. a methodological appreach is
proposed to combine molecular (discrete) and phenotypic
{continuous) data. to provide a comprehensive view of the
genetic diversity of these breeds.

Materials and methods

Experimental chickens

Six local chicken breeds have been maintained in a conser-
vation programme at NCHU since 1982 (Lee 2006; Fig. 1}
Hsin-¥i shows red feathers. white skin and blue shanks.

Ju-Chi and Hua-Tung have a black plumage and black
shanks, Quemoy has a black plamage with gold-laced feath-
ers on the neck, white skin and blue shanks Shek-Ki has
vellow skin, vellow feather and vellow (the ‘triple-vellow’).
MNagova has a vellow plumage with black tail and blue shanks.

The management of experimental chickens followed a
routine procedure (Chao & Lee 2001). A representative set
of 50 animals, 25 males and 25 females was samplad
according to pedigree records. Blood was collected for DNA
extraction at 40 weeks of age, and all animals sampled had
individual performance records. Birds were produced in four
successive hatches for the six breeds, and breeds were reared
together,

Maolecular markers
Miorosatellite markers

A set of 24 microsatellite markers from the AvianDiv Euro-
pean project (Hillel et al. 2003; Table S1)was nsed to analyse
within- and between-breed diversity. It included the 22
markers described previously by Berthouly et al (2008) and
two additional markers, LEIO228 and LEIO192, which have
numerous alleles (14 for each marker). Markers were geno-
typad with the protocol described in Berthouly ef al. (2008).

Mitochondrial DNA

The hypervarable sequence | (HVS-1) of the -loop region
was amplified using the same primers (Table 52} following
the protocol of Lin et al (2006),

L Japan T
P . ot

PacificCcean

2 Figure 1 The six local chicken breeds under consenvation at the National Chung-Hsing University with their region of origin. Hua-Tung (HT), Hsin-Yi El

{HY), Ju-Chi (C) and Quemoy (QM) are from the Taiwan region, Shek-Ki (5K) & from Hong-Kong, and Magoya (MC) i from Japan.

@ 2011 The Authors, Animal Geneics @ 20111 Stichting Inte mational Foundation for Animal Genelics, dai: 1001111/).1365-2052 201 1.02226x
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Meéanocortin 1 receptor {alpha melanogyte stimulating hormone
receptor )

The chicken MCIR gene-coding sequence was amplified
with PCR primers (Table 82} and protocol as described by
Chen et al, (2005).

LEIO2 58 marker

The LEIN258 marker is an atypical Variable Number of
Tandem Repeat that exhibits a verv good comelation with
serological typing of the chicken MHC (Fulton & al 2006).
PCR primers (Table 52} and protocol are the same as Fulton
et al. (2006).

Performance traits

Body welight was measured every two weeks from hatch to
18 weeks of age, and again at 47 weeks of age. Three
measures were kept for the analysis: initial body weight at
hatch (BW(), body weight at the time of rapid growth
(BW12) and mature body weight (BW47). Panting is gen-
erally observed when the ambient temperature Is above
29 °C with 50% humidity (Weaver 2002). Panting was
reconded individually on a daily basis between 24 and
27 weeks of age, in the afternoon of the hot season when
the ambient temperature was higher than 30 °C (highest
36°C, lowest 31 *C and average 33.5 °C with 61%
humidity). Individual panting rate was calcolated as the
ratio of number of days where panting occurred divided by
the total number of chserved davs.

Immune response was investigated using two different
antigens. Sheep red blood cells (SRBC) are frequently used
as a non-pathogenic antigen for evaluating antibody re-
sponse in selection experiments, and antibody response to
Newcastle disease virus (NDV) vaccination can be used as a
selection criterfon for immune response (Lamont ef al,
2003%). Newcastle disease is a major poultry disease in
Talwan (Yang a al 1999), and vaccination against NDV is
a standard procedure recommended by government sani-
tary authorities. All day-old chicks were vaccinated against
NDV in this studv. At 8 weeks of age, all chickens were
vaccinated again with 0.5-ml NDV vaccine, and serum was
collected 7 and 14 days later. Haemagglutination inhibition
tests were used to determine antibody titres against NDV., At
11 and 13 weeks of age, chickens were injected with (.1 ml
(1.25% SRBC intravenonsly, and serum was collected 7 days
later. Antibody titres of chickens against SRBC were deter-
mined by haemagglutination tests. The antibody titre
was expressed as the log, of the reciprocal of the highest
dilution.

The kinetics of antibody titres was studied by calculating
NDD as the difference between anti-ND antibody titre at day
14 and anti-ND antibody titre at day 7 post-inoculation,
and SRBCD was calculated as the difference hetween anti-

Genetic and phenotypic characterization of Talwan chicken

SRBC antibody titre at secondary response and ant-SRBC
antibody titre at primary response,

Sequencing and sequence analysis

PCR products of mtDNA, MCIH and LEIOZ5Y were
sequenced by Eumfins MWG Operon Company. Sequence
alignment, editing and procesing were performed with
moEmT 70090 software (Hall 1999) and the stam package
(Staden « al. 1998). Mitochondral DNA and LEIO2S58
sequence alignment and polymorphism identification was
carried out using mororr. Haplotypes were scored manually.
The median-joining networks (Bandelt et al 1999 were
constrocted for mitochondrial DNA data using the program
Network 4516 (httpy/www. flisxms-engineering .com/

sharenet_m.htm}. The length variants (number of repeats)

and polymorphic sites (either single-nuclectide polymor-
phisms or deletions) of LEII258 were checked for each

allele. MCIR SNP analysis was carried cut with the sraney

package (Staden etwl. 1998) to define genotypes and
haplotypes.

Analysis of genatypes

Allele frequencies. number of alleles and expected and
observed heterozygosity were calcolated osing cmarmx
404 (Belkhir et a. 2004}, Genetic distances (Nel et al
1983} were calculated, and neighbour-joining (N]) trees
were established wusing rormations 12,300 (Langella
19949},

All marker data, incloding microsatellites, MCIR and
LEID258, were merged and treated with a Multiple
CO-inertia Analysis (MCOA) wsing R (R Core Development
Team 2006} with the apsa package (Chessel of al 2004;
Dray & Dufour 2007). This method makes the extraction
of common information from separate analyses possible, by
setting up a reference typology and comparing each
tvpology separately. The efficiency of a marker &s assessed
by its typological value (1,), which is the contribution of
the marker to the constroction of the reference typology,
which is equal to the prodoct of the varance (Var) mul
tiplied by the congruence with the consensus Cos” (ie. the
correlation between the scores of individual locus tables
and the synthetic variable of the same rank) (Laloé et al
2007).

Analysis of performance data

Body weight, antibody titres and panting rate were analysed
using the general linear model (GLM) procedure of sas soft-
ware (SAS Institute 2008). Breed and sex were treated as
fixed effects with a breed = sex interaction. Partial correla-
tions between body weight and panting rate were calenlated
for each sex after accounting for the breed effect. Principal

@ 201 The Authors, Animal Genetics © 2011 Stichting Intemational Foundation for Animal Genetics, doi: 100111 1/1.1365-2052.2011.02226 x
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component analysis (PCA) was performed with the anps4
package from R, to identify the best combination of variables
that explained maost of the variance between breeds.

Combining molecular and phamotypic data

The Hill & Smith (1976) method was used to combine dis-
crete and continuous variables to compare populations.
This method is a combination of an internal correspondence
analvsis for discrete data, Le. the molecular marker data
(Laloé et al 2002}, and a PCA for continuons variables, Le.
performance traits. It was implemented with functions of
the ane< package from the » software,

Results

Genetic analyses of molecular markers

Ranking of breeds for heterozygosity values was similar to
previous results of Berthoulv & al (2008) with a maximum
value of 0.598 for Hua-Tung (instead of (L584) and &
minimum value of 0412 for Shek-Ki (instead of (0,423},
Hua-Tung and ju-Chi exhibited weakly negative values for
Fis (—0,028 and —0.048, respectively ), sugpesting a slight
excess of heterozyvgotes, whereas Shek-Ki exhibited the
highest Fis (0,079 as compared to (L0068 with 22 markers),
which differed significantly from zero and indicated some
inbreeding,

The mean Fst values ranged from (0.22 (Hua-Tung) to
(L35 (Magoya). Shek-Ki showed the second highest mean
Fst value ((.31), and mean Fst values varied from (.24 to
00.27 for the other Taiwanese breeds (Table 53).

Melanocortin 1 receptor (alpha melanogyte stimulating hormone
receptor)

There were six SNP's that defined five haplotypes, come-
sponding to four different protein sequences, which com-
bined in eight genotypes (Tables | and 54).

Hsin-Yi and Shek-Ki shared haplotype 3 with a high
frequency and were the only breeds to carry haplotype 5 at
a low frequenicy, and they clustered together in the NJ tree
(Fig. 81A). Haplotype 4 was almost fived in Nagoyva and
was also found in Shek-Ki and Hsin-Yi, but at quite different
frequencies. explaining the clustering of these three breeds
in the N tree. Ju-Chi, Hua-Tung and Quemoy exhibited a
high frequency of haplotype 1 Huoa-Tung was the only
breed to carry haplotype 2. Consequently, Ju-Chi and Que-
moy grouped in the same cluster, and Hua-Tung had a
basal position in the tree,

Shek-Ki was the only breed to exhibit a high heterozy-
oosity for MC1R ((0.578; Table 54) and a stronglv negative
Figi=00.313; data not shown).

LEIO25%

A total of 16 alleles were found in the six breeds; six of
them had never been described and were breed specific
(Table 2). Hua-Tung had the highest number of alleles
and the highest heterceygosity valoe; four alleles out of
seven were private. The four alleles found in Shek-Ki were
all private. The lowest heterozvgosity value was found for
Ju-Chi, whereas the highest Fig valoe was observed for
Hsin-Yi.

Ju-Chi, Quemaoy and Hsin-¥i shared allele 309 at a rather
high frequency and grouped in the same cluster of the NJ

Table 1 MCIR haplobypes, number of haplotypes and percentage in each breed

SMFP position in the coding sequence

Mumber of haplotypes (percentage) per breed

212 274 427 636 637 644
T>A G>A A>G Cz>A T>C AxC
Amino add position
Haplotypes 71 az 143 212 213 215 Hein-Yi Ju-Chi Hua-Tung Quemoy  Shek-Ki Mapoya
1 [ A A [ T A 1{1%) BB (96%) 7F7(84%) 91 (99%)
Thr  Lys Thr Ala Cys  His
2 C A A A T A 8 (3%
Thr Ly= Thr Ala Cys His
3 c A A G T C 8 (92%) 4 (4% 7% 1{1%) 62 (63%) 1 {1%}
Thr Lys Thr Ala Cy Pro
4 T G G A C A 5 (5%) 27 30%) 93 {99%)
Met Gilu Ala Ala Arg His
5 {wild type) T G A G T A 2 (2%) 1(1%)
Met Glu Thr Ala Ty His

MCTA, melanocortin 1 receptor (alpha melanocyte simuolating hormone reaeptor).
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Tahle 2 Allelic frequencies of the ( E(0258 marker for the six loi chicken breeds

Allele frequency

ﬁ Hisn-Yi Ju-Chi Hua-Tung Quemoy Shek-Ki Magoya Cormiihdig
N 47 48 48 48 48 48 B haplotype'
1817 0.40 MA,

182 0.21 4

193 0.11 0.06 1, 151, 27, &1
205 017 020 13

2172 002 MA,

247% 014 MA,

249 005 019 001 0.56 152,22, 73
2737 034 A

295 022 5

309 044 077 007 054 0.04 10, 24, 26, 76
3197 011 MA,

345 031 14

357 016 51,6.1,21,75
381 0.0 025 13.1

4197 019 MA,

443 044 [

H, 061 038 084 061 073 0.53

H, 051 Q40 0.83 065 a7l 0.58

Fs 017 — 004 0.01 ~006 0.03 -0.10

'Cormesponding B haplotypes with Fulton et al. (2006).
*Newly described private alleles.

tree. Nagova and, to a lesser extent, Hua-Tung showed a
high frequency of allele 249 and clustered together on the
NJ tree; allele 295 (private) was the most frequent in Hua-
Tung breed, which might contribute to the Iong branch
length of this breed in the MN] tree. Shek-Ki was the most
different, because it did not share anv allele with the other
breeds. and it represents an independent branch of the NJ
tree (Fig. S1B).

Multivariate analysis

The first two axes of MCOA analysis with the 24 micm-
satellite markers explained 51.1% and 21.2% of the
observed inertia, respectively. The two markers MCW 330
and MCW 34 contributed the most to the construction of
the first axis for 8.6% and 8.3%, respectively. Results from
MCCOA analvsis after addition of MCIR and LEIO2 55 data to
the microsatellite data are shown in Fig. 2. The first two
axes of MCOOA analysis explained 50.4% and 24% of the
ohserved inertia; respectively. The two markers MCIR and
MOW330 contributed the most to the constroction of the
first axis with 10% and 6.7%, respectively. LEIO258 ranked
7th of 26 markers, with a contribution of 5.2%. The first
axis separated Nagoya from the set of Taiwanese—Chinese
breeds, Hsin-Yi, Hua-Tung and Ju-Chi were strongly over-
lapping each other. The two markers MCIR and LEIO22E
contributed the most to the construction of the second axis,
with 22.5% and 13,.8%, respectively, LEI0258 ranked 5th

with a contribution of 8.1%. The second axis separated
Quemoy and Shek-Ki.

Phenotypic data

Breeds differed significantly for body welght at all stages
{Table 3). There was a significant breed x sex interaction
(P = 0.05) for mature body weight, which was highest in
Hua-Tung and Nagova for males and in Nagoya and Shek-
Ki for females, Ju-Chi and Quemov exhibited the lowest body
weight for both sexes, and Hsin-Yi showed intermediate
values. There was a significant (P < 0.L01) breed x sex
interaction for panting rate. Hsin-¥i, Shek-Ki and Hua-Tang
showed higher panting rates in males, whereas Shek-Ki and
Nagoya showed the highest values in females. Quemoy
exhibited a low value in males, but not in females. Ju-Chi
exhibited a low panting rate for both sexes. On average,
females had a higher panting rate and lower body weight
than males. Partial correlation between BW47 and panting
rate was moderate and positive (.30 in females, (.23 in
males, P < 0.01).

Results for immunological traits are listed in Table 4.
Breeds differed both in kinetics and in final titres. Quemoy
exhibited a faster antibody response for both ND and SRBC,
and final titres were highest in Quemoy for NI antibodies,
but not for SRBC antibodies. Ju-Chi had lowest valoes for
NI response. A negative correlation was observed betwesn
initial values (ND7 or SRBC1) and the subsequent change in
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LOW RESOLUTION FIG
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Figure 2 Position of sic loml breeds obtained [10]
by multiple coinertia analysis with 24 micro-
satellite markers, MCTR and LEIOZ58. HT:
Hua-Tung, HY: Hsin-Yi, 3C: Ju-Chi, OQn:
Cruemoy, SK: Shek-Ki and NG: Magoya.
Table 3 Least squares means of the phenotypic traits for the six local breeds.
Traits' Hesin-Yi Ju-Chi Hua-Tung Cuemoy Shek-Ki Magoya
Males
BWG 36.2 + 07" 348 + 07" 367 = 0.6 332+ 06" 358+ 0BY 345+ 06"
B2 1281 = 35 1192 + 36" 1310 = 34" 1093 = 34 1545 + 40° 1240 £ 33"
BWA4T 2687 + 65 2476 + 679 3155 + 64* 7361 + 647 2957 + 75 32 & 629
PANT 29+ 4* 13 + 4= 23 = 4™ 13 = 4" 28 + 4 18+ 3™
Females
BWO 35+ 07" 339 + 07" 362 + 06" 327+ 06" 4.6+ 077 355 + 067
B2 1032 + 34* 936 232 1049 = 314 896 + 3T 170 = 33* 1028 = 30
BWAT 2013 2 75° 1492 = 71° 2022 1+ 70° 1522 = 7F 2197 + 1A% 2257 + 68
PANT 56 = 5% 39 2 57 51 2 59 60 = 5 7oz 5 & + 5

TEwo, body weight (grams) at O day of age; B 12, body weight (grams) at 12 weeks of age; BWa7, body weight (grams) at 47 weeks of age;
PANT, panting rate.

““Mgans = 5E within a mow with no commaon supescript differ significantly (P < 0.05).

Table 4 Least squares means of the immunological traits for the sic loal breeds:

Trait! Hein-Yi Ju-Chi Hua-Tung Quemoy Shek-Ki Nagoya

D7 88=03" F4+03" 79+03" 87 =03 75+ 03" 8.1 203"
DD 1.3 x03° 23039 2x 03" 25 03" 3.1+ 04* 21 203%™
SRBCY 4.1%+03% 2.8+03¢ 3.5+ 0.3 46+ 034 43 +£03% 364+ 03"
SRECD 09 +03% 1.7+03* 0.8+ 03" 0.2 +03° 0+03° 15+ 03%

““Means + 5E within a row with no mmmon superscript differ <ignificantly (P < 0.05)

TND7, anti-ND antibody titre at day 7 past-inoculation; MDD, difference between anti-ND antibody titre at day 14 and anti-ND antibody fitre at day
7 post-inoculation; SRBCT, anti-SRBC antibody titre at primary response; SRBCD, anti-5RBC antibody fitne at secondary. esponse minus anti-SRBC

antibody titre at primary response.
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Genetic and phenotypic characterization of Talwan chicken

by the Hill & Smith method for six local breeds
combining molecular and phenotypic data.
HT: Hua-Tung, HY: HsireYi, JC: Ju-Chi, OQM:
Quemay, SK: Shek-Kiand NG: Magoya

antibody titres (r = —(.58 between ND7 and NDI:
r=—{).86 between SRBC1 and SRBCD). Correlations
between body welght and immune response were not
significant (data not shown).

The first two axes of PCA analysis explained 23.4% and
20.5% of the chserved inertia, respectively. The two factors
ND7T and SRBCD contributed the most to the constmction of
the firg axis for 27.6% and SRBCD 24.1%, respectively:
factors contributing most to the second axis were NDD and
BW47 for 23.9% and 19.1%, respectively. Projection of
individual data on the two axes showed a total overlap
between breeds which could not be discriminated (data not
shown ),

Hill & Smith method for combining molecular
and phenotypic data

Figure 3 shows the distribution of the six breeds using the
Hill & Smith method on mixed data combining molecular
and phenotypic data. The first two axes explained 9.9%
and 7.2% of the observed inertia, respectively. The two
markers LEIG228 and LEIOZ58 contributed the most to
the construction of the fist axis for 12.6% and 9.3%,
respectivelv. Melmocortin 1 receptor  (alpha  miclanocyte
stimulating hormone receptor) ranked 13th and the first
phenctypic factors contributing to this axis were SRBCD

and SRBC1, which ranked 27 and 28th, The discriminant
analysis showed that each breed made one group, except
Ju-Chi and Quemov.

Mitochondrial DNA phylogeny

There were 19 substitutions in a 497-bp mtDNA HVS-I
region, and all sabstitntions were transitions. The eight
haplotvpes could be matched to previously published
sequences, and the same codification as Lin o al. (2006)
was used for further analysis and comparison.

Four clades were observed: A, B, C and E (Table 5), Three
haplotypes were observed for clades A and E. while clades B
and C were only represented by one haplotype each. Hsin-
¥i, Ju-Chi and Quemoy were distributed in clades A and E
sharing the same haplotvpes. Haplotvpe El was very fre-
quent in the Quemoy breed, followed by the Hsin-Yi breed.
Nagoya was also found in clade A and E and was the only
one to exhibit the A3 haplotype. Hua-Tung was in clade A
and C, and Shek-Ki was in clade B and C. The median-
joining network showed that clades A and E were the
dominant haplogroups in Taiwan local breeds, whereas
clades B and ¢ were minor haplogroups. Among the eight
haplotypes, three were breed specific and exhibited moder-
ate to high frequencies: A2 in Hua-Tung, A3 in Nagoya and
Bl in Shek-Ki.
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Table 5 Identification and frequency of mitochondrial DNA, haplotypes for the dx breeds.

Genbank

acoession
Haplotype' Hsin-¥i Ju-Chi Hua-Tung Cuemaoy Shek-Ki Mapoya Total number
A1 17 (35%:) 34 [71%) 11 (23%) 1{(2%) 25 (54%) 88 {(31%:) HC022887
A2 27 (57%) 7 (9%) HOQO0322888
A3 17 37%) 17 (6%) HO022886
B1 35 (3% 35 (12%) HO022881
€1 9 (19%) 13 (27%) 22 (B%) HOD22885
E1 10.{21%) 9 (19%) 42 (BB%) 61 (21%) HO022883
EG 19.(40%) 4(9%) 3 (8% HO022882
=) 2 {4%) 5 (10%) 5 (10%) 12 (4% HOD22884

'Mitochondrial DNA haplotypes are named after Liv ef al. (2008).

Discussion

History of breeds

The history of multiple introductions of chickens in Talwan
from China. Furope and Japan is consistent with the finding
of four clades of mtDNA. The high frequency of clade E
reveals an important contribution of breeds from India or
Furope, which generally exhibit a high frequency of hapl-
otypes of the E group (Lin et al 2006; Berthouly-Salazar
et al. 20000} The Quemaoy exhibited the highest frequency of
E haplotypes, which is consistent with the role of the Que-
moy Island as an important harbour for trading between
China and Taiwan, and a likely place for introduction of
exotic chickens to Taiwan hundreds vears ago, The Hsin-Yi
was considered the popular backyvand chicken in the 1970s
(Lee 20006} This breed has undergone introgression from
Indian or Enropean descent, becaunse it also exhibited a high
fraquency of E haplotvpes. By contrast. the Ju-Chi exhibited
the highest frequency of A1 haplotypes. which saggests that
this breed was influenced less by introductions of western
commercial breeds and could represent a more ancient
bread in Taiwan. Hua-Tung, kept for cock fighting, did not
carry any Ehaplotypes and was the only breed from Taiwan
to carry the A2 and C1 haplotypes, which can be found in
China and Japan, Haplotypes Al and C1 have been found in
the Shamo breed, which is also a game bird (Lin et al
2006), and A2 was found in Hinal-dorl, a Japanese local
breed. Thus, the Hua-Tung is a typical Asiatic breed which
has probably been crossed with other breeds, as shown by
its high heterozvgosity level for microsatellite markers. The
Shek-Ki exhibited haplotypes from haplogroops B and C,
which i consistent with its orgin in South China (Hong-
Kong region], because Bl and C1 haplotypes have been
previously described in Chinese breeds: B1 is found in the
Qinyan breed from Guang-Dong provinee (Liu ef al. 2006,
The C haplogroup is generally found in Japanese breeds, but
was not found in Nagova. This result is consistent with
previous observations of haplotypes Al and A3 in Nagoya-
dor (L et al. 2006),

Meutral markers vs. markers with a functional effect

Microsatellite marcers mav be considerad neutral, whereas
MCIR and MHC alleles are related to a function or a phe-
notype, The multivariate analysis showed that MUIR was
the most discriminative marker and exhibited the highest
typological valoe, This can be explained by the association
of MC1R with feather colour, which is a phenotypic trait
that farmers could easily select for, to obtain a breed with a
uniform appearance. Indeed, haplotypes identified in the
Tatwaness breads could be matched with alleles at the
Extension (£) locns: haplotypes | and 2 were previously
asociated to the extended black allele (Takeuchi et al
1996; Kerje et al, 20032), and these haplotypes have also
been found in some wild birds (Mundy 2005); haplotype 3
has been previously associated to either the buttercup allele
(Kerje et al. 2003} or the brown allele (Ling et al. 20031
haplotype 4 has been previously associated to the wheaten
or vellow alleles (Ling et al 2003 ), and haplotype 5 is the
wild-type allele. The plumage colour of breeds Ju-Chi, Hua-
Tung and Quemoy is mostly black, which fits with their
high frequency of haplotype 1. Nagova has a vellow
plumage colour, which fits with the high frequency of
haplotype 4. Hsin-Yi has a red pluomage, which fits with the
high frequency of haplotvpe 3: both the buttercup and the
brown alleles give a mostly red plumage and differ in down
colour at hatch (Smyth 1996). Shek-Ki segregates for
haplotypes 3 and 4, with a higher frequency for haplotype
3. which is consistent with its vellow plumage. Haplotype 4
is mainly present in the heterozvgous state. Indeed, the
vellow allele at the F locus is expected to have a recessive
effect on plumage colour, as compared to the buttercup
allele (Smyth 1996). Thus, the MCIR gene represents a
typical case of selection that can be easily detected by the
MCOA. No other marker exhibited a similar pattern.
A selection signature around the MCIR pene has also been
detected using high-density SNP genotyvping on dairy cattle
breeds (Flori et al. 2009,

The LEIO258 and LEIO228 markers contributed signifi-
cantly to the multivariate analysis becanse of their high
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number of alleles. Breeds genermlly exhibited a higher level
of heterozygosity for LEIO258 as compared to micmsatel-
lites. which may be expected. because balancing selection
rather than directional selection is expected for the MHC
locus. However, Ju-Chi and Hsin-Yi showed a rather low
heterozyvgosity, with a guite high frequency of allele 309 in
the Ju-Chi, suggesting some selective advantage. Hsin-Yi
exhibited the larpest difference between observed and
expected heterozvgosity and a high Fy valoe, which was
not observed with other markers. A deviation from Hardv-
Weinberg equilibrium for LEIO258 was observed in sub-
sequent generations for this breed (Chang et al. 2010) and
suggests some selective pressure on this locos

Heat tolerance

A low body weight is generally associated with better heat
tolerance and heat evacuation, which is consistent with the
positive correlation observed here between mature body
weights and panting rate. The higher panting rate of
females, in spite of their lower body weight, can be becanse
of a higher level of heat production in mature laying hens
than in cockerels, as reparted by Macleod et al, (1975).
Within the group of heavy breeds (Nagova, Shek-Ki, Hua-
Tung and Hsin-Yi}, Hua-Tung females showed a better heat
tolerance, as shown by a lower panting rate. In the light
breeds (Ju-Chi and (Juemay), Ju-Chi females showed a better
heat tolerance. Thus. differences in adaptation to heat may
be observed between local breeds irrespective of their body

weight,

Combining phenotypic data and melecular data
with a multivariate analysis

In MCOA, the differentiation of the siv breeds according to
24 microsatellite markers matched their geographical dis-
tribution. Adding genotypes for MCIR did not greatly
change the synthetic position of breeds, but increased the
distance between (Quemoy and Shek-Ki.

In spite of a significant effect of the breed on performance
traits, the PCA analysis using all recorded traits did not dis-
criminate between the six breeds. This could be becanse ofthe
number of animals per breed. which is low for the study of
quantitative variation, but sufficient for the stody of molec-
ular vadation. Because immune response traits contributed
the most to breed differentiation. it is recommended thatsuch
traits are included in breed characterization under experi-
mental conditions, For instance, the Ju-Chi and Quemoy
clustered together for MCI1R and LEIO258 and exhibited
shmilar body weights, but differed significantly for immune
traits, with a better antibody response in Quemaoy, Further
studies should determine whether differences in allelic fre-
guencies at LEIO25 4, particulady for alleles 309 and 381,
could be associated with a different antibody response. It is
also possible that trading activity between China and Taiwan

Genetic and phenotypic characterization of Talwan chicken

through the Quemoy Island increased the exposure of
(Juemoy chickens to pathogens. Natural selection as well as
human selective breeding may have resulted in a stronger
antibody response for Quemaoy chickens.

Combining performance traits and molecular data with
the Hill & Smith method increased the discrimination
between Taiwanese breeds and showed that Huoa-Tung,
Hsan-Yi and Quemoy did not overlap with each other, but
that Ju-Chi did overlap with (Quemoy and Hsin-Yi.

Combining the breed history, molecular variability and
phenotypic performance makes it possible to classify the six
breeds according to three types. The first type corresponds to
imported breeds: Shel-Ki and Nagova were characterized by
a heavy body weight and a low heterozvgosity for micro-
satellite markers. They did not have any mtDNA haplotype
in common, which & consistent with their quite different
history. Thus, these two breeds illustrate the case of
well-established breeds under a long-term conservation
programme, Shek-Ki is particularly interesting for further
studies regarding the MHC. because it does not share any
LEIN258 allele with the Taiwanese breeds. They also
showed a much higher hetemzygosity level for the LEIO2 58
matker than for the other markers supporting the
hypothesis of a selective advantage for heteroeygous geno-
types at the MHC. The second type corresponds to tradi-
tional Taiwanese breeds, such as ju-Chi and the Quemaoy,
which clustered together for most of the criteria used
(MCIR, LENI258, mtDNA and body weight). From the
viewpoint of genetic diversity, it could be proposed that the
Quemoy be given conservation priority, as it shows a higher
heterczygosity level for microsatellite markers. However,
these two breeds differed markedly for immune response
traits, and this difference deserves further study. The third
type corresponds to more recent breeds such as Hoa-Tung
and Hsin-Yi, which originated in the last century. Both of
breeds have been selected for growth and exhibited a higher
heterceygosity than the other breeds for microsatellite
markers, Hsin-Yi was relatively closer to Ju-Chi and Que-
moy for LEIN258 as well as for mtDMNA. The mtDNA showed
the rather unigue origing of Hua-Tunpg, which could be
related to its use as a game breed in the past.

In conclusion, the present study provided a detailed
characterization of six local breeds and showed that the
conservation programme is successfully maintaining six
populations difering in history, melecular polvmorphism
and performance. The multivariate analvsis revealed selec-
tion at the MCIR locos, which is supported by the associ-
ation of MC1R alleles with differences in feather colour. No
other locus exhibited such selection in this studv, The use of
phenotypic data alone could not discriminate breeds effi-
ciently, but the combination of phenotypic and molecular
data in a single multivariate analvsis provided a better
discrimination between breeds than the multivariate anal-
vsis with molecular data alone, Regarding performance
traits, panting rate revealed interesting differences between
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breeds, irrespective of body weight, and antibody response
identified a subset of breeds (Ju-Chi and Quemoy) where the
relationships between MHC alleles and immune response
should be further studied. Recording immune response
traits in association with MHC genotyping could be a useful
option for the characterization of local breeds in experi-
mental conditions. The search for selection signatures for
disease resistance should be carried out osing a much
higher density of markers in a set of populations including
local breeds from different climatic regions,
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B. Supplementary tables for paper 1

Table S1. General characteristics of the 24 mitedlga markers for the six breeds.

Locus rt No. alleles ,(AE)IIF()e)Ie size rang 2
ADL112 281 3 121-127 0.3t
ADL268 281 5 101-11¢ 0.4¢
ADL278 28 6 11C-122 0.4
LEIO94 27¢ 1C 24€-281 0.61
LEI166 275 6 251-261 0.4¢
LEI192 257 15 255424 0.6
LEI228 27¢ 14 165445 0.4¢
LEI234 281 14 212-354 0.7:
MCWO014 28C 5 162-18< 0.41
MCW034 28: 8 215-24¢& 0.5¢
MCWO037 28C 5 15C-15& 0.5t
MCWO067 28C 4 174-18C 0.51
MCWO06¢ 281 7 154-174 0.5t
MCWO7¢ 28C 4 134-14Z 0.3t
MCWO081 27€¢ 4 10¢-131 0.5:
MCWOQ09¢ 28C 2 25E-257 0.2C
MCW111 27¢ 5 97-111 0.5¢
MCW18: 27t 8 292-322 0.4t
MCW20¢ 27¢ 6 22(0-23¢ 0.44
MCW?21¢ 28C 7 134-14¢ 0.5¢
MCW222 281 4 21€-222 0.4:
MCw24¢ 27€¢ 4 215221 0.4
MCW?29t 271 6 85-99 0.57
MCW33( 27 4 254-28¢€ 0.4
All'loci 15¢

! Number of successfully typed birds.

Observed heterozygosity (Nei 1987).
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Table S2. Description of the primers used in thigdg, PCR regions and amplification lengths, names arnchgor
sequences.

PCR region Length (bp) Primer name  Primer sequence

MtDNA 600 bp L16750 5-AGGACTACGGCTTGAAAAGC-3
H547 5-ATGTGCCTGACCGAGGAACCAG-3
MCI1R 750 bp Mc1Co-up 5’-GAGGGCAACCAGAGCAATGC-3’

397281-dwn  5-TGAAGAAGCAGGTGCAGAAG-3’

MHC 200-500 bp LEI0258-F 5-CACGCAGCAGAACTTGGTAAGG-
LEIO258-R 5-AGCTGTGCTCAGTCCTCAGTGC-3

Table S3. The semi-matrix of Fst in six local breed

Hsin-Yi Ju-Chi Hua-Tung Quemoy Shek-Ki Nagoya
Hsin-Yi
Ju-Chi 0.19
Hua-Tung 0.18 0.19
Quemoy 0.23 0.22 0.23
Shek-Ki 0.30 0.28 0.23 0.31
Nagoya 0.31 0.38 0.27 0.35 0.42
Mean Fst 0.24 0.25 0.22 0.27 0.31 0.35
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Table S4MC1Rgenotypes, animal number and percentage in eaekl bre

Number of carriers (percentage) per breed

Genotype$

Hsin-Yi Ju-Chi Hua-Tung Quemoy  Shek-Ki Nagoya
11 42 32(68%) 45 (98%)

(91%)

1/2 8 (17%)
1/3 1(2%) 4 (9%) 5 (11%) 1 (2%)
2/3 2 (4%)
3/3 ?gg% ) 18 (40%)
3/5 2 (4%) 1 (2%)
3/4 5 (11%) 25 (56%) 1 (2%)
414 1 (2%) ?58%)
Heterozygosity 0.149 0.087 0.319 0.021 0.578 0.021

! Genotype oMC1Rwas named according to haplotypes described iteTiab
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HuaTung  Haplotype 1 (84%)

100

‘ Juchi Haplotype 1 (96%) E
e auemoy Haplotype 1 (99%)

Haplotype 4 (99%)
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Haplotype 3, 4
mriap tySEek-Ki’
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L HsinYi v
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Shek-Ki
Hua-Tung
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0.1

Figure S1. A (upon)- Neighbor-joining tree analysfsthe MC1R gene for the six local breeds. B (down)- Neighbor-
joining tree of the LEI0258 marker for the six lbbaeeds.
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C. Complementary data and analyses

1- Additional data on the combined analysis

The multivariate analysis revealed selection atM@LR locus, which is supported by the
association oMCI1R alleles with differences in feather colour. No ethocus exhibited such
selection in this study as shown by the typologusdiies (figure 18).
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Figure 18. Typological values of the 24 micros#@telinarkersMC1Rand LEIO258 in the multivariate coinertia analysis
for the six chicken breeds.

The use of phenotypic data alone could not discréte breeds efficiently, but the combination
between phenotypic and molecular data in a singldtivariate analysis provided a better
discrimination between breeds (Figure 19).

PCA with phenotypes Hill & Smith method combining correspondance analysis and PCA
a=2

MCOA with genotypes

Figure 19. Comparison of principal component arialygith phenotypic traits, multivariate co-inertnalysis with
molecular data, and results of combined analysis.
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When the Hill and Smith analysis was restricteth® 4 Taiwan breeds, Hua-Tung and Hsin-

Yi appeared clearly separated and Ju-Chi occupiedn#ral position, rather close to Quemoy
(Figure 20).

Figure 20. Position of the four Taiwan breeds otgidiby Hill & Smith method. HT: Hua-Tung, HY: Hsif; QM:
Quemoy, JC: Ju-Chi.

C1: Hua-Tung (9) e

Shek-Ki (13)
A2: A3: Nagoya (17)
Hua-Tung (27) @)
Q 2\ A1: Hua-Tung (11) E9: Hsin-Yi (2) 7
Hsin-Yi (17) Ju-Chi(5)
= Ju-Chi (34) Quemoy (5)
\ Quemoy (1) @
% Negoya(2s) E1: Hsin-Yi (10)
* S e e+ Q JU Chl(g
Quemoy (42)
:] Hua-Tung
Hsin-Yi
EB: Hsin-Yi (19) - Ju-Chi
" Nagoya(4) - Quemoy
- Shek-Ki
.51: Shek-Ki (35) e

- Nagoya
Figure 21. Network of mitochondrial DNA haplotypfes the six chicken breeds in Taiwan.

This network showed rather long branches for thekS&i breed, which has clearly a distinct
origin, but shares one haplotype with the highlyiatlde Hua-Tung breed. Hsin-Yi, Ju-Chi and

Quemoy shared haplotypes from the E haplogrouphaptbtypes from the A haplogroup could
be found in all breeds except Shek-Ki.
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Regarding performance traits, panting rate revkealteresting differences between breeds that
were moderately correlated to body weight (figuBg. 2n particular, the Nagoya breed was the
heaviest for females and was as heavy as Hua-Tuthghek-Ki, but exhibited a lower panting
rate in males and ranked 4 for this trait in males.

80

70 -

a
76
be ab
56bc 60 62
60 - 51de
50 - g
39
= Male
40 1 a mFemale
29 28
30 - 23
b

20 2 13 18
10

0 !

(%) Hsin-Yi Ju-Chi Hua-Tung Quemoy Shek-Ki Nagoya

Figure 22. Panting rate observed during the hataseaccording to breed and sex.

2- Bayesian clustering

Results obtained by Structure clustering appliegaootypes for 25 microsatellites are shown
in Figure 22. At K=2, the Taiwanese local breeds@hi, Quemoy and Hsin-Yi; Cluster green)
made one group and the imported breeds (Shek-KNagbya; Cluster red) were grouped with
the game bird breed (Hua-Tung). For K=3, one clugteuped three Taiwanese local breeds (Ju-
Chi, Quemoy and Hsin-Yi; Cluster blue), one impdrtgeed (Nagoya; Cluster Red) made its
own cluster and one cluster grouped Hua-Tung arek-8h For K=4, the two traditional
Taiwanese local breeds (Ju-Chi and Quemoy) stiitered together, each of the imported breeds
(Shek-Ki and Nagoya) made its own cluster and #s tluster grouped the two Taiwanese
breeds (Hua-Tung and Hsin-Yi; Cluster yellow). 1% Ju-Chi and Hsin-Yi belonged to the

same cluster, and each other breed made its owteclT he likelihood stabilized at K=6:

K value 1 2 3 4 5 6 7 8 9 10

Estimated Ln Prob of Data -18122 -16135 -14508 -13596 -12555 -11887 -11821 -11817 -12438 -11872
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K=1

Hua-Tung Ju-Chi Ouemoy Shek-Ki MNagoya Hsin-Yi

0
¥ ]

Hua-Tung Ju-Chi Ouemoy Shek-Ki MNagoya Hsin-¥i

0
w

Huz-Tung Ju-Chi Quemmay Shek-Ki Magoya Hsin-Yi

=~
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Huz-Tung Ju-Chi Ouernoy Shek-Ki Magoya Hsin-Yi
K=5

Huz-Tung Ju-Chi Ouemoy Shek-Ki Magoya Hzin-Yi

Hua-Tung Ju-Chi Ouernay Shek-Ki MNagova Hsin-¥i

Clustering diagrams of the six chickepydations obtained from K=1 to 6.
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l1l Immune response

A. Al challenge and MHC effects

1. Introduction

Influenza is a highly epidemic disease caused byses of the familyOrthomyxoviridae

(Swayne & Halvorson 2003, Perdue & Swayne 2005)aAunfluenza (Al) viruses may be

classified as high pathogenic avian influenza (HR#llow pathogenic avian influenza (LPAI)
according to the symptoms observed (Swayne & Habwo2003). Both HPAI and LPAI caused

huge economic losses in the world (Swayne & Halmora003; Table 16). In addition, Al virus

infections in poultry may be transmitted to humamish a public health risk (Perdue & Swayne

2005).
Table 16. Examples of economic losses from HPAI la@PAl epidemics as reported in US dollars (Swayndavorson
2010).
Year Outbreak Birds dead or Cost item Original  Costin 2007  Cost/farm in 2007
cullec cos $uUs $Us
HPAI
1924-25 USA - Fowl Plagu Unknowr Direct losse $1M $122N -
1983-84 USA — H5N2 HPAI 17 M (449  USDA eradication $63M $126 M $ 280,000
farms’
Non-indemnified industry $ 15 M $30M $ 66,500
losses
Increased customer ca $349 N $ 700V $15N
1985 Australia — H7N7 238,518 (1 Eradication cost $14M $2.7M $2.7M
HPAI farm)
1999-2000 Italy — H7N1 HPAI 13 M (413 Compensation $100M $121 M $ 298,000
farmg)
Indirect cost $500Nv  $605N $15V
1997 Hong Kong—H5N1  15M Eradication $13 M $17M -
HPAI
Late 2003-mid- Asia — H5SN1 HPAI 220 M Losses to the poultry >$10B >$10B -
200t industrie:
LPAI
1978 Minnesota USA - 141 farms Losses to the poultry $5M $16 M $ 113,000
various LPA industrie:
1995 Minnesota USA — 178 farms Losses to the poultry $6M $82M $ 46,000
HION2 LPAI industrie:
1978-1995 Minnesota USA - 1058 farms Losses to the poultry $22M $ 21,000
various LPA industrie:
1995 Utah USA — H7N3 2 M (60 Losses to the poultry $2M $27M $ 45,000
LPAI farms’ industrie:
2002 Virginia USA — 4.7 M (197 USDA eradication $81M $94 M $ 477,000
H7N2 LPAI farms’
Losses to the poultry $130M  $150M $ 761,000
industrie:
State governme $1M $12N $ 600(
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HPAI viruses have not been isolated in Taiwan splfat LPAI viruses such as H6N1 virus
have been isolated frequently. Although Taiwane€NH viruses were classified as low
pathogenic, 50% of layers and 30% of the nativaldn® carried antibodies against H6N1
viruses. Genetic and antigenic analysis showedHBall viruses found in Taiwan differed from
viruses circulating in Hong Kong and South-east@iina (Leeet al. 2006). Potential
transmission to mammals was reported and bacts@ndary infections could cause economic
losses, (Leet al.2006).

Antibiotics and vaccines are major tools to comdaan diseases. Effects of chicken major
histocompatibility complex (MHC) on disease resisga have been reported for a long time
(Bacon 1987, Lamont 1987 & Lamont 1989). For maesrsg, serological typing has been used
to identify chicken MHC haplotypes, but this metheas not easy to apply to local populations
where no reference samples and no specific reageats available. Fultoret al. (2006)
proposed to use marker LEIO258, an atypical Vaeiddumber of Tandem Repeat (VNTR)
located within the MHC, as a standard procedurdéntify MHC alleles in any population.

Genetic diversity of local chickens may affect $mead of epidemics, since it has been
shown that genetic heterogeneity in a populatios associated with an increased probability of
minor epidemics and a decreased probability of mgpidemics (Springbedt al. 2003). Local
breeds may be more resistant to diseases as réportiee case of four native Egyptian breeds
for Infectious Bursal Disease and Newcastle Dis¢b& by Hassaret al. (2004). Since 1982,

a conservation program was set up for four locadkam breeds and two imported breeds
National Chung-Hsing University (NCHU) in TaiwanteRious studies showed that these local
breeds tended to have higher resistance to cos@dig-anet al 1988), higher antibody
responses to Newcastle disease (ND) vaccine anepSRed Blood Cells (SRBCs) inoculation
(Chao & Lee 1991) and better resistance to Leuoaoginosis (Cheat al. 1991).

This part of the thesis was aimed at comparingds’aesponses to H6N1 virus and assessing the

effect of MHC genotypes on this response.
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2. Results
MHC genotypes distribution
A total of 343 chickens were obtained from pareftginown MHC genotypes. The number of
chicks per treatment and per breed was higher 20afTable 17), except for the Shek-Ki, SPF
and the Nagoya breeds because of hatchability gmubl

There were 19 LEIO258 alleles which combined irRogénotypes across the seven breeds, with
five to thirteen genotypes per breed (Table 18)}. %0258 alleles were new, as described in
Changet al. (2008). Most alleles (15 out of 19) were foundyowlthin a breed.

Table 17. Sample size and mortality per breed iINHBPAIV challenge experiment.

Treatment Sex Hsin-Yi Ju-Chi Quemoy Hua-Tung Shek-Ki ~ Nagoya SPF Total
68 52 9C 51 21 37 24 345
Control Male 13 13 27 9 7 9 5 83
Femal 18 12 14 14 2 6 7 73
Challenge Male 16 15 24 16 5 9 5 90
Female 21 12 25 12 7 13 7 97
Mortality Male 5 0 0 0 1 0 0 6
Female 2 1 0 1 0 0 0 4
Mortality (%) 22.6 3.7 0 3.6 8.3 0 0
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Table 18. LEI0258 allele frequency in the HEN1 tdvade experiment

LEIO258 alleles

Hsin-Yi Ju-Chi Hua-Tung Quemoy Shek-Ki Nagoya SPF

Correspondence wi
B haplotypeb

*

181 0.338
182 0.381 4
193 0.434 0.238 0.147 11, 15.1, 27, 61
205 0.346 0.144 0.354 13
217 0.132 ’
237 0.186 ’
241 0.214 ’
249 0.960 0.196 0.194 0.527 15.2, 22, 73
261 0.250 2,15, 29
295 0.294 5
309 0.324 0.414 0.389 0.135 10, 24, 26, 76
319 0.186 ’
345 0.448 14
350 0.417 -
357 0.196 51 61%3’1?12’0715’ 130,
381 0.272 13.1
419 0.588 ’
443 0.113 6
539 0.354 19
Number of alleles 4 4 7 4 3 3 4
Number of genotypes 8 7 13 9 6 5 6

" means new allele
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Growth traits and mortality

Most of mortality (table 17) occurred between dawrdd 14 post-challenge. Hsin-Yi had the
highest mortality (7 birds, 22.6%) dead birds @rvarious MHC genotypes 193/193, 193/309,
217/309 and 309/309. The distribution of LEIO25&lak among the 7 dead animals in the
challenge group of the Hsin-Yi breed did not shaw deviation from the mean distribution of

alleles in this breed.

A low mortality was observed in Ju-Chi (one birawMHC 205/309), Hua-Tung (one bird with
MHC 193/319) and Shek-Ki (one bird with MHC 182/34Quemoy, Nagoya and SPF chickens
showed no mortality. Growth traits are shown in[€&l®; there were significant effects of breed
and sex on body weight measured between 7 and &8swa age, and on body weight gain
(BWD) measured every three weeks. Body weight diemavas significant higher than that of
females. Shek-Ki showed the highest BW and SPHawest. BWD (7-10) and BWD (13-16)
showed significant differences between control grand challenge groups: growth between 7
and 10 weeks of age was lower in the challengepgtioan in the control group, but the opposite
was observed between 13 and 16 weeks of age, wglieihgrowth in the challenge group, so

that final body weight at 16 weeks of age did niffied between control group and challenge

group.
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Table 19. Least-square means of body weight anghivgain according to age, breed, and Al infection

Source of variation BW7 BWS BW9 BW10 BW16 BWD(0-BWD(4-7) BWD(7-10) BWD(10-13) BWD(13-16)
Breeds

Hua-Tung 540+10° 679+17° 806+14 909+14 1523+27 199+4  311+68  368+8" 281+106° 333+1%
Ju-Chi 515+9% 635+1f 748+13 848+14 1372426 191+4  298+6°  332+8 285+10° 239+18
Quemoy 514+7 6368 749+10 847+10 1418+26 199+3  290+5 33346 315+7° 256+1F
Shek-Ki 603+158 729+17 853+2f° 994427 1618+42 222+7 357+1G  392+12 366+16 259+24¢
Nagoya 564+1F 703+13" 854+16 940+16° 1515+33° 201+8 339+  377+G° 259+12 314+18°
SPF 370+14 492+16 589+20 688+20' 1427+38° 94+  236+9  319+1f 338+14° 401+27F
Hsin-Yi 551+8 659+10° 770+12 907+13 143424 217+4  309+%  355+7 303+9° 224+13
Sex

Female 48446 599+6  703+8 804+8 1312+16 179+3 277+ 3218 267+6 24149
Male 561+6 696+6 831+8 949+8 1633+16 199+F  334+4  387+5 3466 3389
Al infection

Control 51646 64017  777+9 88419 1468+17 1863 302+4 36945 30946 273+1b
Challenge 529+6  655+6  757+8 8688 1477+16 192+3 309+4 33945 304+6 306+9
Significance level (P)

Breeds (B) <0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 OO&1 <.0001 <.0001
Sex (S) <0001 <0001 <.0001 <.0001 <.0001 <.0001 <.0001 OO&L <.0001 <.0001
Al Infection (A) 0.105 0.1312 0.0837 0.1762 06791 0.1613  0.1793 004.0 0.5423 0.0149
BvS 0.7052  0.1938 0.0062 0.3505 0.2783 0.6111  0.7015 093G. <.0001 0.1791

abedMeans + SE within the same column for a givenestaigh no common superscript differ significant’/< 0.05).
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Body temperature

There were significant effects of breed at all stafpr body temperature, with the highest initial
value in Shek-ki and the lowest initial value ingdga (Table 20). The challenge group showed
a significantly higher body temperature as compacethe control group at BTO and BT48
without any interaction between breed and challefigable 20). Body temperature tended to
decrease 24 hours after challenge in control akaseh challenge group, but the main difference
between the challenge and the control group wasrebd between 24h and 48h post-inoculation,

since body temperature increased in the challermggand decreased in the control.

Table 20. Least-square means of body temperatuliéfetent stages post challenge for the diffetmeieds.

Source of variation BTO BT24 BT48 BTD24 BTDA48
Breeds

Hua-Tung 41.96+0.04° 41.79+0.04 41.88+0.04 -0.18+0.08 -0.09+0.06°
Ju-Chi 42.04+0.04 42.05+0.04 41.88+0.04 0.01+0.05 -0.16+0.08
Quemoy 41.94+0.08' 41.92+0.083 41.97+0.0% -0.02+0.04 0.03+0.04
Shek-Ki 42.24+0.07 42.15+0.07 42.12+0.0% -0.09+0.08° -0.12+0.0¢°
Nagoya 41.84+0.08 41.76+0.05 41.88+0.05 -0.07+0.06" 0.05+0.086
SPF 42.11+0.08° 41.87+0.08° 42.16+0.08 -0.24+0.08 0.05+0.08
Hsin-Yi 41.97+0.08° 41.94+0.04 41.93+0.03 -0.03+0.05 -0.04+0.0%"
Sex

Female 41.95+0.03 41.9+0.03  41.94+0.52 -0.04+0.03  -0.01+0.03
Male 42.08+0.03 41.95+0.03  42.01+0.63 -0.13+0.03  -0.07+0.04
Al infection

Control 41.97+0.08 41.89+0.03 41.84+0.63 -0.08+0.04 -0.13+0.04
Challenge 42.06+0.02 41.96+0.02 42.11+0.62 -0.1+0.03  0.05+0.03
Significance level (P)

Breeds (B) <.0001 <.0001 0.0001 0.0469 0.0485
Sex (S) 0.0003 0.2202 0.0357 0.0643 0.2225
B.S 0.0331 0.4287 0.6334 0.0048 0.0773
Al Infection (A) 0.0206 0.0641 <.0001 0.7404 0.0002
B A 0.7087 0.0026 0.803 0.0113 0.6705

BTO = body temperature at O hour post challenge2B¥ body temperature at 24 hour post challenget88¥ body temperature at 48 hour post
challenge; BTD24 = BT24 minus BTO; BTD48 = BT48 msrBTO.

abcdneans + SE within the same column for a givenestaigh no common superscript differ significant®/< 0.05).

There was a significant interaction between bresdkchallenge for body temperature 24 hours

after challenge, so that there was no general tedfiethe challenge on body temperature at that
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stage. Shek-Ki had still the highest body tempeeaf4h after challenge, whereas SPF exhibited
the highest value 48h after challenge. Nagoya amattdng had the lowest body temperatures 24
hours after challenge. Nagoya, Hua-Tung and Ju<gPlowed the lowest body temperature
48hours after challenge. Sex effect was signifitanBTO and BT48 with higher values in males
but sex did not affect the change in body tempeeaflhere was no interaction between sex and

challenge.
Immune response

Some differences were observed between breedsydil dachallenge, particularly for Shek-Ki
which showed a rather high antibody level, but éheras no effect of the challenge on mean
antibody values at day 0. Starting from 7 days pbatlenge, there were significant effects of the
breed and of challenge on antibody titers (Table it no effect of sex and no interaction
between sex and challenge. The greater increaastiinody took place between day 7 and day

14. The interaction between breed and challengesigadicant at all stages except day 0.

Quemoy had the most rapid antibody response or7dayst-challenge (Al7; Figure 24). Other

breeds showed increased antibody titers on day%#ghallenge (Al14) but their titers remained

lower than that observed in Quemoy at day 14. At2ig antibody titers were close to their level

at day 14, except for Hua-Tung which exhibitedrargj increase in antibody titers between day
14 and day 21.
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Figure 24. Antibody titers against HGN1 LPAIV onA),14 and 28 days post-challenge in all breeds.
abwithin days post-challenge with no common supepsctiffer significantly (P < 0.05) in Quemoy.

* means all breeds have significantly different es#w control and challenge group.
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Table 21. Least-square means of anti-Al antiboigy for different breeds at different stages pbsilenge.

Source of variation AlO Al7 All4 Al21 AID7 AlD14 A21

Breeds

Hua-Tung 60+1% 101+102 779+137°  1570+138 42+100 679+93° 739+73%
Ju-Chi 32+1% 108+968 921+129™  863+130° 80+97 823+8F° -58+69
Quemoy 66+10 1566+75 1155499  1084+102 1526477 -411+67 -71+53
Shek-Ki 24623 374177 8864226  909+233° -209+170 848+153° 24+12fF
Nagoya 24+1% 205+119 683+156°  700+16f 181+119 478+106 17+83
SPF 12+19% 3+143 493+186  944+192° -9+142 490+128 451+100
Hsin-Yi 51+1 P 97+8% 1044+1148° 1068+126° 48+8%  945+7F  7+6Z

Sex

Female 75+8 290+61 837+80 973482 214461 550455 0+43
Male 65+9 315+64 866+85 1066+88  260+64  551+58 7+UB
Al Infection

Control 76+9 95+67 118+89 144+9F  18+67  23+60F  27+48
Challenge 64+8 509+87 1585+77  1895+78  455+5F 1078452 290+4f
Significance level (P)

Breeds (B) <.0001 <.0001 0.0185 0.0015 <0001  <.0001  <.0001
Sex (S) 0.3815 0.7756 0.8087 0.4399 0.6048 0.996 0.5604
B« S 0.0539 0.9937 0.4984 0.7597 0.9899 0.2681 0.5233
Al Infection (A) 0.2919 <.0001 <.0001 <.0001 <0001  <.0001  <.0001
B A 0.8467 <.0001 0.0031 0.0052 <0001  <.0001  <.0001
B« Sv+A 0.8859 0.9989 0.1637 0.7788 0.9924  0.0012 0.0341

AlO = anti-Al antibody titer at 0 day post challencAl7 = anti-Al antibody titer at 7 days post deabe; Al14 = anti-Al antibody titer at 14 days pos
challenge; Al21 = anti-Al antibody titer at 21 dgysst challenge; AID7 = Al7 minus AlO; AID14 = Allfinus Al7; AID21 = Al21 minus All14.

abcdMeans + SE within the same column for a givenestaigh no common superscript differ significant®/< 0.05).

Correlations between body weight, body weight g&iagy temperature, Al response

There was no significant correlation between BW &% in both groups and both sexes,

excepted in male of control group where BW7 showetkgative correlation with BT 24. There

were significant negative correlations between-Ahtiiters and BW in females of challenge

group, and between anti-Al titers and BWG (7-10path sexes of challenge group. A positive
correlation was observed between anti-Al titer BWdG (10-13) in female and BWG (13-16) in

male.
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MHC across breeds

Analysis of variance was performed with all bretmsthe four MHC alleles that were shared by
several breeds. This analysis did not reveal afecedf the MHC genotype across breeds. Main
effects were still the breed and the Al challentable 22).

MHC within breeds

Regarding private MHC alleles, analysis of MHC efferas performed within breed. Quemoy,
Shek-Ki and SPF showed a significant effect of Mg#Dotypes on the boost of antibodly titers.

Quemoy MHC genotype 381/381 showed higher antibtigys than other genotypes, and
309/309 had lower antibody titers whereas 309/381 rhedium antibody titers, thus showing an
additive effect (Figure 25a). When combined witlelal 249, allele 309 appeared to have a
negative effect. Thus, the Quemoy breed exhibit<OW#ifects with a positive effect of allele 381

and a negative effect of allele 309 on antibodyrsit

Shek-Ki MHC genotype 345/345 (4 birds only) hadheigantibody titers than 182/345 (6 birds).
SPF MHC genotype 539/539 (8 birds) had higher adiiiters than 205/205 (7 birds).

Although the overall analysis in Hsin-Yi did notostr an effect of genotype, there was surprising
non-additive effects in this breed (Figure 25b)hwatlower antibody level for the heterozygous
genotype 217/309 genotype (7 birds) as comparezhth homozygous (309/309 with 14 birds
and 193/193 with 21 birds).
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Figure 25. Antibody levels 14 days post-challengf Wi6N1 according to MHC genotype. a) within thaegnoy breed.

b) within the Hsin-Yi breed.
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Table 22. Least-square means of anti-Al antiboygifor the main effects of breed, challenge amtiOM
genotype at different stages post challenge.

Source of variation AlO Al7 All4 Al21
Breeds
Hua-Tung 47435  -166+282 4024390  1504+364
Ju-Chi 23+15  193+11® 1007+159 987+15%
Quemoy 59+16  1355+1285 765+164  804+163
Nagoya 19427  -271+219 5484285  511+282
SPF -1#43  269+352  246+454  322+451
Hsin-Yi 55419  47+148  1144+201 1203+209
Al Infection
Control 37+14  -46+111 -59+154  109+142
Challenge 30413  521+186 1430+139 1668+139
MHC genotypes
193193 31+27"  303+174 575+239  806+229
193205 14+37° 924303  220+43%  649+388
193309 627 1644223  245+290  679+295
205205 38+24° 944193 750424  919+247
205309 56+25° 1074206 838270  781+268
249249 20+23°  643+189 1164+244 1412+243
249309 38+26°  239+212  907+27%  993+272
309309 66+17  260+135 782+177 870+175
Significance level (P)
Breeds (B) 0.3316 <.0001 0.2623 0.1863
Al Infection (A) 0.6379 <.0001 <.0001 <.0001
MHC genotype (M) 0.3535 0.6217 0.403 0.6872
A<M 0.9745 0.0084 0.6967 0.4638

AIO = anti-Al antibody titer at 0 day post challendghl7 = anti-Al antibody titer at 7 days post deabe; Al14 = anti-Al
antibody titer at 14 days post challenge; Al21 ti-Ahantibody titer at 21 days post challenge.

abcd\eans + SE within the same column for a givenestaith no common superscript differ significant/<

0.05).
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3. Discussion
General effects of the HEN1 challenge

The subtype A/chicken/Taiwan/0825/2006 H6N1 LPAIl¥saisolated in Nantou country located
in the centre of Taiwan. The increase of antibaponses in the challenge group revealed that
the HGN1 LPAIV challenge was effective. The reswoltsbody temperature are more difficult to
interpret since an initial difference was obserbetiveen the challenge and the control groups,
without any obvious explanation. However, it sedhet body temperature increased between

hour 24 and hour 48 in the challenge group only.

Results on body weight showed clearly a negatifecebdf the challenge on short term growth,

which was compensated by an increased growthatgedn, corresponding to a recovery phase.
Breed effects

In this experiment, estimation of breed effects nimy affected by limited sample size,
particularly for Shek-Ki, SPF and Nagoya. As conegato the local breeds, SPF White Leghorn
was the smallest breed until 13 weeks of age adhed the same body weight as Quemoy and
Hsin-Yi at 16 weeks of age. This might be due tceamironmental effect. All local breeds are
kept in non-specific pathogen free environment, g SPF white leghorn chicks were
introduced in the experiment room with other breadd may have been exposed to a new

ecosystem of pathogens typical of the six locaétse

Due to the history of multiple introductions, Taiwdocal chicken breeds differ by their
phenotype and genetic background (Huang & Lee 20&%] differ for LEIO258 allele
frequencies. Although Quemoy and Ju-Chi share ngametic features and have a similar body
weight (Chang et al., 2011) they differed cleanytbeir immune response after HGN1 LPAIV
challenge, with a faster response in Quemoy. Tbusdcbe due to specific MHC alleles, such as
the LEIO258 allele 381 which is more frequent ine@uy than in Ju-Chi and was not present in
the sample of Ju-Chi used for the challenge expmrinirhis allele was matched with B13.1 by
Fultonet al. (2006). However, B13 was reported to have a negatfect on antibody response
to Sheep Red Blood Cells in a F2 cross obtainad fiees divergently selected on this antibody

response (Dorshorst et al., 2010).

Shek-Ki had the highest body temperature and thgiést body weight, and it is the only local
breed showing a positive correlation between baagperature and body weight in the male
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challenge group. This could suggest that theses el already undergone some infection but
there was no patrticular indication of an on-goinfgction in these birds before the experimental

challenge.
Disease resistance vs. disease tolerance

According to FAO (2007) two phenomena must be miggtished in relation to the genetic
management of disease, resistance and toleransestdee refers to the ability of the host to
resist to infection, tolerance refers to the apitf the host to limit the adverse effects of the
infection that still takes place. In this experimeocal chicken breeds demonstrated different
kinetics of responses to H6N1 LPAIV challenge, Quagmshowed the fastest and the highest
immune response on day 7 and day 14 post-challeitgeno mortality, so that Quemoy may be
considered as the most resistant breed to H6N1 Y/RARllenge. Nagoya and SPF showed low
antibody titers and no mortality after challengel appeared to be tolerant to Taiwanese H6N1
LPAIV. On the other hand, Hsin-Yi showed the sechighest level anti-Al antibody titer at
day 14 post-challenge, but showed also the highestality, which occurred during 7 to 14 days
post-challenge, thus Hsin-Yi was the least toletaeed to Taiwanese H6N1 LPAIV infection.
Ju-Chi, Hua-Tung and Shek-Ki showed medium to hagitibody titers responses and low

mortality.
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B. Al challenge and vaccine response (AGAH congressahnex 2)

1.

Introduction

This study investigated immune responses to NevecBssease, Infectious Bronchitis (IB) and
Infectious Bursal Disease (IBD) vaccines followithgg HGN1 LPAIV challenge at 7 weeks of
age on six local chicken breeds and SPF chickeociwation against Newcastle Disease (ND),
Infectious Bursal Disease (IBD) and Infectious Braitis (IB) was performed at 11 weeks. The
anti-ND, anti-IBD and anti-IB antibody titers wemeeasured by inhibition of hemagglutination

test and ELISA at days 0, 14, 28 after vaccination.

Results

ND vaccine response

There was no effect of the HGN1 LPAIV challengeamti-ND antibody titers at day 14 and 28
post-inoculation. Nagoya was the only one to showifierence of anti-ND antibody titer
between the control and challenge groups at dayitB,a lower value in the challenge group.
The breed effect was significant at all stages thedsex effect was not (data not shown). The
Quemoy and SPF had high antibody levels from NDINBRR8. Ju-Chi showed the lowest

response to ND vaccination at day 28 post-inocutati

IBD vaccine response

There was a significant effect of breed and noctféé the HGN1 LPAIV challenge on anti-IBD
antibody titers at all stages. Interaction betwbsred and treatment tended to be significant at
day 28 (P < 0.05) where the Quemoy was the onlytonghow significantly lower antibody
titers in the challenge group (Fig. 26). There wasgnificant sex effect on responses at days 14
and 28 post-inoculation, and the antibody titersen@gher in females than in males (data not
shown). Nagoya and SPF showed no response to a#ictinbut antibody titers of Nagoya were
rather high at day 0. Quemoy and Hsin-Yi showedHhighest antibody levels, particularly at
day 28 post-inoculation. Ju-Chi, Hua-Tung and SRéwed the lowest antibody titers at all

stages.
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Figure 26. Antibody titers against IBD on 0, 14 @&&ldays post-inoculation.

* Quemoy showed significantly lower antibody titarthe challenge group.

IB vaccine response

In contrast with the results observed for ND an@®,IBhe kinetics of antibody titers of IB was
modified by the HGN1 LPAIV challenge (Figure 2Mtdractions between breed and treatment,
as well as between breed and sex, were signiffcariB0. Antibody titers at day O were lower
in the challenge group than in the control groupJio-Chi and SPF, but did not differ between
groups for the other breeds (Figure 28). The effeftbreed and H6N1 challenge, without any
interaction, were still observed at day 14 postuiation. Higher antibody levels were found in
the control group for all breeds. Nagoya was thiy one to exhibit a stronger response to 1B
vaccine in the H6N1 control group at day 14, assueal by the difference between titers at day
14 and day 0. The interaction between breed andvasxstill significant at day 14 but was not
observed at day 28. Breed and treatment effecte wignificant at day 28; antibody titers
became higher in the challenge groups than in trgral groups, whatever the breed. The
increase in antibody titers between day 14 and28awyas always higher in the challenge groups

as compared to the control groups, this differemas highly significant in Ju-Chi and Nagoya
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and tended to be significant (P < 0.05) in all otheeeds except Shek-Ki which never showed
any difference in anti-IB titers between the chajjed and the control groups.

Breed comparison showed that Quemoy had the higimetody titers for IBO. Quemoy, Hsin-
Yi and Nagoya had the highest values for IB14. €libsee breeds had still high values for 1B28,
but Shek-Ki had also high values for 1B28, althoutgbxhibited low values for IBO and I1B14.
Thus, this breed was characterized by a late amthgtresponse to IB vaccine, without any

significant effect of the previous H6N1 challenge.
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Figure 27. Antibody titers against 1B on day 0,all 28 post-inoculation, according to Al challenge.

2P means with no common superscript differ signifibaftr a given stage (P < 0.05).
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Figure 28. Antibody titers against IB on day 0,a 28 post-inoculation, according to breed andtfdllenge.

* Antibody titers at day O were lower in the chalie group than in the control group for Ju-Chi 8R¥. The effects of
breed and H6N1 challenge, without any interactieere still observed at day 14 post-inoculation.hdigantibody
levels were found in the control group for all leeNagoya was the only one to exhibit a strongsponse to 1B
vaccine in the H6N1 control group at day 14.
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3. Discussion
Breeds effect, vaccine efficacy and duration of iranity

Antibodies were detected for ND, IB and IBD at dagost-inoculation because all chickens had
been vaccinated for ND, IB and IBD at earlier agdsus, the immune response following the
inoculation at 11 weeks of age may be considerea sscondary immune response. Antibody
titers at day 14 post-inoculation were significgntligher than at day 0, showing vaccine
efficiency, except in the case of Nagoya and SPHHED vaccine where no change in antibody

levels was observed.

Breed significantly affected immune response. Quetmad high and rapid responses to the
three vaccines as it did for the HEN1 LPAIV chatjertest, in contrast to Ju-Chi which had low
immune response to vaccines and challenge testdBreffect on the antibody titers at day O
revealed differences in the duration of immunityptevious vaccines. Quemoy appeared to have
a better immunity than other breeds, Shek-Ki hadoa response to ND and IB, and Ju-Chi
presented lowest response to IBD. The better immmasponse of Quemoy is consistent with
previous results (Chang 2001). A negative relahgndetween growth rate and antibody
response is generally observed, but it cannot explae differences in immune response

between Ju-Chi and Quemoy which have a similar eeight.
H6N1 LPAIV challenge effect on IB immune response

Whereas there was no effect of the HGN1 LPAIV arade on the subsequent responses to ND
and IBD vaccine at 11 weeks of age, surprisinghg H6N1 LPAIV challenge significantly
affected the kinetics of antibody levels to IB viaecin some breeds. H6N1 LPAIV challenge
had a negative effect on antibody levels to IB elefore the vaccination at 11 weeks of age.
Immune response to IB vaccine was delayed in HeNdllenge groups (after 14 days). There

was no final difference among the experimental gsdior 1B antibody titers at day 28.

The negative relationship of HGN1 LPAIV challengeldB vaccine response could be related
to the fact that both viruses target the lung gssiRecently, Haghighat-Jahroeti al. (2007)
showed that coinfection of HON2 Al virus with IBs& virus enhanced the virulence of HON2
and increased the rate of mortality. In additioayikhi-Madabet al. (2010) showed that IB live
vaccine could be an important risk factor resulingenhanced virulence of HON2 LPAIV in
field conditions. Although these studies were facg®n broilers and HON2 LPAIV, the present
study shows also an interaction between IB and HERAIV infection in some local chicken
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breeds. One could speculate that the type of limeadune response induced by H6N1 LPAIV

infection was not favourable for birds to make pptm IB-specific antibody response.

4. Conclusions

Local breeds have different immune response to H&RAIV challenge and subsequent
vaccines. Differences dealt mainly with kineticsrebponse and with peak values. Quemoy
exhibited higher antibody levels to H6N1, ND andDIBThe negative effect of the H6N1
LPAIV challenge on IB vaccine response may be eeldb the fact that both viruses target the
lung tissues, and the type of local immune respamdaeced by LPAIV challenge may not be

favorable for birds to make optimum IB-specificianty response.
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FINAL DISCUSSION and PERSPECTIVES

97



FINAL DISCUSSION and PERSPECTIVES

Characterizing genetic diversity of a subset of Iad breeds

Although the number of founder animals and totglylation size were limited, some of the
local breeds studied here exhibited a rather hagrell of heterozygosity for microsatellite
markers, and varied greatly for their heterozygos#t the MHC complex. Clearly,
heterozygosity was maintained at a rather highl lereVIHC in Hua-Tung, Quemoy and Shek-
Ki, which was true only for Hua-Tung in the casenaitrosatellites. Heterozygosity at MHC
may be favored by balancing selection in case dtiphel pathogen pressure, where haplotype
fixation would limit the immune response capaciti@siginality of the Taiwanese breeds was
also shown by the finding of new alleles of the Q38 marker.

The joint analysis of neutral markers and knownegemade possible to distinguish neutral
diversity and functional diversity and to identiéglected loci. This was demonstrated by the
study of the MC1R gene, which showed a breed-spedistribution of alleles that could be
correlated to the known plumage colour. No otherkera including the MHC marker LEI0258,
exhibited such a selection history.

The joint analysis of molecular and phenotypic datavided also a better discrimination
between breeds than the multivariate analysis withecular data alone. Yet, it appeared that
most of the differentiation between breeds wasadlyeobserved with molecular markers. Thus,
adding phenotypic information for breed charactgron would appear to be more useful for
specific functions, such as heat tolerance or imemasponse. Regarding heat tolerance, panting
rate revealed interesting differences between Istag@éspective of body weight, that should be
further characterized. Regarding immune respomgeptesent study revealed that the Quemoy
breed would be the most interesting breed for &rrtudies and uses in breeding programmes.
Its comparison with the Ju-Chi breed was partidylaseful since both breeds appeared quite
related in their genetic history but differed by KiHalleles frequency. Recording immune
response traits in association with MHC genotypicmuld be a useful option for the

characterization of local breeds in experimentaldtioons.

An alternative and more systematic approach faadis tolerance would consist in the search
of selection signatures by using a much higher ideres markers in a set of populations
including local breeds from different climatic regs, as was done already with African cattle
(Gautieret al. 2009).
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Recommendations for the conservation program of I@t chicken breeds in Taiwan

The conservation program for keeping animal geneggources is an important subject,
because it is also costly to put into practice.UResof this thesis underline the usefulness to
monitor the status of conservation populationsyfokphism of LEI0258 marker in unselected
populations could be a useful indicator for evahgtheir genetic diversity. Monitoring MHC
alleles frequencies should be recommended in amdmit drift effect at this locus. The
important fluctuations of MHC alleles in the Hsinbfteed have not been explained, but at the
same time, this breed exhibited the highest seitgitio the challenge by the low pathogenic
avian influenza virus.

Besides, a stable conservation program is alsoseacg taking care of maintaining as
constant as possible the numbers of sires, damsoHigpring for each generation. Finally,
guality of phenotype recording is also importanimork on some adaptive traits, such as heat

tolerance, and well-trained animal caretakers assiad.

Prospects for further studies

Prospects for further studies could be indicatedvio parts
1. Population genetics and genetic diversity

High density panels of SNP markers are now avalatilat could be used for a more
complete description of genome variability in théseeds in order to detect selective sweeps,
such as the one detected with ME1R gene. Indeed, these breeds may harbor speciéiesill

for adaptation to tropical environment.

Increasing the number of markers should be donetlieg with an increase in the number of
populations studied, in order to set up a largméaork allowing the comparison between local

tropical breeds, as well as between local breems frarious latitudes and climates.
2. MHC gene and immune response
a. A more accurate analysis of the chicken MHC region.

A 96 SNP chip has been designed at INRA, Jouy-sas]oby B. Bed’hom and O.

Chazara, based upon the sequencing results of & 4dt genes within the MHC and the
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published sequences for part of the MHC region {B®md & Chazara 2010, ISAG
conference). This chip provides a more detailedyaisaof the MHC complex and will
make possible to identify alleles of expressed gehat are in linkage disequilibrium with
the LEI0258 marker.

Preliminary results obtained with sixteen indivibluand nine genotypes are shown in
Table 23. SNPs mutations are generally well cardlavith LEIO258 genotyping, except
for Hsin-Yi 217/217, which might be due to a samgeor.

Comparing alleles 309 (lower immune response to IMPAand 381 (higher immune
response to LPAIV) for LEIO258 in Quemoy showeddifierences among the 96 SNPs,
not including the few instances where heterozygosids observed within one of the
individual. Furthermore, the analysis of SNP gepetyshowed that Quemoy MHC allele
309 really matched with B24 but that Quemoy allégd did not match with B13.1 and
Quemoy allele 205 did not match with B13 (Figure) 28hich differ from the
correspondence established previously by Fultoa €2006). Interestingly, the new allele
217 found in Hsin-Yi appeared to cluster with th&3Bgroup. Thus, more genotyping is
needed for a more accurate description of MHC esl@h local chickens, and the functional

consequences of these polymorphisms will requiriaéu studies
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Table 23. Genotypes of 96 MHC SNPs for nine homots/genotypes at LEI0258
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Table 23. (continued)
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Figure 29. Neighbornet of a sample of Taiwan chickgenotyped with a 96 SNP chip dedicated to MHC.

The position of a subset of Quemoy and Hsin-Yingi@s is shown according to the size of LEI0258lall
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b. Applied chicken microarray for analyzing the effe€EtMHC genotypes and

gene expression.

Monitoring gene expression patterns by transcrigtoamalysis would
provide more insight into the mechanisms explaitivgdifferential immune
response between carriers of 381 and 309 alleldkeofQuemoy breed. A
pilot study was undertaken with the Affymetrix ganechip for chicken. A
subset of 5 to 6 animals from each homozygous gpeatas challenged at
7 weeks of age with the same strain of HGN1 LPAB&dI in this thesis.
Lung and immune tissues (bursa, spleen) were sam@ledays after
inoculation and RNA was extracted.

Preliminary results showed a differential hybridiaa between the two
genotypes for a subset of MHC genes. The most ptelexplanation would
be that the allelic sequences of one of the twalesdldiffered so much from
the sequences used to make the chip that hybiimizdid not occur properly.
This would not be surprising considering the larganber of differences
revealed by the SNP genotyping between allelesaB81309.

As a consequence, this means that a transcriptanmatysis of immune
response genes between MHC genotypes should be dgnd&RNA

resequencing instead of micro-array hybridization.
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MHC polymorphism in local chickens
Summary

National Chung-Hsing University has a conservation program for six local chicken breeds:
Hsin-Yi, Ju-Chi, Hua-Tung, Quemoy (Taiwan), Shek-Ki (China), and Nagoya (Japan). The
polymorphism at the MHC (Major Histocompatibility Complex) locus was investigated with
the LEIO258 marker in three generations of each breed, between 2001 and 2008 We
described 18 alleles for this marker, of which 12 are line-specific and 8 are new. The mean
number of alleles per line varied from 3 to 8. Hua-Tung always had the highest observed
heterozygosity (0.89 in 2007), Ju-Chi had the lowest heterozyeosity in 2001 and 2007
(respectively 0.40 and 0.42) and Hsin-Yi in 2008 (0.45). Whereas Ju-Chi, Nagova and Shek-
Ki were under Hardy-Weinberg equilibrium at the MHC lacus, Hua-Tung and Hsin-Yi were
not (P<0.05). and the Quemoy breed was not in 2008. The departure from equilibrium was
due to an excess of homozygotes, which could be due to genetic drift with small family size.
In addition, we observed clear changes in allelic frequencies for the Hsin-Y1 breed that could
indicate short term selection pressures. In conclusion, polymorphism at the MHC locus can
serve as a useful indicator of genetic diversity for monitoring conservation of small
populations,

Keywords: local chicken, Major Histocompatibility Complex, heterozygosity, Hardy-
Weinberg equilibrium

Introduction

A conservation program was set up in 1982 for 4 local chicken breeds and 2 imported breeds
at National Chung-Hsing University. Three of them represent Taiwan local chickens: Hsin-Yi
was sampled from an aboriginal tribe in the central mountain of Taiwan, Ju-Chi was sampled
from a village in central-south of Taiwan and Hua-Tung from east of Taiwan. Quemoy was
sampled from Quemoy Island near Fu-Jian Province of China. Shek-Ki originated from
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Kwang-Tung Province of South China and Nagoya from Japan. The LET0258 marker exhibits
a good correlation with serological typing of the chicken MHC (Fulton et al., 2006). New
LEIO258 alleles have been reported in Taiwan local breeds, and allele frequency was
calculated for the generation born in 2001 (Chang, 2008), Tn this study, we genotyped
LEI0258 for generations born in 2007 and 2008, in order to analyse possible trends in allelic
frequency at the MHC locus across generations for each breed. Any trend could be due either

to drift or to natural selection since breeds are under conservation.

Material and Methods
Experimental chickens
Lines are bred randomly with a full pedigree system and a number of 13 to 19 sires per line
per generation, Blood samples were collected from breeders in 2001, 2007 and 2008,
Numbers of animals for each generation are listed in Table |.
Table 1. Number of sires, dams, and genetic size (Ne) for each breed in each generation
Breeds 2001 2007 2008
sires dams Ne sires dams Ne  sires dams Ne
Hsin-Yi 14 24 35 11 22 29 19 33 56
Ju-Chi 15 25 3 24 3 36 19 47 5
Hua-Tung 12 25 32 19 28 45 10 38 32
Quemoy 17 36 46 19 33 48 18 43 5

Shek-Ki 17 16 14 16 31 42 14 46 43
MNagova 16 37 45 22 45 59 19 46 54

MHC genotyping

PCR primers for LEI0O258 are CACGCAGCAGAACTTGGTAAGG forward and
AGCTGTGCTCAGTCCTCAGTGC reverse. PCR was done using 20 ng of genomic DNA,
with 1 pmol of each primer, and 0.5 units of HotStarTaq Master Mix Kit (Qiagen) in a final
volume of 25 ul. The amplification protocol included a first cycle of initial denaturation for
15 min at 95°C | followed by 35 cvcles of 94°C tor 45 s, 62°C for 90 s, 72°C for 60 s, with a
last cycle of extension for 15 min at 72°C. Gel migration was realized with a 4% agarose gel
for a first determination of allele size. Due to the complex structure of the LEI0258 sequence
which contains a 13-bp and a 12-bp repeat motif, and several flanking SNP sites, sequencing
is necessary to provide an unambiguous identification of alleles. Direct sequencing of PCR
products was performed for homozygous genotypes (following Fulton ef al., 2006) or after
agarose gel cutting and purification with QIAquick PCR Purification Kit (Qiagen) for
heterozygous genotypes. Sequencing was done by Eurofing MWG Operon, using their
standard protocol for purified PCR products. The BioEdit version 7.0.9.0 (Hall, 1999) was
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used to assemble sequences, and to check the length and pelymorphic sites (either single
nucleotide polymorphisms or deletions) for each allele.

Statistical analysis

Heterozygosity was calculated with GENETIX 4.05 (Belkhir et al., 2000). Hardy-Weinberg
(H-W) equilibrium test was calculated with Genepop 4.0 (Raymond and Rousset., 1995).

Results and discussion

A total of 17 alleles were identified for marker LEI0258, seven of them were new and did not
match with a known B haplotype. Hua-Tung exhibited three new alleles, Shek-Ki and Hsin-
Yi exhibited two new alleles (with one in common) and Nagoya exhibited cne new allele,
Allele frequency fluctuated slightly between generations in most breeds (Table 2). Hsin-Yi,
Ju-Chi, Hua-Tung and Shek-Ki exhibited some rare alleles (frequency below 10%) whereas
Quemoy and Nagoya exhibited a rather balanced distribution of alleles. Hsin-Yi showed a
marked increase in frequency of allele 193 and a marked decrease in frequency of allele 443,

Table 2. LEI0258 allele size, frequency and corresponding B haplotypes.
Allele  Allele frequency (o)

Allele  Allele frequency (%o)

Breeds  Gze 2000 2007 2008 D% Gize 2001 2007 2008
Hsin-Yi 193 11 38 54 Quemoy 205 20 13 I3
27 2 18 9 49 1 12 20
7 - 1 2 309 54 43 47
300 44 27 29 31 25 31 20
#5 - | - Nagoya 181 40 33 38
357 - 1 2 49 56 43 42
443 44 15 6 309 4 25 21
JuChi 193 - 5 7 ShekKi 182 21 2% 34
05 17 27 28 4l 14 24 2%
49 5 1 1 3 M 25 19
09 77 67 63 09 - -
®L 1 : 2 345 31 25 21
Hua-Tung 193 6 14 7
237 - 16 21

249 1¢ 14 20
295 22 14 11
309 7 3 1
e 11 3 13
357 16 13 I3
419 19 21 14

* new allele of LEIO258 marker
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Table 3. Heterozygosity and test for Hardy-Weinberg equilibrium.

Breeds Year Hnb. Hobs. F P-valug of H-W test  Significant
Hsin-Y1 2001 0.6l 0.51 0. 1688 [{RIETiTH) *
2007 0.73 0.68 0.0649 (L0000 il
2008 0.61 0.45 00,2699 0.0002 L
Quemoy 2001 0.61 0.65 -0.0566 0.7236
2007 0.69 071 ).0365 (19264
2008 0.69 .56 0. 1836 (L0000 *EE
Hua-Tung 2001 0.84 083 0.0126 00080 *
2007 0,86 0.89 -1.0355 00114 *
2008 0.85 071 0.1631 (L0000 E i3

Hua-Tung had always the highest observed heterozygosity and Ju-Chi had the lowest, except
in 2008 where the lowest heterozygosity value was observed in Hsin-Yi.

Inbreeding coefficient (Fis) was highest in Hsin-Yi, Quemoy and Hua-Tung in 2008, whereas
Ju-Chi, Shek-Ki and Nagoya exhibited lower values, consistent with the status of random
mating. Results of H-W equilibrium test pointed out that Ju-Chi, Shek-Ki and Nagoya were
under Hardy-Weinberg equilibrium at the MHC locus. However, Hua-Tung and Hsin-Yi were
not in equilibrium (P<0.05) for all three generations, and Quemoy was not in equilibrium for
generation 2008 only. The departure from equilibrium was due to an excess of homozygotes,
which is quite surprising for MHC. This could be due to genetic drift with small family size
and fluctuating number of sire families between generations. Hua-tung breed had the largest
number of alleles and genotype frequencies may be quite susceptible to sampling variation.
One of the new alleles not described in 2001 (allele 237) was found in Hua-Tung at a
moderate frequency in 2007-2008, which could suggest recent selection. Allele 249 (matching
MHC BI15.2) exhibited a similar trend in Quemoy breed. Regarding Hsin-Yi breed, the
important changes in allelic frequencies observed for alleles 193 and 443 could indicate short
term selection pressures. These alleles can be matched to MHC B15.1 and B6, respectively,
Allele 193 was also found in Ju-Chi and Hua-tung but did not exhibit any specific trend in
these breeds. Allele 443 was only found in Hsin-Yi, and could have been counter-selected.
Effects of MHC alleles on performance or viability deserve further studies in the Hsin-Yi
breed.

In conclusion, polymorphism at the MHC locus can be easily monitored with a single highly
variable marker and can serve as a useful indicator in monitoring genetic diversity for
conservation of small populations. Mating plans could be designed in order to avoid allele
loss at the MHC locus. Keeping a stable number of sire families could be recommended in
order to avoid any effect of sampling on allele frequencies.
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Abstract

Background: H&N1 low pathogenic avian influenza virus (LPAIV) are frequently isolated in Taiwan and lead to
significant economic losses, either directly or indirectly through association with other infectious diseases. This
study investigates immune responses to three different vaccines following a H6N1 challenge in different local
breeds.

Methods: Experimental animals were sampled from six local chicken breeds maintained at the National Chung-
Hsing University, namely Hsin-Yi, Ju-Chi, Hua-Tung (Taiwan), Quemoy (Quemoy Island), Shek-Ki (China), Nagoya
{lapan) and a specific pathogen free (SPF) White Leghom line. A total number of 338 chickens have been
distributed between a contral and a challenge group, H6N1 challenge was performed at 7 weeks of age;
vaccination against Newcastle Disease (ND), Infectious Bursal Disease (IBD) and Infectious Bronchitis (IB) was
performed at 11 weeks. The anti-H6N1 LPAN antibody titers were measured by ELISA at days 0, 7, 14 and 21 after
challenge, and the anti-ND, anti-IBD and anti-|B antibody titers were measured by inhibition of hemagglutination
test and ELISA at days 0, 14, 28 after vaccination.

Results: There was no effect of the H6N1 LPAIV challenge at 7 weeks of age on the subsequent responses to ND
and IBD vaccine at 11 weeks of age, but, surprisingly, the HoN1 LPAIV challenge significantly affected antibody
levels to IB vaccine in some breeds, since 1B0 and I1B14 antibody titers were lower in the challenge groups.
However, there was no significant difference in I1B28 antibody titers among the experimental groups.

Conclusions: Local breeds have different immune response to H6NT LPAI challenge and subsequent vaccines.
Differences dealt mainly with kinetics of response and with peak values. Quemoy exhibited higher antibody levels
to HENT, ND and IBD. The negative effect of the HENT LPAIV challenge on IB vaccine response may be related to
the fact that both viruses target the lung tissues, and the type of local immune response induced by LPAIV
challenge may not be favourable for birds to make optimum |B-specific antibody response.
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Background
Since 1982, National Chung-Hsing University is maintain-
ing six local chicken breeds: Hsin-Yi, Ju-Chi and Hua-Tung
were collected from small villages in Taiwan, Quemoy was
collected from Quemoy Island near China, Shek-Ki was
from China, and Nagoya was from Japan [1]. In previous
studies, Quemoy had significantly higher antibody titers
against Newcastle Disease (ND) after vaccination than
other local breeds, Shek-Ki, Hua-Tung and Ju-Chi had
lower anti-ND antibody titers [2]. Thus, immune response
was shown to differ within this set of local chicken breeds.
H6N1 Low pathogenic Avian Influenza Virus (LPAIV)
is frequently isolated in Taiwan and lead to significant
economic losses, either directly or indirectly through
association with other infectious diseases [3]. This study
investigated immune responses to ND, Infectious Bron-
chitis (IB) and Infectious Bursal Disease (IBD) vaccines
following a H6N1 LPAIV challenge on six local chicken
breeds and SPF chicken.

Methods

Experimental chickens

In this study we used the six local breeds and added an
SPF White Leghorn as a control genotype.

A total of 314 chicks were hatched from 23 sires and 91
dams with full pedigree in six local breeds. Twenty-five SPF
chicks were purchased from Animal Health Research Institute
(Council of Agriculture, Executive Yuan R.0O.C.). Day-old
chicks were wing-banded and raised in floor pens until 5
weeks of age, and they were transferred to experimental cages
after 6 weeks of age. Sire families were distributed between
the control and the challenge group. Individual body weights
were recorded weekly from hatch to 16 weeks of age.

Vaccination program and challenge

Day-old chicks were all vaccinated against Marek’s disease
and ND. At two weeks of age, chicks were vaccinated
against ND, IB, IBD, Fowl Pox and Avian Reovirus infec-
tion. At four weeks of age, chickens were vaccinated against
ND, IB, IBD and Infectious Laryngotracheitis. The H6N1
LPAIV (A/chicken/Taiwan/0825/2006) challenge was per-
formed at 7 weeks of age, birds from the challenge group
received a drop with 107 EIDg, of viruses into eye and nose.
Blood samples were collected at days 0, 7, 14 and 21 post-
challenge. Chickens health condition and mortality were
recorded and monitored. At 11 weeks of age, all chickens,
from both challenge and control groups, were vaccinated
again against ND, IB and IBD, blood samples were collected
at days 0, 14 and 28 post-inoculation. Sera from blood sam-
ples were collected and stored in -20 “C refrigerator.

Immune response measurement
The antibody responses to H6N1 LPAIV, IBD and IB were
measured by enzyme-linked immunosorbent assay (ELISA)
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with commercial test kit (IDEXX Laboratories, Inc., West-
brook, ME), the antibody titer calculation was performed
according to IDEXX's formula. The antibody responses to
ND were measured by hemagglutination inhibition test
(HIT), the antibody titer was expressed as the log2 of the
reciprocal of the highest dilution. Each measure was
defined by the virus name (Al, ND, IBD or IB) and the day
of sampling after inoculation (either days 0, 7, 14, 21 or
28). In addition, response to IB vaccine was calculated by
the difference in antibody titers between stages, i.e. day 0
to day 14, day 14 to day 28 and day O to day 28.

Statistical analysis
Antibody titers and differences between successive titers
were analysed with the following statistical model,
Yim=p+1it+a;+s,+(ta);+e;

where Yy, is the antibody titer of the /th animal of the
ith breed, the kth sex after the jth challenge treatment,
i=1, 2,...,7, j=1,2, k=1,2, 1=1,2,...,338, u is the mean, 7; is
the fixed effect of the ith breed, Z5;=0, o; is the fixed
effect of the jth challenge treatment, Zo;=0, (rex); is the
fixed interaction effect between the ith breed and the
jth challenge treatment , ZX(rax);=0, and ey, is the resi-
dual random error, e M N(0,52).

All statistical analyses were conducted by using SAS
software (SAS Institute).

Results

H6N1 LPAIV challenge

There was no mortality for Quemoy, Nagoya and SPF chick-
ens (Table 1). Ju-Chi, Hua-Tung and Shek-Ki exhibited a
low mortality (one bird each), and Hsin-Yi had the highest
mortality: 7 birds (22.6%, see Table 1). Most of mortality
occurred between day 7 and 14 post-challenge. The analysis
of variance showed a significant effect of breed on all anti-
body titers, no effect of sex, and a significant effect of the
challenge with a significant breed with challenge interaction
on antibody titers from day 7 (Fig 1). This interaction was
due to differential response between breeds: Quemoy had
the highest antibody titer on day 7 and 14 post-challenge,
Hua-Tung showed the highest antibody titer on day 21
post-challenge, Nagoya and SPF showed lower antibody titer
on day 14 and 21 post-challenge. Quemoy was the only
breed to exhibit a significant antibody titer at day 7 post-
challenge. The anti-Al antibody titers were significantly
higher for all breeds at days 14 and 21 post-challenge.

ND vaccine response

There was no effect of the HGN1 LPAIV challenge on
anti-ND antibody titers at day 14 and 28 post-inocula-
tion (Fig 2). Nagoya was the only one to show a differ-
ence of anti-ND antibody titer between the control and
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Table 1 Sample size and mortality per breed in H6N1 challenge experiment

Hsin-Yi Ju-Chi Hua-Tung Quemoy Shek-Ki Nagoya SPF

Centrol group 31 25 23 42 9 15 12

Challenge group 31 237 28 49 12 22 12

Total size 62 52 51 g1 21 37 24
MrthaIity' 7 1 1 0 1 0
Mortality rate (%) 226 Bl 36 0 83 0

" Mortality was calculated within challenge group.

challenge groups at day 0, with a lower value in the
challenge group. The breed effect was significant at all
stages and the sex effect was not (data not shown). The
Quemoy and SPF had high antibody levels from NDO to
ND28. Ju-Chi showed the lowest response to ND vacci-
nation at day 28 post-inoculation.

IBD vaccine response

There was a significant effect of breed and no effect of
the H6N1 LPAIV challenge on anti-IBD antibody titers
at all stages. Interaction between breed and treatment
tended to be significant at day 28 (P < 0.05) where the
Quemoy was the only one to show significantly lower
antibody titers in the challenge group (Fig 3). There was
a significant sex effect on responses at days 14 and 28
post-inoculation, and the antibody titers were higher in

females than in males (data not shown). Nagoya and
SPF showed no response to vaccination, but antibody
titers of Nagoya were rather high at day 0. Quemoy and
Hsin-Yi showed the highest antibody levels, particularly
at day 28 post-inoculation. Ju-Chi, Hua-Tung and SPF
showed the lowest antibody titers at all stages.

IB vaccine response

In contrast with the results observed for ND and IBD,
the kinetics of antibody titers of IB was modified by
the H6N1 LPAIV challenge (Fig 4). Interactions
between breed and treatment, as well as between breed
and sex, were significant for IB0. Antibody titers at day
0 were lower in the challenge group than in the con-
trol group for Ju-Chi and SPF, but did not differ
between groups for the other breeds (Fig 5). The
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Figure 1 Antibody titers against H6N1 LPAIV on 0, 7, 14 and 28 days post-challenge. 8 within days post-challenge with no comman
superscript differ significantly (P < 0.05) in Quemay. ‘'means all breeds have significantly different between control and challenge group.
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Figure 2 Antibody titers against ND on 0, 14 and 28 days post-inoculation. ~ Nagoya showed a difference of anti-ND antibody titer
between the control and challenge groups at day 0, with a lower value in the challenge group.
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Figure 3 Antibody titers against IBD on 0, 14 and 28 days post-inoculation. * Quemoy showed significantly lower antibody titer in the
challenge group.
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Figure 4 Antibody titers against IB on 0, 14 and 28 days post-inoculation. *° within days post-inoculation with no common superscript
differ significantly (P < 0.05)
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Figure 5 Antibody titers against IB on 0, 14 and 28 days post-inoculation. ~ Antibody titers at day 0 were lower in the challenge group

than in the control group for Ju-Chi and SPF. The effects of breed and HEN1 challenge, without any interaction, were still observed at day 14
post-inoculation. Higher antibody levels were found in the control group for all breeds. Nagoya was the only one to exhibit a stronger response

to IB vaccine in the HEN1 control group at day 14.
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effects of breed and H6N1 challenge, without any
interaction, were still observed at day 14 post-inocula-
tion. Higher antibody levels were found in the control
group for all breeds. Nagoya was the only one to exhi-
bit a stronger response to IB vaccine in the H6N1 con-
trol group at day 14, as measured by the difference
between titers at day 14 and day 0 (Table 2). The
interaction between breed and sex was still significant
at day 14 but was not observed at day 28. Breed and
treatment effects were significant at day 28; antibody
titers became higher in the challenge groups than in
the control groups, whatever the breed. The increase
in antibody titers between day 14 and day 28 was
always higher in the challenge groups as compared to
the control groups, this difference was highly signifi-
cant in Ju-Chi and Nagoya (Table 2) and tended to be
significant (P < 0.05) in all other breeds except Shek-
Ki which never showed any difference in anti-IB titers
between the challenged and the control groups.

Breed comparison showed that Quemoy had the high-
est antibody titers for IB0. Quemoy, Hsin-Yi and Nagoya
had the highest values for IB14. These three breeds had
still high values for IB28, but Shek-Ki had also high
values for IB28, although it exhibited low values for IBO

Table 2 Effects of H6N1 challenge on antibody titers in
different periods across breeds

Breed Period* Control Challenge
Hsin-Yi IB14-BO 6253 + 499 5106 + 499
IB28-IBO 8119 + 609 8769 + 609

IB28-1B14 1852 + 726 3722 + 738

Ju-Chi [B14-IBO 4598 + 553 3374 + 541
IB28-IBO 3474 + 682° 5720 + 608°

|B28-1B14 946 + 5647 2408 + 5647

Hua-Tung IB14-BO 4818 + 877 3175 + 784
IB28-1BO 7149 + 604 7461 + 540

IB28-1B14 2331 + 766 4303 + 699

Quemoy IB14-IBO 3633 £ 508 3424 + 469
IB28-1BO 5261 + 447 6362 + 413

IB28-1B14 1663 + 502 2035 + 463

Shek-Ki IB14-1BO 2050 + 687 1235 + 615
|B28-1BO 9464 + 623 9809 + 623

IB28-IB14 7148 + 938 8516 + 884
Nagoya IB14-IBO 6117 + 548° 3165 + 437°
IB28-IBO 7038 + 748 B718 + 642

IB28-1614 580 + 844" 5433 + 6957

SPF [B14-IBO 3205 + 679 3063 + 679
IB28-IBO 3186 + 9627 6118 + 9627

|B28-1B14 19 + 1107 3055 + 1107

“IB144B0 represents the difference between 1B14 and IBO, IB28-1BO the
difference between 1828 and IBO and IB28-1B14 the difference between IB28
subtract 1B14.

* Means = SE within a breed for a given stage with no common superscript
differ significantly (P < 0.05).
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and IB14. Thus, this breed was characterized by a late
and strong response to IB vaccine, without any signifi-
cant effect of the previous H6N1 challenge.

Discussion and conclusions

H6N1 LPAIV challenge effect

Mortality data and the increased antibody titers of chal-
lenge group at day 14 post-challenge showed that the
challenge test had been effective. Estimation of breed
effects may be affected by limited sample size, particu-
larly for Shek-Ki, SPF and Nagoya. However, Quemoy
had the largest sample size, and can be identified as the
most resistant breed since it did not show any mortality
after the challenge, and exhibited the most rapid
immune response at day 7 post-challenge. At the oppo-
site, Hsin-Yi can be identified as the most susceptible
breed, with a rather high mortality (7 birds out of 26) in
spite of the use of a low pathogenic virus.

Breeds effect, vaccine efficacy and duration of immunity
Antibodies were detected for ND, IB and IBD at day 0
post-inoculation because all chickens had been vacci-
nated for ND, IB and IBD at earlier ages. Thus, the
immune response following the inoculation at 11 weeks
of age may be considered as a secondary immune
response. Antibody titers at day 14 post-inoculation
were significantly higher than at day 0, showing vaccine
efficiency, except in the case of Nagoya and SPF for IBD
vaccine where no change in antibody levels was
observed.

Breed significantly affected immune response. Quemoy
had high and rapid responses to the three vaccines and
to H6N1 LPAVI challenge test, in contrast to Ju-Chi
which had low immune response to vaccines and chal-
lenge test. Breed's effect on the antibody titers at day 0
revealed differences in the duration of immunity to pre-
vious vaccines. Quemoy appeared to have a better
immunity than other breeds, Shek-Ki had a slow
response to ND and IB, and Ju-Chi presented lowest
response to IBD. The better immune response of Que-
moy is consistent with previous results [2].

H6N1 LPAIV challenge effect on IB immune response

H6N1 LPAIV challenge had a negative effect on anti-
body levels to IB even before the vaccination at 11
weeks of age. Immune response to IB vaccine took place
in H6N1 challenge groups with some delay (after 14
days). The negative relationship of H6N1 LPAIV chal-
lenge and IB vaccine response could be related to the
fact that both viruses target the lung tissues. Recently,
Haghighat-Jahromi et al. [4] showed that coinfection of
HI9N2 Al virus with IB live virus enhanced the virulence
of H9N2 and increased the rate of mortality. In addition,
Karimi-Madab et al. [5] showed that IB live vaccine
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could be an important risk factor resulting in enhanced
virulence of H9N2 LPAIV in field conditions. Although
these studies were focusing on broilers and H9N2
LPAIV, the present study shows also an interaction
between IB and H6N1 LPAIV infection in some local
chicken breeds. One could speculate that the type of
local immune response induced by H6N1 LPAIV infec-
tion was not favourable for birds to make optimum IB-
specific antibody response.

In conclusion, local breeds have different immune
response to H6N1 LPAIV challenge and subsequent vac-
cines. The H6N1 LPAIV challenge influenced the
response to subsequent vaccination against IB, but had
no effect on ND and IBD subsequent vaccines.
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