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SUMMARY 6

SUMMARY

The overall goal of this study was to charactetimegenetic diversity of the Viethamese
local chicken breeds and to identify populatioropties for conservation. The specific
aims were 1) to assess and explain the populagmetg structure of the Vietnamese
breeds, 2) to characterize the Viethamese breedslation to the Chinese breeds and
wild chickens, 3) to estimate conservation potémtfar conservation priorities of the
Vietnamese breeds, and 4) to define an optimatation of limited conservation funds

to them.

First genetic diversity within and between the Yahese breeds was analysed at the
autosomal level using 29 microsatellites. A tothBb63 individuals of nine Vietnamese
local breeds and two breeds of Chinese origin wardied. The Vietnamese breeds were
sampled from the northern and southern parts ofndie while the two Chinese breeds
(NIAS Chinese breeds) have been kept at the Ndtimstitute of Animal Sciences,
Hanoi. The results revealed a high level of divgmgiithin Viethamese breeds. Analysing
the genetic structure using the software packageWITURE suggested an optimal
clustering at K = 6. These groups encompassedHonrogeneous clusters, one formed
by the two Chinese breeds and the other three geptiag a single breed each: the
Mekong Delta breed Ac, the South Central Coasthf@keoi, and the Red River Delta
breed Dong Tao. The six remaining breeds formedaduditional admixed clusters. This
finding indicates that sub-structuring of the Vimtmese chicken breeds is related to their
geographical distribution. The two NIAS Chinesedn® are genetically distinct from the
Viethamese breeds.

Mitochondrial DNA D-loop sequences were used toeneine the degree of shared
MtDNA haplotypes between the studied breeds. A BbFragment of the mtDNA D-
loop region was sequenced in 222 chickens of nign®mese breeds and two NIAS
Chinese breeds. As reference, a skeleton was drbased on chicken mtDNA sequences
taken from the Genbank which assigned clades tgestigd regions of domestication in
chickens. Haplotypes of the nine Vietnamese andNWAS Chinese breeds were aligned
together with these sequences. The mtDNA haplotigresed eight clades. The majority
of individuals of the two NIAS Chinese breeds gredigogether in one clade. Although

the Viethamese breeds were distributed acrossghit elades, most of them clustered in
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three main clades originating from from Yunnan, thoand Southwest China and/or

surrounding regions.

The differentiation of Viethamese breeds from Chénehickens was characterised. For
this, as reference, data of 14 indigenous breems f£hina (Reference Chinese breeds)
and three Red Jungle Fowl populationSaljus gallus gallusand Gallus gallus
spadiceuy genotyped at the same microsatellite loci in evigus study were included.
Analysing the genetic structure indicated that tMetnamese breeds formed a
homogeneous group separated from the other breedept for the Chinese Chahua
breed). This finding provides additional evidentattthe Vietnamese gene pool is
genetically different from the Chinese gene poa@rewhen a wider range of breeds is
considered. Another analysis was also used to timed degree of uniqueness of the
Vietnamese breeds relative to a set of three Radlddowl populations. Compared to
the reference Chinese breeds, the contributioheMietnamese breeds to the set of Red
Jungle Fowl populations is lower. This suggests tha Viethamese breeds are more

closely related to the Red Jungle fowl populatithvas the reference Chinese breeds.

The second objective of this thesis was to estintlagéeconservation potential of the
Vietnamese breeds and to derive optimal allocatibnonservation funds to maximize
genetic diversity conserved between these bredusWeitzman approach for assessing
alternative conservation strategies for genetieidivy between breeds was used. The
approach combines genetic diversity assessed amtblecular level and extinction
probabilities estimated by socio-economic factarsderive conservation priorities of
breeds based on their conservation potential. Vesitigate an optimal allocation of
conservation funds, three different models werdiegppThese models reflect the range
of possible functions between costs and effectypical conservation situations. Under
the assumptions made it is expected that half @fgénetic diversity of the Viethamese
breeds will go lost within the next 30-50 yearsnd conservation efforts are taken.
Conservation potential of the Vietnamese chickerells varies considerably. The
optimum conservation strategy to maximise geneterdity between the Vietnamese
breeds should prioritize the breeds with the higlesservation potential. Population
priorities for allocation of conservation fundsth® Viethamese breeds do not depend on
which cost model was usetihe three local breeds Te, Dong Tao and Ac haveititeest

conservation potential and should be the prime idatels for conservation programs.
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Background

Vietnam is an agricultural country with 70% popidatliving in rural area. More than
80% of the total agricultural households keep obisk(Vang, 2003 and Burges al,
2008). In 2006, the chicken population in Vietnesars estimated about 152.7 millions.
The distribution ranges from 2.9 million in the Nwwest to 40.6 million birds in the Red
River Delta. Local chickens make up more than 70%he country’s total chicken
population (Desvawet al, 2008). They are mainly kept in the traditionatemsive
backyard/household production, representing abdét 9f all poultry producers (Hong
Hanhet al, 2007).

Chicken is the country’s second most important nseairce after pork (Burgost al,
2008) and plays an integral role in the smallholid@ming systems. They are used to
meet the multiple social, economic and culturaldseef households (Epprecht, 2005 and
Burgoset al, 2008). Vietnamese local chicken breeds are Bpdor particular regions
and they are assumed showing specific adaptatichnate, disease, local low input and
low output production system (Vang, 2003). Henaeytimay represent a large natural

gene pool as reservoir for future breeding to repetific objectives.

Vietnamese local chickens consist of different mtgnes kept in distinct agro-ecological
zones of Vietnam, which stretches 1 600 km fromtiN&@ South. Geographical isolation
of the populations could result in sub-structurthgough drift, mutation and divergent
selective forces. However, it is not known to whiagigree Vietnamese local chicken
populations differ. An assessment of genetic dityetsing molecular markers may serve
as a initial guide to identify unique and valualglenetic resources. Recently, several
studies to assess genetic structure of chickenlatigus using molecular tools such as
microsatellite markers (Hilleét al, 2007; Muchadeyet al, 2007; Cheret al, 2008;
Berthouly et al., 2008; Granevitzeet al, 2007; 2009 and Bodzsat al, 2009) and
mitochondrial DNA (Liuet al, 2004, Liuet al, 2006; Okeet al, 2007; Muchade\et al.,
2008 and Silveet al, 2008) were published. An assessment of the mges&ucture
employing these molecular tools provides differerdights into diversity within and
between indigenous chicken populations. These tarken types have a different mode
of inheritance. Microsatellites are autosomal mexkehile mitochondrial DNA is
maternally inherited.
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The genetic potential of indigenous chickens agsemoir of genomic variation and
major genes with relevance to improve adaptablildayg already been reported by several
reports (Horst and Mathur, 1992; Horst, 1989; Gaared Casey, 2003 and FAO, 2007a).
Understanding about the existing variation thatady exists and how it can be
conserved and accessed effectively needs to bedjaromanoet al (1996) suggested
that local chickens might contain genes and allgleginent to their adaptation to
particular environmental conditions and local bregdgoals. Therefore, maintaining
local breeds is needed to permit genetic adaptafigropulations to unforeseen breeding
requirements in the future and as a source of relseaaterial (Horst, 1989; Besbes, 2009
and Tixier-Boicharcet al, 2009). The erosion of local chicken populatioresy be linked

to the loss of valuable genetic variability andqu@ characteristics. The convention on
biological diversity (http://www.biodiv.org) has pthe need to conserve farm animal
genetic diversity on the agenda. In farm animaédiity conservation, a unified approach
accounting for two main roads to conservation hasnbestablished. This includes

prevention of breed extinction and management nétye diversity (Simianer, 2005).

There is a growing recognition that preservationlamfal chicken breeds is not only
important to ensure the livelihoods of poor farmeh® depend on these breeds, but their
conservation is regarded as a national policypeally adapted chicken genetic resources
could become future assets in breeding programsisida making in conservation
requires specification of model parameters suchliasrsity, breed values, extinction
probabilities and conservation potentials (Simian&005). Beside phenotypic
characterization, assessment of genetic charaatenzof local breeds is a prerequisite
for this purpose (Wollny, 2003). Efforts should imade to preserve the important and
unique characteristics that Viethamese local cmaenetic resources possess. Genotypic
characterization and conservation priorities in th@enese local chicken populations

therefore need urgent attention.

Role of chickensin smallholder faming

In developing countries nearly all families at thikage level, even the poor and landless,

own poultry (Macket al, 2005).Major initiatives have been undertaken to develop
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poultry as a tool for rural development. Poultrynstitutes an important contribution to
rural household’s food security and income genematKitalyi and Mayer, 1998; Coplan
and Alders, 2005; Alders and Pym, 2010). They aeduo address gender inequalities.
Women have more control and decision making powerghickens than men (Kitalyi
and Mayer, 1998; Gueye, 2000). In addition, villageckens are required for special
festivals and essential for many traditional cerei®® (Coplan and Alder, 2005; Alders
and Pym, 2010). Furthermore, chickens show theteggeaariability of population types

and make an important contribution to biodiver§itixier-Boichardet al, 2009).

In Vietnam, chicken accounts for 70% of total poulpopulation. In 2006, the total
poultry meat production (slaughtered poultry) watineated to be 344.4 thousand tons
and the number of eggs produced was 3.97 billi@8J, 2007). Tung and Rasmussen
(2005) showed that 31.7% and 17.8% of the totaputubf poultry production was
consumed by semi-subsistence and semi-commercialtrpokeepers, respectively.
Poultry used as a source of protein to improventietion for Viethamese was reported
by Epprecht (2005). The most important livestockdahsource of income for the poorest
income quintile is derived from poultry. Epprect2005) and Epprechet al (2007)
reported that poultry accounts for about one quardt¢éhe total household’s income from
livestock and further indicated that poultry senas a ‘sell-for-cash’ tool for poor
households.

Cuc et al. (2006) suggested a shift in gender ratio in amiclproduction due to the
ownership of Viethamese H’'mong chickens by womerrsirAilar observation was found
by Burgoset al (2008) who recognized the importance of Vietnamesultry for
children and women. The Vietnamese local chickeredls also are an essential part of
cultural and social activities (Vang, 2003 and FADQ9), for example Ho chicken are
used for entertainment in religious celebrationd An and H’mong chicken are used for

traditional medical purposes.

Chicken genetic diversity and assessment of genetic diversity

In developing countries, it had been widely assuthed local chickens have adapted to

their local production systems which often are ahtarised by a limited supply of
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resources and a lack of proper management prograey may present a diverse gene
pool that could comprise unique genetic featuresme&information on the genetic make-
up of local chickens was reported (Horst, 1989)er€by, their major genes with
important effects on tropical oriented breedingatly proved for their special utility in
the tropics, such as dwarf (Dw), naked neck (N&zle (E), silky (H), non-inhibitor (Id),
fibro-melanosis (Fm), pea comb (P), blue shell 469 slow feathering (K).

A wide diversity of indigenous chicken breeds ie tinopics could form the basis for
genetic improvement and diversification to prodatere productive breeds adapted to
specific environments and requirements (Horst, 198Merefore, the estimation of
genetic diversity of the local chickens should lz@ried out to support conservation

strategies and utilisations of their performandees.

Microsatellites and mitochondrial DNA (mtDNA) seaques have already proved to be
useful for assessing genetic variability, whilegénnucleotide polymorphisms (SNPs)
are becoming more and more popular due to they kigh density and availability of
high throughput genotyping techniques. Microsatdlare tandem repeats in the genomic
DNA with very short (1-5bp) simple sequence motdad hence they are autosomally
inherited (Tautz, 1989). Major advantages of thaghly polymorphic markers are their
locus specificity, abundance and random distrilbutaver the genome, co-dominant
inheritance, ease and speed of their applicatioth suntability for semi-automated
analysis (Weigend and Romanov, 2001). Unlike matelite markers, mtDNA is
maternally inherited. The mtDNA is a circular malécof 16,785 bp in size (Desjardins
and Morais, 1990). The displacement loop (D-loogyion of the mtDNA contains
elements that control the replication of the moleand is highly polymorphic. MtDNA
is used to infer regions of domestication and nidy the number of maternal lineages
and their geographic origins (FAO, 2007b).

A combination of these two markers is a complentgnégpproach that combines the
highly polymorphic microsatellites whose high midat rates allow for small-scale
resolution of more recent demographic events wittbdMA which shed light on
phylogeographic events dating further back in t{feulneret al, 2004). An assessment
of genetic structure based on these two markers different modes of inheritance
provides more insights into the evolutionary forshaping genetic diversity.
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Total genetic diversity includes within and betwdmeed diversity. Genetic diversity
within a breed can be estimated by the number lefeal the expected heterozygosity
(Frankhamet al, 2002) and marker estimated kinships within aetiréEding and
Meuwissen, 2001). Genetic diversity between breeds be assessed by various
measures. A parameter for assessing diversity leetwbreeds is the genetic
differentiation or fixation indices which revealethpartitioning of genetic diversity
(Wright, 1969). A wide range of studies for the esssnent of genetic diversity were
conducted using genetic distances (Nei, 1972 anghdtds et al, 1983). A unified
approach to assess genetic diversity within andidmt populations is based on marker
estimated kinships (Eding and Meuwissen, 2001).eBiay clustering approaches have
been suggested for admixture analysis of diffepoygulations (Pritcharet al, 2000).
This approach has already been proven to be usegildy the structure of populations
of various farm animals (Rosenbesg al, 2001; Fabuekt al, 2004; Granevitzt al,
2009; Leroyet al.,2009; Li and Kantanen, 2009).

Recently, assessments of genetic diversity of @mgbopulations using the same set of
microsatellite markers suggested by FAO (2004) Haeen published in several studies
(Cuc et al, 2006; Hillel et al., 2007; Muchadeyiet al, 2007; Chenet al, 2008;
Granevitzeet al, 2007; 2009 and Bodzsat al, 2009). Using the same markers in these
studies allows unbiased comparisons. In a largée ssady including 64 chicken
populations from various continents and manageragstems, Granevitzet al. (2007)
found considerable variation of within breed divgréi.e., numbers of alleles/population
and heterozygosity values). This variation refldaiéferences in population history and
management. The average number of alleles and &xpéeterozygosity (3.6 £ 0.87
alleles and 0.51 + 0.07, respectively) was ratbesel than that observed in human (Ayub
et al, 2003), cattle (Sodhet al, 2005) and pig (Behtt al, 2006). Highest levels of
within-population diversity were found in non-maedglocal populations, in some
standardised breeds kept with a large populatiaea and in some commercial broiler
lines. A wide variation of within breed diversityas found for European fancy breeds.
White-egg layer lines revealed the lowest leveldofersity of all commercial lines.
Therefore, white-egg layer lines might be considei® be in a more critical situation
than other commercial lines concerning their futdegelopment, while some local breeds

do represent an important reservoir of geneticrditye
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In the analysis of the population structure of a@evrange of chicken breeds and lines
from various continents and management systemsie@itae et al (2009) found six
main clusters which were related to their geogregdhorigins and histories. These six
main clusters were formed by 1) brown egg layeygpredominantly broilers, 3) native
Chinese breeds or breeds with recent Asian oripredominantly breeds of European
derivation, 5) populations with no known historyyda6) the other populations shared
their genome with some clusters defined as “Mdlisters”. Within a country, different
observations on population structure were reveddenet al. (2008) and Bodzsaat al.
(2009) found sub-structuring in Chinese and Huragarmchicken breeds, respectively,
while Zimbabwean chicken populations do not exhibittypical breed structure
(Muchadeyiet al, 2007). This implies a higher level of gene flamong agro-ecological
zones or populations in the African country (iZmbabwe) than Asian and European

countries (i.e., Vietnam and Hungary, respectively)

Some studies on Vietnamese chicken populationdoging microsatellite data were
published (Cuet al.,2006 and Berthoulgt al.,2009). These studies were carried out in
a single province (i.e., Mai Son district, Son Leoyince and Ha Giang province,
respectively). The populations in these studiesvsidohigh diversity and no substructure.
In addition, the highest genetic diversity was fduin a H'mong population when
comparing it to a wide range of globally collectelicken breeds (Granevitzt al,
2007).

In the analysis of mtDNA sequences, haplotype nétvemalysis clusters individuals
based on haplotypes they possess and indicategliffenent these haplotypes are from
those in other individual. The mediametworks of haplotypes were generated by
partitioning the groups of haplotypes to portrayDMA relationships and infer about
population expansion and domestication events (Blaret al, 1995). The ancient
haplotypes can be distinguished from young onestdutheir higher frequencies and
central positions surrounded by derived haplotypes star like topology (MacHugh and
Bradley, 2001). Bandekt al (1995) showed that the median networks of hapksy
provide a much more useful and informative mitoalraai portrait of the populations
concerned than can be obtained from other tradititnee building approaches such as

maximum parsimony, maximum likelihood and distanmethods.
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Applying haplotype network analysis, Let al (2006) and Okat al (2007) conclude
multiple and independent domestication events intlis&hina, Southeast Asia and the
Indian subcontinent. Liet al. (2006) revealed the nine divergent clades (nacteate A—

I) related to geographical distribution in the widage of domestic chickens in Eurasian
regions, whereas Ol al (2007) identified seven clades (named clade Alederved in
Japanese chickens. Recent studies on Zimbabweanhfdeayiet al, 2008) and Sri
Lankan (Silvaet al, 2008) chickens using haplotype network analgss® support the
hypothesis of multiple origins of domesticated &bit. The populations in these studies
indicated a high level of genetic diversity. In tetudy of Liu et al (2006), the
Vietnamese chicken samples were assigned into tiiereht clades G and I. Clade G
have originated from Yunnan and/or surrounding adaChina while clade | have origin
in Vietnam. However, the study of Let al (2006) was based on only a small number (n

= 3) of Viethamese chicken samples.

Conservation of local chicken genetic resources

FAO (2007a) indicated that on a global level ab2dit% of all recorded farm animal
breeds are classified as being “at risk”. Chickenedic resources are considered to be the
most endangered with the highest proportion of dseat risk (33% of all recorded
chicken breeds), four percent of the breeds weperted as extinct, the status of 40%
was unknown, and the remaining 23% of the breed® wet at risk. The main factors
that result in a loss of local animal genetic reses are low performance of local breeds,
farmers' preferences for exotic breeds, the lachkdefquate conservation policies, socio-
economic changes, natural and human induced disasied the transformation of

traditional systems into external input-orientedteyns (FAO, 2007a).

Conservation and development of local breeds iorapt because of their contribution
to the livelihoods of farmers and biodiversity a®llwas their social and cultural
importance (FAO, 2007b). The need to conserve fammal biodiversity is accepted by
many countries through the ratification of the oemon on biological diversity
(http://www.biodiv.org). Recently, the global plah action for animal genetic resources

was adopted by 109 countries. These highly corteibuo establish an effective
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international framework for the sustainable use/etiment and conservation of animal
genetic resources for food and agriculture, andoMoiod security (FAO, 2007b). This is
a major global thrust on genetic preservation andibersity which is reflected in efforts
to further develop a global databank for animalagerresources for food and agriculture

genome and data banks (http://dad.fao.org/).

In Vietnam, the convention on biological diversisas adopted in 1995 (Tieet al,
2008). A total of 96 Vietnamese local livestock date including 11 chicken breeds are
recorded in the FAO’s global databank (http://daoldrg/). Information of these 11
breeds is given in Table 1. Within the country, Yietnamese Government has issued a
number of policies and decisions to support the agament and to promote the
development of animal production (Vang, 2003). Remnore, national programs on
conservation of the Vietnamese domestic animal tgemesources have been initiated
under the direction of the National Institute of idual Sciences (NIAS) since 1990.
These policies and national programs have had ip®sitnpacts on the use and
conservation of farm animal genetic resources.gxample, several breeds (i.e, H'mong
and Te chicken) were detected; two breeds (Ho andhicken) were rescued from risk
of extinction; utilisation of Ac and H'mong chickeras a traditional medicine has been
developed for human demand across the country @ieal, 2008). Almost all of the
conservation programs implemented by NIAS have lweaducted on farms with farmer
participation (Tiewet al, 2008). Farmers have been paid only 20% of stpknditure to
maintain the breeds. Such a low allocation mightemsure to prevent the loss of national

animal genetic resources in the long term (&eal, 2008).
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Table 1. Information of 11 Vietnamese local chicken breeds
Breed Origin Distribution Adult body weight (kg) Egg yield/ year Special feature Status
Male Female (eggs)

H'mong  Northwest and North and Centre  2.2-25 16-20 60-75 Iiaakl medicine  Decreased

North Central Coast
Oke Northeast Northeast 2.5 1.2 24 - 30 Traditiomedlicine  Decreased
Ho Red River Delta Red River Delta 45-55 340 45 - 60 Beautiful appearance Decreased
Dong Tao Red River Delta Red River Delta 4.5 3.5 70 Shod thick legs Increased
Ri Red River Delta North and Centre 2.7 1.2 60 - 75 Decreased
Mia Red River Delta Red River Delta 3.0 2.3 55 - 60 Increased
Te North and Centre North and Centre 1.6 1.3 84 -7 Dwarfism Endangered
Tre South Central Coasfcross the country 1.2 - 1.3 0.8-0.9 56-70 Game cock Decreased
Choli South Central Coasfcross the country 4 - 5 35-4 32-40 Game cock Decreased
Tau Vang Mekong Delta South 2.0 1.4 90 - 120 laseel
Ac Mekong Delta North and South 0.70 - 0.7®.55 - 0.60 90 - 100 Traditional medicine  Increased

(http://dad.fao.org/; NIAS, 2000 and $tal, 2004)
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Conservation strategy involves the identificationd aprioritization of targets for

conservation. One of the objectives of conservapoograms is to maintain genetic
diversity for potential future use. Eding and Benite (2007) indicated two different

methods using molecular genetic variation to decimeservation priorities which are the
core set (Edingt al, 2002) and the Weitzman (1992)’'s methods.

The basis principle of the core set method is timiation of genetic overlap in the total
set of populations. The genetic overlap or gensitailarity between individuals and
populations is described by the coefficient of kips(Eding and Bennewitz, 2007). If the
average kinships between and within breeds are kntive average kinship in a core set
Is calculated and the contribution of each breetthéocore set is estimated. In the case of
the core set, these contributions are chosen $athite average kinship in the core set is
minimized. By estimating contributions to a cord, $be populations under study are
ranked according to their genetic uniqueness. Fthis, the relative importance of
populations in conserving the genetic diversitioisnd (Edinget al, 2002).

A core set can be thought of as a live or cryo-eorexd mixed population, which is
composed of various proportions of different breddwe breed contributions to the core
set are derived in such a way, that the expectedrgty of the total core set is
maximized. When the objective of the conservaticgasures is to maximize conserved
genetic variation, then the core set method shbeldsed (Bennewitzt al, 2007). While
this approach combines both between and withinebeersities, non-genetic criteria
like any sort of specific breed value or degreermdangerment are not taken into account.
Therefore, using this method could ignore risk xafrection of the breed which plays an
important role in conservation decision (Simiar905 and FAO, 2007a). In addition,
the method likely increases the opportunity forejenflow, and chances to lose unique

alleles from the population (Tapet al, 2006).

A widely used formal approach for decision makindivestock conservation is based on
Weitzman’s (1992) diversity concept. The Weitzmaretsity is a diversity of elements

which are homogeneous and pair-wise clearly distifite approach aims to maximize

expected diversity and uses the conservation patenthich combines the genetic

diversity between breeds and their extinction pbdliges estimated by socio-economic
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factors to prioritize breeds for conservation (Sinar, 2005). Conservation potential is
considered as the single most useful breed ale@licator in conservation decision
(Weitzman, 1993). Conservation potentials were iaggior prioritizing cattle (Simianer

et al, 2003 and Zerabrukt al, 2007) and chicken (Pineet al, 2005) breeds. The

populations in these studies showed a consideradt@bility of their conservation

potentials.

Although migration between breeds or within breedeidity is neglected applying the
Weitzman approach as criticized by Caballero anb T2002) and Edingt al. (2002),
decisions on investments in conservation baseth®eitzman approach are driven not
only by the phylogenetic substructure, but alsoebgnomic and social factors, which
serve as an important consideration in the consiervalecisions (Reist-Martet al,
2003; Simianeet al, 2003; Pinentt al, 2005 and FAO, 2007a). In addition, applying
the Weitzman diversity in conservation strategy caaintain allelic diversity within
species, ensuring access maximum adaptive potesftiapecies (Simianer, 2005 and
Tapio et al, 2006) since conservation activities aim to redtie extinction probability
and to increase expected diversity of populatiohswgygested by Simianer (2005) and
FAO (2007a).

Conservation strategies also require consideratiohow the available resources should
be distributed among the breeds under consideraéiod decisions as to which is the
most efficient conservation strategy among sevapéibns available (FAO, 2007a). As a
total budget for these activities is limited, theykguestions are how many and which
breeds will receive financial support and how tocdte the funding in the most optimal

way. In Vietnam, national conservation programsaificially support farmers to maintain

their breeds despite the economic inferiority @ithbreeds. Such a low allocation might
not ensure to prevent the loss of national anireakgjc resources in the long term (Tieu
et al, 2008).

Simianer (2002) showed that an optimum allocatiam substantially increase the
efficiency of the use of available conservationdsinFurthermore, Simianet al. (2003)
proposed an algorithm to calculate optimum allacatdf resources to a set of breeds
based on three models (hamed model A, B and C) diiterent assumptions. Model A
assumes that a fixed amount of money per year agyemium to owner of chickens,
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balancing some of the economic inferiority of thabéckens, which reflects the present
scene established in Vietham. Model B presumes&aHhadsic strategy for maintaining
diversity in small population is to keep family sizonstant. When chickens are raised for
replacement, this information is brought to theckbn owners by extension specialists.
With more animals more extension specialists amdeé. In this case, the costs are
proportional to the population size. Model C is dthon the assumption that the
information on within breed conservation measuras been brought to the chicken
owners through some established information chanmneithout any expenditure.
Therefore, the costs are independent on the paopulaize, but are a function of the
number of populations. These assumptions coverda vange of possible conservation
policies, and so the application of all three medelll identify the relevant range of
sensible allocation patterns. In an applicatioAfiican cattle data, Simianet al (2003)
showed that using the optimum allocation approadaesdouble the cost efficiency of
conservation programs, but the choice of the diffemodels did not strongly affect the

outcome.

The agr o-ecological zones and local chicken breedsin Vietnam

Vietnam is a tropical country located in the centfeSoutheast Asia. The country
stretches 1 600 km from North to South, betweer8'838d 23° 20" North and 102° and
109° 27' East. The total area is 329 566 -Kihe climate varies greatly from North to
South. The country is divided into eight agro-egatal zones, based on topography, soil
pattern, and climate (Figure 1). The rainfall, temgture, major topographic features and
farming systems of each agro-ecological zone arengin Table 2 (Vang, 2003; FAO,
2005 and GSO, 2007). The diversity of natural eaminent and differences in production
systems in the country has contributed to the wffgation of local chicken breeds
(BMBF, 2006). FAO (http://dad.fao.org) reported Vietnamese indigenous chicken
breeds besides one extinct (Van Phu breed). Fraasetlil breeds, one breed (Te
chickens) is critically endangered. Six breeds Hasen decreasing in numbers while the
other remaining breeds have been increasing in BisniNIAS, 200). These 11 breeds
have originated and are distributed in the differagro-ecological zones. Five breeds

have originated from Northern Vietnam, two breedsseh origins in the centre of
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Vietnam, two breeds have their roots of both themand centre of Vietham and two

breeds have originated from the South (Table 1).

o @M{CMA i_

%mﬂaj
1 = Northeast
= 2 = Northwest
_ Hoanosy 3 = Red River Delta
i T 4 = North Central Coast

5 = South Central Coast
6 = Central Highland

7 = South East

8 = Mekong Delta

RPONG SA
[ Vietnam,

gy, 2003)

Figure 1. Map of Vietham and eight agro-ecological zonesg(scalg

Table 2. The rainfall, temperature, major topographic dieas and farming systems of

each agro-ecological zone.

Zone Area Rainfall TemperaturePhysical Farming system
(km?)  (mm/year)°C) regions
Northeast 6402 1721 23.2 Mountain and Extensive
midland
Northwest 3754 2355 21.8 Mountain and Extensive
midland
Red River Delta 1486 2013 23.3 Lowland Semi-esitan
North Central Coasb 155 2 985 24.1 Mountain, loarndExtensive
and sandland
South Central Coasg 316 2 389 26.3 Mountain, lowlanExtensive
and sandland
Central highland 5466 1611 19.9 Highland Semeesive
South East 3481 1390 27.8 Lowland Intensive
Mekong delta 4061 2679 27.1 Lowland Semi-extensiv

(Vang, 2003; FAO, 2005 and GSO, 2007)
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Although 11 Vietnamese local chicken breeds hawnlveported, the definition of these
breeds is not fully standardized. It appears rathdikely that valid results based on
phenotypic characterization programs may be obdaife local chicken breeds
considering the various local production systemstHermore, these chickens are reared
in isolated villages. There is a need to invesiiggnetic diversity between and within
local breeds to develop effective conservation @og and to determine whether the
chicken populations in different areas represeniguen populations. Conservation
potential for each breed needs to be calculatethéodefinition of conservation priorities.
This study is also necessary to maximize efficienay funding allocation for

conservation.

Scope of thethesis

The major scope of this thesis is to characterizeegic diversity of Viethamese local
chicken breeds and to identify population priosti®r conservation. In particular, this

thesis aims at

i.  Evaluating genetic diversity within and between th@nese local chicken

breeds of diverse geographical origins based dardiit molecular markers.

i. Characterising the Vietnamese chicken gene polative to the Chinese
chicken breeds and estimating the degree of unesgef the Viethamese

breeds to total diversity of a set of three Redylrifowl populations.
iii.  Estimating the conservation potential of Vietnamlesal chicken breeds.

Iv.  Investigating optimal allocation of conservationndg to minimize loss of

genetic diversity between these breeds.

The first issue is covered in chapters 2 and 3. Sdwend issue is presented in chapter 4.
Chapter 5 contains the third and fourth issuesleathe general discussion is presented in

the final chapter 6.
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Summary

This study aims to assess genetic diversity wistmd between nine Vietnamese local
chicken breeds and two Chinese breeds includedctnparison. Genotyping 29

microsatellites revealed high diversity of both tW@nese and Chinese breeds. Cluster
analysis using the STRUCTURE software suggestedusiers as most likely grouping

of the 11 breeds studied. These groups encompdssechomogeneous clusters, one
formed by the two Chinese breeds and the otheetrepresenting a single breed each:
the Mekong Delta breed Ac, the South Central Cbestd Choi, and the Red River Delta

breed Dong Tao. The six remaining breeds formedaiitional admixed clusters.

Keywords. genetic diversity, phylogenetic structure, Vietem@ local chickens,

microsatellites.

I ntroduction

In Vietham chicken population was estimated 152ilfians in 2006. The distribution
varies considerably. In the northern part, it ranffem 2.9 million in the Northwest to
40.6 million birds in the Red River Delta whiletime southern part, a total of 9.6 million
and 19.8 million chickens was found in the Soutmi@# Coast and the Mekong Delta
respectively (Desvaugt al, 2008). According to Hong Handét al (2007), more than
70% of the country’s total chicken population acedl chickens.Viethamese local
chicken breeds are defined mainly based on phemotyfaracteristics. Little is known
about the genetic relationships between them. Tiaatification of genetic diversity is a
prerequisite to develop effective conservation paots, and molecular markers have
been shown to provide useful information (Solkr al, 2006). Recent studies of
Vietnamese chicken populations employing microstgelata showed high diversity and
no population substructure (Cetal.,2006 and Berthoulgt al.,2009). However, these
studies were limited to a single district (Mai Sohthe Son La Province, Cust al,
2006) or region (Ha Giang province, Berthoatyal, 2009).

To achieve a more comprehensive picture of the tgerdiversity of Vietnamese

chickens, the current study was carried out ondemiange of local Vietnamese breeds
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kept acrossthe country. This study assesses the degree of diversity withal
relationships between nine of 11 Vietnamese lotatken breeds recorded by FAO
(DAD-IS, http://dad.fao.org). The H'mong breed wasluded in the study of Cuet al
(2006) while eight additional Viethnamese local &eic breeds were added. These nine
breeds are located in eight different districtdaar agro-ecological zones from both the
southern and northern parts of Vietham (Table lickwlwere reported as areas of origin
or current distribution of the populations underdst (Suet al, 2004). On average, blood
from 32 randomly selected individuals per breed w@kected by sampling one male and
one female per household. Except for Te breed wbitia eight samples collected from
four households due to their rareness and the dthesamples were sampled from
conservation flock athe National Institute of Animal Sciences (NIASwd@ Chinese
breeds (16 males and 16 females per breed), theH@ang and Luong Phuong, were
included for comparison. These breeds were impartexd Vietham in 1995 and 2003,
respectively, and have been kept as conservatomkdl at the NIAS. They are most
common exotic breeds kept as scavenging chickendetmam and it is assumed that
Chinese chickens from NIAS have been introgreseedi¢tnamese local chicken gene
pool (Tieuet al, 2008). DNA polymorphism was assessed by genogypi total of 353
individuals at 29 microsatellite loci as descrilbigdGranevitzeet al. (2007).

Genetic diversity was assessed by calculating tinmber of alleles per breed, and
expected and observed heterozygosities with the ARS$oftware (Goudet, 2001).
Population structure was determined using the Bagesnodel-based clustering as
implemented in the STRUCTURE software (Pritchatdal, 2000). Individuals were
grouped into a predefined number of K clusters @< 8) with 100 independent runs for
each K value. The SIMCOEFF software (Rosenlstrgl, 2002) was used to compare
repeated runs. Solutions with a similarity coe#idi higher than 95% were considered as
identical. The most frequent solution was visualisesing DISTRUCT software
(Rosenberg, 2004). In addition, the approach dgeeloby Evanncet al. (2005) was

applied from K = 2 to K = 9 to determine the optimamber of clusters.

The average number of 6.09 * 0.67 alleles per braed the average expected
heterozygosity of 0.634 + 0.034 in the current gtagle in agreement with previous
findings which indicated high diversity of Vietnasgchickens (Table 1). Analysing a

wide range of chicken populations originating frearious continents and management
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systems, Granevitzgt al (2007) found mean allele numbers and expectestdmtgosity
estimates per population varying from 2.30 to Gar# 0.28 to 0.67, respectively, with
the Vietnamese H'mong breed being the most variaiple Berthouly et al (2009)
reported that the mean expected heterozygosityieth&mese chickens in the Ha Giang
province was 0.62, while the corresponding valwmsRed Jungle Fowl, Chinese and
commercial breeds were 0.60, 0.47 and 0.40, raspbct

The results of the STRUCTURE analysis from K = Xte= 6 are shown in Figure 1.
Except for K = 2, the highest repeatability of itleal runs, as identified by SIMCOEFF,
was at K = 6, and declined strongly at higher Kueal (data not shown). Using the
method developed by Evaned al. (2005) also identified six clusters as most pbida
solution. These clusters encompassed four homogewooe formed by the two Chinese
breeds and another three representing a single la@eh: the Mekong Delta breed Ac,
the South Central Coast breed Choi and the Redr Rigkta breed Dong Tao. The other
two admixed clusters included the six remainingetdss in which the Mekong Delta
breed Tau Vanghowed an admixture between two Chinese and Vieteariocal breeds.
This finding is consistent with the Chinese origihTau Vang chickens (Linh, 20Q5)
For all K values, the two Chinese breeds clusteegghrately from the Viethamese local
chicken breeds indicating that the Viethamese lobalken breeds make up a gene pool
which is different from the two Chinese ones. WitMietnam, the chicken breeds from
the northern part make up one unstructured genk Ppbis is in agreement with previous
studies (Cueet al, 2006 and Berthoulgt al, 2009). In contrast, differentiation of the
Vietnamese chicken breeds are observed betweendttieern part and South Central
Coast as well as Mekong Delta, indicating sub-stmireg of the Vietnamese chicken

breeds related to their distant geographical thgtion.
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Table 1. The average number of alleles/locus, expectefl dH4d observed (5} heterozygosity of nine Viethamese and two Chirseds.

Breed Agroecological zon Study area No. of blood Alleles/locusHg + SD H, + SD
samples

VietnameseH'mong Northwest Mai Son, Son La 31 6.48 + 3.07 50.6 0.028 0.633 + 0.016
Mia Red River Delta Duong Lam, Ha Tay 32 6.69 £ 3.43 0.646 +33.00.610 + 0.016
Ri Hoai Duc, Ha Tay 32 7.14 +3.81 0.648 + 0.081606 + 0.016
Ho Thuan Thanh, Bac Ninl32 5.76 £+ 2.64 0.618 + 0.034.564 + 0.016
Dong Tao Khoai Chau, Hung Yer82 5.31+£0.36 0.573 +£0.035.548 + 0.016
Te Ba Vi, Ha Tay 32 5.55+2.32 0.635 £ 0.02R595 + 0.016

NIAS

Choi South Central Coast Ninh Hoa, Khanh Hoa 33 66%2.98 0.623 + 0.039.645 + 0.016
Ac Mekong Delta Tan an, Long An 32 5.48 +2.50 0.610 +0.038.608 +0.016
Tau Vang 33 6.72 £3.27 0.696 £ 0.02D0.563 + 0.016
Mean 32 6.09 £+ 0.67 0.634 £ 0.036.600 + 0.033

Chinese Luong Phuon§mported from NIAS 32 5.21+2.23 0.680 + 0.028.657 + 0.017
Tam Hoang China) 32 448 £1.77 0.627 £0.028.606 + 0.016
Mean 32 4.85+0.52 0.654 +£0.03D.632 + 0.036

Key: NIAS = National Institute of Animal Sciences
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Figure 1. Substructure of nine Vietnamese local and two €enchicken populations.
Number in parenthesis is the number of identicilitsmns of 100 repeats within each

number of K clusters at 95% threshold.

Key: TE_VN = Te; HM_VN = H'mong; MIA_VN = Mia; RI_W = Ri; HO_VN = Ho;
DT_VN = Dong Tao; CHOI_VN = Choi; AC_VN = Ac; TV_VN Tau Vang; LP_Ex =
Luong Phuong; TH_Ex = Tam Hoang.
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Summary

In this study, mitochondrial DNA (mtDNA) sequenodymorphism was used to assess
genetic diversity of nine Vietnamese local chickeeeds. In addition, two Chinese
breeds kept in Vietham were included in the analf@i comparison. A 455-bp fragment
of the mtDNA D-loop region was sequenced in 222Zkems of these 11 breeds. As
reference, a skeleton was constructed based okeamimtDNA sequences taken from the
Genbank. Haplotypes of the nine Vietnamese locdlta Chinese breeds were aligned
together with these sequences. The Viethnameselandse breeds showed a high degree
of variability. In total, 37 haplotypes were iddm@d in the chicken breeds studied
forming eight clades. Thereby, the majority of umdiuals of the two Chinese breeds
grouped together in one clade which is assumed awee hits roots in the Indian
subcontinent. Although the Vietnamese chicken Breeste distributed across all eight
clades, most of them clustered in three main cladé®se results suggest that the
Viethnamese domestic chickens have originated frooitiple maternal lineages,
presumably originating from Yunnan and adjacentaaren China, South and Southwest

China and/or surrounding regions (i.e., Viethamyia, Thailand, and India).

Keywords: mitochondrial DNA, Vietnamese local chickens, emaal lineages.

Introduction

Mitochondrial DNA is considered as a powerful seuo¢ molecular information to track
the ancestry of breeds back hundreds of generatidapendinget al, 1998). Different
hypotheses about chicken domestication based orNftBnalyses are found in the
literature. Fumihitoet al. (1996) suggested a monophyletic origin of donsestiickens
from Gallus gallus gallusand a single domestication event occurred in @ahdiland
adjacent regions while Kanginakudet al. (2008) found evidence for domestication of
Indian chickens fronGallus gallus spadiceuand Gallus gallus gallusas well as from
Gallus gallus murghiA study that analyzed BCDO2, a gene encodingrayrae which
converts carotene into its colourless variant, satggl the introgression of the yellow
skin gene fromGallus sonneratiiinto modern chicken breeds (Erikssenal., 2008).

Other reports assumed multiple and independent skicadon events in South China,
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Southeast Asia and the Indian subcontinent @tial, 2006 and Okat al, 2007). Liuet

al. (2006) revealed nine divergent clades (namedesla-1) related to geographical
distribution in a wide range of domestic chickens€urasian regions. Olat al (2007)
identified seven clades (named clades A-G) obsenmvdatie Japanese chickens. Of the
seven clades of Oket al (2007), the four clades A, B, C and E are idexhtio clades E,
A, D and B described by Liet al (2006) , respectively.

Vietnam is located in Southeast Asia having a combarder of 1 350 km with Southern
China (GSO, 2008). Human migration from Southernin€hto Vietnam enabled
introduction of Chinese chickens to Vietnam (Tayl®83; Nyiri and Saveliev, 2002). In
addition, during the recent years, some exoticdgeeere imported. Farmers' preferences
for exotic breeds with high performance may havktte introgression of exotic breeds
into the Viethamese gene pool (Tietal, 2008). Little is known, however, about the
origin and the history of Vietnamese domestic chick Some recent studies based on
microsatellite markers showed sub-structuring adtiamese chickens (Cet al., 2010)
and a close relationship between the Vietnameskehs of the Ha Giang province with
Red Jungle fowl populations (Berthowy al., 2009). Based on mtDNA analysis, Léti

al. (2006) found the distribution of the Vietnamedacken samples in two different
clades. The latter study, however, was based onlyaosmall number (n = 3) of
Vietnamese chicken samples. The current study &ongetermine the degree of shared
maternal mtDNA haplotypes between Vietnamese labatken breeds, and hence to

reveal maternal lineages of origin.

Materials and methods
Populations and blood sampling

The study was carried out in nine Viethamese latatken breeds. These breeds are
located in eight different districts in four agroedogical zones from both the southern
and northern parts of Vietham. The Ho breed was ikepnly one village (Ho Village) in
the Red River Delta in the North whereas the RiBawd Vang breeds are raised in almost
every household in the North and in the South,eetbygely. Two breeds, Dong Tao and

Mia, are kept in the Red River Delta. The Te chinskare assumed to carry a dwarf gene.
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However, information on the distribution of thedeckens in Vietnam is not available.
The Choi chickens are game birds reared at mammggplacross the country. The Ac and
H’mong chickens, mainly kept in the South and Nordspectively, are used for making
traditional tonics to treat old or sick people. TFeem Hoang and Luong Phuong Chinese
breeds, which were included for comparison wereoirtgal into Vietnam in 1995 and
2003, respectively, and have been kept as consamviicks at the National Institute of
Animal Sciences (NIAS) since that time. On averddeod samples were taken from 20
randomly selected individuals per Viethamese brédéreby, one male and one female
were sampled per household. In addition, blood $esnfrom 21 birds of each of the

Chinese breeds were collected.
MtDNA amplification and sequencing

A fragment of 455 bp from the mtDNA D-loop regiorasvamplified using primers
MtGlu-F (5-GGCTTGAAAAGCCATTGTTG-3") and mtGlu-R {€CCAAAAAGAGA
AGGAACC-3"). Due to their circular nature, thesanmrs are positioned at bases 16739
— 16775 (forward primer) and 649 — 668 (reversener) of the complete mtDNA
sequence of domestic chickens (X52392, Desjardind #lorais, 1990). PCR
amplifications and sequencing were done as desthiyeMuchadeyiet al. (2008). To
align DNA sequences, AlignIR software was used QFInc. Nebraska, USA). The list
of sequences used in this study and the correspgri@enBank accession numbers are
provided in Table S1.

Statistical analysis

The position and number of polymorphic sites ad aglcorresponding haplotypes were
calculated using MEGA v. 3.1 (Kumat al, 2004). The distribution of haplotypes in the
samples was computed using TCS v. 1.2.1 (Clenetnal, 2000). Median joining
networks of haplotypes were constructed following algorithm of Bandekt al (1995)
and using NETWORK v. 4.5.1.0 (http://www.fluxus-@mgering.com/sharenet.htm). As
reference, network analysis was used first to er@askeleton which was based on the
most frequent haplotypes of the nine clades ofsLnétwork (Liuet al, 2006) and the
three additional clades (D, G and F) of Gitaal. (2007). This skeleton assigns clades to
suggested regions of domestication in chickensgchvhivere Yunnan and/or surrounding
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areas (Liu’s clades A, B, F and G), South and Seesth China and/or surrounding areas
and Southeast Asia (Liu's clade C, D, H, | and '®ldade D, F, G), and the Indian
subcontinent (Liu’s clade E). Nomenclatures of thee clades reported by Liet al
(2006) were used as reference for the clade natatithis study. The sequences used for
alignment consisted of 455 bp. Various networksemeonstructed by using different
epsilon €) values ranging from zero to 20. There were netarable differences among
the different networks except a slight increas¢hm network connections where clades
joined. The median network presented used an epsétue of 5. The haplotype and
nucleotide diversities of breeds were computedgu8iRLEQUIN v. 3.1 (Excoffieret al,
2006).

To analyse if mtDNA clades also differed at theogomal level, the data obtained from
genotyping 29 microsatellite markers of these 2&#viduals (Cucat al., 2010) was
used. These individuals were labelled accordingthteir clade affiliation based on
MtDNA sequences. The microsatellite genotyping dagee used in the Bayesian model-
based clustering as implemented in STRUCTURE v.12t8 cluster individuals to a
varying number of K clusters @ K < 8) (Pritchardet al, 2000). Runs within each K-

value showing a similarity coefficient of 0.95 amdher were considered as identical.

Results
Network profiles of the clades

The distribution of clades is shown in Figure Igiiiclades A to G, and | were found in

the chicken breeds studied. Clades A, B and E werenost frequent whereas clades F,
G and | consisted of a small number of individwalsy. Within each of three clades A, B

and E, the major haplotypes were Al, B1 and E1 mpessing 70%, 77% and 57% of
each clade, respectively. The major haplotype aflelD was D1, of which 50% was

observed in the Choi breed (Table S2).

Breed distribution within clades

The Viethnamese local chickens were found in alhedjades (Figure 1). The distribution

of the Vietnamese breeds into clades was not cetattheir geographical distribution.
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The most frequent clades A and B included all Mregnamese breeds. A considerable
proportion of Vietnamese local chickens belongedade D while only a small number
of Viethamese chicken was assigned to the five ménmaclades (C, E, F, G and I). In
contrast, the majority (76%) of Chinese chickensaneund in clade E whereas no

Chinese chickens were observed in clades D, GdH.an

TE m AC
HMONG m TAU VANG
MIA m LUONG PHUONG
= RI TAM HOANG
A3
- O m DONGTAC  LIU etal (2006)
= CHOI OKA et al. (2007)

o HO

Mﬂﬁﬁ CLADE C

CLADED

° 912
@*‘L—’ Il | CLADEI

Liu H1 OkﬂiG'l

Figure 1. Median network profile of the mtDNA D-loop haplog$ observed in the
current study. Data merged with sequences of nimgptotypes reported by Liat al
(2006) and Okt al (2007). The circle size corresponds to haplofypguency, and the
numbers on the line correspond to mutational pmssticonnecting haplotypes. Empty

circles are median vectors used in connectingeéctly related haplotypes.
Within-population diversity

Eight clades (A-G and I) were formed by 37 haplesypof which 25 were only found in

the Vietnamese local breeds, six haplotypes weeergbd exclusively in the Chinese
breeds, and the remaining six haplotypes were camifiable S3). The lowest haplotype
diversity (0.615 + 0.105) was estimated in the Heel, while the highest corresponding
value (0.942 + 0.034) was observed in the Tau taegd (Table 1).
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Table 1. Polymophic sites, haplotype and nucleotide dityedf chicken breeds under study.

Breed Agro ecological  Study area N No. of No. of Haplotype

zone Polymophic sites Haplotypesdiversity (xSD)
H’mong Northwest Mai Son, Son La 20 23 6 0.778056.
Mia Red River Delta Duong Lam, Ha Tay 20 10 7 0.737 £0.094
Ri Hoai Duc, Ha Tay 20 22 12 0.911 +£0.045
Ho Thuan Thanh, Bac Ninh 20 8 4 0.615 +0.105
Dong Tao Khoai Chau, Hung Yen 20 20 7 0.768 £ 0.080
Te Ba Vi, Ha Tay and NIAS0 14 5 0.716 + 0.086
Choi South Central Coast Ninh Hoa, Khanh Hoa 19 15 4 0.754 + 0.053
Ac Mekong Delta Tan an, Long An 21 13 5 0.767 £ 0.053
Tau Vang 20 24 13 0.942 £ 0.034
Luong Phuong(imported from NIAS 21 19 8 0.852 + 0.053
Tam Hoang China) 21 11 7 0.705 £ 0.095
Total 222 43 37 0.849 +£0.184

46
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Relationship between mtDNA and autosomal genetictsire

The results of the STRUCTURE analysis from K = Xte 6 are shown in Figure 2. The
repeatability, i.e., the number of runs giving tesuth similarity coefficient> 0.95,
varied from 34 to 100 from K = 2 to K = 6, while mentical runs were found at K = 7
and 8 (data not shown). For all K values, the mtDddAined clade E was found as a pure
cluster at the autosomal level while the other seméDNA defined clades were mixed to

different degrees (Figure 2).
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Figure 2. STRUCTURE based clustering using microsatellitmoggpes of chicken
groups assigned to eight mtDNA clades. Individuais labelled according to their clade
affiliation based on mtDNA sequences. Number ineptresis is the number of runs

giving an identical result (similarity coefficient0.95).

Discussion

The majority of the Vietnamese local chickens earnntDNA haplotypes that clustered
in clades A and B. Based on the skeleton of sumposgions of domestication, this
finding suggests the existence of two maternalalyes dominating in the Vietnamese
local chickens which presumably originate from Yannand surrounding regions in
China (Liuet al, 2006). Fourteen percent of Vietnamese chickesreiound in clade D

indicating that this clade also contributed consfify to the Viethamese local chickens.



39 CHAPTER MitochondrlaNA genetic diversity 48

Liu et al (2006) and Okat al. (2007) suggested that this clade has its root uttgast
Asia, South and Southwest China and/or surroundirgas (i.e., Vietham, Burma,
Thailand, and India). This finding would be in agmeent with historical records of
human immigration from southern China to Vietnaniiel people are inhabitants in the
Southeastern coast of China and are the ancedttie €antonese, i.e., Guangzhou and
Guangxi Southern Chinese people. By tffec8ntury B.C., Yiieh people emigrated from
Southern China to the Red River Delta of Vietnard amxed with the indigenous Van
Lang Viethamese population (Taylor, 1983). Addisityy Southern Chinese people from
Yunnan, Guangzhou and Guangxi Provinces arrivetdealNorth of Vietham and moved
to the South from the f7to the 18 century A.C. (Nyiri and Saveliev, 2002).
Descriptions of immigration always state that peopt a family moved together with
their animals which could result in the introduatiof chickens from Southern China into
the North and the South of Vietnam. While Yunnaot and Southwest China might be
seen as region of origin of the Viethamese chidikeeds, the majority of individuals of
Chinese breeds in this study were not assigneteset maternal lineages. This finding
indicates that two Chinese breeds kept at NIAS alorepresent the breeds of Yunnan,
South and Southwest China.

The high proportion of haplotype D1 found in theoCbhickens is in agreement with
findings of Liuet al (2006), who reported that clade D mainly consisiegame birds.
On the other hand, the clustering of the remair@@ngi chickens in clades A and B is
consistent with the study of Oleat al. (2007) who found game birds assigned to their
clades B and E. Consequently, our findings sugipastthe game breed Choi is a mixture

of multiple maternal lineages.

A small number of Viethamese chickens distributedlades C, F, G and | indicates that
these clades have little contribution to Vietnamebiekens. A small portion (2%) of
Vietnamese local chickens was observed in cladeorginating from the Indian
subcontinent (Liwet al, 2006), which otherwise harboured mainly the @senchickens
studied. Vietnamese local chickens in this clad#uihed the Ri and Tau Vang breeds.
This observation may indicate a possible exchamgermetic material between the Ri and
Chinese chickens due to the wide distribution eff@ chickens, while the Chinese origin
of the Tau Vang breed (Linh, 2005) is known andl@xg the distribution of this breed in

both Vietnamese and Chinese clades. This findiradsis in agreement with the analysis
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at the autosomal level in which the Tau Vang br&salved clear admixture between the
Chinese and Vietnamese gene pools (€., 2010).

Although the majority of the Viethamese chickendal® in this study were assigned to
clade A and B, the Vietnamese breeds were fountetdiighly polymorphic in the
MtDNA D-loop region. Estimates of haplotype divarsianged from 0.62 to 0.94 in this
study and were higher than reported previously. hdeyiet al (2008) found the
haplotype diversity ranging from 0.61 to 0.73 amdnf 0.27 to 0.78 in Zimbabwean
chickens and purebred lines, respectively. kiual (2004) pointed out three of 12
Chinese breeds with only one haplotype. The higirekeof diversity of the Vietnamese
breeds is in agreement with previous reports shgvhigh diversity at the autosomal
level analysing microsatellites (Granevigteal, 2007; Berthoulyet al, 2009 and Cuet
al., 2010).

Comparing results of phylogenetic relationship gsimtDNA polymorphism and
autosomal microsatellites it becomes obvious thatGhinese breeds cluster together and
are separated from the Vietnamese local breedsy usith genetic marker systems,
indicating a clear genetic differentiation betwettrem and the Vietnamese breeds.
Although Tieu et al. (2008) assumed that the Chinese chickens from NivaSe
introgressed into local Viethamese chickens, ogulte do not support this hypothesis,
except for the Ri and Tau Vang chickens. In conttasnicrosatellite analyses, which
found that clustering of Vietnamese local breeds aaelationship to their geographical
distribution (Cucet al, 2010), no sub-structuring was found between\legnamese
local breeds at the mtDNA level. The different fesobtained in both types of markers
could be due to the different mode of inheritandalike autosomal genetic markers,
MtDNA transferred from mother to offspring is neaarranged due to recombination and
less affected by gene drift (Johnsen al, 2003). In addition, mtDNA has a lower

mutation rate than microsatellite as argued byrteewdt al (2004).

In conclusion, mtDNA analysis done in this studggests that Viethamese breeds are of
multiple maternal origins, and lineages are disted across the country. Human
immigration from the North to the South in the @mtitime could result in the wide

distribution of these lineages in both parts oftian. In terms of Chinese breeds, results
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showed that the studied breeds are not relatedetmadfmese breeds at both genetic levels
expect for Ri and Tau Vang.
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Supplement Table S1. Haplotype names and accession numbers of chickehl A

sequences used in this study.

Haplotype name

Accession number Reference

Al-A9
B1-B8
C

D1-D5

E1-E9

Gl-G2
11-12
Liu_Al
Liu_B1
Liu_C1
Liu_D1
Liu_E1
Liu_F1
Liu_G1
Liu_H1
Liu_I1
Oka_D6
Oka_G1

Oka_F1

GU564361

GU564370

GU564378

GU564379

- GU564369 This study
- GU564377 This study

This study

- GU564383 This study

GU564384- GU564392 This study

GU564393

This study

GU564394- GU564395 This study

GU564396- GU564397 This study

AB114069

ABO07744

AB114070

AY588636

AB114076

AF512285

AF512288

D82904

AB009434

AB268535

AB268545

AB268543

Liuet al.(2006) haplotype Al
Liuet al.(2006) haplotype B1
Litet al.(2006) haplotype C1
Liuet al.(2006) haplotype D1
Litet al. (2006) haplotype E1
Lieet al.(2006) haplotype F1

Litet al. (2006) haplotype G1
Liuet al.(2006) haplotype H1
Liuet al.(2006) haplotype 11

Okat al.(2007) haplotype D6
Oket al.(2007) haplotype G1

Oket al.(2007) haplotype F1
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Supplement Table S2. Distribution of mtDNA D-loop haplotypes in nine &nhamese
local chicken breeds and two Chinese breeds.

Hap. H'mong Mia Ri Ho Dong Te
Tao

Choi Ac Tau Luong Tam
Vang Phuong Hoang

Total

Al 6 3 4 3 1 3
A2 1 2

A3 2

A4 2

A5 1
A6 1

A7 1

A8 1

A9
Bl
B2
B3
B4 1
BS

B6 1

B7 1
B8 1
C 1

D1 1
D2
D3
D4
D5
El
E2
E3
E4
ES
E6
E7
ES8
E9
F 1 4

Gl 3
G2 1

11

12

A~
N
= o
w
N
w

H
H

N -

3

~N w

1

N 0O o

3

=N

H

2

W w

[ERN

N
(o]

PRRPRRPRPNNDW

=
~
m(ﬂ

PRPRPRPWwORRPRRPRRPNNNOWAOORPRPNO R gRrRPRRPRRPRRRE

o

Total 20 20 20 20 20 20

19

21

20

21

21

222
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Supplement Table S3. Variable sites for 37 mtDNA haplotypes observed1 chicken

populations.

111111111 1111111222 2222222222 2222333333 333
8155667788 8899999001 1223445566 6789001112 469
5919492706 8914589683 7263684827 9424673594 398

Al TCTAGITTCC TAAGICATTC CTAACCCTCC ATCATTACTA CCC

A2 T o

A3 e e T..G
A4 LG LG

AS oL G .

A6 Co e

AT e e e T

AB ... T

A9 LT e

BT .T..A.C. ..... T.... oo T ... .. ..

B2 .T..A.C. ..... T.... ... T...T ..o oo

B3 . T..A.C. ..... T...T ..... T...T ..o oo

B4 . T..A.C. ..... T.... ... T o

BS .T..A.C. ..... T.... oo T..... C

B6 .T..A.C. ..... T.... oo T. C....

B7 .T..A.C. ..... T Too T ... ...

B8 .T..... C. ..... T... oo T ... ...

c .T..... C. .AC...C ... .G LT .G ..TC

DI . T..... C. . ..C..CT ...G..CT. ..........

D2 .T..... C. . ..C..C ...G..CT. .......... T
D3 .T..... C. ..C..CT ...G..CT. G.....

D4 . T..... C. .C..CcT ... GL.CT G
D5 . T..... C. .CT..CT .CG...T. ..........

El .T...CC. LCLoCT T o T
E2 .TC..CC. .CLo.CT T o T
E3 .T...C.C. .C..C o T .. T....... T
E4 .T...C.C. LCLoLCT T. G..... T
ES .T..... C. LCLoLCT T o T
E6 .TC....C. LCLo.CT T o T
Er .TC..CC. LCLo.CT T o TT
E8 .T...C.C. LG T o T o

E9 .T...CC. ....C..CT ........ T o

F ST CTC..Cl.CCT ........ TT C........ T
Gl .T..A .C. .C..CT ..... AT.TT .C....... T
& . T..A.C. ....C..CTT AT.TT .C........ T
11 .T..A.CT. .G.CT.... ...G T ... CT.. T
12 .T..A.CI. .G.CT..C. ...GI...T. ..... CT.. T

Dots indicate nucleotide positions identical tosho@f Haplotype Al

Numbers at the top refer to variable sites andespand to the nucleotide positions of
Haplotype Al.
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Summary

The objective of this study was to characteriseéndimese local chickens in relation to
other Asian breeds from China and wild chickensngismolecular markers. The
populations collected in Vietnam encompassed nie¢n&mese local breeds and two
breeds originating from China but kept in Vietnaks.a reference, data of 14 indigenous
breeds from China and three Red Jungle Fowl popanat (Gallus gallus gallus and
Gallus gallus spadiceus) were included. All indbats were genotyped at 29

microsatellite loci.

Using the software package STRUCTURE we found ldestdustering of this diverse
gene pool at K = 5, in which the Vietnamese brekuimed a homogeneous group
separated from the other breeds (except for then€dd Chahua breed) while the
Vietnamese breed Tau Vang and the Chinese breedahilseem to share part of their
genome with both local Viethamese and Chinese brédus finding demonstrates that
the Vietnamese chicken breeds are geneticallyreiftefrom the Chinese breeds. To
estimate the degree of uniqueness of the Vietnabtesds we analysed the contribution
of a single breed to the total diversity of all ettbreeds and to the diversity of the three
Red Jungle fowl populations, respectively. Resalisaled that the average contribution
of the Vietnamese breeds is higher than that ofeference Chinese breeds to the core
set. However, contributions to the set encompastiegRed Jungle fowl populations
were lower for Viethamese populations than for @ean breeds. This finding suggests
that the Vietnamese breeds are closer to Red Jurmid populations than the Chinese

breeds.

Keywords. Asian chickengenetic diversity, phylogenetic structure, micrefaes.

I ntroduction

Microsatellites are considered as powerful tool foeasuring genetic differentiation
between closely related livestock breeds (FAO, 19B&cently, different studies have
been published to assess genetic relationshipsebatwehicken breeds kept in the

different countries using this type of marker. Mar et al (2007) found genetic
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subdivision between Kenyan/Uganda and Sudanesgidhio chickens. Studies
characterizing European and Asian chicken breedstl{Buly et al, 2008) or a wide
range of chicken breeds and lines from variousigents and management systems
(Granevitzeet al, 2009) showed that relationships between pomurativere related to

their geographical origin and breeding histories.

Vietnam and China are located in Southeast Asia aitommon borderline of 1 350 km
(GSO, 2008). Human migration from Southern Chin¥ittnam in the % century B.C.
and from the 17 to the 18' century A.C. (Taylor, 1983; Nyiri and Saveliev,(2)
suggests introduction of Chinese chickens to VietnBased on mitochondrial DNA
(mtDNA) sequence analysis, Liet al (2006) showed that one Vietnamese chicken
sample clustered in a clade originating from Soatid Southwest China and/or
surrounding areas. Recently, Cat al (2010b) found that Vietnamese local chicken
breeds presumably originated from Yunnan and adjaeeeas in China, South and
Southwest China and/or surrounding regions studymt@PNA polymorphism. In
contrast, a clear differentiation between the bseefl Viethamese gene pool and two
breeds of Chinese origin kept at National Institoftédnimal Sciences (NIAS) was found
at both mtDNA and autosomal levels (Getcal, 2010a and b). However, this study was
based on only two Chinese chicken breeds kept dautsif China and may not
comprehensively represent the Chinese chicken peole Therefore, it remains still open
to what degree chicken breeds of the Vietnamese pgenl separate from Chinese. The
aim of the current study was to characterise tfferéntiation of Viethamese local breeds
from Chinese local chickens including a wider ranfendigenous Chinese breeds taken
from a previous study. Furthermore, we estimatedctintribution of a single Viethamese
breed to the total diversity of all other breedsigtd as well as to the diversity of a set of

three Red Jungle fowl populations.

M aterials and methods
Chicken breeds

The current study used microsatellite genotypesridkom previous studies (Chenal.,

2008 and Cuet al, 2010a). In both studies, genotyping was dorteersame laboratory,
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and standard samples were used to adjust for adledeing. Nine Vietnamese local
chicken breeds and two Chinese breeds kept in Nig\®ell as 14 Chinese indigenous
chicken breeds and three Red Jungle Fowl populationeGallus gallus gallusaand two
Gallus gallus spadiceusopulations) were included. The list of the 28 kbit breeds is
shown in Table 1. Detailed description of theseytaons and sampling is given in the
previous reports (Hillekt al, 2003; Cheret al, 2008 and Cuet al, 2010a). In brief,
samples of the Viethnamese breeds were randomlyntdian households in eight
different districts of four agro-ecological zonesrh both the southern and northern parts
of Vietham (Cucet al, 2010a). The two breeds, Tam Hoang and Luong iRjjuoom
now on named NIAS Chinese breeds in this study,ewandomly selected from
conservation flocks at the National Institute ofirAal Sciences. They were imported
from China to Vietnam in 1995 and 2003, respecjiv@lhe other 14 Chinese breeds
(from now on named reference Chinese breeds) vampled from conservation flocks
kept at the Poultry Institute, Academy of Chinesgriéulture Sciences, Yangzhou and
the Centre of Poultry Resources, Anhuni, China (GHel, 2008). The three Red Jungle
Fowl populations included one populatidgallus gallus spadicedigrom China (Cheret
al., 2008) and two population§éllus gallus gallusand Gallus gallus spadicejirom
Thailand collected during the EU project AVIANDIW{llel et al, 2003).



4" CHAPTER Genetic diversity comgzhto Chinese breeds 61
Table 1. List of 28 chicken breeds of which data takemfiarevious studies.
Country Breed No. of individuals Reference
Vietnam H’mong 31 Cucet al
Dong Tao 32 (2010)
Ho 32
Mia 32
Ri 32
Te 32
Choi 33
Tau Vang 33
Ac 32
NIAS breeds of Chines Tam Hoang 32
origin Luong Phuong 32
China Xianju 38 Chenet al
Chahua 38 (2008)
Luyuan 34
Gushi 40
Tibetan 38
Baier 34
Dagu 35
Henan game 33
Langshan 40
Taihe silkies 40
Xiaoshan 40
Beijing Fatty 38
Huainan partridge 32
Wannan three yellow 32
Gallus gallus spadiceus 30
Thailand Gallus gallus spadiceus 26 Hillel et al
Gallus gallus gallus 30 (2003)
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Genotyping

Genotyping of 29 microsatellites used in this stuehs done by PCR as described by
Granevitzeet al (2007). The RFLPscan software (Scanalytics Divisif SSP, Billerica,

USA) was applied for electropherogram processimgadiele scoring.
Cluster analysis

Population structure was determined using a modséd clustering as implemented in
the STRUCTURE software to cluster individuals tovarying number of K clusters
(Pritchardet al, 2000). Since we were interested in assessingdparation of the gene
pool of Viethamese local breeds from the Chineseram the analysis only from K = 2 to
K = 6. The analysis of STRUCTURE was done as desdrby Granevitzet al (2009)
with 100 independent runs for each K value. The SOEFF software (Rosenbeegjal,
2002) was used to compare repeated runs, and@swuith over 95% similarity were
considered identical. In addition, a method proddsg Evannaet al (2005) to detect the

optimal number of clusters was applied.
Phylogenetic network

Marker estimated kinships (MEK) between and witlmapulations were calculated
according to Eding and Meuwissen (2001). Calcutattd MEK based on similarity
indices used the Weighted Drift Similarity modelli@boek et al, 2006). The kinship
matrix was transformed into a distance matrix arsgduas an input file for the
SPLITSTREE v. 4.6 (Hudson and Bryant, 2006) to troies a phylogenetic network.

Genetic differentiation between breeds and pridieles

The average 4t estimates (Weir and Cockerham, 198djween breeds within groups of
the Viethnamese, NIAS and reference Chinese and Rewle Fowl populations,
respectively, were computed using FSTAT v. 2.9(&»udet, 2001). The numbers of
private alleles of these groups were calculatedgughhe Microsatellite Toolkit v. 3.1.1
(Park, 2001).
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Optimal core set contribution and ‘sadet’ analysis

The relative importance of each Viethamese and NGkthese breed was assessed by
calculating the optimal contributions to a core satcore set is a mixture of populations
composed such that the genetic overlap within e set is minimized. Kinship is
defined as the probability that two alleles randprsbmpled from a population are
identical by descent. Therefore, if the averagsHimin a set of breeds is minimized, the
fraction of alleles descending from the same aocestll be minimized as well,
eliminating much of the genetic overlap betweenupaons. Hence, the contribution of
each breed to the core set is adjusted such thahéan kinship is minimized. Moreover,
since the fraction of founder additive genetic ande is proportional to (1 — f ), where f
is the mean kinship, it follows that minimizing timean kinship within the core set

maximizes the additive genetic variance presettiercore set.

Optimal contributions were derived according to ri§dat al. (2002) from a matrix
containing the mean kinship within (diagonal) aretween (off-diagonal) populations.
These ‘optimal contributions’ provide a ranking lmeeds according to the amount of
genetic diversity they contribute to the total dsigy present in a set of populations. This
enables the evaluation of the relative importanceazh breed to the conservation of
genetic diversity. For more details, see Edhgl (2002).

To assess the degree of unigueness of the Vietmabnesds relative to Red Jungle fowl
populations, a ‘safe set’ analysis was performeding et al, 2002). In this type of
analysis a baseline set (the ‘safe set’) is defifiénik ‘safe set’ contains populations that
are either considered safe from extinction or heaiori been chosen for conservation.
Populations not in the safe set are included is $let each in turn. For these alternative
(safe + i) sets the contributions are optimized #mel conserved genetic diversity is
calculated. The difference in conserved genetiemity (defined as 1 — f ) between the
safe set and the (safe + i) set is taken as thetigativersity the one non-safe population
adds to the safe set. This added diversity is aseah indicator of the relative importance
of a population in relation to the safe set. Fa shke of the analysis we assumed three
Red Jungle fowl populations are safe. A set ofdltesee populations was defined as the
‘safe set’. We compared the diversity lost by ordtaining this existing ‘safe set’ to the

‘safe set plus one’ of the other breed. Both thal tgenetic diversity of the existing set
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plus one Vietnamese breed - Div(S + i) - and thverity added by a single Vietnamese
breed to the ‘safe set’ - d(i) - were calculated.

Results
Cluster analysis

Results of STRUCTURE analysis for a clustering gbeof 28 breeds into two (K = 2)
and five (K = 5) clusters, respectively, are giverFigure 1. At K=2, we found highly
repeatable clustering with 100% identical soluti@isthreshold of 0.95 of similarity
coefficients between runs. At this level of clustgrthe Vietnamese breeds grouped
together with the Red Jungle Fowl and were sepédritan the NIAS and reference
Chinese breeds (except for the Chinese Chahua)lyidgpthe method of Evanno
(Evannoet al, 2005) suggested an optimal clustering at K ABK = 5, Viethamese
breeds clustered together with the Chinese Chahediforming one cluster, and the
Red Jungle Fowl populations made up their own etusthile the NIAS and the other
reference Chinese breeds formed the other remaithireg clusters. The two NIAS
Chinese breeds clustered together with the heady beeight type of breeds of the
reference Chinese breeds whilst the ViethameseVEag and Chinese Tibetan breeds
appeared as admixture populations between Vietraaras Chinese gene pools.
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Figure 1. Clustering of 28 populations under study. Nunibgrarenthesis is the number
of identical solutions of 100 repeats at 95% thoésh

Key: HM = H'mong; DTAO = Dong Tao; TVANG = Tau VgnRJFSG_T = Thailand
Gallus gallus gallusRIJFS T = Thailandsallus gallus spadiceusRJFS_C = Chinese
Gallus gallus spadiceusHA = Chahua; TIB = Tibetan; XIA = Xianju; GUS = 6lu;
BAI = Baier; WUG = Taihe Silkies; HP Huainan Pagtie; LAN = Langshan; DOU =
Henan game; WTY = Wannan Three-yellow; DAG = Dag@U = Beijing Fatty; LUY
= Luyuan; XIS = Xiaoshan; LP = Luong Phuong; THanTHoang.

Phylogenetic network

The phylogenetic network constructed from the kipghstances of 28 breeds is shown
in Figure 2. The Vietnamese breeds clustered cglosath the Red Jungle fowl

populations and the Chinese Chahua breed, but seg@rated from clusters of the other
reference and NIAS Chinese breeds, with the ViegsnTau Vang and Chinese Tibetan
breeds in the middle. The Red Jungle fowl poputetishowed longer branches than the

Vietnamese breeds.
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Figure 2. Phylogenetic network of all 28 populations.

Key: HM_VN = H’'mong; MIA_VN = Mia; RI_VN = Ri; TEVN = Te; HO_VN = Ho;
DT_VN = Dong Tao; CHOI_VN = Choi; AC_VN = Ac; TV_VN Tau Vang; LP_Ex =
Luong Phuong; TH_Ex = Tam Hoang; CHA Chi = Chah@i#B_Chi = Tibetan;
XIA_Chi = Xianju; GUS_Chi = Gushi; BAI_Chi = BaieHP_Chi = Huainan Partrigde;
DAG_Chi = Dagu; DOU_Chi = Henan game; LAN_Chi = gahan; WUG_ Chi =
Taihe Silkies; XIS_Chi = Xiaoshan; YOU_Chi = Bag Fatty; WTY_Chi = Wannan
Three-yellow; LUY_Chi = Luyuan; RJFSC = ChingSallus gallus spadicey§ RIFGT
= ThailandGallus gallus gallusRJFST = Thailanéallus gallus spadiceus

Genetic differentiation between breeds and pridieles

The average pairwisest-estimates between breeds and the number of praliales of

Vietnamese, reference Chinese and Red Jungle Fapulgtions are shown in Table 2.
The average 4t estimate between breeds in the group of the \Vietis® breeds was
lower that that of both the reference Chinese lseedl Red Jungle Fowl populations.
Considering the number of private alleles, the geoel of Viethamese local chickens
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had 34 private alleles. From these 34 privateed|e25 alleles occurred at a frequency of
less than one percent, while the remaining varrechf1.21 to 4.51%. In comparison,
almost all (15/16) private alleles found in theerehce Chinese breeds had a frequency of

less than one percent and only one allele occatradrequency of 2.94%.

Table 2. The averagedr estimate between breeds and unique alleles igrthgs of the
Vietnamese, reference Chinese, Red Jungle FowN&8 Chinese breeds.

Population group Number of breedBst £ SD Number of Unique alleles
Vietnamese 9 0.0511 +0.0298 34

NIAS Chinese 2 0.062 1

Reference Chinese 14 0.1506 £ 0.0501 16

Red Jungle Fowl 3 0.1718 +0.0514 8

Optimal core set contribution and ‘safe set’ an&ys

Contributions of the Viethamese breeds to the seteand to thésafe set’ (consisting of

a set of Red Jungle fowl populations) are showmahle 3. The total conserved genetic
diversity in the core set was 0.970, while totaledsity of the Red Jungle Fowl existing
set was 0.920. This result suggests that 97% and, 92spectively, of the genetic
variance in the founder population is conservethexcomplete set of breeds and the set
of Red Jungle Fowl populations, respectively. Theerage contribution of the
Vietnamese breeds is higher than that of the neéereChinese breeds to the core set.
However, contributions to the ‘safe set’ were lovi@r Vietnamese populations than for

Chinese breeds.

Within the group of Vietnamese breeds, the higluesttribution to the core set was
observed in the Ac breed while the lowest was faarttie Ho breed. The diversity added
to the ‘safe set’ by individual Vietnamese popuas was highest for the Tau Vang and

lowest for the Ho breed.
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Table 3. Genetic contribution and added genetic diversit}1l populations under study
to total diversity of all other breeds and to aessét consisting of three Red Jungle Fowl

populations.
Breed Red Jungle fowl
Contribution Div (S+H) d(@)*1000

Safe set 0.920

Vietnamese Ac 0.0555 0.936 16.296
Choi 0.0433 0.935 14.951
H’Mong 0.0424 0.937 17.076
Tau Vang 0.0416 0.936 17.721
Mia 0.0362 0.936 16.426
Te 0.0268 0.935 14.834
Ri 0.0198 0.935 15.342
Dong Tao 0.0171 0.934 14.751
Ho 0.0156 0.935 14.374
Mean 0.0331 0.935 15.752
SD 0.0140 0.001 1.169

NIAS Chinese Luong Phuong 0.0602 0.939 18.574
Tam Hoang 0.212 0.936 15.790
Mean 0.1361 0.936 17.182
SD 0.1073 0.002 1.967

Reference ChineseMean 0.0285 0.937 10.645

0.0162 0.002 1.532

Key: NIAS = National Institute of Animal Science.
Div (S+) = total diversity of the safe set plus one popaofg d() = diversity added by
breed i to safe set S.
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Discussion

A separation of the Viethamese breeds from theRW&S Chinese breeds found in this
study indicated that the two NIAS Chinese breedsidbshare their genome with the
Vietnamese breeds. This finding strengthens annaegti from a previous study at the
MtDNA level (Cucet al, 2010b) that there is no gene introgression esehtwo NIAS
Chinese breeds into local Viethamese chickenshEuriore, clustering the two NIAS
Chinese breeds together with the reference Chimesals indicates that these two breeds

are part of the Chinese gene pool.

The results of STRUCTURE and phylogenetic relatigmsanalyses indicated a clear

genetic difference between the Viethamese andarder Chinese breeds (except for the
Chahua breed kept in Yunnan). The genetic disincbf these populations suggests
genetic isolation for a long time and limitation géne flow between breeds with an
exception of the Chahua breed. Gene flow mightibddned as populations of both gene
pools are kept in two different countries (i.e.ewiam and China). Clustering of the
Chahua breed with the Vietnamese breeds might bdalthe close neighborhood of the
Yunnan province. Human migration from Southern @k people (i.e., Yunnan) to

Vietnam (Taylor, 1983; Nyiri and Saveliev, 2002)ytave led to interbreeding between
breeds of the Yunnan region and the Viethamesekehibreeds. Based on mtDNA

analysis, Cucet al (2010b) found that Vietnamese domestic chickerasy rhave

originated from Yunnan, South and Southwest Chirtila surrounding areas.

The Vietnamese breeds clustered into one homogsrgoup while the Chinese breeds
grouped into three clusters. In addition, average detween Vietnamese breeds was
lower than between Chinese breeds (Table 2). Thasvs that differences between
Chinese breeds are more pronounced than betweénaXiese breeds which might be
attributed to lower geographic distance and higbene flow within the group of

Vietnamese breeds.

Although the number of Viethamese breeds studied l@aver than the number of
reference Chinese breeds (9 breeds vs. 14 bressisatively), the number of private
alleles observed in the Viethamese group was atvagé as high as in the reference
Chinese breeds. The large number of private alleteserved in this study supports the
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finding of Granevitzeet al (2007) who found that the Vietnamese H’'mong bresdied
the highest number of private alleles compared wide range of chicken populations

originating from various continents and managensgstems.

Optimised contributions of a single breed show wiatnamese breeds contributed more
to total genetic diversity than reference Chinesetls. The correlation between expected
heterozygosity and core set contribution was siggnitly positive (P<0.05, Figure S1)
Hence high core set contributions might be attedub the high genetic diversity within
Vietnamese breeds compared to reference Chinesdd(the heterozygosity values of

64% vs. 57%, respectively).

Detailed analyses of genetic contribution of eaddtnamese chicken breed to the total
core set and the set of Red Jungle Fowl populatstiasv that the Ho and Dong Tao
breeds scored consistently low. In contrast, timirg of other breeds differed between
the core set and the ‘safe set’ analyses. Espgcth difference in ranking of the Ac
breed in the core set and ‘safe set’ analyses ateticthat this breed adds considerable
genetic diversity to the total set while it sharmadch diversity with Red Jungle Fowl
populations. This suggests that the Ac breed caolahprise unique genetic features
compared to three groups of the Vietnamese, NIA&®ds, and Chinese breeds and could
be an important source of variation which contrésusubstantially to future breeding

programs.

Clustering of Viethamese breeds together with ted Rungle fowl populations at low K
values in the STRUCTURE analysis indicates that ietnamese breeds are more
similar to the Red Jungle fowl populations than fHAS and reference Chinese breeds.
However, at higher K values (K = 5) the Red Jurfghel populations split from the
Vietnamese breeds and formed their own clusteril&imphylogenetic relationships were
displayed in the network analysis, in which the Redgle fowl grouped together with
Vietnamese breeds but showed longer branches tmanVietnamese breeds. This
indicated that the Red Jungle fowl populations difeerent from Vietnamese breeds
which is inconsistent with previous reports of Berly et al (2009) who showed an
admixture between Viethnamese scavenging domesitikats in the Ha Giang province
of Vietnam and wild chickens sampled from differgetographic origins (i.e., Thailand
and Vietnam, but latter was maintained in a Fremcblogical park). This difference
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could be due to the different areas and populatgtndied. Our study included neither
chickens from the Ha Giang province nor Vietnamieed Jungle Fowl populations. On
the other hand, the Viethamese chicken gene pa@oedmore genetic diversity with the
Red Jungle Fowl populations than Chinese breedgestigg a rather close relationship
between the Vietnamese chickens and Red Jungle papulations. This has also been
shown in the phylogenetic network and STRUCTUREl@m®s, respectively, in which
the Vietnamese breeds clustered together with Redjld Fowl populations while
reference Chinese breeds (except for the Chahwaloveere separated. Del Hogo al
(2001) found that Southwest Yunnan, China and \dietrare part of the distribution of
Gallus gallus spadiceus and Gallus gallus jabouillEhis can be used to explain why the
Vietnamese breeds are closer to the Red Jungle poptilations than the Chinese
breeds, since almost all of them (13/14) are npt keSouthwest Yunnan, China. Further

studies involving these populations should be takenconsideration.

In summary, results from this study indicate thattiamese local chicken breeds are
genetically isolated from Chinese indigenous chickeeeds. The results reveal that the
Vietnamese breeds are more similar to Red Jungld populations than the reference

Chinese breeds.
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Summary

The objectives of this study were to estimate ecwasen potential of Viethamese local
breeds and to investigate optimal allocation of ssmvation funds to maximize genetic
diversity conserved between these breeds. Twemgymicrosatellites were genotyped in
353 individuals from nine Vietnamese local chickeeeds and two chicken breeds of
Chinese origin. The Vietnamese chicken breeds wanepled from the northern and
southern parts of Vietnam while the two Chinesetisehave been kept as conservation
flocks at the National Institute of Animal Scienddanoi. The Weitzman approach was
used to assess alternative strategies for consgrgenetic diversity between breeds.
Three different models, which reflect the range pafssible functions in typical
conservation situations, were applied. An averagenetion probability of 48.5% was
estimated for all Viethnamese chicken breeds. Tighesi conservation potential was
found in the Te, Dong Tao and Ac chicken breedereds the lowest corresponding
values were observed in the Ri and Mia chickendwe@&he conservation funds were
mainly allocated to the same three breeds (Te, Daamand Ac) under all three models.
This study suggests that conservation potentidhefVietnamese chicken breeds varies
considerably. The three breeds Te, Dong Tao andwitls the highest conservation
potential should be the prime candidates to becalled conservation funds if the
conservation budgets are limited. Population pties for allocation of conservation
funds in this case do not depend on the cost moskd,, so that a similar share of

allocation under all three models is given to tleeahd Dong Tao chicken breeds each.

Keyword: Weitzman approach, conservation priority, Vietnagndscal chickens,

allocation of resources

I ntroduction

The erosion and loss of animal genetic resourcasdvcompromise the flexibility of
future breeding measures and enhance rural develtp{RAO, 2007a). Poultry genetic
resources are considered to be the most endangadednder-conserved, and strategic
approaches to conservation at the national leved ne be developed and implemented
(Hoffmann, 2009).
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Weitzman’s (1992) diversity concept is widely usasl a formal approach to rational
decision making in livestock conservation. Weitzraaheory was applied in studies on
various farm animal species, such as chicken (Peteal, 2005), pig (Lavaét al, 2000
and Fabuelet al, 2004), cattle (Thaon d’Arnoldet al, 1998; Canoret al, 2001,
Simianer, 2002; Reist-Martet al, 2003, Simianert al, 2003; Tapioet al, 2006;
Zerabruket al, 2007 and Zandest al, 2009), horse (Thirstrupt al, 2008) and dog
(Leroy et al., 2009). The approach combines genetic diversitgsaesl at the molecular
level and extinction probabilities estimated by iseeconomic factors to derive
conservation priorities of breeds based on theinseovation potential. Using
conservation potentials for prioritizing breedsvesy efficient in selection of breeds for
conservation, when the objective of the consermaptan is to maximize the genetic
diversity conserved (Reist-Mart al, 2003; Simianeet al, 2003 and Zerabruét al.,
2007).

Although the conservation potential is considersdaagood indicator for conservation
decision, it does not give information on how téoedte the conservation budget to
maximize the conserved diversity. Simiaeeral. (2003) proposed an algorithm to find
the optimum allocation of a given quantity of cawséion resources to maximize the
expected diversity. This algorithm links conservatiexpenditures to reduction in
extinction probability and a range of possible fimts in the typical conservation

situation are suggested.

In Vietnam, besides one local chicken breed (Van Bieed) reported to be extinct, 11
breeds have been recorded in the World Watch higp:(/dad.fao.org), of which six
breeds have been decreasing in numbers and orgk ibregtically endangered (National
Institute of Animal Sciences, 2000). During recgears, some exotic chicken breeds
were imported to Vietham due to their high perfone& This could result in the
disappearance of Vietnamese local chicken bree@s €T al, 2008). National programs
on conservation of the Viethamese farm animal gemnesources have been initiated
since 1990 in order to prevent the extinction o€aloanimal breeds. However,
conservation decisions were made mainly based qulaion size information and
population trend of the breeds. Other indicatofectihg extinction probability of the
breeds and the contribution of the breeds to tpealetic diversity have not been taken

into account, and allocation of conservation fummdght not ensure to prevent the loss of
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national animal genetic resources in the long-t€frau et al, 2008). The objectives of
this study were to estimate the conservation piateot Vietnamese local chicken breeds
and to investigate optimal allocation of conseatiunds to minimize loss of genetic

diversity between these breeds.

Materials and Methods
Breeds

Nine Vietnamese chicken breeds and two breeds ofeSé origin were studied (Table
1). The Vietnamese Ri and Tau Vang breeds are t® popular dual-purpose, while the
other Vietnamese chicken breeds were kept for reiffepurposes (Set al, 2004), such
as cultural reasons (Ho, Choi and Mia breeds)uttigue feature of short and thick legs
(Dong Tao breed), dwarfism (Te breed) and trad#idonics (Ac and H’'mong breeds).
Samples of the nine Vietnamese breeds were callaoteeight districts of four agro
ecological zones located in both the northern andh&rn parts of Vietham. On average,
32 individuals were randomly taken for each bregddimpling one male and one female
per household. Two breeds of Chinese origin, Tarangcand Luong Phuong, were used
as reference populations. They were imported tondim in 1995 and 2003, respectively,
and kept as conservation flocks at the Nationalitiie of Animal Sciences (NIAS).
Blood samples from 32 Chinese individuals (16 maled 16 females per breed) were
collected and genotyped at 29 microsatellite l@as, described by Granevitzd al.
(2007).

Questionnaire administration

Data on general socio-economic factors were cateétom households who provided
chicken blood samples. A structured questionnaas administered to 15 households per
breed, except for the Te chicken breed for whicly dnhouseholds could be surveyed
due to their rareness. Information on change otdted population size over the last five
years, the risk of indiscriminate crossing, diseesetrol and production system of the
breed were captured during the interviews. Furtleeminformation on the farmer’s
sources of income, their participation in the farsnenion, the perception of the farmers

regarding the value of the breed such as speei#s ®nd socio-cultural importance were
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recorded. Data on estimated total population gieegraphical distribution of the breed
and conservation schemes were completed by Prelu TThe head of the National
Animal Genetic Resources Conservation Programs, anihe authors) based on his

knowledge of the breeds.

Table 1. Description of populations sampled in Vietham.

Breed Agro ecological Study area No.of  No. ofblood
zone interviewec samples
households

H’mong Northwest Mai Son, Son La 15 31
Dong Tao Red River Delta  Khoai Chau, Hung Yen 15 32
Ho Thuan Thanh, Bac NinhL5 32
Mia Duong Lam, Ha Tay 15 32
Ri Hoai Duc, Ha Tay 15 32
Te Ba Vi, Ha Tay 4 8

NIAS 24
Choi South Central Coaldinh Hoa, Khanh Hoa 15 33
Tau Vang Mekong Delta Tan an, Long An 15 33
Ac 15 32
Tam Hoang NIAS 32
Luong Phuong 32
Total 124 353

Current diversity, maximum-likelihood tree and gendiversity contribution

The total Weitzman diversiffp) of a setS, D(S) is identical to the ordinates of all

nodes in the maximum likelihood tree if the treawdn horizontally. The sum of the
branch lengths are reduced by the total heighhefttee to give the diversity (Thaon
d’Arnoldi et al, 1998). It is defined recursively as (Eding arehBewitz, 2007)

D(S) = r?ng-){ D(Sis) +d (i, i)l

where D(S )is the diversity function of any s&of breeds,S ¢ stands for seSwithout

breedi andd(i, S ) for the distance between breeahd the set without
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Reynolds genetic distance (Reynolds al, 1983) was estimated by PHYLIP 3.57c
software (Felsenstein, 1993). Weitzman’'s (1992)urgge algorithm was used to
construct maximum-likelihood tree. The maximum-ikeod tree is the evolution
scheme which maximizes the probability that evdgment of the setSexists at the
current time (Thaon d’Arnoldet al, 1998). Maximume-likelihood trees were illustrated

using TreeView 32 software (Page, 1996).

The contribution of an element is proportionaltie teduction in tree length caused by its

removal from the group. The contributianof breedi to the diversity of the se was

calculated as (Reist-Mawtt al, 2003)
c =D(S)-D(S\i)

whereD(S )is represented as the sum of the ordinates ofbdkes of the tree if the tree is

drawn horizontally;D(S\i )is the diversity of the set without breied

Extinction probability

In this study, we mainly used the scoring methoghssted by Reist-Marét al. (2003).
Our scheme encompasses 11 variables which we bdlelse the most relevant factors
affecting the survival and extinction probability Wiethamese chicken breeds. The
scheme is representative of different aspects, sash population description,
environmental impact and present value of the br@é& population description was
determined by two variables: total population s(®0OS) and the change of total
population size over the last five years (CHA). Bmvironmental impacts were reflected
by seven variables: distribution of the breed (DI8sk of indiscriminate crossing
(CRO), disease control (DIS), production system@pRrganization of farmers (ORG),
establishment of a conservation scheme (CON) andogaic development (ECO). The
present "value" of a breed was displayed by theéakbes of special traits (SPE) and
socio-cultural importance (CUL). The range of valuwas assigned based on the
estimated magnitude of the variable. The weightvafiables is shown in Table 2.
Extinction probability of the two Chinese breedssv&et to zero because it is assumed
that these breeds are safe in China.
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The three variables, population size, establist@tservation scheme and changing of
population size over time were scored by the highakies. The variables of population
size and established conservation scheme were teditpetween 0 for no impact on risk,
and 0.3 for high impact on risk. The variable o&eging of population size over time
was scaled from -0.1 to 0.2. These variables weegylved highest because current
population size and population growth trends aeenttost important factors determining
the risk status. Where populations are small, thera greater likelihood for a rapid
extinction. When population is above a certain pafon size, the risk can be regarded
as small. The more rapidly a population builds epetach the critical size, the less it is
exposed to the risk of extinction. Besides these wariables, further consideration is

given to active conservation program (Scherf, 2000)

The effect of geographic distribution of the breeas indicated by scoring between 0 for
no impact on risk and 0.2 for high impact on riSke latter pertained to the situation that
a limited geographical distribution of the popubatiis linked to a high risk of complete
extinction when the population is exposed to tlwesatch as disease epidemics, natural
disasters, or inappropriate management (FAO, 20b Woolliams, 2004). The Te
chicken breed with unidentified distribution wasismlered as spreading within region.

The three variables, economic development, prodacystem and disease control were
considered in this study because the number ofkehg kept in the Viethamese

households has a relationship to the level of timgiome based on chickens (Epprecht,
2005), and high chick mortality often is due to naisdling, outbreaks and predation
(Burgoset al, 2008). In addition, poultry diseases are consdleas a large threat to

traditional poultry production in Vietham (FAO, 290 Therefore, these variables are
included and assigned values between 0 for no imacdsk and 0.1 for high impact on

risk. A similar scoring is also made for the foamaining variables based on Reist-Marti
et al (2003).
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Table 2. Variables and criteria for the estimation of egtion probability of Viethamese
chicken breeds.

Variable (abbreviation) Criterion and value
Total population size (POS) 0.3<1000
0.2 = 1001to 10000
0.1 = 10001 to 100 000
0.0 >100 000

Changing of total population over the |1 0.2 = decreasing
5 years (CHA) 0.0 = stable

-0.1 = increasing
missing value = 0.2
Distribution of the breed (DIS) 0.2 = localized (in one province)
0.1 = spread within region
0.0 = widespread within country

Degree or risk of indiscriminate crossi0.1 = high

.00 = margina
(CRO) 0.00 inal
Disease control (DC) 0.1=no
0.0 =yes
Production system (PS) 0.1 = scavenging without fence
0.0 = scavenging with fence or semi-intensive
Organization of farmer (ORG) 0.1=no
0.0 =yes
Established conservation scheme (CON).3 = none
0.1 = in-stitu
0.0 = ex-situ
Economic development (ECO) 0.1 = income from others

0.05 = income from chicken and others
0.0 = income from chicken only

Special use (SPE) 0.1 = none
0.0 =yes
Socio-cultural importance (CUL) 0.1 = none

0.05 = some socio-cultural
0.0 =yes
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The estimates of total population size and inforomaton distribution as well as
conservation schemes of the breed were retriewwd Rrof. Hoang Van Tieu. Values of
the other variables were calculated from the hooisesurveyed. Value of the variable of

changing of total population size was calculatetbdsws:

— Nlia N2ia N3ia
= —=*1-01 —2*00 |+ ==*02
o Seoa) froo{ oo

where z_ is the value of the variable of changing of totapplation size of breed T, is a

total number of the households surveyed per breég , N,, and N,, are the numbers

2ia
of the households of breedesponsible for increasing, stable and decregsopglation,

respectively.

Values of the two variables, economic developmaut socio-cultural importance, were

estimated by the following formula:

7, =| Mo xg| 4| Moo o5+ Deax 01
T T T

wherez, is the value of variable a of breedT, is a total number of the households

surveyed per breed N,,, N,, and N,, are the number of the households of breed

2ia

responsible for no impact, medium impact and higpact of variable, respectively.

Values of the five variables, degree of indiscriaten crossing, disease control,

production system, organization of the farmer apecml use, were was calculated as

A %*0 + %*0_1
T T

where z_is the value of variable a of breeédT, is a total number of the households

follows:

surveyed per breed N,, and N,, are the number of the households of breed

responsible for no impact and impact, respectively.
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The extinction probability of breed z , was computed as the sum of the values of the 11

variables. If a breed was considered to be coniplsi&e, the value of the extinction
probability is equal to zero and this value will bé a breed is certain to go extinct. The
sum of eleven variables was rescaled to a value @d to 0.9 as follows.

08, <&

==Yz +0.147
17 Z;'Z

Expected future diversity, marginal diversity amshgervation potential

The expected diversity of the set after a givenetimaccounts for the extinction

probability z for every breed of the set. The probability that at the end of ¢neen

time, situation K will arise, where a particularbset of breeds exists and the
complementary subset is extinct, is (Simiagteal, 2003)

P(K) = [(k +(-D"2)
where:i = 1,... N;k = 1 if breed is still existing andk; = 0 if i is extinct in the set K.

From the above,"2different combinations of present and extinct beeare possible, for

which the respective probabilities can be calcudlate described. WherD, is diversity
of the set of breeds not extinct, i.e., with=1, the expected diversity at the end of the

timet is estimated as
E[D(s)]= Y, P(K)Dy

The variance of expected diversity can be compased

varD(S)] = 3 P(K)[DZ - (E[D(S)]?

The marginal diversitp, of a breed indicates the change of the expecteztsity in the

whole population when the extinction probability lmfeedi is increased by one unit.
While the position of the breeds in the tree and #xtinction probability of the

neighbouring breeds in the tree play important gdler the value of the marginal
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diversity of a breed, the extinction probability lmieedi itself is not taken into account.
The marginal diversity of the bree@Simianeret al, 2003) is

. _ OE[D(9)]
0z

D.

Conservation potential describes the possible asgrein expected diversity if an

endangered breed is made completely safe. Conseryaitential CR of breedi will be

calculated as follows (Simianet al, 2003):
CR =-D, %3
Optimum allocation of conservation funds

To maximize the expected amount of between breeersity conserved, a hypothetical
conservation fund was allocated among nine Vietrs&neeeds under the assumptions of
three different models as suggested by Simiateal (2003). These models reflect

different approaches to breed conservation.

Model A assumes that the effect of a conservatimgnam is to increase the effective
population size by an additive increment which rigportional to the amount of money
spent per animal in this population. In this scendhe height of the premium per animal

plays an important role in the farmer decision¢efkanimals.

Model B assumes a multiplicative effect of a comagon program on the effective
population size which is proportional to the amoohioney spent per individual in the
population. The objective of this model is to irase or to keep flock sizes constant. A
practical approach is to raise one male offsprihgazh sire and one female offspring of
each dam for replacement. Thus, expenditures arewdly relative to the population

size and, with more animals, more extension spstsaire required.

Model C assumes a multiplicative effect on the @ife population size proportional to
the funds spent per population. Under this modhel,effect of a conservation scheme on
effective population size is assumed to be muttgtive with a factor that is only
depending on the amount of money spent in any pdipul, irrespective of its effective

size. In this model, costs of information chanreels independent on the population size
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and number of farmers due to an assumption of brgedrganization established.
Therefore, the cost for extension specialists gawed.

These three models span a wide range of possibiseoeation policies, and so the
application of all three models will identify thelevant range of sensible allocation

patterns. For more details of the models, see &inet al (2003).

Results
Current diversity, maximum-likelihood tree and gendiversity contribution

The actual diversity for the whole group was 0.53be maximum-likelihood tree

showed that the Northwest chicken breed H'mong #red mixed chicken breed Te
grouped together into one cluster. Four Red RivgtaDchicken breeds (Mia, Ri, Ho and
Dong Tao) formed a close cluster with an outlierttid South Central Coast chicken
breed Choi while the Mekong Delta chicken breedhad its own branch. The Mekong
Delta chicken breed Tau Vang clustered togetheh wie two Chinese chicken breeds
into a separate branch. The three chicken breedsCAoi and Dong Tao showed the

highest genetic contributions (Figure 1).
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Figure 1. Marginal genetic diversity and genetic diversitywcdution of breeds for nine

Vietnamese local breeds only and considering twiné€3e breeds.
Extinction Probabilities

All calculated extinction probabilities are shownTable 3. Over all breeds, the average
estimated extinction probability is 0.485 = 0.1ZMhe highest estimated extinction
probability of 0.735 was observed in the Te chickeaed, followed by the Ho (0.593)
and Dong Tao chicken breeds (0.545), while the sdwerresponding values were found
in the Choi, Ri, Ac, Mia and H'mong chicken breedanging from 0.373 to 0.409.
Statistically significant positive correlations stdd between the five pairs of variables:
CHA and POS, PRO and DIC, CUL and CRO, CUL and ORI@& variable POS and
CHA were significantly and positively correlatedtiwvithe extinction probability (Table
4).
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Table 3. Estimated extinction probabilities (z) of Vietnasadocal chicken breeds.

Breed Variable*

POS CHA DIS CRO DIC PRO ORG CON ECO SPE CUL z
Ac 0.100 -0.0930.000 0.000 0.000 0.000 0.100 0.300 0.043 0.000000.1 0.406
Choi 0.200 -0.0200.000 0.000 0.000 0.000 0.000 0.100 0.070 0.100300.0 0.373

Dong Tao 0.300 -0.000.100 0.000 0.013 0.000 0.100 0.100 0.067 0.100730.0 0.545

Ho 0.300 0.167 0.200 0.000 0.000 0.000 0.000 0.1m080 0.100 0.000 0.593
Ri 0.000 -0.0330.100 0.100 0.000 0.000 0.100 0.000 0.063 0.100000.1 0.396
Mia 0.200 -0.0070.100 0.000 0.000 0.000 0.000 0.100 0.050 0.100530.0 0.409
Te 0.300 0.20 0.100 0.100 0.100 0.100 0.100 0.000500 0.100 0.100 0.735
H’mong 0.000 0.000 0.100 0.000 0.100 0.100 0.1000®. 0.100 0.000 0.050 0.406

Tau Vang 0.000 -0.093.100 0.100 0.000 0.000 0.100 0.300 0.047 0.100000.1 0.502

Mean 0.156 0.013 0.089 0.033 0.024 0.022 0.067 10.1063 0.078 0.067 0.485

SD 0.133 0.103 0.060 0.050 0.043 0.044 0.050 0.11618 0.044 0.037 0.121

* See Table 2 for definitions of variable abbreiaat
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Table 4. Correlation and significance among the extincpoobability (z) of Viethamese

local breeds and variablased for its estimation.

POS CHA DIS

CRO DIC PRO ORG CON ECSBPE CUL

CHA

DIS

CRO

DIC

PRO

ORG

CON

ECO

SPE

CUL

z

0.66
0.24
-0.31
0.02
-0.02
-0.44
-0.21
-0.06
0.45
-0.39

0.6P

0.57

0.12

0.50

0.50

-0.18

-0.56

0.26

0.30

-0.28

0.14
0.11
0.10
-0.14
-0.34
0.34
0.37

-0.20

0.17

0.19 099

0.50 0.41 0.38

-0.07 -0.55 -0.54 0.07

-0.41 037 0.36 -0.14 -0.56
038 -0.34 -0.36 -0.38 -0.19250.

0.650.16 0.15 0.8% 0.22 -0.60-0.15

0.80¢ 0.527 0.37 043 041 0.18 -0.18 -0.046 0.17

* See Table 2 for definitions of variable abbremiat
a,b,c: P<0.05; 0.01; 0.001
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Expected future diversity, marginal diversity amshservation potential

The expected diversity after 50 years would be D28.107. The marginal diversities of
the breeds are shown in Figure 1. In both caseigiest conservation potentials were
observed in the Te, Dong Tao and Ac chicken breeite the lowest corresponding

estimates were found for the Ri and Mia chickeretise(Figure 2).

m Viethamese breeds
o Vietnamese and Chinese breeds

Tam Hoang

{Luongph“‘mg 0 0.02 0.04 0.06 0.08 0 0204 06 08

Tau Vang

Ac

— Choi
Dong Tao
Ho
L —Ri
— Mia
— e
=

— H'mong

|

nqnonooy

Conservation potential Extinction probability

Figure 2. Maximume-likelihood tree of Vietnamese and Chindseeds, extinction
probabilities of nine Viethamese breeds and comdienv potential for each breed for nine
Vietnamese breeds.

Optimum allocation of conservation funds

Optimal allocation of resources under the threairagsl models is given in Figure 3.
Under all three models, the largest share of trelable funds is allocated to conserve
the Te chicken breed, followed by Dong Tao andModel B and C allocate funds only
to three breed (Te, Dong Tao and Ac). Although nh@dshared funds to five chicken
breeds, the majority (90%) of funds was also disted to these three breeds. A similar
share of allocation under all three models wasrgiteethe Te and Dong Tao chicken
breeds each while the Ho and Tau Vang chicken breesived a relatively minor share

under the model A and no share under model B and C.
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s Model A
Model B
Tam Hoang o Model C

Luong Phuong Percent allocation
4i 0 20 40 60
Tau Vang

el
E

Choi

L — Dong Tao

Ho

Ri

Mia
Te A

H'mong

Figure 3. Maximum-likelihood tree and optimum allocationresources for nine

Vietnamese breeds under the three models considered

Discussion
Maximum-likelihood tree and genetic diversity cdnition

Given genetic diversity between breeds, the maxirikelihood tree supports previous
findings based on STRUCTURE analysis (Gical., 2010) who reported that genetic
relationships of the Vietnamese local chickens estated to their geographical
distribution. Small geographical distances betw#enRed River Delta areas, where the
chicken breeds under study are kept, could enadrte fow between them, resulting in
the Red River Delta chicken breeds grouped togetherontrast, gene flow is hampered
due to a strong geographical isolation betweenMe&ong Delta breed Ac and the
Northern and the South Central Coast breeds. Thghtrhave led to the separate branch
of the Ac breed. In addition, distinct charactecst(i.e., small body size, white feather
and black skin and bone) of the Ac breed couldhibhis gene introgression into other
breeds, causing reproductive isolation. This figdsmows a high contribution of the Ac
breed to total diversity. Therefore, it could be important source of variation which

contributes substantially to a long term conseoragplan of national chicken genetic
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resources and future breeding strategies. Clugtefiifau Vang breed from the Mekong
Delta together with the Chinese chicken breeds egreement with the Chinese origin of
the Tau Vang chickens (Linh, 2005). The two Chinebieken breeds being grouped
separately from the Vietnamese chicken breeds stgpfite argument that the Chinese
chicken breeds kept in NIAS harbour a separate geonkdifferent from the Viethamese
chicken breeds (Cuet al.,2010). Therefore, the two Chinese chicken brebdsld not

be considered as part of the Viethamese chickea geal to be conserved.

A ranking of genetic contribution of the Viethameddcken breeds also confirms the
results displayed in the maximum-likelihood tree,which breeds clustering closely
together in the maximum-likelihood tree were foundhave the lowest contribution
while breeds grouped separately showed highestibatibn. However, Reist-Margt al

(2003) argued that genetic contribution is not trdy basis for decisions about

conservation.
Extinction Probabilities

The majority of variables in this study were castatl according to the survey data from
households in the field. Therefore, our schememedéis the threat of extinction of a
breed in its environmental context, takes the magbortant factors into account
separately and thus shows the specific impact @erdnt conservation efforts on
particular risk factors. Extinction probability tiie breeds estimated in this study is in
reasonable agreement with their known survivakstathe average extinction probability
of 48.5% estimated in the Viethamese local chickezeds, with four of nine breeds
having values higher than 50%, is correspondindgp Wit FAO’s estimation for the risk
status of the world’s chicken breeds with about 388nsidered endangered to critical
breeds and another 40% with unknown risk statusQ(FA007b). The high extinction
probabilities of three chicken breeds (Te, Dong &ad Ho) are mainly attributed to their
small population sizes, the unfavourable estimatgmpulation trend (Te and Ho breeds)
and the localized distribution (Ho breed). Thisdfimy indicated that these three breeds
are at great risk of being wiped out by naturalasiiers, disease, or inappropriate

management.
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The significant positive correlation between socudtural importance (CUL) and risk of
indiscriminate crossing (CRO) might be explained thg fact that Vietnamese local
chicken breeds are considered as a part of therauheritage of a certain area or people.
This cultural heritage has been inherited from ey generations, and it should be
passed to the next generations, i.e., almost aléé¢twolds said that their parents kept the
same chicken breed and this breed will be recometend their children (data not
shown). In addition, these farmers are relativaipservative. They want to keep their
traditions and habits and often live in isolatedhoaounities. Therefore, the households in
the community often kept only one local chickeneoref the region (FAO, 2009). A
significant positive correlation between CUL andnfar organizations (ORG) found in
this study indicates the efforts of the local farnrsemmunity to conserve the cultural
values of the breed in the region. Although CUL waa$ significantly correlated with
extinction probability, all households stated ttiegty kept Ho chickens mainly for socio-
cultural reasons. Hence, the cultural value ofareeds must be taken into account in the

conservation decisions.
Expected future diversity, marginal diversity amshservation potential

The expected future diversity of the whole groupsvedout half the current diversity,
which reflects a high average extinction probapilif 48.5%, with one-third of the

chicken breeds having values in the range of 50-7@% results suggest that if no
conservation efforts are made and all other faatensain the same, half of the genetic

diversity of the Vietnamese local chickens willlbst within the next 30-50 years.

Bennewitz et al. (2007) indicated three different selection styas in animal
conservation decision. They are the maximum-riskisgy, the maximum-diversity-
strategy and the maximum-utility-strategy. The maxin-risk-strategy uses basically the
degree of endangerment of a breed as the soldiealedteria. The maximum-diversity-
strategy is a combination of extinction probabildygd information on the phylogenetic
structure to estimate the conservation potentialadbreed. The later strategy is an
extension of the maximum-diversity-strategy whishtd maintain certain features or

characteristics of breeds due to their presenbpterial future value.
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The application of maximum-risk-strategy in thisudt resulted in the highest
conservation priority for three chicken breeds: Deng Tao and Ho breeds. With this
strategy, maximum genetic diversity could not bema@@ned due to the Ho breed having
minor genetic contribution and low marginal diveysin contract, when the selection of
a breed for conservation considers information twlggenetic structure only, three
chicken breeds (Ac, Choi and Dong Tao) contribumedt (Figure 1) although the Ac and
Choi have a low degree of endangerment. Therefwsmg either the maximum-risk-
strategy or information on phylogenetic structurdycare both sub-optimal. When the
maximume-diversity-strategy was applied, three carclreeds (Te, Dong Tao and Ac)
represented the highest estimated conservatiomfuaitel he high conservation potentials
of these three breeds are mainly attributed to kxjinction probability estimated in the
Te and Dong Tao breeds and the elevated value eofnthrginal genetic diversity

observed in the Ac breed.

Considering the maximum-utility-strategy, when tigective of a conservation plan is to
maintain certain features or characteristics ofMlegnamese breeds (i.e., unique features
of short and thick legs, dwarfism as well as bdaluppearance), conservation of such
features is simply achieved by putting effort imtmnservation of the single breed (i.e.,
Dong Tao, Te and Ho breeds, respectively) whichyctnrose defined features. If these
breeds are maintained with the defined featuranasginal utility will be very high. The

gene pool will completely lose the feature if theseeds carrying the feature go extinct.
Optimum allocation of conservation funds

The importance of an optimal allocation of budgeswndicated by Simianer (2002) who
found that with optimum allocation only about 50%tle resources are required for the
same conservation effect that can be achieved wbeservation funds either are shared
equally over all breeds or are focused on the randaingered breeds only. In this study,
model A assumes that a fix amount of money per pags a premium to the owner of
chickens, balancing some of the economic infegoof those chickens. Model B

presumes that a basic strategy for maintainingrsityein small population is to keep

family size constant. In this case, the costs anpgrtional to the population size. Model
C reflects the same strategy as Model B but théesare independent of the population
size. The results of this study shows that poputapriority for optimum allocation of
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conservation funds for Vietnamese breeds is almodependent of the assumed
allocation patterns. Under all three models, thmeeds (Te, Dong Tao and Ac) are prime
candidates for conservation expenditure which mipat attributed to their highest
conservation potential. This also shows that therigation approach is robust with
respect to the assumed model of allocation. Sineal€finition of a detailed cost model
for conservation measures is highly complex (Rilatti et al., 2006), the demonstrated
robustness of decision making towards a misspetific of the cost model appears
reassuring. This finding is in agreement with tihedg of Simianeret al (2003) who
found that in general the highest amount of furfusukl be allocated to the breeds that

show a large conservation potential.

The importance of a particular breed for the coreté@yn of genetic diversity and
allocation of conservation funding depends on thategy chosen. The Weitzman
approach applied in this study did not take inteoamt migration between breeds or
within breed diversity (Eding and Meuwissen, 20Gaballero and Toro, 2002 and Tapio
et al, 2006). Although reducing extinction probability the Weitzman approach by
increasing the effective population size is alsoeasure to prevent a loss of the within
breed genetic diversity (Simanet al, 2003), and a study of Pineat al (2005) in
European chicken breeds showed that breeds with sraall population size were not
favoured by the Weitzman'’s approach, the shortcgminthis approach should be borne
in mind. The contribution to the Weitzman diversstyggests keeping separate breeds to
maintain allelic diversity within species, ensuriagcess to maximum adaptive potential
of species (Simianer, 2005 and Tagioal, 2006). The Viethamese local breeds were
kept in different agro-ecological zones acrossdbentry with various local production
systems. The Vietnamese farmers keep their lo@ddoonly in the region (FAO, 2009).
In addition, the analysis of the genetic structoféhese breeds indicated an absence of
gene flow between breeds kept in the different @gaogical zones (Cuet al, 2010).
Therefore, the Weitzman approach with the assumpmtiono crossbreeding is considered
to be a reasonable fundament for decision-makingcamservation strategy for the

Vietnamese local chicken breeds.

The results of this study indicate that the cornsigown potential of the Vietnamese local
breeds varies considerably. The between genetiergity of Vietnamese local chicken

breeds can be maintained by conserving and paongi the breeds with highest
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conservation potential. Population priorities fonservation allocation of the Viethamese
breeds do not depend on which cost model was uSedservation funds should be
primarily spent on three breeds (Te, Dong Tao awoyl With the highest conservation
potential if the conservation budgets are limitdthe breed Te and Dong Tao each
receive a similar share under all three models. él@n conservation decisions also have
to take into account other factors, such as gemtiersity within breed, socio-cultural
role, special features, current or future econoamd scientific values of the breed. The
choice of breeds and the amount of money allocettezhch breed should also consider
the cost effectiveness of conservation activitiesdifferent breeds, the effects of the
optimal conservation programs and the cost of avaen program as indicated by
Reist-Martiet al (2006).
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General discussion

The overall goal of this study was to charactetlze diversity of the Vietnamese local
chicken breeds and to identify population priogtfer conservation. The specific aims
were 1) to assess and explain the population ges#ticture of the Vietnamese local
chicken breeds, 2) to characterise Vietnamese Iduakens in relation to other Asian
breeds from China and wild chickens, 3) to estimatmservation potentials for
conservation priorities, and 4) to define an optimidocation of limited conservation
funds to Viethamese chicken breeds. Viethamesé ébiekens play an important role in
small householder farms but their existence is umnldeat due to low performance of
local breeds, farmers' preferences for exotic lweed the lack of adequate conservation
strategies (Tieuet al, 2008). The current national conservation programly on
definition of breeds based on phenotypic charattesi only. In addition, conservation
decisions neglect genetic contribution of the bse¢d total genetic diversity and
allocations of conservation funds might not guazanthe avoidance of loss of genetic

variability in the most efficient way (Tieet al, 2008).

As described in Chapter 1, in Vietnam, as in ottieveloping countries (Kitalyi and
Mayer, 1998; Coplan and Alders, 2005; Alders anchP3010), local chickens are owned
by families at the village level. Production of &chickens is feasible at village level, in
which low investments are required. Although chitkeequire low inputs, chicken
production makes an important contribution to liliap of local populations through
being an important protein source and contributmgoverty alleviation, reduction of
gender inequalities and maintenance of culturaitiens (Epprecht, 2005; Cuet al,
2006 and Burgoet al, 2007). In addition, the genetic potential ofigehous chicken
could be a reservoir of genetic variation. Locatklns might contain genes and alleles
pertinent to their adaptation to particular envirmmtal conditions and local breeding

goals (Horst, 1989) which are not present in tlghllyiselected commercial lines.

Genetic diversity within and between the Vietnamdseal chicken breeds at the
autosomal level was assessed in Chapter 2. Migitised are highly polymorphic, co-
dominant DNA markers which have been widely use@apulation genetics since they
give much information for a limited number of Iddiixier-Boichardet al, 2009) while
single nucleotide polymorphism (SNPs) are a mooent development (Twitet al,
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2007 and Muiret al, 2008). Genetic diversity estimations using nsatellite markers
have been shown to provide a reliable assessmeygnaitic diversity (Hillekt al, 2007,
Berthouly et al, 2008; Granevitzeet al, 2007 and 2009). A set of 29 microsatellite
markers used in this study is based on a recomnienda FAO (2004). These markers
were also used to assess genetic diversity of ehiplopulations in previous studies (Cuc
et al, 2006; Hillelet al.,2007; Muchadeyet al, 2007; Cheret al, 2008; Granevitzet

al., 2007; 2009 and Bodzsat al, 2009). Using the same markers provides an insigh
into genetic variability of the Vietnamese chickemreeds in comparison to those of the

other chicken breeds found at the global level.

The mean allele number (6.09 £ 0.67) and expecetdrbzygosity estimate (0.634 +
0.034) per population in this study is lower thstiraated in Zimbabwean chickens (6.32
+ 0.24 and 0.651 + 0.007, respectively, Muchad\al, 2007) but higher than reports
on Chinese (4.61 £ 0.77 and 0.568 + 0.054, respaygfi Chenet al, 2008) and
Hungarian chickens (3.42 £ 0.48 and 0.518 + 0.88%pyectively, Bodzsaat al, 2009) as
well as commercial lines (3.58 £ 0.60 and 0.52 @/@, respectively, Granevita al,
2007). The high numbers of alleles and expecteerbeygosity of the Viethamese breeds
compared to Chinese, Hungarian and purebred popudgatwere expected, because
Vietnamese breeds were field populations withouy amnagement, while Chinese
breeds were collected from conservation flocks (Céeal, 2008), and Hungarian as
well as purebred populations were selected for iapdraits and/or were of small
population size (Bodzsat al, 2009 and Granevitzs al. 2007, respectively). High level
of genetic diversity was observed in Vietnameseldns because these field flocks are
freely roaming during scavenging. This fact migésult in the migration of chickens
from one flock to the neighbor’s one. The migrati@sults in a continuous gene flow
between these flocks, conserving a high numbeli@ea and the heterozygosity within a
breed. This applies only at village level. The lowumbers of alleles and expected
heterozygosity of the Vietnamese village chickeosngared to Zimbabwean village
chickens might be due to differences in populatsructures observed in these two
countries. No population sub-structuring was folredween Zimbabwean populations
(Muchadeyiet al, 2007) whereas the Vietnamese breeds showedastle-structuring
in this study. As a consequence, the level of giow between the Zimbabwean
populations is higher than between the Vietnameseds.
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The separation between the Viethamese breedsee tjgographically defined clusters,
namely the northern part, the South Central Coaswvell as the Mekong Delta in the
STRUCTURE analysis may reflect gene pools withedéht genetic features due to
adaptation to the specific environments and limgede flow as a result of geographical
isolation between them. Taking into account thabggaphical isolation of breeds
contributes to genetic differentiation (Tixier-Bbard et al. 2009), the genetic sub-
structure may indicate that the Vietnamese chickendifferent regions may comprise
specialized populations. The large geographic nicgts. and the difference in topography,
soil pattern, climate, farming systems, social andnomic factors between these regions
have played an important role in the structuringhef breeds. A high level of genetic
differentiation between breeds of different areagntl in this study suggests that the
Vietnamese local breeds might have evolved a unapeptation to their agricultural
production system and agro-ecological environm&hey may present a diverse gene
pool that could comprise unique genetic featureswéVer, microsatellites used in this
study do not infer about adaptative genetic divgrsf the Viethamese local chickens.
Further studies on assessing genetic polymorphismrandidate genes and large scale

sequence studies should be, therefore, taken amsigeration.

The results of this study showed that the two Cdenehicken breeds kept in the National
Institute of Animal Sciences (NIAS Chinese breedsye genetically distinct from the

Vietnamese chicken gene pool. Although they werpoirred to Vietnam in 1995 (Tam

Hoang) and 2003 (Luong Phuong), these two breeds hat been introgressed into the
Vietnamese local chicken gene pool with an exceptb the Tau Vang breed which

showed an admixture between Vietnamese and NIASh&Shi gene pools in the

STRUCTURE analysis. Genetic distinctiveness oftii@ NIAS Chinese breeds from the
Vietnamese local breeds found in this study suggistt the two NIAS Chinese breeds
are not Viethamese genetic resources and are,fdherenot of high priority for

conservation in Vietnam.

Microsatellites are autosomal markers. Loci aréegitunlinked and alleles of different
loci are inherited independently from each otheribfoci are linked, they might be
rearranged in the process of the recombinationodf are not linked to genes under
selection their changes in allele frequencies aamiy affected by genetic drift (Randt

al., 2004). Mitochrondrial DNA (mtDNA) sequences amaternally inherited and tend to
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be maintained amid populations interbreeding. They less affected by genetic drift
(Feulneret al, 2004). A share of maternal lineages betweenntepepulations and
populations dating further back in time can be ys&d due to the absence of
recombination in mtDNA. The mtDNA sequences areabégp of providing information
on genetic structure which is inherited on the mmatiepath and can be used to explain the
observed genetic structures in particular when ¢oetbwith other nuclear markers such

as microsatellites.

The analysis of the mtDNA sequences in Chapterddvet that the Vietnamese breeds
can be assigned to eight distinct maternal linebgssd on a skeleton reflected suggested
regions of domestication in chickens. This skelgitays an important role because it is
constructed from clades which indicate apparenggaahic affiliation for domestication
events. The skeleton was based on the most freduaatbtypes of the nine clades of
Liu's network (Liuet al, 2006) and three additional clades (D, G and fRpka et al
(2007). In eight distinct maternal lineages conitda to Viethamese breeds found, three
maternal lineages which presumably originated frgomnan, South and Southwest
China and/or surrounding areas (i.e., Viethnam, Byrithailand and India) have the most
common contribution to the Viethnamese local chickerhis finding supports the report
of (Taylor, 1983) who argued that Viethamese pebphe originated from China due to
human immigration from southern China into Vietnamthe 3 century B.C. The result
of this study is in agreement with the earlier mp@Liu et al, 2006; FAO, 2007; Okat

al., 2007 and Kanginakudret al, 2008) which indicated that domestication in kbit
occurred in China, Southeast Asia and Indian sutivoemt.

The nine Vietnamese breeds studied shared the tajorrhaplotypes, resulting in no
population sub-structuring. The hypothesis canuk that the Vietnamese breeds, which
were distributed across the country, share two commaternal lineages leading to lack
of divergence between them. This is supported tBpart on human migration from the
North to the South of Vietnam (Nyiri and Saveli@@02). Although no population sub-
structuring between the nine Vietnamese breedsfovasl at the mtDNA level, they are
diverse in haplotypes. This haplotype diversityresponded well to the high degree of
variability found at the microsatellite level (Chiap2). High haplotype diversity within
Vietnamese breeds might be attributed to a highbmuntn = 8) of distinct maternal

lineages contributing to Viethamese breeds. Hapktiversity of the Vietnamese breeds
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(0.78 = 0.10) is higher than that of other chick@mghe studies of Muchadewt al
(2008) and Liwet al (2004). Haplotype diversities of Zimbabwean ckitk and purebred
lines are 0.67 + 0.05 and 0.60 £ 0.20, respectifdiychadeyiet al, 2008), and three of
12 Chinese breeds show only one haplotype in tidysif Liu et al. (2004).

The lack of a detectable population sub-structubetyeen Vietnamese local breeds at
the mtDNA level is contrary to the findings at tinécrosatellite level where clustering of
Vietnamese local breeds was correlated with gedgapdistance. This differenc may be
due to the different nature of the two marker systeeflecting different evolutionary
forces and time scales. Microsatellite markers ales¢he consequences of recent genetic
isolation between populations (Raneli al, 2004) while mtDNA is informative for
assessing long-term maternal lineages (Feuéteal, 2004). Therefore, this finding
suggests that the Vietnamese breeds which arethegemetically isolated share various
maternal lineages. In addition, a lower mutatiote ran mtDNA sequences than in
microsatellites, as argued by Feuletral (2004), could be used to explain the different
findings found in this study. The observation irstbtudy is in agreement with the study
of Johnsoret al (2003) who indicated that recent fragmentatiod &olation of greater
prairie-chicken populations in Midwestern North Amca has had a stronger effect on
microsatellite than on mtDNA population structure.

The results of mtDNA analysis also showed thattthe NIAS Chinese breeds clustered
into a distinct clade separate from the Viethanm@seds. This suggests that the NIAS
Chinese chickens originated from a different makgene pool than the Vietnamese
chickens. Both mtDNA and microsatellite findingsesigthen the argument that the two
gene pools most likely have been isolated from eatbler for a long time. A clear
differentiation between the Vietnamese gene podltaa two NIAS Chinese breed found
at both genetic levels (Chapter 2 and 3) raisestoures about divergence between the
Vietnamese and the Chinese chicken gene pool antbvel of representativeness of the
two NIAS Chinese for the Chinese chicken gene pdblkerefore, a wider range of
indigenous Chinese breeds taken from a previoudysti Chenet al (2008) was

included to answer these questions as indicat&hapter 4.

The result of Chapter 4 indicates that the two NIBBinese breeds are part of the
Chinese gene pool. The findings in this chaptewigie additional evidence that the
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Vietnamese gene pool is genetically different friva Chinese gene pool even when a
wider range of breed is considered. This indicated the Vietnamese and Chinese
chickens are isolated from each other and a restdrigene flow occurred between them.
The only exception is the breed Chahua which hagnated from the Yunnan region.

The clustering of this breed together with Viethaméreeds strengthens the argument
(Chapter 3) that suggested Yunnan, South and Sesth@hina and/or surrounding areas

(i.e., Vietham, Burma, Thailand and India) as aorggof the Vietnamese breeds.

Compared to the reference Chinese breeds, theavitse breeds showed a low estimate
of genetic diversity between breeds{E 0.051 + 0.030 vs. 0.151 + 0.050, respectively)
but a high average value of expected heterozyg@8i684 = 0.034 vs. 0. 568 + 0.054,

respectively). The core set contribution signifitancorrelated with the expected

heterozygosity found in this study. This explainsywhe Vietnamese breeds contributed
more genetic diversity to the total diversity ofcare set than the reference Chinese
breeds, even if genetic diversity between Vietharageds is lower than the reference
Chinese breeds. The high contribution of the Vietese breeds to the total set agrees
well with the number of private alleles observedhe Viethamese group. This number
was about twice as much as that observed in tlezerte Chinese breeds although the
sample size of Vietnamese breeds is lower tharCtiieese breeds (nine breeds vs. 14

breeds, respectively).

Furthermore, the Vietnamese breeds clustered tegethth the Red Jungle fowl
populations. This finding indicates that, compa@&€hinese gene pool, genetic diversity
of the Vietnamese chicken gene pool is more ovpnhepwith that of the Red Jungle
Fowl populations. Several previous studies (Darvii&68; Fumihitoet al, 1996 and
Hillel et al, 2003) stated the hypothesis that the Red JuUnglewas the main ancestor
of the domesticated chicken. Based on the assumpiat the more distant populations
are the more different they will be in terms ofithgenetic features, the results of this
study suggest that the Viethamese gene pool mighy enore genetic features of the
ancestor of domesticated chicken than the NIAS raference Chinese. Therefore the
Vietnamese chicken breeds could be considered esportant source of chicken genetic
diversity which needs to be conserved to preveatlass of valuable genetic variability

and unique characteristics.
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The expected diversity of all Viethamese breeds thedconservation potential of each
breed were estimated in Chapter 5. The expectextdiiy reflects the amount of diversity
to be expected after 30 to 50 years if no consenvafforts are made. Conservation
potential of a breed reflects how much the expedigdrsity can be increased if this
breed is made completely safe. These estimations based on the approach suggested
by Weitzman (1992 and 1993) and illustrated by ThatArnoldi et al (1998). In
addition, optimal allocation of conservation furtdsminimize loss of genetic diversity
between these breeds was investigated. Three amftlisnreflect the conservation effect
per unit conservation fund spent in terms of redueetinction probability. They span a
wide range of possible conservation policies agatdd by Simianeet al (2003). Given
the information on the budget spent for conservatioall breeds is available, one can
derive the optimum allocation of the same amoumesburces, in the sense of optimising

the objective function.

A difference of Weitzman’s approach compared to tioee set method is that the
Weitzman approach uses only genetic distanced, does not take into account within
breed diversity. The other difference is its itemaicharacter. The approach designates the
contribution to total diversity for each breed iepeéndence of all other breeds and
calculates its conservation potential not only bdase the gain of saved diversity per
amount spent on a specific breed but also on didimgrobability affected by socio-

economic factors.

The 11 parameters to determine extinction prokaslin this study relied on the report
of Reist-Martiet al (2003). They are mainly based on the effectiveutation size, the
population trend and conservation schemes. Thifhadetvas also used to estimate the
extinction probability of North Ethiopian cattledads (Zerabrulet al, 2007) and was
adapted for evaluating the degree of endangernfe@eonan chicken breeds (Pineit
al., 2005) and Borana cattle breeds in East Africzan(lerat al., 2009). The scheme
used in this study yields reasonable estimates xpinaion probabilities for the
Vietnamese breeds, which were significantly infleesh by the population size and its
recent change. The extinction probability over \dktnamese breeds was lower than
German breeds (49% vs. 59%, respectively) but & gsame range with the FAO’s
estimation for the world’s chicken breeds whichioated that about 33% of the breeds

are considered endangered to critical and anotd®r df the breeds with unknown risk
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status (FAO, 2007). The high extinction probabilifyViethamese breeds compared to
German breeds can be explained by the fact thekehiproduction in Vietham is mainly
based on local breeds (Desvaeixal, 2008) while Germany is one of the European
countries that have the most highly specializeddliock industries, in which production
is dominated by a small number of commercial br¢edgO, 2007), and local breeds are
mainly maintained by hobby keepers and fancy brge@sulting in their high risk status.

The maximum-likelihood tree supports the result€loépter 2, that genetic relationships
of Viethnamese local chickens are related to thewggaphical distribution. A separate
clustering of the two NIAS Chinese chicken breedsnf Viethamese gene pool is in
agreement with the results in Chapter 2 and Ch&pt€herefore, it is clear that these two

breeds should not be considered as part of Vietesamieicken gene pool to be conserved.

The expected genetic diversity of Vietnamese bredes 30 — 50 years was about a half
of the current diversity, and the coefficient ofriaion was about 10%. This finding
implies that conservation efforts are needed toidatioe erosion of genetic diversity
between Viethamese breeds. A clear definition géaitves is crucial for all conservation
activities (Simianer, 2005 and FAO, 2007). Thetfgaestion which has to be answered
in all conservation programs is: which breeds sthdug prioritised conservation. An
identification of priority breeds for conservatiotkepends on the objectives (i.e.,
maximization of conserved genetic variation or @waation of genetic diversity between
breeds) of conservation programs. When the obgdfthe conservation measures is to
conserve as much genetic diversity between breedpoasible, then the Weitzman
method with the assumption of no crossbreeding lghioe used (Simianer, 2005). The
Vietnamese local breeds showed an absence of dewe between breeds kept in
different agro-ecological zones in the STRUCTURRIgsis (Chapter 2). Therefore, the
Weitzman approach used in this study is considévede a reasonable fundament for

decision-making on conservation strategy for thetvMamese local chicken breeds.

A high conservation potential can either resultrfra high degree of endangerment, or
from a high marginal diversity. The marginal divgrgeflects the breed’s phylogenetic
position. It also indicates whether closely relabededs are safe from extinction, but is
independent of the breed’s own extinction probgbi(Simianeret al, 2003). In this

study, The Ri and Mia breeds have the lowest coatien potential due to low estimates
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(0.397 and 0.409, respectively) of their extinctipnobabilities and their closest
relationship displayed in the maximum-likelihooeer The latter can be explained by the
fact that these two breeds are collected from twtridts of the same provinces (Hoai
Duc and Duong Lam district, Ha Tay province, resipety). A small geographical
distance (26.2 km) between these two districts tggtable a high level of gene flow
between the Ri and Mia breeds, resulting in a lgghetic similarity. In contrast, the
highest conservation potentials observed in theDbsg Tao and Ac chicken breeds are
attributed by high extinction probabilities estie@tin the Te and Dong Tao breeds and
the distinction of Ac breed from the other Vietnamebreeds represented in the
maximum-likelihood tree. The results suggest thatdptimum conservation strategies to
maximise genetic diversity between Vietnamese wedduld prioritize the breeds with
the highest conservation potential, rather thanniwost endangered breeds. Therefore,

three breeds (Te, Dong Tao and Ac) should be goviemities to be conserved.

FAO (2007) declared that efficient conservationgpamnmes should use available funds
in an optimal way. The following question in allnservation programs is: what share of
the total conservation budget should be allocateelach of the chosen breeds when the
budgets are limited. To conserve as much genetersity between Viethamese chicken
breeds as possible, population priorities for coregen allocation of the Vietnamese
breeds do not depend on which cost model is usems&vation funds should be
allocated to three breeds (Te, Dong Tao and Ackuall three models. A similar share
of allocation under all three models is given te Tre and Dong Tao chicken breeds each.
These findings confirm that the allocation priordiyould be given to those breeds with

the highest conservation potential and not to tbetrandangered breeds.

Conclusions
From this study several conclusions can be drawn:

I. At the autosomal level, the Vietnamese local cickeeeds from different
agro-ecological zones represent genetically distpapulations. The northern
breeds are clearly separated from the South Ce@trabt breed and from the

Mekong Delta breed.
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ii.  The Vietnamese local chicken breeds are highly molphic and originated
from eight maternal lineages. These lineages @asept across the country.

iii.  Two chicken breeds of Chinese origin, Tam Hoang lamshg Phuong, kept in
the National Institute of Animal Sciences are gmadly distinct from the

Vietnamese local breeds.

iv. The Vietnamese chicken breeds are genetically atgghrfrom the Chinese

chicken gene pool.

v. The Vietnamese chicken breeds are more closelyecel wild Red Jungle

fowl populations than the Chinese breeds.

vi.  The expected future diversity of the Viethameselam breeds after 30 to 50
years is only a half of the current diversity aneérage extinction probability of

the breeds was about 49%.
vii.  Conservation potential of the Viethamese chickeretds varies considerably.

viii.  The three breeds Te, Dong Tao and Ac with the lsigbenservation potential
should be the prime candidates to which consemvdtinds should be allocated

if budgets are limited.

Implications and recommendations

The high genetic diversity between the Viethameb&ken breeds and their high
contribution to the total diversity of a given sétpopulations implies their importance as
a genetic resource for future use. For breedingpgmes, the immigration of genes
represented in the different Vietnamese breedfiénviarious agro-ecological zones is
very effective in re-establishing diversity to dataccumulated inbreeding. However,
further research is needed whether Vietnamese dréede experienced different
selection pressures because microsatellite madeerst give information on population
differences in relevant production traits. An as@yof polymorphisms at candidate

genes and large scale hight throughput genotypirsgguencing studies would add more
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information on the population structures and bréestories of Vietnamese chicken

breeds.

The Vietnamese breeds shared more genetic diversihe Red Jungle Fowl populations
than the reference Chinese breeds as discussethaptet 4. The Vietnamese breeds
clustered together with the Chahua breed whichdxafianged gene with Red Jungle
Fowls (Liu et al, 1996). In addition, Berthoulgt al. (2009) showed that there is gene
flow between the Vietnamese chickens of the Ha @amovince with Red Jungle fowl
populations. Therefore, Vietnamese Red Jungle foegulations should be analysed
using the same markers to assess whether gene HEiween Red Jungle fowl
populations and Vietnamese breeds used in thiy stacurred. This further study would
add further information on genetic relationshipvieen the Viethamese breeds and Red

Jungle fowl populations.

The two NIAS Chinese breeds have been kept as w@ign flocks in Vietnam. It is
clear from this study that conservation effort ddawt pay attention to conserve the two
breeds as a part of Viethamese chicken gene pabsasgssed in Chapter 5 but these two
NIAS Chinese breeds could be kept as a reservoibffeeding purposes to improve

performance of local breeds.

In a formal decision making process, it is necassardefine what are the goals of
conservation. This thesis defines conservationrifige to identify which Vietnamese
chicken breeds should be conserved and how to sgigrd limited funds to maximize
genetic diversity maintained between breeds amgdace their extinction probabilities.
The current national conservation programs is baseg@re-define breeds and this is a
limitation especially for the Northern Viethamedacken breeds which make up one
unstructured gene pool as indicated in Chaptehis 3tudy should help decision-makers
with a better understanding of the consequencedtefnative investment strategies for
conservation. These strategies could be directiylieg in the national conservation
programs for other Viethamese indigenous animatispesuch as pig, cattle, etc. if the

objective to conserve these species is the sanmetlais study.
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