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ABSTRACT

Village chicken populations are raised under a fagnsystem that faces a number of challenges ssich a
small flock size, lack of animal performance andigeee records, lack of proper husbandry and poorly
defined and structured mating systems all of witigh negatively influence the genetic structurehef t
populations. Understanding of the evolutionarydrigt demographic structure, inbreeding levels askl r
of a population to extinction is important in fatzting genetic improvement programs while mairitagn
biodiversity of extensively raised chicken popuwas. Linkage disequilibrium (LD) is an important
source of information about historical events aforabination in a population and together with an
understanding of the haplotype structure can peovialuable guidelines for breed improvement. This
study was undertaken to investigate the existingeu@l, inbreeding levels, effective populationesand
haplotype structure of extensively raised chickepypations from Southern Africa. A total of 312lage
chickens from Malawi (n = 30, from one ecotype)utboAfrica, (n = 146, from three different ecotypes
and Zimbabwe (n = 135, from three different ecofypeere genotyped using the Illumina chicken
iSelect SNP60K bead chif.D was calculated for each population from a tafl43,175 SNP after
pruning for minor allele frequency (MAF) <0.05, géyping call rate of <0.95, and deviation from Hard
Weinberg Equilibrium (HWEp <0.001 and missing genotypes of more than 5%. Linkageogigibrium
averaged 0.41+0.006 and was observed to extena w@prharker distance of 100 kb. From the LD,
effective population size was estimated that indidaeduced size of the breeding population over th
past 40 generations to less than 20 individualglddblock structure analysis resulted in a totab4®,
2104 and 2442 blocks from Malawi, South Africa afichbabwe, respectively. Most of the observed
blocks were less than 20 kb with a few that wereentiban 500 kb. Haplo-block genome coverage3¢as
Mbp, 64.4 Mbp and 54.5 Mbp for Malawi, South Afrieand Zimbabwe, respectively. Large haplo-blocks
on chromosome 8 spanned QTL regions associatedyma#t body composition traits. The LD pattern
was consistent with low effective population sizexl loss of heterozygosity in the village chicken

populations. Potentially useful haplo-blocks spagniegions of known QTLs should be targeted for

Vi



further analysis and identification of genes corifgr optimal production performance of village dtgos
under harsh and marginalized production systemerdllythe study provides baseline information o t

utility of genome wide SNP data in studying exteaki raised village chicken populations.
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CHAPTER 1

1.1 INTRODUCTION

Smallholder communal farmers in Southern Africa ander developing countries raise indigenous
chickens under low input production systems. Thiemsive system of production is characterized by
minimal management and veterinary interventiongriaximizing production (Gondwe & Wollny 2007;
Muchadeyi et al. 2007a; Mtileni et al. 2010) Theb&kens however, have a major contribution to many
village communities as a source of protein (fromatn@nd eggs), source of income and other cultural
contributions. Furthermore, unlike other domesiiedtock that are raised under intensive systems of
production with management and protection from @pedmtinct, village chickens receive little or no
attention for conservation and genetic improvemenBouthern Africa and most developing countries
(Abdelgader et al. 2007; Granevitze et al. 2007yaK& Yildiz 2008). Village chickens are generally
described as non-descript birds that have not Hegeloped as a breed and with uncharacterizedigenet
attributes. Studies have revealed that chickersedaby small communal farmers are characterized by
their morphological traits, plumage pattern, loggteferred phenotypic merits, and are also caiegr

by their farm specific production traits (Abdelgadd al. 2007). Local chickens are found in the tmos
marginalized farming systems, to which they havepaell and survived the harsh environmental
conditions, exposure to parasitic and bacterigdhq@géns and the associated diseases, and to poor or
sheltering and low quality nutrition (FAO 1995; Eki#.N. 2002; lllango J. 2002). Such survival and
adaptive attributes need to be characterized, coedeand utilized (Muchadeyi et al. 2006; van Marl

Kdster et al. 2008; Mtileni et al. 2010).

Several studies suggested that village chicken lptipns hold valuable genetic diversity. Diversity
studies using autosomal microsatellite (Nidup e280D5; Muchadeyi et al. 2007a; Mtileni et al. 281
and mitochondria-DNA sequences (Muchadeyi et ab92Mtileni et al. 2011b) on Southern African

local chickens have unveiled high levels of geneticiation within and among the village chicken



populations and identified maternal origins of $®uh African chicken populations. The above-
mentioned studies have also indicated that villdgekens contribute genetic variation that is uriqnd

different from diversity exhibited by commercialcaspecialized chicken populations.

There is a need to improve the genetics of thel&gei chickens in such a way that productivity is
improved and genetic diversity retained in the gafan. To achieve this requires a good understandi

of the evolutionary history and demographic streestinbreeding levels and risk of the populatioms t
extinction. Knowledge of the level of divergencetvieen populations gives insight into the genetic
uniqueness of the populations and together witldantification of the genetic merits of each potiola

for key production traits will inform conservatiand breed management and utilization policies. The
investigation of demographic structure and othgyutetion parameters is not feasible without congplet
pedigree and performance data. Most village chigl@sulations are raised under scavenging systems of
production in which farmers do not keep records pamentage and performance of their flocks

(Muchadeyi et al. 2009).

The availability of whole genome SNP data facifitatthe use of powerful statistical methods to
investigate the evolutionary history and populatii@mographics of village chickens. The availabitify
the whole genome sequence of chickens (Hilliet.e2G04) provided opportunities for using high-déns

SNP arrays.

Linkage disequilibrium (LD) is non-random assoaatibetween two or more allele at different loci
(Wang 2005). Linkage disequilibrium as a functidneffective population size () has been used to
estimate other demographic parameters such aamdtkevel of inbreeding as well as selection pnessu
in the absence of pedigree and performance inféomaLi & Merila 2009; Qanbari et al. 2010a).
Linkage disequilibrium has been suggested as astaiol to use especially in the presence of high
density SNP data. The extent and distribution ofibhEhe genome has been exploited to shed lighben

origin of domestication of domestic animals, denapdic history and facilitate an understanding of



breeds’ relatedness (Du et al. 2007; Amaral et2@08; De Roos et al. 2008; Corbin et al. 2010).
Evolutionary biology, population, and quantitatigenetics have benefited from LD measures to study
evolutionary mechanisms in natural populationshStxamples include the “out of Africa human theory”
that was investigated using LD analyzed for humsarspled from different points of ancestral origin
using an array 22 million SNPs (Tenesa et al. (R00he ancestral breeding population size of
commercial pigs that was analyzed using 371 SNEw@® genomic regions (Amaral et al. 2008) and the

origin of Hanwoo Korean cattle domestication (Leale2011) investigated using LD of 4.525 SNPs.

Haplotype blocks are defined as two or more allateslocus that are bound to be linked togetheloae
proximity and be transferred together (Zhao e2@03; Crawford & Nickerson 2005). Haplo-blocks are
more informative than single alleles in a genomeahbse markers spanning a haplo-block can be ugeful
gene mapping for breeding programs and diseasentaridetection (Tishkoff & Verrelli 2003).
Haplotype sharing between populations can indideamsferability of genetic parameters between
populations, such as QTLs (Megens et al. 2009).Idt\gpes can be useful in association mapping of
disease variants and in association studies fongifipes of economic interest. The investigation of
haplo-blocks in chicken populations has mainly béeiited to selected genomic regions on selected
chromosomes. In studies using dense SNP markehsgietype analysis has shown that different tgeed
have different haplo-block structures, which wassidered to be due to differences in breed/popmuriati

demographic history (Andreescu et al. 2007; Meggrzd 2009).

There is no information on the extent of LD and lbdpock structure of Southern African village
chicken populations. Such information is consideiredortant in facilitating the understanding of the
evolutionary history and population parametersheke chickens. The Illlumina iSelect chicken 60K SNP
chip was developed by using SNPs from four comraklicies of the Brown and White broilers and egg
layers. The chip has over 53 000 SNPs that havedfapplication in population and quantitative gerset

studies(Qanbari et al. 2010a; Wragg et al. 20IP)e investigation of level of LD using this SNEngl



has revealed demographic history, effective pommnratize and level of genetic erosion, facilitatihg

knowledge of the level of genetic diversity in dtéa populations studied (Qanbari et al. 2010a).

In this study, the Illumina iSelect chicken 60K SHIfip was used to estimate linkage disequilibrium,
effective population size, haplo-block structural draplo-block sharing of extensively raised chicken
from Zimbabwe, Malawi and South Africa. LD basetimates of N, were computed which provided an
understanding of whether the extensively raisedkem population are at risk of extinction, or went
through population bottlenecks that might resulinicreases of inbreeding and loss of genetic diyers
The study aimed to provide additional informationgenetic diversity and population structure ofagé
chickens to that given by previous studies and igess an understanding of these important animal

genetic resources.

1.2 HYPOTHESIS

The study hypothesized that extensively raisedkemigoopulations have evolved over time to adapt to
specific and harsh environmental conditions andetierdiversity and genetic structure can be purely

defined by agro-ecological zone where these aniaralsaised.

1.3 GENERAL OBJECTIVES

The overall objective of this study was to inveat@the population genetic parameters of extensivel

raised chicken populations of Southern Africa ugisgome-wide SNP data.

The specific objectives of the study were to:

a) To investigate the existing Linkage disequilibriim extensively raised chicken populations
using genome-wide SNP data.
b) To estimate effective population size in extensivelised village chicken populations using an

LD-based method.



c) To investigate LD bound haplo-blocks structure,lbdgpock sharing, and indications of genetic
changes supporting adaptation between Zimbabwearth S\frican, and Malawian extensively

raised chicken populations.



CHAPTER 2

LITERATURE REVIEW
2.1 INTRODUCTION

Smallholder communal farmers in Africa mainly railsdigenous village chickens. These chickens play a
major role in the socio-economic aspects of smhlkrocommunities as well as being an integral pért
their nutrition. Generally, households within rurebmmunities raise these chickens with minimal
management interventions (FAO 1995). The managensigs between households depending on the
demographic and socio-economic status (Ekue &082). In the smallholder farming system, majority
of women are responsible for managing chickens Jets farming skills under poorly resourced
production systems. Village chickens scavenge éir urrounding environment with little supplements
from the farmers. Available feed material for \@éa chickens includes insects, exposed garbage,
vegetables, and weeds from the gardens, which ¢bayert to meet their growth, reproduction and

maintenance needs (Ekue et al. 2002).

In addition, these chickens face daily challengesh as exposure to parasitic and bacterial patisoge
well as harsh environmental conditions. Pathogdigeases are the major constrain in these productio
systems and almost ~75% of the chicken populatonbe wiped-out by Newcastle and others diseases
such as fowl pox, Gumboro and respiratory diseaBes.poor sheltering also results in vulnerabitify
these animals to predators and to extreme envirotaheonditions. These factors contribute towaods |
productivity and survivability of village chickengnder the extensive system (Ekue et al. 2006;
Abdelgader et al. 2007). Studies have been conducteracterizing and assessing existing breeds and
the current production practices in Southern Afr{dduchadeyi et al. 2007b; Mtileni et al. 2009;
Muchadeyi et al. 2009; Mtileni et al. 2010). Howgvimformation is still scarce particularly on the
underlying mechanism that shaped the phenotypigyandtic diversity observed is these village chicke

populations.



The understanding of the genetic architecture e$ehpopulations is a vital step for future cong@ma
and genetic improvement programs. An understandfntipe evolutionary mechanism that shaped the
genetic structures of these populations is alsal. ffective population size Nis an ideal population
size that reflects evolutionary processes that exthap particular population and determines its tisk
extinction (Wang 2005). Studies on population giengtructures were previously limited by the sparse
genome coverage of the microsatellite and othersamtal markers available at that time and to tlee us
of mtDNA D-loop sequences which were mostly limitedthe use few base pairs of biallelic markers
(Cuc et al. 2006; Muchadeyi et al. 2006; Granevérzeal. 2007; Muchadeyi et al. 2008; Mtileni et al.

2011a; Mtileni et al. 2011b; Mwacharo et al. 2011).

The first draft of the chicken genome paved wagh® use of genome wide high-density SNP markers
and powerful statistical tools (Hillier et al. 200Zhe whole genome SNP arrays for chickens have been
used in determining the demographic history of lay@anbari et al. 2010a) and in understanding the
genetic structure and genetics of Mendelian traitsaditional and commercial chicken breeds (Wratg

al. 2012). These whole genome SNP chips have ttemipal to unravel the needed genetic information i
extensively raised chicken populations. By applhjingage disequilibrium analysis, one will be ale
infer on the demographic and evolutionary procesdeglay in these populations. Genome wide LD
profile can be analyzed to reflect the populatiastdny, the breeding system and the pattern of
geographic subdivision in populations (Slatkin 2008he availability of whole genome SNP and
sequence data has played a crucial role towardaghef LD in the understanding of the evolutionary

history of populations and in estimating iN the absence of records and pedigree information

This review looks at the challenges associated witmmunal village chicken production systems,
measures of effective population size and factdfecting N.. The review also looks at linkage
disequilibrium and the factors that affect it asllwaes how it can be used to estimate population

demographic parameters.



2.2 VILLAGE CHICKEN PRODUCTION SYSTEMS

Chicken production in the village communities isimha under the extensive or scavenging system
whereby the chickens are free to move around aatisdor feed in the surrounding environment (Ekue
et al. 2006; Abubakar et al. 2007). In this systda,environmental conditions play a crucial ratenhat
feed is available for these animals as well as wis#ase pathogens and climatic stress they aseap
to. The genetic composition of these animals detersnhow the populations cope with the production
challenges. Genotypes that are adapted to theosmwant and are able to utilize the available femdl a
those that can sustain, tolerate or resist diseaiede able to survive in such environments. The
environmental conditions play a selective role et selection) in the village chicken population b
removing animals that cannot utilize poor qualégds and those that are susceptible to diseases €k
al. 2006; Mtileni et al. 2009). Factors that affpodduction in this system vary across the seaebtize

year and between villages and farming systems.

2.2.1 Sheltering

Poor housing contributes to the low productivitycimicken production system (Abdelgader et al. 2007;
Abubakar et al. 2007). The extensively raised aniskare constantly exposed to predators (Mogds et a
2010). In most village chicken production systeoigckens find shelter in bushes, homestead verandah
trees, and sometimes they will be housed in houstingtures meant for humans (e.g. kitchens anak spa

living rooms). In cases where farmers built thenbarlocally available but sometimes substandard
materials such as tree logs or wood, plastic, #loeets, and cardboard boxes are used. The buidling

chicken housing is mainly dependent on men witistasce from children and is usually done in summer
during heavy thunderstorms and during extreme wicoadition (Ekue et al. 2006; Moges et al. 2010;

Olwande et al. 2010). Chicks at the ages of onéotw months are housed in boxes or baskets in
household kitchens (FAO 1995; Ekue et al. 2006; oket al. 2012). Substandard shelter poses a
selection pressure on these chicken populationsaaimdals that cannot survive or escape predatats an

those that cannot tolerate the harsh unprotectenloement get to be eliminated in the system. Only
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animals with the ability to withstand these chaliesm get to survive and contribute to the next

generations.

2.2.2 Feeding

The feed in most village communities is mainly ecoléd by season and other farming practices (Okeno
et al. 2012). During the wet seasons, the enviroiirhas plenty to offer to these animals from insect
weeds, field crops and vegetable gardens. Supptsnfram farmers include grains such as maize, rice,
and barley (FAO 1995; Mapiye et al. 2008). Othgrpsements may come from the household leftovers
such as porridge, old bread, and vegetable pikgO(A995; Ekue et al. 2002; Muchadeyi et al. 2005;
Mtileni et al. 2009). In such environments, the gf@nprofiles of the animals tend to be biased towa
those genotypes that can survive and utilize poatity and limited feed supplies. Chicken body size
and structure in these systems tend to be detedrbiyéhe ability of animals to convert the avaitaliw
quality feed resources into high quality proteird amergy for growth, maintenance and reproduction.
Genotypes associated with slow growth rates anérdanature body sizes seem to be supported by this

low-input system (Muchadeyi et al. 2009).

2.2.3 Chicken Health

The prevalence of diseases in village chicken conities is one of the major constrains that contgbu
towards the low production (Olwande et al. 2010)e Tpathogenic and parasitic environment these
chickens are exposed to leaves them vulnerablafeztions (Mwale et al. 2005). Studies have been
conducted on village chicken populations to ingEgé mortality caused by pathogens across Africa.
Diseases like Newcastle, fowl pox, Infectious badigkease (Gumboro), intestinal and ectoparasitic
infections have been classified as the most pravalauses of chicken mortality (Ekue et al. 2002;
lllango et al. 2002). Newcastle disease is the mastogenic, eradicating about 80% of chickensnguri
outbreaks (FAO 1995). Effects of Newcastle and rotliseases such as those caused by parasite vary

depending with seasons (Mapiye et al. 2008; Mwaéd. 2005).



Diseases effects and management is not well dodehen village chicken production systems (FAO
1995). Farmers have different ways of managingkehi diseases depending on their socio-economic
status (Ekue et al. 2002; lllango et al. 2002). Uikes of ethno-veterinary medicines such as aleeiep
(Mwale et al. 2005) and the culling of the affeceedmal are common ways by which farmers manage
infections under such systems (Muchadeyi et al.9ROGarmers do not keep records of animal
performance, mortality and its cause as well asdibease symptoms in their flocks. This information
gets to be investigated by relevant public officetgh as extension officials and non-governmental
organizations during outbreaks. The village chickeoduction system has no bio-security systems in
place to manage outbreaks (Muchadeyi et al. 2@8¥ickens are constantly exposed to the environment
and other wild animals (Ekue et al. 2002), and wiftocks different age groups are raised togetSech
management practices result in compromised biorsgcand complicates disease management and
prevention programs (Muchadeyi et al. 2009). Thienahhealth care service varies depending on a
number of factors such as costs of veterinary wetgions and the farmer’s ability to pay for seegc
(Gondwe & Willony 2007). Inaccurate diagnosis uudle to inadequate information from the farmers
who do not keep records also makes the managerhdiseases difficult (Muchadeyi et al. 2009). Those
farmers who afford veterinary services normally besad-spectrum antibiotic drugs to treat a widgyea

of diseases (Ekue et al. 2002; lllargaal. 2002).

Regardless of the high exposure to diseases am@sgiscausing pathogens, it has been found that
generally village chicken flocks tend to survivadan some instances are even able to produce dptima
to meet farmer’s subsistence needs (Abdelgaddr 20@9). The observation that some animals survive
during disease outbreaks, without having receiveg farm of treatment raise some interest on the
disease resistance profiles of these animals anddarstanding the physiological and genetic diffees
between animals that will be associated with vematin response to infections. Similar to other
production challenges, diseases in these villagekeh farming systems acts as natural selectiocefor

that would structure the genetics of the populatieer time. (Ekuet al. 2002; lllanget al. 2002). It has
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been hypothesized by other researchers that sueltiea pressures would result in unique and
advantageous genotypes being selected and pronmoteath populations (Hall 2004; Muchadeyi et al.
2009). Genetic differences associated with suchamdgeous traits can be investigated and be

manipulated to improve resistance of chicken pdpmria to disease infections.

2.2.4 Flock sizes, composition and mating systems

Flock sizes of smallholder farming system rangemfrd to 20 animals with the mixture of different
phenotypic traits and production purposes (lllaeg@l. 2002; Mtileni et al. 2009; Moges et al. 2010
The number of breeding animals is biased towards heeaning more than 3 hens can be kept on a farm,
where one or two cocks are kept based on perforepdrehavior and phenotypic traits (Olwande et al.
2010). A hen: cock ratio of 3:1 has been repontechost village chicken production systems (Mtileni

al. 2009; Moges et al. 2010), whilst Abdelgadeale{2007) have reported a different hen: cockra¢io

of 6:1 in Jordan chicken populations. Farmers pretephenotypic features are used to select brgedin
animals (Muchadeyi et al. 2009; Moges et al. 201t0Ohas however been observed that farmers keep
breeding animals on the farm for long periods wfetin order to maintain their flocks (Muchadeyiét
2009). Breeding animals are generally selectedlimeck body size, mothering, and fertility (Muchatey
et al. 2009). Keeping breeding animals for extendedods of time usually results in overlapping of
generations where parent mate with offspring’s, aiceé versa (Ekue et al. 2002; lllango et al. 2002)
Indiscriminate mating of animals from different lsehold within villages also takes place when chiske

are out scavenging for feed (Muchadeyi e2@D7b).

2.3 EFFECTIVE POPULATION SIZE, INBREEDING AND SUSTA INABILITY OF A

POPULATION

Effective population size is defined as the ideapylation size that experience the same amount of
inbreeding, allele frequency variation, or lossheferozygosity as the natural population under togpres

(Hedrick 2004; Tenesa et al. 2007). Effective papah size is used to investigate factors that fave
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impact on changing the genetic composition of aupatmn over a period of time. Effective population
size determines the rate of loss of genetic variatinbreeding and rate of fixation of deleterialigle
(Hedrick 2004). One can make use qftdl investigate the genetic properties of any gipepulation
(Schwartz et al. 1998). Populations with low gemetariation are associated with high levels of
homozygosity particularly at deleterious loci thaften lead to reduce performance in reproduction
growth and in the survival rate of populations (Hekd2004). Inbreeding is defined as mating of teda
individuals resulting in increased homozygosity (Wy&2005). Reduced number of breeding individuals
results in mating of closely related animals andhi loss of genetic variation in any given popolat
Individuals that originate from small populationsrt to have high levels of inbreeding. Effective
population size has been used as an indicatoreofisf of populations to extinction (Lee et al. 21
Reduced N is usually observed in livestock that have beeposg&d to intense artificial or natural
selection as it has been reported for Hanwoo Kocattie (Lee et al. 2011), Holstein Friesian (Kitrak
2009) beef cattle (Lu et a2012), and pig breeds (Uimari et aD11). The above studies have reported
the importance of knowing and managing the levélsfiective population size for the sustainabilitfy

genetic diversity of a breed or population overeim

2.4 FACTORS INFLUENCING EFFECTIVE POPULATION SIZE O F A POPULATION

Effective population is affected by various demgipia factors. These are variation of sex ratio of
breeding individuals, variance in reproduction ratel number of breeding individuals over generation

(Hedrick 2004; Wang 2005).

2.4.1 Sex Ratio

The uneven number of male and female breeding dmih@s an impact on the genetic contribution of
breeding individuals into the next generation (H&d2004). In a population where there are only few
males or female that contributes in reproducticstesy, there are high chances of reducgdlNis is so

because it is not guaranteed that all males orléemidl get equal chance of reproduction in a pagioh
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with disrupted sex ratio. In undisrupted populagioan increaseddNs observed as a result of equal male

and female ratios and individuals having equal charof reproducing (Wang 2005).

In a natural population unequal sex ratio may beesslts of catastrophic climatic evens. Villagéckan
populations are exposed to harsh environmentalitondvhere mostly the survival rate of chicks is
reduced. A smallholder farmer keeps one cock atedG3hens and mostly the flock sizes range from 5 t
20 animals (Mtileni et al. 2009). The effective ptation size of village chicken population sizenist

well studied because of lack of pedigree recordsiiting number of breeding males and females.

2.4.2 Progeny variation

The number of progeny per parent varies in a pojpmawhich can be as a result of random, genetic,
fertility, environment and accidental factors cimiting to change on effective population size dime
(Falconer & Mackay 1996). The fluctuation of numh#r reproductive offspring due inbred, harsh
environmental conditions and disease infestatiom iscavenging system may play a role in genetic

diversity and genetic structure of village chiclgapulations (Abubakar et al. 2007).

2.4.3 Variation in natural factors over time

Populations can experience different evolutionamgngs that might shape population structure ovee ti
Disasters, climatic conditions, diseases and ofhetors varies in occurrence with time, that mean
population size after and before those forces wba'the same over time. The effective populatiae si
will differ in different generations depending orhat evolutionary events the population went through
that shaped the breeding population size. In mast ¢or instance village chickens are raised upder
infrastructure which exposes these animals toiaisirous climatic condition in which case onlygbo
that can escape survive (Ekue et al. 2002). Diseagkebreak such as Newcastle diseases as one of th
eradicative diseases in avian species it eliminzesin genotypes and animals resulting to redgeee

pool for that population. The hot-wet season arnddng seasons have been reported as the times where
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there are major losses of village chickens dueouarifactors (Abdelgader et al. 2007; Mapiye et al.

2008).

2.4.4 Inbreeding

Inbreeding decreases the gene pool and results incaease in homozygosity that can be lethal when
there is an increase in deleterious alleles andctamh of fertility (Keller & Waller 2002; HedricR004).
Effective population size can be affected typicdlly inbreeding depression reducing fertility in the
population, where there will be few individuals ttttan reproduce to contribute to the next generatio
Populations that have experienced population sidaation from environmental disasters and outbofak
diseases can foster inbreeding. Inbreeding in alptipn with effective population size of less thEdD

is most likely to increases number of individudisring genotypes from common ancestry resulting to
loss of population fitness (Keller & Waller 2002he flock sizes of village chicken range from 53tb
animals and with limited gene flow can contributentating of relatives in the same flock. The mating
system is not monitored and managed properly ih sugay that individuals can mate with offspringts

close relatives within a flock (Moges et al. 20Wmari et al. 2011).
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2.5 METHODS OF MEASURING EFFECTIVE POPULATION

Different methods to estimate, fcluding use of evolutionary history, demograplgenetic data, and
population census and pedigree data have been ggdpand evolved in the past (Wang 2005).
Demographic, pedigree and population census methm$iowever, challenging in extensively raised
populations because of absence of pedigree datthardtermixing of flocks. For extensively raisaod
wild populations, molecular methods are the md&ibke as they do not rely on availability of pedig
data (Wang 2005). Molecular methods include temgord LD-based approaches (Wang 2005; Lee et al.
2011). The two later approaches can assist in tilggeihie changes in effective population size thight

be associated with allele frequency variance asd f heterozygosity in populations (Wang 2005).
There are few studies that have been conductedmpare the reliability of these concepts. Cervaates
al. (2011) proposed that.Mstimates varies according to the approach usgdhamn research should have

an understanding of the strengths and limitatidreach method.

Temporal methods measure changes in allele fregqu@fcover time (Hedrick 2004). These changes
would be as a result of genetic drift, assuming ik other force such as mutation, migration and
selection are kept constant (Wang 2005). Changeleile frequency (F) over time (t) will therefdre a

function of N, which will be estimated by taking two samplesiirthe same population at random and at
different time intervals. The sampling assumes ttiee population has discrete non-overlapping
generations (Waples 1989), an assumption thatenoftolated in free-range chicken populations. The
calculated standardized variance in the temporahgh of allele frequency will therefore reflects on
genetic drift, which will be inversely proportion& effective population size (Waples 1989; Wang

2005).

In natural populations the estimation of tsing a temporal method can be challenging rewithe
sampling structure to be designed and accountdefsax structure and to assume discreet generation
interval. In reality, breeding animals are keptlimger extended periods of time resulting in tagping
generations, which is a one of the challenges afguseemporal methods of estimating. M village
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chicken populationf/Nang 2005). In natural population gene flow omadure of population cannot be
easily eliminated so accountability of migrationtémporal method is also necessary (Wang 2005)e Gen
flow introduces new alleles thereby changing thel@frequency of the population (Hedrick 2004; Wan
2005). In village chickens the level of gene flawniot understood and lack of pedigree record mikes
difficult to understand the age and relatednesadifiduals. This could make it difficult to usemoral

methods for the estimation ot.N

Linkage disequilibrium is the nonrandom associatibralleles at two or more loci (Reich et aD01;
Hedrick 2004). LD is used to determine the evohaity forces that contributes to the genetic vamatf

a population under consideration and is now welplemented in many population genetics studies
(Hedrick 2004; Andreescu et al. 2007; Slatkin 2008) is also used for gene mapping (Slatkin 2008).
provides information on evolutionary history andpptation demography. The distribution and extent of
LD across a genome have been used to assess teatcand ancestral genetic forces that structure
current populations (Tenesa et al. 2007). In humd&ms measures have indicated the origin and
expansion of humans out of Africa into the resttli world. In domesticated animals the selection
measures for breed development were found to canselevated LD value that suggested reduced
effective population of the founder population (Hil Robertson 1968; Backstrom et al. 2006; Du et al
2007; Thevenon et al. 2007; Khatkar et al. 2008gtal. 2012). Previous work has also indicated tha
LD varies between populations and chromosomes @estu et al. 2007; Prasad et al. 2008; Megens et

al. 2009).

Linkage disequilibrium is one of the most commonthods used to estimate.Nh the absent of
population pedigree (Uimari et &010). It also the most convenient as it requirdg a single sampling
comparing to temporal methods that requires thaopulation is sampled more than once to compare
changes in allele frequencies (Hedrick 2004). Likdisequilibrium as a squared correlation coeffiti
of marker pair between two loci is a function oétdihnce between makers where recombination rate

decline with a decrease of marker distance. His&ffective population size ofJfdnd recombination rate
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have been reviewed and modified to take into adcolithe species chromosome size and mutation rates
within populations (Hayes et al. 2003; Tenesa e2@07; Corbin et al. 2012). This has increased the
precision of estimation of Nising LD data from natural population. The LD ofrke pairs at a close
distance reflects a past.Bind LD of marker pair at two different loci far apeeflect recent Nof the
population of interest (Hayes et al. 2003). Thdoadlty recombination events will be high between

markers that are far apart than those markersatbatlose to each other.

There are two commonly used measures of LD (Sla2Kkid8). The measure D’ is a standardized LD
value which is dependent on allele frequenciestkBla2008). D" is calculated from D which is the
difference between the frequency of gametes cayrgilele A and B () at two Loci and the product of

the frequencies of those alleles @nd B), Das = pas-PapPs (Hedrick 2004).

The alternative @ LD measurés defined as squared correlation co-efficient leetavtwo loci (Hedrick
2004; Slatkin 2008). It can be used for multiplérpaf loci, as it is less dependent on allele fiexcies
(Lee et al. 2011). The?thas been used over D° because it takes into aceeonmbination rate,

occurrence of mutation, and the effect of poputatiample size and is considered to be more precise.

Linkage disequilibrium as a statistical measuredisiputed under certain assumptions that are apjdica
to different populations (Slatkin 2008). Under #@msumption of infinite size with random mating, no
genetic drift and no selection LD should approaetoZCorbin et al. 2010). The consideration of ¢hes
factors when calculating LD is vital as the estimratcan be bias (Corbin et al. 2010). These assangpt
however, do not hold in the natural populationd tra of finite size (Tenesa et al. 2007; Slatkd0&).
Such finite populations are bound to experiencestienlrift as well as non-random mating (Hayeslet a
2003; Slatkin 2008; Corbin et al. 2010). The pofioies are confined to the boundaries defined by

farmers and are therefore sub-structured with stonérolled gene flow between subpopulations.
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New alleles introduced by mutation are generallysidered to have a very low impact on LD since the
rate of mutation is very low (Ardlie et al. 2002). practice, the product of mutation is driven hifiey
factors such as genetic drift and selection, whiilhdetermine its influence on LD. These factoenc
keep or eliminate new mutations (alleles) in a patan that would results in its frequencies bedittper
elevated or reduced in a population. A reductiorLbf in a population can be observed if the new
gametes are maintained and their frequency incse@i$edrick 2004). Avian species have a different
karyotype from most species in that they have madntermediate and micro-chromosome that have
different genetic properties. Micro-chromosomes ehdwgh recombination rate compared to macro-

chromosome (Megens et al. 2010) resulting in low2tevels.

The decay of LD is affected by a degree of inbmegdin a finite population (Rao et al. 2008). Mating
closely related individuals assumed to have linkedestral loci may results in elevated LD. Linkage
disequilibrium values will provide information altothe mating system of village chicken population
since the level of inbreeding is proportional tolueed effective population size (Corbin et al. 2010
Genetic drift in village chicken population can baan impact on changing the level of LD as it can
eliminate or increase the frequency of an allel@ifg/2005; Corbin et al. 2010). Genetic drift carirbe
favour of increased of homozygosity of which itfeets will be also similar to inbreeding (Hayesakt
2003). It has been observed that village chickgoufadion have high genetic diversity and are ndisu

structured to promote inbreeding (Cuc et al. 26{#ssen et al. 2009).

New alleles can be introduced into a populationugh gene flow (Falconer & Mackay 1996). Gene flow
or mixing of gametes from different population ales an effect on LD (Li & Merild 2011). The mixing
up of two populations carrying different alleledifferent frequencies will usually result in a ngene
pool characterized by higher heterozygosity levmler time. This increased heterozygosity level will
result in reduced levels of LD. The extent of raducin LD will depend on the origin of the chicken
subpopulation in such a way that greatly diverdgpepulations will result in high genetic variatiand

lower LD values than when genes are exchanged batalesely related populations (Li & Merila 2009).
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Linkage disequilibrium has been well investigateud areviewed as a method of choice for the
understanding of evolutionary history and genetmcpsses that contributes to the existence of alatur
populations. Slatkin (2008) observed that LD rdfleon the population background in terms of its
genomic architecture, the mating system, and itdogeal distribution. Furthermore, the estimate_bf

for each locus reflects on the effects of natuedécion, genetic drift, and inbreeding in a popala
(Slatkin 2008). The above factors are importartdosider when estimating LD and corrective measures
have to be made to avoid biases. Normally assumgptioe made on the influence of such factors on LD
(Wang 2005; Corbin et al. 2010). The use of LD #mlassumptions made will depend on the research

guestions to be addressed.

Linkage disequilibrium has been used to revealdbmographic history including trends in effective
population sizes of egg laying commercial chickepwations (Qanbari et al. 2010a). In other studies

a number of species, LD have been used to condtiuataps (Nordborg & Tavare 2002; Meadows et al.
2008; Lee et al. 2011), fine mapping quantitatiaés locus (QTL) and population parameters (Temtsa
al. 2007; De Roos et al. 2008), analysis of haptgiversity (Amaral et al. 2008) and mating system
(Uimari & Tapio 2010; Lee et al. 2011). Such fingknare of great interest as they provide a neviopiat

of understanding the dynamics of the populatiord ianmanaging population biodiversity. LD based
analysis have found use in population studies wileeepedigree data is not readily available. Wild
populations and some extensively raised livestaeksaich good examples. The availability of whole
genome high density SNP data has even increasedstheof LD based estimates of Ne and other

population parameters particularly in humans andettic livestock without pedigree data.

2.6 HAPLOTYPE ANALYSIS

The availability of genome wide sequences for miargstock species has made it possible to intensify
SNPs across the genome to investigate populatiemeders and associate disease variant traits (@hao
al. 2003). The possibility of analyzing markersepdndently has been reviewed to be less informative
than a combination of markers particularly in deti@ing the evolutionary history and possible digeas
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causing variants of a population (Ardlie et al. 2P0t has been observed that linked markers osdinge
chromosome can be non-randomly associated with ettdr and measured by a squared correlation
coefficient denoted by?r(Hedrick 2004; Tenesa et al. 2007). The pattefnsDp are considered as
confined borders of a haplotypes structure on ambsomal region, where we can infer demographic
history of a population (Zhao et al. 2003; Tishkeffal. 2003). Haplotype blocks have been defined b
patterns of LD created by recombination hot andl gpot (Ardlie et al. 2002; Tishkoff et al. 2003;
Megens et al. 2009). In human studies haplo-blbeke been used to investigate association of mutant
variants to human disorders (Slatkin 2008). Thesedane using case and control designs of individua
with/without a disorder and associate them to #ugdiblocks observed (Zhao et al. 2003; Slatking200

In livestock studies haplo-blocks has been chariaet#to understand their diversity within and betw
breeds and to infer population demography (Qangael. 2010b). Different haplo-blocks of different
lengths have been observed in many population gemséidies where they focused on different
chromosomal regions with different marker panelse Tocus on different chromosomal regions makes it
difficult to compare haplo-block structure in livesk species from different studies. There has lpgeat
variation in the average lengths of haplo-blocksested. Previous studies suggested that, the thieaty
longer haplo-blocks have low LD and vice versa dbaiways hold in different populations (Qanbari et
al. 2010b). Longer haplo-blocks have been obsemvagmbpulations that went through bottleneck event

and sub-structuring suggestive of genetic drift safileeding effects (Qanbari et al. 2010b).

2.7 LD ESTIMATION AND HAPLOTYPE ANALYSIS IN THE GEN OMICS ERA

The earlier detection level of LD on chicken genonas revealed by the use of microsatellite markers
that were sparsely distributed across the genoreéed et al. 2005). Microsatellite markers weredis
for the estimation of LD for specific chromosomagion of interest. Different statistical methods
including X? test statistics have been used in calculating eBveen the pairs of microsatellite markers

(Heifetz et al. 2005; Meadows et al. 2008fter the completion of the first chicken genome2id04
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(Hillier 2004), studies have been conducted to abymlymorphisms in the chicken genome, which

consequently led to the development of genome-wigle-density SNPs arrays.

The 60k SNP bead chip was made available for tiigpand number of studies has been conducted to
understand the population parameters underlyingeti@utionary traits of chickens. The extent and
distribution of LD have revealed useful LD of OrBdattle (Qanbari et al. 2010b; Sargolzaei et @122,
pigs, (Uimari & Tapio 2011) and wild dogs (Grayakt 2009) for the association of phenotypic trathw
quantitative traits locus (Rao et al. 2008). Theeiof LD varied between certain cattle (Sargdlzaal.
2012), sheep (Meadows et al. 2008), dogs (Gral 2089) and pig breeds (Uimari & Tapio 2011) doe t
evolutionary and population demographic differebeéwveen and within breeds. In commercial chicken
lines, LD extended over a long distances compagethat of wild fowl (Wragg et al. 2012). The
investigation of LD became a success after the ldpreent of high-density genome wide SNP chips in
most livestock species. The estimation of LD hasleniapossible to infer the population demography i
chickens (Andreescu et al. 2007; Qanbari et al0df)ldairy cattle (Sargolzaei et al. 2008) and pigs
(Uimari & Tapio 2011). Linkage disequilibrium hats@ been used to estimate trends in effective
population size in some livestock and domesticatmties (Tishkoff & Verrelli 2003; Zhao et al. 2003

Kim et al. 2006; Amaral et al. 2008; Megens e2809).
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2.8 CONCLUSION

The extensive smallholder production systems pteseme challenges on the survivability and
productivity of village chicken populations in Shatn Africa and most developing countries. Such
challenges that range from poor and low qualityitiah, exposure to diseases pathogens, reduceH flo
sizes and unorganized mating systems have a negatpact on biodiversity and sustainability of thes
important animal genetic resources. The small fleides, reduced gene flow between geographically
isolated populations and lack of performance rexarould lead to isolated genetic change/evolution
resulting to localized inbred sub-populations. €s@mation of trends in effective population sizdéhese
animals will provide insight on the number of briegdindividuals, loss of genetic variation and faate

the knowledge whether these animals are at rigkxtihction or not. Such information is important fo
future effective breeding and conservation prograhie knowledge of changes in effective population
size over time will assist on understanding the algmnaphic history and evolutionary mechanism that
have played a role in shaping up the genetic strecbf extensively raised Southern African chicken

populations.

Genome wide SNP data and LD analysis present apptiets of understanding effective population sizes
and other demographic parameters in populationks ascvillage chickens where pedigree records are
missing. The lllumina chicken iSelect 60K SNP chave proven to be useful in analyzing background
LD, haplo-block structure and estimate trends feative population sizes as well as identify region

under selection and conferring to Mendelian traits.

2.9 POTENTIAL OUTPUT

The use of genome wide high density SNPs will beew application in Southern African village
chickens and is expected to provide a new knowledgihe genetic composition and evolutionary factor
at play in these populations. These population® fzlapted and survived low input communal farming

characterized by extreme environmental conditiomsposure to disease pathogens, and low and
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fluctuating nutritional supplies. This study withdk at the LD and haplo-block structure and provide
information that can be used to better understhadsiilage chicken population structure; its pogiola
diversity and insight into the evolutionary factdhst contribute significantly in these populatiomgis
study will also provide baseline information tother characterize genes that might be under setecti

and facilitate inferences on the local productiorespures acting on the studied populations.

2.10 REFERENCES

Abdelgader A., Wollny C. & Gauly M. (2007) Charattation of local chicken production systems and
their potential under different levels of managetraactice in JordanTropical Animal Health
and Production 39, 155-64.

Amaral A.J., Megens H.-J., Crooijmans R.P., HeuuwdrC. & Groenen M.A. (2008) Linkage
disequilibrium decay and haplotype block structarthe pig.Genetics 179, 569-79.

Andreescu C., Avendano S., Brown S.R., Hassen Amdnt S.J. & Dekkers J.C. (2007) Linkage
disequilibrium in related breeding lines of chicke@enetics 177, 2161-9.

Ardlie K.G., Kruglyak L. & Seielstad M. (2002) Paths of linkage disequilibrium in the human genome.
Nature Reviews Genetics 3, 299-309.

Backstrém N., Qvarnstrom A., Gustafsson L. & EllmgH. (2006) Levels of linkage disequilibrium in a
wild bird populationBiology Letters 2, 435-8.

Cervantes |, Goyache F., Molina A., Valera M. & tiBez J.P. (2011) Estimation of effective
population size from the rate of coancestry in gexid populationslournal of Animal Breeding
and Genetics 128 56-63.

Corbin L., Blott S., Swinburne J., Vaudin M., Bigh8. & Woolliams J. (2010) Linkage disequilibrium

and historical effective population size in the fithagghbred horsédnimal Genetics 41, 8-15.

23



Corbin L., Liu A., Bishop S. & Woolliams J. (2018stimation of historical effective population size
using linkage disequilibria with marker dafaurnal of Animal Breeding and Genetics 129, 257-
70.

Crawford D.C. & Nickerson D.A. (2005) Definition dnclinical importance of haplotype#nnual
Review Medicine 56, 303-20.

Cuc N.T.K., Muchadeyi F., Baulain U., Eding H., Wend S. and Wollny C. (2006) An assessment of
genetic diversity of Vietnamese H,A6mong chickelmsernational Journal of Poultry Science 5,
912-20.

De Roos A., Hayes B.J., Spelman R. & Goddard M2B08) Linkage disequilibrium and persistence of
phase in Holstein—Friesian, Jersey and Angus c@#eetics 179, 1503-12.

Du F.-X., Clutter A.C. & Lohuis M.M. (2007) Characizing linkage disequilibrium in pig populations.
International Journal of Biological Sciences 3, 166.

Ekue F.N. P.K.D., Mafeni M.J., Nfi A.N. & Njoya §2002) Survey of the traditional poultry production
system in the Bamenda area, CameroonChmaracteristics and parameters of family poultry
production in Africa. FAO/IAEA, Vienna, Austria, p. 15

Ekue F., Pone D., Nfi J.M.A. & Njoya J. (2006) Téf#fect of vaccination against Newcastle disease and
feed supplementation on production in village chitkin Bamenda area of Cameroon. In:
Improving farmyard poultry production in Africa: interventions and their economic assessment:
proceedings of a final research coordination meeting. International Atomic Energy Agency. p.
51.

Falconer D.S. & Mackay T.F.C. (1996) Qauntitativen@tics. Pearson Education Limited, Harlow, UK.

FAO (1995) Global project for the maintenance ofndstic animal genetic diversity (MoDAD). Draft
project formulation report. Food and Agricultureg@nization of United Nations, Rome.

Flury C., Tapio M., Sonstegard T., Drogemidiller Ieb T., Simianer H., Hanotte O. & Rieder S. (2010)
Effective population size of an indigenous Swisdtleabreed estimated from linkage

disequilibrium.Journal of Animal Breeding and Genetics 127, 339-47.

24



Gondwe T. & Wollny C. (2007) Local chicken productisystem in Malawi: Household flock structure,
dynamics, management and healthopical Animal Health and Production 39, 103-13.

Granevitze Z., Hillel J., Chen G., Cuc N., Feldndn Eding H. & Weigend S. (2007) Genetic diversity
within chicken populations from different continer@nd management historiésimal Genetics
38, 576-83.

Gray M.M., Granka J.M., Bustamante C.D., Sutter NEByko A.R., Zhu L., Ostrander E.A. & Wayne
R.K. (2009) Linkage disequilibrium and demographistory of wild and domestic canids.
Genetics 181, 1493-505.

Hall S.J. (2004) Livestock biodiversity: geneticssarces for the farming of the future. Cambridge
University Press.

Hassen H., Neser F., De Kock A. & van Marle-Kd$te(2009) Study on the genetic diversity of native
chickens in northwest Ethiopia using microsatellitarkers.African Journal of Biotechnology
8(7),1347-1353.

Hayes B.J., Visscher P.M., McPartlan H.C. & Godddri. (2003) Novel multilocus measure of linkage

disequilibrium to estimate past effective populatsize.Genome Research 13, 635-43.

Hedrick P.W. (2004) Genetics of Populations. JarekBartlett, Canada.

Heifetz E.M., Fulton J.E., O'Sullivan N., Zhao HDgkkers J.C. & Soller M. (2005) Extent and
consistency across generations of linkage disdmiuiin in commercial layer chicken breeding
populationsGenetics 171, 1173-81.

Hill W. & Robertson A. (1968) Linkage disequilibriuin finite populationsTheoretical and Applied
Genetics 38, 226-31.

Hillier L.W., Miller W., Birney E., Warren W., Haigon R.C., Ponting C.P., Bork P., Burt D.W.,
Groenen M.A. & Delany M.E. (2004) Sequence and cmaijve analysis of the chicken genome
provide unique perspectives on vertebrate evolubiature 432 695-716.

lllango J. E.A., Olupot H., Mabonga J. (2002) Rypalltry production in two agro-ecological zone of
Uganda. In:Characteristics and parameters of family poultry production in Africa (p. 117.

FAOQO/IAEA, Vianna, Austria.
25



Kaya M. & Yildiz M.A. (2008) Genetic diversity amgnTurkish native chickens, Denizli and Gerze,
estimated by microsatellite markeBiochemical Genetics 46, 480-91.

Keller L.F. & Waller D.M. (2002) Inbreeding effecis wild populations.Trends in Ecology and
Evolution 17, 230-41.

Khatkar M.S., Nicholas F.W., Collins A.R., ZengerR{ Cavanagh J.A., Barris W., Schnabel R.D.,
Taylor J.F. & Raadsma H.W. (2008) Extent of genamde linkage disequilibrium in Australian
Holstein-Friesian cattle based on a high-densit? $nelBMC Genomics 9, 187.

Kim K.J., Lee H.-J., Park M.-H., Cha S.-H., Kim &.; Kim H.-T., Kimm K., Oh B. & Lee J.-Y. (2006)
SNP identification, linkage disequilibrium, and katgpe analysis for a 200-kb genomic region in
a Korean populatiorGenomics 88, 535-40.

Kim E.S. & Kirkpatrick B. (2009) Linkage disequilibm in the North American Holstein population.
Animal Genetics 40, 279-88.

Koenig S. & Simianer H. (2006) Approaches to thenagement of inbreeding and relationship in the
German Holstein dairy cattle populatidmvestock Science 103 40-53.

Lee S., Cho Y., Lim D., Kim H., Choi B., Park H.jlKO., Kim S., Kim T. & Yoon D. (2011) Linkage

disequilibrium and effective population size in hv@o korean cattleAsian-Australasian Journal

Li M. & Merila J. (2009) Extensive linkage disedbiium in a wild bird populationHeredity 104, 600-
10.

Li M.H. & Merila J. (2011) Population differences ievels of linkage disequilibrium in the wild.
Molecular Ecology 20, 2916-28.

Lu D., Sargolzaei M., Kelly M., Changxi L., Vand€oort G., Wang Z., Plastow G., Moore S. & Miller
S.P. (2012) Linkage disequilibrium in Angus, Chars| and Crossbred beef catfi@ontiersin
Genetics 3, 10.

Mapiye C., Mwale M., Mupangwa J., Chimonyo M., Hati& Mutenje M. (2008) A Research Review of
Village chicken production constraints and Oppdttes in Zimbabwe.Asian-Australasian

Journal of Animal Science 21, 1680-8.
26



Meadows J.R., Chan E.K. & Kijas J.W. (2008) Linkadesequilibrium compared between five
populations of domestic shedgMC Genetics 9, 61.

Megens H.-J., Crooijmans R.P., Bastiaansen J.Wst&es H.H., Coster A., Jalving R., Vereijken A.,
Silva P., Muir W.M. & Cheng H.H. (2009) Comparisoflinkage disequilibrium and haplotype
diversity on macro-and microchromosomes in chicBMC Genetics 10, 86.

Moges F., Mellesse A. & Dessie T. (2010) Assessnwnvillage chicken production system and
evaluation of the productive and reproductive pantnce of local chicken ecotype in Bure
district, North West Ethiopia.

Mtileni B., Muchadeyi F., Maiwashe A., Phitsane Ralimani T., Chimonyo M. & Dzama K. (2009)
Characterisation of production systems for indigenchicken genetic resources of South Africa.
Applied Animal Husbandry and Rural Development 2, 18-22.

Mtileni B., Muchadeyi F., Maiwashe A., Groeneveld &roeneveld L., Dzama K. & Weigend S. (2010)
Domestication of South African chicken genetic teses. In:Proceedings I nternational .

Mtileni B., Muchadeyi F., Maiwashe A., Chimonyo MGroeneveld E., Weigend S. & Dzama K. (2011a)
Diversity and origin of South African chickerRoultry Science 90, 2189-94.

Mtileni B., Muchadeyi F., Maiwashe A., Groeneveld Groeneveld L., Dzama K. & Weigend S. (2011b)
Genetic diversity and conservation of South Afridadigenous chicken population¥ournal of
Animal Breeding and Genetics 128 209-18.

Muchadeyi F., Sibanda S., Kusina N., Kusina J. & S. (2005) Village chicken flock dynamics and
the contribution of chickens to household livelidsdn a smallholder farming area in Zimbabwe.
Tropical Animal Health and Production 37, 333-44.

Muchadeyi F.C., Weigend S., Wollny C. & Makuza 30{6) Use of Microsatellites and MtDNA to
Assess Genetic Diversity Within and Between Zimbal@hicken Eco-type&onn.

Muchadeyi F., Eding H., Wollny C., Groeneveld Ealza S., Shamseldin R., Simianer H. & Weigend
S. (2007a) Absence of population substructuringimbabwe chicken ecotypes inferred using

microsatellite analysigAnimal Genetics 38, 332-9.

27



Muchadeyi F., Wollny C., Eding H., Weigend S., Ma&s. & Simianer H. (2007b) Variation in village
chicken production systems among agro-ecologicaézmf ZimbabweTropical Animal Health
and Production 39, 453-61.

Muchadeyi F., Eding H., Simianer H., Wollny C., &neveld E. & Weigend S. (2008) Mitochondrial
DNA D-loop sequences suggest a Southeast Asian and lodigin of Zimbabwean village
chickens Animal Genetics 39, 615-22.

Muchadeyi F., Wollny C., Eding H., Weigend S. & $mer H. (2009) Choice of breeding stock,
preference of production traits and culling cridedf village chickens among Zimbabwe agro-
ecological zoneslIropical Animal Health and Production 41, 403-12.

Mwacharo J., Bjgrnstad G., Mobegi V., Nomura K.neda H., Amano T., Jianlin H. & Hanotte O.
(2011) Mitochondrial DNA reveals multiple introdianis of domestic chicken in East Africa.
Molecular phylogenetics and evolution 58, 374-82.

Mwale M., Bhebhe E., Chimonyo M. & Halimani T.E.0O@5) Use of herbal plants in poultry health
management in the Mushagashe small-scale commé&miaihg area in Zimbabwénternational
Journal of Applied Research in Veterinary Medicine 3, 163-70.

Nidup K., Penjor P.D., Gurung R.B., Arasta P. & ElioiIC. (2005) Read Origin And Genetic Diversity Of
Indigenous Chickens of Bhutan As Determined By [klikmndrial DNA. SAAR Journal of
Agriculture 3, 69-89.

Okeno T.0., Kahi A.K. & Peters K.J. (2012) Charaetgion of indigenous chicken production systems
in Kenya.Tropical Animal Health and Production 44, 601-8.

Olwande P.O., Ogara W.0O., Okuthe S.O., Muchem{OBqth E., Odindo M.O. & Adhiambo R.F. (2010)
Assessing the productivity of indigenous chickensan extensive management system in
southern Nyanza, Kenyaropical Animal Health and Production 42, 283-8.

Prasad A., Schnabel R., McKay S., Murdoch B., StathP., Kolbehdari D., Wang Z., Taylor J. & Moore
S. (2008) Linkage disequilibrium and signaturese@gction on chromosomes 19 and 29 in beef

and dairy cattleAnimal Genetics 39, 597-605.

28



Qanbari S., Hansen M., Weigend S., Preisinger Birfianer H. (2010a) Linkage disequilibrium reveals
different demographic history in egg laying chickedBMC Genetics 11, 103.

Qanbari S., Pimentel E., Tetens J., Thaller G.hider P., Sharifi A. & Simianer H. (2010b) The patt
of linkage disequilibrium in German Holstein cat#@imal Genetics41, 346-56.

Rao Y.S., Liang Y., Na Xia M., Shen X., Jun Du ®lpng Luo C., Hua Nie Q., Zeng H. & Quan Zhang
X. (2008) Extent of linkage disequilibrium in wikthd domestic chicken populatiotereditas
145 251-7.

Reich D.E., Cargill M., Bolk S., Ireland J., Sab&iC., Richter D.J., Lavery T., Kouyoumijian R.,
Farhadian S.F. & Ward R. (2001) Linkage disequilibr in the human genomélature 411,
199-204.

Sargolzaei M., Schenkel F., Jansen G. & Schaeff§2Q08) Extent of linkage disequilibrium in Holste
cattle in North AmericaJournal of Dairy Science 91, 2106-17.

Schwartz M.K., Tallmon D.A. & Luikart G. (1998) Riew of DNA[based census and effective
population size estimator&nimal Conservation 1, 293-9.

Slatkin M. (2008) Linkage disequilibrium- understing the evolutionary past and mapping the medical
future. Nature Reviews Genetics 9, 477-85.

Tenesa A., Navarro P., Hayes B.J., Duffy D.L., K#af5.M., Goddard M.E. & Visscher P.M. (2007)
Recent human effective population size estimateh finkage disequilibriumGenome Research
17, 520-6.

Thevenon S., Dayo G.-K., Sylla S., Sidibe I., BientiD., Legros H., Boichard D., Eggen A. & Gautier
M. (2007) The extent of linkage disequilibrium idaage cattle population of western Africa and
its consequences for association studieamal Genetics 38, 277-86.

Tishkoff S.A. & Verrelli B.C. (2003) Role of evolignary history on haplotype block structure in the
human genome: implications for disease mapp@ugrent opinion in Genetics and Development

13, 569-75.

29



Uimari P. & Tapio M. (2011) Extent of linkage disgliprium and effective population size in Finnish
Landrace and Finnish Yorkshire pig breettsirnal of Animal Science 89, 609-14.

van Marle-Kdster E., Hefer C.A., Nel L.H. & Groendh (2009) Genetic diversity and population
structure of locally adapted South African chickeres: Implications for conservatiorsouth
African Journal of Animal Science 38, 271-81.

Wang J. (2005) Estimation of effective populatiores from data on genetic markeRhilosophical
Transactions of the Royal Society B: Biological Sciences 360, 1395-4009.

Waples R.S. (1989) A generalized approach for edting effective population size from temporal
changes in allele frequendgenetics 121, 379-91.

Wragg D., Mwacharo J., Alcalde J., Hocking P. & dte O. (2012) Analysis of genome-wide structure,
diversity and fine mapping of Mendelian traits inditional and village chickensieredity 109,
6-18.

Zhao H., Pfeiffer R. & Gail M.H. (2003) Haplotypenalysis in population genetics and association

studiesPharmacogenomics 4, 171-8.

30



CHAPTER 3

THE EXTENT AND DISTRIBUTION OF LINKAGE DISEQUILIBRI UM IN EXTENSIVELY

RAISED CHICKEN POPULATIONS OF SOUTHERN AFRICA

ABSTRACT

Linkage disequilibrium (LD) is an important soura® information about historical events of
recombination and allows inferences about genétersity and on genomic regions that have undergone
selection. Linkage disequilibrium is equally imgont in studying effective population size and rafte
inbreeding particularly in extensively raised arittywopulations, where pedigree records are scdiue.
objective of this study was to investigate LD astireate effective population size of Southern Adric
village chicken populations. These chickens aresedhiunder scavenging systems of production
characterized by uncontrolled breeding and freqpepulation bottlenecks due to disease outbreats an
fluctuations in feed supplieBNA from 312 village chickens of South Africa (n146), Malawi (n = 30)
and Zimbabwe (n = 136) were genotyped using thienitha iSelect chicken SNP60K Bead Chip. A panel
of 43,157 out of the total 57,636 (74.8%) SNPs wsed in the final analysis after screening for ¢hos
that had a minor allele frequency of less than 8évjated from Hardy-Weinberg equilibriurR<0.001)

and had a call rate of less that 95%. Results ateitthat LD averaged between 0.48 + 0.08 and .50
0.08 for SNPs that had a pairwise distance of feas 20 kb. LD dropped to 0.41 + 0.006 for SNPs
between 20 and 100 kb after which it remained @mtstSignificant differences in LD (P<0.05) were
observed between chromosomes and LD decayed smmify over marker distance. There were no
differences in LD between geographically isolatempuydations. LD based effective population size
analysis indicates that effective population siae the three populations was less than 20 indivglua
forty generations ago having decreased from 12alsi 400 generations prior. The findings indicated
reduced genetic variation in village chickens. Thidity of the iSelect chicken SNP60K bead chip in
investigating free-range chicken population gesetias demonstrated.
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3.1 INTRODUCTION

Extensively raised chickens are kept under a Igutimanagement system. These chickens scavenge for
their feed in open fields and feed supplementatiod other management interventions by humans are
minimal (Ekue et al. 2002; Muchadeyi et al. 2009iléi et al. 2010). The chickens are considereat no
descript and have not been bred or selected forrmomial traits or for breed development (Ekue et al
2006).Extensively raised village chickens are consideredluable source of biodiversity that is needed
for future advances and improvement in responselitoate change and consumer demands (Delany
2004). The genetic variation found in these chiskenables botladaptive evolutionary changes and
artificial selection. Village chickens are regardesidiverse and to be holding valuable genotypat th
have been developed over thousands of years, amivesli successfully in extreme and unusual
environmental conditions with limited veterinarydamanagement input (Hall & Bradley 1995). The
diversity found in these chickens ought to be oftarized and conserved and could be manipulated in
similar production systems such as free-range @cganming systems. Diversity studies from previous
research (Muchadeyi et al. 2007a; Mtileni et alLl@0OMtileni et al. 2011a) used microsatellite maske
that were of sparse density and could not be usezktensively estimate the population demographic
estimates. Surveys that can reveal the effectiymilptions sizes of these populations, their inkregd
levels, the effects of natural and artificial sélet, along with population bottleneck events tblaaped

the current genetic structures will provide valgaisiformation that can be used to manage and camser
these valuable indigenous animal genetic resoultélse presence of dense marker sets, molecusadba
methods can now be used to calculate linkage dig@mgum, which can then be analyzed and used to
determine these population demographic parameteisei absence of pedigree, and performance record

as it is the case in these extensively raised ehigopulations.

Linkage disequilibrium (LD) is defined as a nondgam association of alleles at two or more loci
(Hedrick 2004; Qanbari et al. 2010a). It is a uktfal in population and quantitative genetics atgb in
ecology and evolutionary biology. Linkage disedurilim can be useful in understanding the level of

inbreeding and the genetic background of animalfatipns and assist in the fine mapping of genes an
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guantitative traits loci (QTL) of economically impant traits (Wragg et al. 2012). LD analysis aisip

in understanding the biological and demographicgsses such as recombination, mutation, selection
and founder effects that could have shaped thelat@u structures (Rao et al. 2008). The decay and
extent of LD at a pair-wise distance can be usedetermine the evolutionary history of populations
(Andreescu et al. 2007; Lu et al. 2012; Wragg €2@12). Linkage disequilibrium will therefore beuse
particularly in extensively raised chicken popuas raised in smallholder farming systems wheoauiit

be used to calculate population parameters thdt aiberwise not be estimated due to lack of pedigr

and performance data.

The advent of whole genome sequencing and highitge3dPs genotyping technologies have resulted in
increased marker density and facilitated estimatiohD in a number of domesticated animals inclgdin
chicken. The completion of the first draft of thHeaken genome (Hillier et al. 2004) made it possifolr

the development of high density markers (Groeneal.e2011; Kranis et al. 2013). Thiaumina iSelect
chicken SNP 60K Bead Chip consist of a panel 063G ,SNPs (Groenen et al. 2011) that have found
utility in LD analysis in various commercial (Qambat al. 2010a) and traditional chicken populatias
well as in other analysis such as mapping of Meaddtaits (Wragget al. 2012) and in copy number

variations screening (Jia et al. 2012).

This study sought to investigate the extent andaylenf LD in extensively raised village chicken
populations of South Africa (SA), Malawi (Mal) atimbabwe (Zim). These are chicken populations
that are raised by smallholder communal farmer®umiflage chicken farming systems characterized by
low input management, uncontrolled mating systemd @termixing of flocks within and between
villages (Muchadeyi et al. 2007a). Population genstructures of these village chicken populations
could be a function of small flock sizes, inbregdas farmers retain breeding animal from withirckie
over a couple years as well as natural selectiom filisease outbreaks, extreme weather conditioths an
poor quality feeds. The objectives of the studyenmbierefore to (i) investigate the extent and deddyD

in these village chicken populations and {@)estimate LD-based effective population sizes @nodide
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baseline information that could be used in furthealysis of the population for management and

conservation purposes.

3.2 MATERIALS AND METHODS
3.2.1 Chicken populations, blood collection and SN§enotyping

A total of 312 village chickens were randomly sagapirom South Africa, Malawi and Zimbabwe. South
African village chickens were represented by chiskiEom Limpopo (n = 15), Eastern Cape (n = 26) and
Northern Cape (n = 35) provinces, and four congkfiecks of Venda (VD, n = 20), Naked Neck (n =
20), Potchefstroom Koekoek (n = 20) and, Ovambe (D) that are kept at the Agriculture Research
Council, Poultry Breeding Resource Unit at Irend’netoria. Detailed sampling of these populatiames a
described by (Mtileni et al. 2011b). A total of 1%8lage chickens were sampled from three agro-
ecological zones of Zimbabwe i.e.: AEZ1 (n = 92EZ8 (n = 34) and AEZ5 (n = 10). The detailed
sampling of Zimbabwe chicken populations are dbscriby (Muchadeyi et al. 2007a). Thirty chickens
sampled from one region of Malawi were also usethénstudy. Basically the study selected individual
households, villages, and regions to get genejicalielated individuals representing a wide geolgicad
location. The distances between villages withirisdridt ranged from 20 to 40 km, and 100 to 500 km
between districts within a province and over 1009 lketween provinces. The number of individuals
varied from 2 to 10 per village depending on hoosilthicken density in each village. All chickens
used in this study were not selected for any comialeproduction traits and were raised by communal

farmers under a scavenging system of production.

Blood samples had been collected on FTA Micro Cédwikatman Bio Science, UK) described in the
previous studies (Muchadeyi et al. 2007a; Mtilenak 2011b). DNA was extracted from these FTA
cards using a modified Qiagen® DNeasy Blood andudsrotocol. DNA quality was checked on a 1%
agarose gel where bright sharp bands where obsémdézhting an intact DNA (no degradation) and

DNA concentration of 50ng/ul for each sample wasdusr genotyping.
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3.2.2 SNP genotyping and data preparation

SNP genotyping was done using the lllumina chici&slect SNP 60K Bead chips using the Infinium
assay compatible with the lllumina HiScan SQ gepioty platform. This Infinium whole genome
genotyping assay is designed to interrogate a lamgmber of SNPs at unlimited levels of loci
multiplexing (lllumina 2013). SNP calling was dousing lllumina Genome Studio v2.0. The genotype
input file was converted into a PLINK v1.07 (Putci al. 2007 ) input file using a plug-in compéaib

with the Genome Studio program.

SNP quality control was done to remove SNPs thaiatld from Hardy-Weinberg equilibrium (HWE) (
<0.001) and SNPs showing a minor allele frequency (MAFableast 5%, missing genotypes (>95%)
and individuals with missing genotype (>95%) ustigNK v1.07 (Purcell et al. 2007 ). SNPs that were
located on unknown chromosomes, linkage groupsoansex chromosomes were excluded from further
analysis. After filtering, 43157, 45676, 46905, @4&GNPs on 28 autosomal chromosomes were used for

overall population, Malawi, Zimbabwe and South &fm populations, respectively.

3.2.3 Minor allele frequency analysis, heterozygosity andeviation from HWE

Plink v1.07 program (Purcell et al. 2007 ) was utsetheasure minor allele frequency for all the 38 4
SNPs in each population. Bins were set for mintelalfrequencies of 0.0001-0.05; 0.05-0.1, 0.1-0.2;
0.2-0.3; 0.3-0.4 and 0.4-0.5. The proportion of SNr bin was calculated by dividing the number of

markers per bin by total number of markers incluielAF estimation.
3.2.4 Linkage Disequilibrium

A pair-wise f estimation was used to measure LD between paitscofusing PLINK v1.07 program
(Purcell et al. 2007 ) for SNPs on autosomal chsomees 1 to 28 that had passed the quality corgrol a
described earlier and for SNP pairs that had amini LD of 0.05. The’rmeasure was chosen because
it is independent of allele frequency and it cate$ multiples of SNPs at two independent loci €t al.

2012). Briefly, its calculation, considers 2 lo&iand B, each locus having 2 alleles (denotedA4; B,
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B,, respectively). The frequencies of the haplotypés then be denoted as.f fi,, f21, and §, for
haplotypes AB;, AiB,, A:B;, and AB,, respectively and asaf fa, fz1, and &, for A;, A, By, and B,

respectively. From thig was then being calculated as:

2= (firfez = fizf21)?
fAfA2fBfB;

A Generalized Linear Model procedure (Proc. GLM}he Statistical Analysis System (SAS 2011) was
used to determine the effects of chromosome, ptipnléSNP marker interval (bp), and the interactién

chromosome-by-population on LD, using the followmgdel:
%y = |+ Pop+ Gga+ (Pop x Gga)r bSNRy + e,

where: Popwas the effect ofth chicken population from Malawi, Zimbabwe or Soutfrica; Ggawas
the effect of thgth chromosome 1-28; and SNRhe effect of SNP interval fitted as a covariatthw

regression coefficierit

Linkage disequilibrium decay was estimated foraaltosomes and specifically for those chromosomes
that had significantly different LD based on th@®rGLM analysis. Sliding window bins for LD decay

were set at 10; 20; 40; 60; 100; 200; 500; 10002900 kb.
3.2.5 Trends in effective population size

The relationship betweeNe, recombination frequency and expected LE) yas determined using the

following equation (Hayes et al. 2003);

(O
radj_(a+4Nec) n

. . . . . 1
wherea = 1 when assuming no mutations and 2 if mutatias vmt)nslder(-:‘ctgdj =rZ— 5, cwas the

recombination rate, and was the chromosomal sample size. The effectivailptipn sizeNe, in %
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generations ago, was estimated from the obserVedilues related to a given genetic distange

assumingg = d.

For each pair of SNP on each chromosome, reconnnneite was estimated by converting physical
marker interval length;XMb) to the corresponding genetic lengthusing the formula:c; = 6;x;, whereo,

is the average ratio of Morgan per kilo base paicloromosomeé, which will be taken from the physical
lengths of the chicken genome v74 (Ensembl 201B& genetic length of chromosomes was adopted
from Hillier et al. (2004). The?rvalue ranges between 0 and 1, whereby a zero \allieates

uncorrelated SNPs while one reflect SNPs perfaxtiyelated (Qanbari et al. 2010a).

Setting bins then estimated the trends in effegbi@pulation sizes at 10; 20; 60; 100 and 1000 kiz T

bins were designed to cover the genome in tengjreds, thousands and hundred thousand base pairs.

3.3 RESULTS
3.3.1 SNP marker characteristics

Over 8.5% of the SNPs on the lllumina iSelect cbicENP50 panel had a minor allele frequency of less
than 0.05 (Table 3.3.1). Chickens from Malawi hadigher percent of alleles occurring at a frequency
below 0.05 followed by Zimbabwe and South Africdmic&ens. Malawi chickens had a higher proportion
of monomorphic loci (3526) compared to 626 and 18#9South African and Zimbabwean chickens
respectively. The observed level of heterozygosdmged from 0.25+0.12 in Malawi chickens to
0.31+0.08 in South African chickens. Overal iH all populations was lower than was expected.dHo
populations, over 80% of the SNPs were used idittaé analysis with majority of SNPs pruned out due

to MAF, monomorphic and missing genotypes (TabB13.
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Table 3.3.1: Distribution of markers after SNP quaity control and the minor allele frequency,

observed and expected heterozygosities of the Malawsouth African and Zimbabwean chicken

populations.

Malawi  South Africa Zimbabwe
Total SNP 5763¢ 5763¢ 5763¢
SNPs MAF < 0.0 657¢ 453: 477:
Unknown chromoson 13t 162 30
Monomorpt 352¢ 631 187¢
HWE (£<0.001 20¢ 326¢ 127¢
Missing genotypes > 0. 149( 194¢ 135¢
SNPs in us 4567¢ 4466 4690¢
Mean MAF +SL 0.26 +0.1- 0.28 +0.1-  0.28 +0.1.

Mean Obs. Heterozygos 0.25+0.1f  0.31+0.0¢  0.30+0.0¢

Mean Exp. Heterozygos 0.40+0.0¢  0.40+0.1(C 0.38+0.11

Quality control pruning resulted in a large fraaotiof SNPs being eliminated from the analysis based
MAF, monomorphic and missing genotypes. SNPs theewgitting on unknown chromosome, linkage
groups, and sex chromosomes were also excludedfénaher analysis. The proportion of SNPs used for

further analysis was 85% for Malawi, 83% for SoAftica and 87% for Zimbabwe (Table 3.3.1).

3.3.2 Minor allele frequency distribution

Minor allele frequency averaged 0.26+0.14 for chitk from Malawi and was 0.28+0.14 for Zimbabwe
and South African chickens (Figure 3.3.1). An asialyf the distribution of MAF across all populai$o

showed that over 80% markers had a minor alletpufracy greater than ten percent
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Figure 3.3.1: Genome wide distribution of minor akle frequency of SNPs for each population.

3.3.3 LD estimates and the effects of chromosome, SNP émtvvals and breed

Table 3.3.2 summarizes the total length, numb&NiPs, and average SNP interval ahdatues for the

28 autosomal chromosomes in the three village ehigdopulations. The SNP interval was not consistent
across the genome ranging from a distance of ®MOQ.2 Mb. Macro-chromosome showed to have
highest marker distance followed by intermediat@eiosome and SNP intervals were shorter for micro-
chromosome. Number of SNPs per chromosome vari¢d ghiromosome size between the macro
(chromosomes 1-5) that had highest number of SHRgimg from 900 to 3000 and micro (chromosome

16-28) with number of SNPs ranging from 70 to 760 ghromosome.

Overall population LD ranged from 0.34+0.2 to 0.62%6 and averaged 0.40+0.04 (Figure 3.3.2). Per
population LD ranged from 0.35+0.14 to 0.46+0.26Ntalawi, 0.35+0.2 to 0.50+0.25 for Zimbabwe and
0.34+0.12 to 0.42+0.2 for South African chickensairRise LD varied significantlyR<0.001) among
chromosomes with high LD observed on chromosom@2 ,8and least on chromosome 13 and 18 (Table
3.3.3). There were no significant differences in ihong populations (P>0.05). A population by
chromosome interaction on LD was also observed|€Tal8.3) whereby chromosome 8 of Zimbabwe
had a highest LD of 0.50+0.25 whilst chromosomeha# the highest LD in the SA chicken population
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Linkage Disequilibrium (r*2)

(Figure 3.3.3). Chromosome 18 had the lowest Wwith an average value of 0.35+0.14 Malawi and

Zimbabwe 0.35+0.2, where South Africa had lowewnealof 0.34+0.14.

0.€ -

®m Malawi ® Zimbabwe = South Africa m Overall population

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Chromosome

Figure 3.3.2: LD distribution across the 28 autosoml chromosomes for each population.

Linkage disequilibrium was also affected by SNRetiwél. Figures 3.3.3 (a-e) illustrates the raté.Df
decay over marker distance for all 28 chromosorrégi(e 3.3.3a) and for chromosomes 22, 8, 18, and
13 (Figures 3.3.3b-e respectively). Overall, a ghtgecline in LD from 0.58+0.28 to ~0.45+0.23 atki)
pairwise distance was observed followed by a gradeeline to 0.4 at a pairwise distance of lesstha
200 kb after which it was maintained well over 10@0(Figure 3.3.3a). The LD on chromosome 22 of
South Africa and Zimbabwe chickens was high (0.8640r South Africa and 0.7+£0.09 for Zimbabwe)
at a pairwise distance of 1 kb after which it shamgecreased to 0.49+0.23 at 10 kb and remained
constant beyond 200 kb (Figure 3.3.3b). LD was tamed at 0.40 over all sliding windows on
chromosome 22 for Malawi chicken population. The d€cay at chromosome 8 for Malawi chickens

continued to decline after 40 kb.

40



Unexpected trend was observed on chromosome 1&wehesry low LD of below 0.25 were observed at
a pairwise distance of 1 kb in Malawi chickens (ffegy3.3.3d). LD in these chicken populations then
increased to 0.35 at 10 kb after which it mainthim same genetic patterns as that of South Afmca a

Zimbabwe.
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Table 3.3.2: Summary of analyzed SNPs.

Max Min Average
Average _ .
Length SNPs Nurmber distance distance
between between South Overall
(Mb) (interval  of SNP Malawi  Zimbabwe ) )
in Mb) SNPs SNPs Africa population
(Mb) (base)

1 195.2  0.1+0.0¢ 344: 0.4 18 0.40+0.:  0.40+0.: 0.40+0.: 0.4(£0.2
2 148.¢ 0.1+0.¢ 239¢ 0.€ 1 0.41+0.:  0.42+0.: 0.41+0.: 0.4(£0.2
3 110.¢  0.0¢+0.0¢ 199¢ 0.t 46 0.39+0..  0.40+0.: 0.40+02 0.37£0.2
4 90.z  0.0¢+0.0¢ 160z 0.4 5 0.40+0.: 0.41+0.: 0.40+0.: 0.4(£0.2
5 59.€ 0.1+0.0¢ 97¢€ 0.t 46 0.40+0.:  0.40+0.: 0.40+0.: 0.4(£0.2
6 34.¢ 0.0€£0.€ 832 0.2 16 0.38+02  0.37+0.: 0.40+0.: 0.3€£0.2
7 36.z  0.0&+0.07 844 0.4 14k 0.40+0.:  0.3940.: 0.40+0.: 0.4(£0.2
8 28.&  0.0¢+0.07 65C 0.4 124 0.46+0..  0.50+0.: 0.40+03 0.5240.3
9 23.4  0.07+0.0% 474 0.2 772 0.38+02 0.37+02 0.36+02 0.3€£0.2
10 19.¢  0.0:+0.0: 621 0.z 1 0.40+0..  0.38+02 0.40+02 0.4(£0.2
11 19.2 0.0&£0.1 64¢ 0.7 3 0.41+0..  0.42+0.: 0.42+0.: 0.42£0.2
12 19.¢ 0.05£0.4 582 0.2 14k 0.37+02  0.37+02 0.40+0.: 0.4(£0.2
13 17.¢ 0.05£0.4 572 0.z 56 0.40+0..  0.37%0.: 0.40+0.: 0.37£0.2
14 15.z  0.0€+0.04 45¢€ 0.z 94 0.40+0..  0.40%0.: 0.41+0.: 0.43£0.2
15 12.7  0.05+0.04 551 0.z 1514 0.42+0.. 0.4140. 0.40+0.: 0.4(£0.2
16 0.53t  0.0:+0.0: 5 0.0¢ 1 0.40+02 0.33%01 0.40+0.: 0.4£+0.2
17 10.£  0.05+0.0: 37¢ 0.z 51 0.42+0..  0.43%0.: 0.40+0.: 0.43£0.1
18 11.2 0.05£0.4 35¢ 0.2 90 0.35+0..  0.35+0.: 0.34+0.. 0.34t0.2
19 9.¢ 0.04£0.0% 34C 0.2 6 0.37+02  0.40+0.: 0.37+0.: 0.42£0.2
2C 14.2  0.04+0.0: 75E 0.2 73 0.39+02  0.40+0.: 0.38+0.: 0.3¢£0.2
21 6.€ 0.03£0.0< 35¢ 0.1 9C 0.39+02  0.38%0.: 0.38+02 0.3¢£0.2
22 4.1 0.05+0.4¢€ 13¢ 0.z 1 0.40+0.. 0.44+0.2! 0.45+0.: 0.54+0.3
23 5.7 0.04£0.04 174 0.2 13 0.36+02  0.38%0.: 0.37+02 0.4(£0.2
24 6.2 0.03£0.02 254 0.1 20 0.37+02  0.41+0.: 0.36+0.: 0.37£0.2
25 2.2 0.03£0.02 71 0.1 20 0.40+0.. 0.40+0.. 0.37#0.02 0.37#0.2
26 5.8 0.0z£0.0< 13¢ 0.2 6 0.36+0.:  0.36+02 0.37+0.: 0.41£0.2
27 5.2 0.0€+£0.0¢ 99 0.t 16C 0.42+0..  0.42+0.: 0.37+0.: 0.4(£0.2
28 4.7 0.03£0.0< 252 0.z 12 0.41+0..  0.42+0.: 0.40+0.: 0.4£+0.2
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Table 3.3.3: The effects of country of origin, chrmosome and SNP marker interval on LD.

Factor Df Sum sq. Mean sq. F-value Sign.
Country 2 0.03 0.01 0.41 0.67
Chromosom 27 88.43 3.27 86.32 Frk
SNPs interval 1 49.95 49.9¢ 1316.4C ok
Country x chromoson 54 12.23 0.2: 5.97 bl
Residuals 136804 5191.1C 0.04 42.78 ok
***p < 0.0001
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Figure 3.3.3: Average LD decay with n increase imphysical distance between SNPs for a)

chromosomes 1-28, b) chromosome 22, ¢) chromosomealBchromosome 18 and €) chromosome 13

for Malawi (Mal), South Africa (SA) and Zimbabwe (Zim) chicken populations.
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3.3.4 Effective population size over the past generations

Figure 4 plots the estimated effective populati@e $\. (t) att generations ago. The adjusted LD based
estimates of Nindicated an effective population size of lesst@8 individuals for all the populations’

40 generations prior. The major reduction of effecpopulation size was observed 80 generatioms.pri
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Figure 3.3.4: Trends in effective population sizewer 440 generations ago.

3.4 DISCUSSION

Village chicken populations of sub-Sahara Africa hat been well studied to understand the genetic a
demographic parameters that are in play in shafheiy genetic structures. Previous studies have
suggested that village chickens hold valuable dgerdiversity particularly for smallholder resource-
limited farmers due to their existence over a wiggraphical distribution that is characterized by
extreme climatic and environmental conditions. Eh&r however limited information on population
demographics of village chickens populations keptsimallholder farmers under extensive systems of
production. The random mating systems and absdnpedigree and performance data makes it difficult
to estimate the effective population sizes and pagyulation genetic parameters such as inbreedidg an
selection in these populations. Absence of theseodeaphic estimates hinders genetic improvement
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programs that are needed to increase productliffgrts have been made to understand genetic dliyers
using microsatellite markers (Muchadeyi et al. 20Pichadeyi et al. 2007a; Kaya & Yildiz 2008;
Hassen et al. 2009). These markers were howevemfoomative enough to provide accurate estimates
of such population parameters. High density SNIP blais been successfully used in previous studies to
characterize LD (Qanbari et al. 2010a; Megens .e2@l0), map Mendelian traits and screen for other
genetic variants in both commercial and traditiottiitken populations raised under similar produrctio
systems such as village chicken populations (Wedgg). 2012). There are however few case studies on
the utility of this panel of markers for village ickens particularly from Southern Africa. This spud
therefore seeks to use genome-wide SNP data tmatstilinkage disequilibrium and population

demographic history of extensively raised chickepytations of Southern Africa.

Over 80 % of the SNPs on the panel could be usetlifther analysis after pruning (Table 3.3.3). The
proportion of usable SNPs was higher than whatwgasl in commercial egg laying chickens (Qanbari et
al. 2010a) but similar to that of study conductgdWragg et al. (2012) where they also included
traditional breeds and village chicken populatiesn Ethiopia, Kenya and Chile. Although not used i
the development of 60K SNP chip, Wragg et al. (2048 proven the utility of the 60K chip to non-

descript village chicken populations.

Linkage disequilibrium was calculated using 28 lué 38 chicken autosomal chromosomes that were
represented on the lllumina iSelect SNP 60K bedul &NPs on linkage groups and sex chromosomes as
well as those of unknown marker positions were et from the analysis. Most SNPs were pruned due
to monomorphism and minor allele frequency. The lpeimof monomorphic markers and SNPs of lower
MAF is not comparable to that from previous studi®anbari et al. (2009) had about 5 fold more
monomorphic markers excluded and 3 fold fewer markscluded based on MAF < 0.05 compared to
our study. Wragg et al. (2012) had 2-3 fold les;mameorphic markers excluded before further analiysis
comparison to our study. Variations in the numtfealieles pruned for MAF and monomorphism could

be explained by the different genetic backgrouhds would result in different alleles segregatingtie
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commercial lines used by Qanbari et al. (2009)thedraditional and village chicken population ubgd
Wragg et al. (2012). A threshold of MAF < 0.05 wesed in this and other studies which according to
Corbin et al. (2010) can increase accuracy on LRsues when sample size is large. It was observed
(Corbin et al. 2010; Corbin et al. 2012) that pngnMAF of more than 0.1 can lead to ascertainmes b
on the measures of effective population size paleity in small to moderate sample sizes. The
distribution of marker in the different MAF categgs can be explained by optimization of the iSelect
chicken SNP 60K panel in accordance with uniformrk@aspacing and MAF distribution (Hillier et al.

2004).

There were no significant differences on the LDwaetn populations. This can be an indication of a
homogenous mixture of village chicken populaticarsl also indicating that these populations might be
experiencing similar evolutionary mechanism such bmitleneck effect, genetic drift, selection,
recombination rate and therefore be of similar&ffe population sizes. The Level of LD was uneyenl
distributed across the chromosomes where they Wene chromosome with extreme levels of LD.
Amount of LD was high for chromosome 8 and 22 fionast all populations and was significantly low
for chromosome 13 and 18 . The effect of chromosadtifference is in support with observations by
Andreescu et al. (2007); Megens et(@009) and Qanbari et al. (2010a) even though éesbu et al.
(2007) and Megens et.gR009) studies were of selected genomic regionseadacted chromosomes.
Such findings indicate that different evolutionfmyces affecting LD are acting at the chromosoreatl

in these populations. The variation in LD amongoamsomes could be a function of the different
genetic factors that might be in play and affectififferent chromosomes differently. The signifidgint
variable LD on chromosomes 8, 13, 18 and 22 cowdab indication of selection (Hedrick 2004)
particularly natural selection as these chickerufaifpns are raised under extensive low input petida
systems where human selection pressures are mir{ivitleni et al. 2010). An analysis of these
chromosomes showed existence of known QTLs on absome 8, 13, 18 and 22 that play a role in body

composition, feed conversion ratio, fat percentaigg some antibody related traits. A QTL for antipod
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response to Newcastle Disease Virus (NDV) was foondchromosome 22 (Chicken QTL Database

2013).

Results in this study also indicated a significalt decay with increased marker intervals, which
generally according to Megens et al. (2009) is action of increased recombination events with
increased genetic distance. The GC content anddaghkity of genes on micro-chromosome compared to
macro-chromosome can influence extend and distoibudf LD on the chicken genome (Megens et al.

2009) and results from this study agreed with tpeeted trends.

However, over and above the expected trends in &€ayl with increased marker distances, LD in this
population was generally high and remained wellvab@®4 at marker distances over 1000 kb. This high
average LD that is persistent over long distancesgdcbe a reflection of the population sub-strucigir
that is common among village chicken populationdlayye farmers are known to keep small flocks of
chickens ranging from 1-20 chickens per househslithough cock sharing is expected within villages,
there is no evidence from previous studies of fasnsharing hens. It could be that there are vemdlsm
flock sizes and some level of population sub-stntiey observed at village level. Cock/breeding aiim
sharing between villages is very limited. Althoutdiis study assumed animals in a country as one big
population, there could be multiple sub-populatienthin each country, which will be chickens from
different villages. Such population sub-structurihgresent would explain the high and persistebt L
values. It was however challenging to define thegpulation boundaries in the absence of pedigree
records during sampling. Moreover results from wsatellite and mtDNA analysis (Muchadeyi et al.
2007; Mtileni et al. 2011) had suggested low lenfgbopulation sub structuring between farming ragio

within countries.

Analysis of trends in effective population sizenfra.D values suggested low effective population size
that are below the recommended safe thresholdefased by the FAO-DAD guidelines (FAO 2013).

Results showed a decrease in genetic variationhwdoald be due to poor management, inbreeding due
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to population sub-structuring within villages orpoatation bottlenecks that could have been expegignc
80 generations prior (Figure 3.3.4). The reduceslte of effective population sizes could explaie th
reduced heterozygosity observed in these poputafidable 3.3.1). It shows that these populatioes ar

generally inbred within subpopulations as suggeistguevious study (Muchadeyi et al. 2007a).

Factors that could lead to inbreeding in these [abioms could be the small flock sizes and genetic
isolation between flocks among villages, unmoniomgating system as well as population bottlenecking
due to disease outbreaks and predation. The opém@generations promotes animals on the same flock
or closely related animals to mate, subsequentyeasing levels of inbreeding. These populatioes ar
recognized as outbred and diversity studies hadedted that these populations are highly diverse.
These studies were using less dense microsateltitkers that had a lower precision power than SNPs
(Muchadeyi et al. 2006; van Marle-Koster et al. 0Ditileni et al. 2011a). Population bottlenecking
could have happened during the introduction of ldms into South Africa, which according to
archeological findings is thought to have happegresat 1600 (van Marle-Koster et al. 2008, Mtilenakt

2010).

3.5 CONCLUSION

A relatively high LD that persisted over short ShNRervals was observed in the South African,
Zimbabwean and Malawian chicken populations. This pattern seems to be consistent with low
effective population sizes and loss of heterozygosi the village chicken populations. The study
recommends for a further investigation on the rofe selection and population bottlenecks on
chromosomes 8 and 22 that had significantly highvialie. Haplo-blocks partitioning across the genome

will also provide useful information on recombimati  effects on LD.
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CHAPTER 4

HAPLO-BLOCK STRUCTURE OF SOUTHERN AFRICAN VILLAGE C HICKEN

POPULATIONS

ABSTRACT

The observed block like linkage disequilibrium imethuman genome has increased interest in the
investigation of possible genetic variants assediatith haplo-blocks in livestock and model species
This study investigated the haplotype structuregrisly and diversity in extensively raised chicken
populations of Southern Africa. A total of 290 aaisifrom Malawi (n = 30), South Africa, (n = 132)ca
Zimbabwe (n = 128) were included in the study frammich 649, 2104, and 2442 haplo-blocks were
observed respectively. Large numbers of haplo-lslogkre observed in macro-chromosomes (ranging
from 118 to 402) compared to micro-chromosome (ranfrom 13 to 125). The median block lengths
were 13.6 kb, 10.8 kb and 9.7 kb whilst the gencmerage was 39 Mbp, 64.4 Mbp followed by 54.5
Mbp for Malawi, South Africa, and Zimbabwe respeely. Haplo-block sharing was observed between
populations with 2325 haplo-blocks common betweanbabwe and Malawi and 2689 between South
Africa and Zimbabwe. Majority of haplo-blocks wet€5kb and only five blocks were more than 2 Mbp.
A large number of haplotype had a frequency randiog 0.25 to 0.5 across all chromosomes. The
observed haplo-blocks structure is in agreemertt veisults from other chicken studies analyzed en th
60K SNP panel. Slight variation could be due te tlifferent genetic background of the chicken
populations. The low chromosomal coverage of hédoks across the genome suggests high
recombination events that brake the ancestral Halpkks into blocks sizes less than 10 kb and
suggesting the incorporation of useful SNP markerdead chip for Southern African population. The
haplotype sharing indicates overlapping haplo-bdobktween extensively raised chicken populations

implying transferability of population genetic tsobetween populations. The observed unigue haplo-
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blocks suggest isolated evolution accumulating dwapdcks that are specific to the agro-ecologicalez

of the sampled countries. Quantitative trait I0QT({s) analysis revealed genes related to body
composition where spanned by haplo-blocks invesgtyarhese traits (Feed conversion ratio, abdominal
fat percentage, and body weight) are of importataceéhese animals to enable them to convert the
minimal feed they get on their environment into Ypagquirement, such as body development and

maintenance of feather density.

4.1 INTRODUCTION

The evolution of village chicken populations of 8mrn Africa and other developing countries is not
clearly understood. It is assumed that communahdas who raise village chickens do not impose
selection pressures for breed’'s development a®ng dh the commercial sector. However, it is also
hypothesized that the agro-ecological regions inckvtthese chickens exists impose natural selection
pressures that have shaped the gene pool of tlhesgsiwely raised livestock species (Muchadeyilet a
2007a) and generated sub-populations that mighgé hagumulated long ancestral haplotypes supporting
isolated genetic change. Genetic variation is ebgueto be high in these village chickens due tofdéloe
that the animals have not experienced artificildctimn for specific traits and are thought to trectured
more or less like natural populations (Muchadeyale006; Muchadeyi et al. 2007a; Muchadeyi et al.
2007b; Mtileni et al. 2011b). Genetic variatioralso expected to be influenced by geographicahiioi

of these populations, and pockets of inbred aniraadsexpected due to low effective population @ize
each sub-population due to poor husbandry and matistem as well as natural selection pressures fro

uncontrolled disease outbreaks coupled by poofflantliating feed supplies (Li & Merild 2011).

Studies of linkage disequilibrium in these popwlas as described in Chapter 3 indicated high LD tha
extend over long genetic distance which is consistéth reduced effective population size and high
levels of population sub-structuring. The shiftnfrgparsely distributed markers to high density mark
has made it possible to investigate haplo-blodkcsiires in a number of livestock species (Amarall et
2008; Megens et al. 2009; Qanbari et al. 2010a) lamdans (Zhao et al. 2003). Several studies on
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haplotype diversity in chicken have been conduefést the whole genome sequence was made available
and the development of high-density markers paeeaime feasible (Tishkoff & Verrelli 2003; Zhao et
al. 2003; Lindblad-Toh et al. 2005; Amaral et &108; Megens et al. 2009). Haplotype blocks arengeffi

as the number (two or more) of alleles in loci taa at bound to be linked together at a closeiiox

and transferred together (Zhao et al. 2003; Craivf@r Nickerson 2005). Haplo-blocks are more
informative than single allele in a genome becauaekers spanning are more stable. Haplo-blocks can
be useful in gene mapping for breeding programsdisgiase variants detection. Haplotype and haplo-
blocks have been found to span across quantitaiteregions for traits of commercial importancela
across diseases variants traits. In populationrsityestudies, haplotype sharing amongst individwn
indicate conserved genomic regions that could heaen a result of intensive and directional nataral
artificial selection thereby finding use in fine ppeng of QTLs of disease variants and in associatio

studies for traits of economic importance (Cucl.e2@06).

Chickens belong to the avian species and have quergenetic architecture that comprise of macro-,
intermediate and micro-chromosome (Megens et @92@anbari et al. 2010a; Ensembl 2013). Each
chromosome set has different genetic structuregenetic composition and is characterized by differe
LD patterns. Studies on linkage disequilibrium hasteggested block-like structures of markers
distributed across the chicken genome. It has lmmserved that genomic regions that have low
recombination events form a block-like structurattitan be shared among individuals within and
between populations (Cuc et al. 2006). Haplotypeindaries are assumed to be structured by
recombination hot spots while recombination coldtspntroduce variation within haplo-blocks (Gabrie
et al. 2002; Zhao et al. 2003). The extent andridigion of haplo-blocks across the genome are
considered a function of the genetic structureggievariation as well as the demography of poinest
Megens et al. (2009) have indicated that micro+ctusomes have high GC content as well as lower

levels of intragenic and intergenic regions.
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Genome-wide analysis of haplotypes and the digtdhuof haplo-blocks in chickens can assist in
identifying regions that can be associated withnplypic traits or adaptive features. Information on
haplotypes has been investigated on selected gerregions and chromosomes prior the genomics era
mainly because of absence of tools to scan whalerges. Analysis of selected regions made it difficu
to compare populations analyzed in different studia different genomic regions. Regardless of such
limitations such analysis added valuable informmatim the genetic architecture of populations. la th
next generation sequencing genomics era, genome-Hdglo-blocks partitioning reveals the degree of
haplotype sharing and diversity within and amongeds (Amaral et al. 2010). The next generation
sequencing and genome-wide SNP genotyping techieslbgve made available large SNP data sets that
can be used to study most domestic livestock spetiee first draft of the chicken genome was made
available in 2004 (Hillier et al. 2004) and fromaver 2.8 million SNPs have been discovered. The
lllumina chicken iSelect 60K SNP chip has been tbuseful in studying LD as well as haplo-blocks
partitioning in commercial (Qanbari et al. 2010a)ll as traditional free ranging chickens (Wragigl.

2012).

There is no information on haplo-blocks structufextensively raised chicken population of Southern
Africa. These are chicken populations raised usdarenging village production systems and where the
genetic structure of the populations seems to Fectafl by the natural selection pressures from the
extreme environments as well as inbreeding duentdl sub-structured populations. An analysis ofibhD
these populations indicated chromosomal differencé® with high LD associated with chromosomes 8
and 22 and least LD on chromosomes 13 and 18 (€h&)t The influence of recombination and
existence of haplo-blocks associated with the olesketD profile has not been investigated. An arialys
of haplo-blocks structure in these extensivelyeaaishickens will shed more light into utility ofeth

available SNP panel in studying village chickenydapons.

The objective of the study was therefore to scrémnhaplo-blocks and investigate the haplotype

structure, sharing and diversity within and betwe#lage chicken populations. It was hypothesized i
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this study that there were differences in the hdpbbacks in chicken populations from different

geographical origins due to isolated evolutionaycpsses.

4.2 MATERIALS AND METHODS

4.2.1 Animal populations

A total of 312 village chickens were randomly saedpbfrom three different countries and in different
ecotypes within a country, South Africa (three gpet), Malawi (one ecotype), and Zimbabwe (three
ecotypes). From each country a set of animals wangpled by following sampling method describedin

Chapter 3.

4.2.2 SNPs quality control and pruning

SNPs pruning was performed using PLINK v1.07 folPSkhat had a minor allele frequency of 0.05, had
over 5% missing genotypes, SNPs that deviated tardy-Weinberg equilibrium at P = 0.001 and
individuals with over 5% missing genotypes. Usitgse quality control criteria, 45676; 46905 and
44667 markers were used for further analysis faral populationof Malawi, Zimbabwe and South

Africa, respectively.

4.2.3 Haplo-blocks partitioning

Haplo-blocks were estimated in PLINK v1.07 (Purallal. 2007 ) which uses default procedure from

Haploview http://www.broad.mit.edu/mpag/haploviewhdividuals within a population were considered

similar and therefore treated as cases. PairwisenbB calculated on SNP distance of 10000 Kb for
autosomal chromosome except chromosome 16 simea itess than 20 markers. For blocks partitioning
--blocks function was used in PLINK as default algorithm ®Ggbriel et al. (2002) as implemented in
Haploview. Blocks were created if 95% confidencerms on ¥ Haplo-blocks frequency was estimated
in PLINK using the-hap-freq function. Blocks of different frequencies was geed per chromosome

from those blocks occurring at frequency of < 0.1;0.25, 0.25-0.5, 0.5-0.75 and 0.75-1.0.
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The percentage of SNPs making up a haplo-blockscafsilated by dividing number of SNPs within a
block by total number of SNPs used in the haplableartitioning multiply by hundred. Unique number

of haplo-blocks was defined as those blocks thatiwed in one population and not found in the other

4.2.4 Haplotype Diversity and QTLs detection

Haploview v4.2 was used for LD plots and haplotyipequency within blocks per population.
Chromosome 8 and 22 were selected for further aisahased on the LD results showing higher LD than
all the other chromosomes. We hypothesized thabhgye diversity is high on these chromosomes that
could be harboring QTLs under selection for the péalaility of these animal populations. On
chromosome 8 haplo-blocks with the size of more thd kb and on chromosome 22 haplo-blocks with
size of more than 10 kb were selected and for baplo-block minimum number of SNPs was set at two.
The first and last position of SNP markers was useskarch for possible QTLs spanned by the block f

each chromosome on the Chicken QTL Databasg://www.animalgenome.org/cgi-bin/QTLdb/GG

Haplotype diversity was considered as the numbéapfotypes found within a haplo-block.

4.3 RESULTS
4.3.1 Haplo-blocks characteristics per chromosome

Mean number of haplo-blocks per chromosome was91&dd ranged from 13 at chromosome 25 to 402
at chromosome 1 (Table 4.4.1). Haplo-blocks leragtiraged 18.8 kb and ranged from 6.2 kb to 53.1 kb.
Longest haplotypes were observed on chromosomael8twhortest haplotypes were on chromosome 25.
Chromosome coverage averaged 0.08 Mbp and highmdsmme coverage was observed on
chromosomes 8 and 11 and least on chromosome® 324, and 25 (Table 4.4.Bigure 4.4.1 illustrates

the distribution of haplo-blocks of varying lengthsross the different chromosomes. Most haplo-lslock

were observed between the frequency of 0.25 andolidwed by those that ranged from 0.1 to 0.25
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across all chromosomes (Figure 4.4.1) and most oHalptks were on macro-chromosomes

(chromosomes 1 to 5) and fewer on micro-chromosdofeemosomes 16 to 28) (Table 4.4.1).
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Table 4.3.1: Haplotype characteristics per chromosue.

Chromosome Mean Median Mode
Chromosome Blocks Coverage Block Block SNPs Mean SNPs Max
(Mbp) Length Length (%) NnSNPs or nSNPs
(kb)xSD (kb)xSD
1 402 0.05 25.8+157.8 11.5+2.7 13.7 2.4 2 54
2 314 0.05 23.5456.3 12.2+1.2 14.1 2.4 2 12
3 222 0.04 20.2+¢47.8  12.1+1.1 13 2.3 2 13
4 186 0.065 31.44+210.0 10.9+2.8 13.6 2.4 2 39
5 118 0.06 30+142.3  10.2+3.5 14 2.6 2 39
6 104 0.04 14.4+22.3  10.4+0.6 13.5 2.2 2 5
7 121 0.125 37.54220.1 12.2+2.7 18.1 2.5 2 31
8 92 0.17 53.1+249.1 12.5+4.1 21.2 3.1 2 31
9 72 0.04 13.5+17.4 12+1.0 13.8 2.2 2 10
10 94 0.06 12.6£17.09  9.5+0.7 16.6 2.2 2 6
11 95 0.14 28.4+118.5 8.2+2.5 20.6 2.6 2 21
12 99 0.07 13.2+25.7 9.8+1.4 18.5 2.3 2 15
13 93 0.08 14.8423.0 10.6%1.1 19.2 2.3 2 8
14 69 0.09 19.34+41.4 8.9+2.1 18.5 2.7 2 16
15 89 0.11 16.1+21.0  10.3%#1.3 22.6 25 2 9
17 66 0.11 16.9+28.5 7.5+1.9 215 2.7 2 12
18 58 0.06 11.5+22.6 8.6+0.9 15.2 2.2 2 9
19 53 0.11 20+49.4 8.9+1.8 16.5 2.6 2 13
20 125 0.11 12.3+36.4 6.5+2.2 20.7 2.4 2 25
21 63 0.08 8.9+14.8 6.1+1.2 19.5 2.3 2 10
22 16 0.08 21.6+40.7 6.9+2.8 16.9 3.2 2 12
23 26 0.06 12.4+32.3 6.2+1.4 11.4 2.3 2 9
24 34 0.04 8.02+20.0 3.7+1.7 11.4 2.3 2 12
25 13 0.04 6.245.1 5.1+0.4 16.6 2.2 2 3
26 32 0.07 11.1+28.5 4.9+1.4 12.5 2.5 2 9
27 27 0.07 13.6+27.6 7.2+1.7 16.4 2.7 2 10
28 41 0.09 10.5+29.22 S.z1.8 18.7 2.6 2 14
Average + SD  100.9+89.2 0.08+0.03 18.8+10.4 8.8+2.66.6+3.3 2.5+0.26 2+0.0 16.5%12.C

SD - standard deviation
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Figure 4.3.1: The distribution of haplotype frequermry across the village chicken genome.

4.3.2

Haplotype distribution per population

Number of haplo-blocks was less in Malawi (649)dakd by Zimbabwe (2104) and South Africa had

the highest of 2442 (Table 4.3.2). Genome covevaelow in Malawi (39 Mbp) followed by Zimbabwe

(54.5 Mbp) and higher in South Africa (64.4 Mbpy\ekage block length was high in Malawi (60.7 kb)

and more less the same between Zimbabwe (25.9 id)Sauth Africa (26.4 kb) (Table 4.3.2). The

percentage of SNPs making blocks was low in alupettjpns with Zimbabwe having SNP percentage of

11.0 and South Africa with 14.1 percent, whilst Mai had lowest (5.0 % SNP).
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Table 4.3.2: Characteristic of haplo-blocks structwe for Malawi, South Africa, and Zimbabwe.

Malawi South Africa  Zimbabwe
Blocks 64¢ 244; 2104
Genome Coverage (Mt 39 64.£ 54.t
Mean Block Lengtl(kb)+SC 60.7+£239.1 26.4+£132.! 25.9+140.!
Median Block Length (kb)xS  13.6+£239.1 10.8+132.! 9.7+£140.!
SNPs (% 5.C 14.1 11t
Mean nSNF 3.5£3.¢ 2.6%2.5 2.6£2.5
Mode SNPs per Bloc 2 2 2
Max nSNP 49 55 6C

Table 4.4.3 shows the variation of haplotype sigepopulation in which most haplotypes ranged from
10 kb to 25 kb. Haplotype block size of more thaklB was observed in all populations as well a few

blocks of more than 2 MB across populations.

Table 4.3.3: Number of haplo-blocks in relation taheir sizes for each population.

Malawi South Africa Zimbabwe Overall

<101b 25C 1132 107¢ 137¢
1C-25 kb 214 102z 792 111¢
25-50 kb 44 9C 78 64
5C-100 kb 56 81 63 83
10C-250 kb 63 87 7C 71
25(C-500 kb 13 14 9 1C
50C-2000 b 3

>2000 b 5

4.3.3 Haplotype sharing between populations

Zimbabwean and South African populations shareelatively large number of haplo-blocks (2689
haplo-blocks) whilst Zimbabwean and Malawian popiates shared the least number of 2325 haplo-
blocks (Table 4.3.4). The proportion of haplo-bleckared among populations was less compared to the
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total number of 2792 haplo-blocks observed in theral population. Malawi had 103 unique

haplotypes, while Zimbabwe had 256 and South Afniad 467 unique haplotypes.

Table 4.3.4: Haplo-block sharing between population (Unique haplotypes on the diagonal).

Malawi South Africa Zimbabwe
Malawi 10¢ 253¢ 232¢
South Africe 253¢ 467 268¢
Zimbabwve 232¢ 268¢ 25€

4.3.4 Haplotype diversity and characteristics

The chromosomal region in this study was defined ssction or part of chromosome where blocks were
found which is in contrast to other cases wheréekhtself is labeled as a region. Haplotype bkok
less than 20 kb were observed on region 1 follolmectegion 3. Region 2 had large haplo-blocks (Fegur
4.3.2) across populations. Malawi had fewer blookdess than 10 kb compared to those carried by
Zimbabwe and South African chickens. Region 3 dxibsimilar patterns of haplo-block structure
across all three populations where Malawi had fapldtblocks with gaps in between them and South
Africa and Zimbabwe had a number of large blocks there close to each other. Haplotype blocks of
less than 20 kb were observed more frequently inbabwe and South Africa than in Malawi chickens
(Figure 4.3.2). Haplotype blocks sizes of largemtis0 kb were observed across all the genomicmsgio
considered. Variation was observed among genorgiomewithin populations. Overall, Zimbabwean and
South African chickens shared similar patterns aplt-blocks across the genomic regions under
investigation. The large blocks in Zimbabwe andt8dAfrica corresponded to regions that had high LD

value as observed in Chapter 3.

Selected regions had variations of haplotype wiffopulations. On region 1, at least five haplo-kéoc

per population were observed where South AfricaZimtbabwe seemed to share similar blocks pattern
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having high haplotype diversity within each block @mpared to Malawi. Zimbabwe had a different
block pattern from that of Malawi and South Africem region 2 (Figure 4.3.3). Further more, all
populations had haplo-block sizes greater than 2@0(QTable 4.3.3). A number of haplotypes within
each blocks had low haplotype frequency and bidgdeeck had high haplotype diversity within and in
between populations (Figure 4.3.3). There weretlaplotype combinations that had high frequency and

majority of the haplotype combinations occurretbat frequencies.

Malawi population had less number of blocks (10ck&) as compare to Zimbabwe and South Africa,
which had 13 blocks on chromosome 8. Haplotyperdityevaries between blocks where Zimbabwe had
high haplotype diversity on block 5 but very low block 9, where Malawi had the highest haplotype

diversity (Figure 4.3.4).
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Figure 4.3.2: LD bound haplo-block plots of three hromosomal regions on chromosome 8. Region
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Figure 4.3.3: Haplotype plots of chromosome 8 frorthree chromosomal portions.
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Figure 4.3.4: Haplotype diversity within blocks obgrved on chromosome 8 between Malawi, South

Africa and Zimbabwe extensively raised chicken poplation.

The haplotype diversity was high on haplo-blockB1 haplotypes), 33 (7 haplotypes), 36 (7 haplaype
and 37 (7 haplotypes) which also correspondeddasire of blocks, 477 kb, 197kb, 486 kb and 269 kb
respectively. QTLs on the haplo-blocks around #ienteric region did not have match of QTLs except
spleen percentage QTL that was found on ZimbabwedrSouth African chicken population. The QTLs
found were related to body composition traits saslDrumstick muscle weight, Feed conversion ratio,
Thigh meat-to-bone ratio, Femur bone mineral dgnBiteast muscle weight, Body weight (day of first

egg), Shank weight to length ratio, Abdominal fatqentage, Head percentage (Table 4.3.5).
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Table 4.3.5: Overall haplotype characteristics and*QTLs associated with regions covered by

haplo-block Chromosome 8 overall population.

Blocks No. Location Size No. OTLs
No. Haplotypes (bp) (kb)  SNPs
1 5 5597-6348¢ 57.8¢ 4 No matct
12947:-
2 4 991139 91.67 4 SPLP
28694(-
3 6 492518 196 9 No match
58476
5 5 676818 81 5 No match
899974I-
30 6 9090157 90.05 6 DSMWT, FBMD, SHKWLR, TW
913564-- DSMWT, TMTBR, FBMD, BMWT, BW,
3l 11 9613172 4rrs 25 SHKWLR, ABFP, HEADP
32 5 963931 - 131 5 DSMWT, TMTBR, FBMD, BMWT, BW,
9770642 SHKWLR, ABFP, HEADP
981835~ DSMWT, TMTBR, FBMD, BMWT, BW,
33 ! 10011078 192.7 15 SHKWLR, ABFP, HEADP
34 5 1001642- 113 5 DSMWT, TMTBR, FBMD, BMWT, BW
10222972 SHKWLR, ABFP, HEADP
35 4 1177685+ 100 5 DSMWT, TMTBR, FBMD, BMWT, BW,
11841126 SHKWLR, ABFP, HEADP
36 7 1185869- 486 17 DSMWT, TMTBR, FBMD, BMWT, BW,
12359447 SHKWLR, ABFP, HEADP
DSMWT, THBWT, FCR, CHWID, CRDIG
12429560- TIBWT, TW, TIBMD, TIBPA, TIBSTR,
37 7 12628528 269 10 BMWT, BW, GROW, BMWT, DSMWT,
SHKWLR, BMWT, MD, HEADP,
WINGWT
DSMWT, THBWT, FCR, CHWID, CRDIG
38 5 12757762- 81 5 TIBWT, TW, TIBMD, TIBPA, TIBSTR,
12838840 BMWT, BW, GROW, SHKWLR, MD,
HEADP, WINGWT
DSMWT, THBWT, FCR, CHWID, CRDIG
5 LW o GROW. BMWT. DOWWH
12987908 ' ’ ' ' ’ '

SHKWLR, BMWT, MD, HEADP,
WINGWT

*List of full names of QTLs on the next page:
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DSMWT Drumstick muscle weight
THBWT Thigh bone weight

FCR Feed conversion ratio
CHWID Chest width

CRDIG Crooked digits
TIBWT Tibia weight

TW Tibia width

TIBMD Tibia marrow diameter
TIBPA Tibia plateau angle
TIBSTR Tibia strength

BMWT Breast muscle weight
BW Body weight (63 days)
GROW Growth (21-42 days)
BMWT Breast muscle weight

DSMWT Drumstick muscle weight
SHKWLR  Shank weight to length ratio

BMWT Breast muscle weight

MD Marek's disease-related traits
HEADP Head percentage

BW Body weight

WINGWT  Wing weight

4.4 DISCUSSION

The aim of this study was to investigate the hdgtmks structure in extensively raised village &bit
populations using high-density SNP data in ordefeti@rmine the relationship between the high Leal
observed on chromosome 8 and 22 and haplotypesitivatong with possible QTLs spanned by haplo-
blocks found on these chromosomes. This was dooedier to understand whether these chromosomes
had region that can constitute of LD associatedohlpcks that could explain any adaptation quediti
observed in extensively raised chicken populatgersome. Genomic regions have been investigated in
few previous studies working with different commatcchicken lines to analyze the haplo-blocks
structure and haplotype diversity using microsiitetharkers. As a result few studies e.g. (Megerad.
2009) are available to make comparisons with. Thgight on haplo-blocks on village chicken

populations of Southern Africa will shed light intthe genomic structure and provide baseline
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information for future investigations on haplotypariation in association with phenotypic traits of

interest.

Although the number of haplo-blocks was high on ecro-chromosomes, the chromosomal coverage
was low indicating presence of many short haplaksgoin all populations. Average length of haplo-
blocks in these regions was 26 kb. Multiple shaplb-blocks imply high recombination events that
break the historical ancestral blocks into smalinsents. The observed results are expected fromexlitb
populations with high genetic diversity that has been under artificial selection pressures forciioe
production traits (Wragg et al. 2012). The averagelian block length of 8.8 kb (Table 4.3.1) obsdrve
in this study is comparable with those reportedtiitkens (Megens et al. 2009), wild dogs (Zhaol.et a
2003; Lindblad-Tohet al. 2005), pigs (Amaral et al. 2008) and hum@dabriel et al. 2002; Wall &
Pritchard 2003). The number of SNPs forming blogks above 25 SNPs in some chromosomes such as
chromosomes 1, 4, 5, 7, and 8. Such genomic regimishave long stretch of haplo-blocks should be
further investigated for association with morphabad) or quantitative traits that could be spanngd b
these blocks. Majority of haplo-blocks were lesantiO kb with some falling between 10 and 25 kb
across all populations. Very few haplo-blocks werere than 500 kb. Megens et al. (2009) reported
haplo-blocks lengths of less than 10 kb on targgtbmic regions on four chromosomes (chromosome
1, 2, 26 and 27), from both macro- and micro-chreomees. Haplo-blocks of less than 10 kb were

observed in regions of low LD (~0.2) in the prestirgdy outbred populations (Megens et al. 2009).

A large proportion of haplo-blocks occurred at @gfrency greater than 20% in the overall population
(Figure 4.3.1). The moderately prevalent haplokdocan be used to assess haplotype diversity and

genetic variation within and between populations.

The number of observed haplo-blocks varied betwsmgulations. Malawi had lower number of haplo-
blocks compared to South Africa and Zimbabwe. Sargpdtructure where by in Malawi animals were

sampled from one ecotype whilst three ecotypescpentry were used for South Africa and Zimbabwe
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might cause this. The number of haplo-blocks inavalis similar to those observed by Wragg et al.
(2012) in traditional and village chicken populago Number of haplo-blocks of South Africa and
Zimbabwe are similar to those observed by Qanhbiadl.g2010a) in commercial lines (Broilers and
layers). Overall, high number of haplo-blocks wagested from the Southern African chicken
populations that are considered as diverse outthadkens and have not been selected for any specifi
traits. Findings from this study shows that Soutfnicdn and Zimbabwean chicken populations have
accumulated more blocks compared to Malawi popardati These blocks accumulated by South African
and Zimbabwean chicken population are small in fizss than 25 kb). Results suggest higher effectiv
population sizes (see Figure 3.3.4, Chapter 3) lamd inbreeding levels for South African and

Zimbabwean chickens compared to Malawi chicken fadjmns (as observed in Table 3.3.1, Chapter 3).

The level of haplo-blocks sharing determines thandferability of genetic parameters between
populations (Megens et al. 2009). Haplotype shainnthis study varied with a considerable number of
haplo-blocks shared between populations. Malawiveldoto have more haplo-blocks shared with other
populations and only a few haplo-blocks unique he tountry. Further analysis into the sizes of
haplotypes shared, their genomic content and #muéncy between populations can give more insight
into genomic regions spanning economic importaitstr The variation in number of unique haplo-bkck

within population indicates independent genomic-subcturing and evolution of populations. Thera is

need to understand what genomic regions are shma®eeen populations with the aim of associating

haplotypes with adaptive traits in these extengivaised populations.

Haplo-blocks observed in this study had 10 to 18sfdower genome coverage in comparison to Qanbari
et al. (2010a), where blocks covered more thanN8Bp of the 1.05 Gbp chicken genome in both broilers
and layers, respectively. The median block lengid enode SNPs per block were similar to those
observed in traditional chicken populations by Vgragt al. (2012). These results indicates that
extensively raised chickens still resemble ancebitck length as in other species such as doge eve

though they had different domestication history dethographic evolutionary history (Lindblad-Toh et
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al. 2005). The number of SNPs forming a block was In comparison to studies conducted on
commercial lines (Qanbari et al. 2010a). Denser fidRels such as the 600K SNPs chips would
probably improve on the number and proportion oPSNorming haplo-blocks. This will also improve

on the LD fine mapping of QTLs and association igtsid

On the regions investigated, QTLs have been foorfaetassociated with growth and body composition
related traits such as body weight, muscle weitjbta, wings and thigh size. Results indicate the
importance of such traits in village chicken popiolas. Growth and body composition traits coulckbg

to the adjustment of village chicken populationdlt@tuating and scarcity of feed under the extensi
systems of management most of these birds are uwgdr. Village chickens are known to be slow
growers (Muchadeyi et al. 2007b), a charactertstit possibly helps them to reduce the risk ofrfgito
cope and survive during periods of feed shortage.rate of growth and the body weight might theneefo

associate with the observed haplo-block regiorteése chicken populations.

There could be other traits of interest that cdadccovered by lager haplo-blocks in the southemica

chicken genome but attention was drawn to thosensbsomes that had high LD values (Chapter 3)
which were chromosomes 8 and 22. Chromosome 2%kad haplo-blocks that were greater than 10 kb
and none that were greater than 50 kb, no QTLs feeed on the observed blocks on this chromosome.

Most blocks were found around the centromere dodere region of chromosome 8.

The presence of known QTLs related to body comjposibn the observed haplo-blocks indicates the
possibility of LD fine mapping of QTLs in extenslyeraised chicken populations using genome-wide
high density SNP panels such the lllumina iSeldgtkens SNP 50K array. Further investigation of
chromosomal regions flacked by large haplo-bloakd @TL association in other regions can be useful

for genomics assisted selection to improve feytilirowth and feed conversion efficiency.
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4.5 CONCLUSION

The observed optimal number of haplo-blocks haalhagenome coverage of which most blocks were of
small size. This might limit the use of haplo-bledk QTL mapping in certain genomic region, however
genomic regions covered by long haplo-block werseoled to span QTL regions associated with
economic important traits. The haplotype diversity chromosome 8 and difference in haplo-block
structure with and in between populations mightidaté biodiversity and evolution imposed by agro-

ecological zone and farming system where thesealsiaxist.
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CHAPTER 5

GENERAL DISCUSSION & CONCLUSION

The availability of modern genomic tools and powekrtatistical methods has made it possible to
investigate genetic and demographic parameters diwmtat play in shaping up the existing genetic
resource of extensively raised chicken populatiorthe absence of pedigree and performance ddta.. T
possible impact of the management systems undahwihe extensively raised chicken populations are
kept on the genomic architecture, diversity and tis extinction have not been fully evaluated. An
understanding of the inbreeding levels, effectispylation size and possible genetic structure suiogo
adaptation features could facilitate effective @mation and proper breeding programs. The snadkfl
sizes, random mating systems and lack of suppogmgtic parameters are thought to influence geneti
variation and the evolution of village chickensislimportant to quantify the levels of geneticgraeters
that contribute to genetic variation and evolutafrihe village chicken populations. The investigatbf
linkage disequilibrium (LD), effective populatioize and haplo-block structure has not been done on
Southern African village chicken populations. Téisdy sought to provide a platform for the use NPS
data in extensively raised chicken populations ndeustand their demographic and genetic parameters
that exists and shaping the genetic structure egelpopulations. The estimation of LD and the udse o
LD-based methods to measure effective populatine and detection of haplotypes could unravel the

genetic architecture of the village chickens.

In Chapter 3, variation in LD levels between pofialzs and chromosomes was observed. In general, all
populations showed similar trends of LD decay. Giosome 8 and 22 were observed to have high LD
levels of 0.524+0.26 and 0.54+0.3, respectively sthite chromosome 13 and 18 showed lower levels of
LD of 0.37£0.2 and 0.34+0.2, respectively comparethe chromosomal average of 0.42. A chromosome
by population interaction was however observed eteithe South African and Zimbabwean chickens

had similar patterns of LD decay that was differfoin Malawi. Results indicated that even though
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population did not influence LD, genomic selectanmd adaptation that shape genetic structure oéthes
animals differed between chromosomes at a couetrgl.l LD was further used to estimate effective
population size over time and all populations shbaeonstant decline of effective population sizero
the past generations showing that less than 2@ithdils contributed to the current genetic poolefkv
though it has been assumed that farmers who kdlegesichickens do not impose selection pressure for
breed development, some decisions taken in thasasxe production systems could contribute towards
genetic variability (gain and loss of genetic dsmy) such as uncontrolled mating systems, shasing

chickens and culling .

In chapter 4, we sought to evaluate whether hajdoks on chromosomes that had high LD
(chromosome 8 and 22) could be spanning QTLs fatstrof economic importance, and supporting
isolated evolution of the different populationsriraifferent geographic and production systems. Resu
showed that populations shared a majority of hisgidoks and that most haplo-blocks had a frequency
ranging between 0.2-0.5. The number of haplo-blacksed per population with the majority of haplo-
blocks observed being small in size of > 15 Kb viétver larger haplo-blocks of < 1Mb. However, the
median block length of 10 kb was comparable to tieserved in other species such as in humans and
pigs. There is a need to use a denser SNP paneh foetter haplotype resolution. However, the
transferability of genetic tools is important ftyetinvestigation of population genetic parameted the
haplotype sharing between these populations irgittet potential use of haplotype for investigatidn
population parameters in village chickens. Hapletypocks observed on chromosome 8 were highly
diverse having few haplotypes combination that hégh frequency and a number of haplotypes
combinations occurring at low frequency. The aversige of the haplo-block was 126 kb. Some of these
haplo-blocks were spanning QTL regions that areaated with body composition traits such as body
weight, feed conversion ratio, thigh muscle, wingight, shrunk size, breast weight and abdominal fat
percentage. These traits are found on regions leith or no recombination events indicating the

importance of conservation of these traits for &atign to survive under the smallholder farmingtegs
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The extent and distribution of LD across the genavas in support on the observed haplo-block with
high confidence bound to be in LD. The observeddiafocks spanning over coding regions and none

coding regions can be a useful tool in identifytmmserved regions of economic importance.

In conclusion, this study has shown the utility @K SNP chip panel to investigate demographic
parameters of village chicken populations raisecctaynmunal farmers in the different agro-ecological
zones of Southern Africa. The geographic origiranfmals did not have significant difference on LD
measure, and the reduced level of heterozygosityinvaupport of reduced effective population sizas
indicated that different agro-ecological zones famching system have similar impact on the gene pbol
the studied population. Farming systems in whicimmoinal farmers keep these animals have an
influence on reduced genetic diversity and propanagement needs to be practiced to conserve them.
The characterized haplo-block showed some simdariin between populations and high genetic
variation. The observed QTL spanned by haplo-blozks be used in association with performance
records and extract haplotypes that can be asedciaith production performance for genetic

improvement programs.

86



APPENDIX

Proc. Assoc. Advmt. Anim. Breed. Genet. 20:364-367

THE EXTENT AND DISTRIBUTION OF LINKAGE DISEQUILIBRIUM IN
EXTENSIVELY RAISED CHICKEN POPULATIONS OF SOUTHERN AFRICA

K.S. Khanyile'?, E. F. Dzomba® and F. C. Muchadeyi'"

'Biotechnology Platform, Agricultural Research Council, P Bag X5, Onderstepoort, 0110,
South Africa
?University of KwaZulu-Natal, Discipline Genetics, School of Life Sciences, Private Bag X01,
Scottsville 3209, Pietermaritzburg, South Africa
Correspondence: MuchadeyiF @arc.agric.za

SUMMARY

The amount of linkage disequilibrium (LD) is an important source of information about
historical events of recombination and allows inferences about genetic diversity and genomic
regions that have undergone selection. Linkage disequilibrium is equally important in studying
effective population size and rate of inbreeding particularly in extensively raised and wild animal
populations where pedigree records are scarce. The objective of this study was to investigate LD in
village chicken populations of Southern Africa. These chickens are raised under scavenging
systems of production characterized by uncontrolled breeding and frequent population bottlenecks
due to disease outbreaks and fluctuations in feed supplies. DNA samples from 312 extensively
raised chickens from South Africa, Malawi and Zimbabwe were genotyped using the Illumina
iSelect chicken SNP60K BeadChip. A panel of 43,157 out of the total 57,636 (74.8%) SNPs was
used in the final analysis after screening for those that had a minor allele frequency of less than
5%, were out of Hardy-Weinberg equilibrium (P<(.01) and had a call rate of less that 95%.
Results indicated that LD averaged between 0.45 and 0.58 for SNPs that had a pairwise distance of
less than 20 kb. LD dropped to 0.34 for SNPs between 20 and 100 kb afier which it remained
constant. LD was further analyzed for its decay over marker distance and differences between
populations from different geographic locations. Results are discussed in terms of historical
changes in effective population size and resultant recombination rates. The utility of the iSelect
chicken SNP60K beadchip in investipating free-range chicken population genetics is
demonstrated.

INTRODUCTION

Linkage disequilibrium (LD) is defined as a non-random association of alleles at two or more
loci (Hendrik 2005; Qanbari et al/. 2010). The importance of LD is in providing information about
historical events of recombination thereby explaining genetic diversity in genomic regions
undergoing selection. LD also allows estimation of effective population size and rate of inbreeding
in extensively raised and wild animal populations without pedigree records (Wragg et al. 2012).

The wvillage chicken production system in Africa is mainly based on scavenging village
chickens (Kitalyi 1998), that are used to meet the multiple household social, economic and cultural
needs and are crucial to biodiversity (Delany 2003). However, very little is known about the
genetic composition of village chickens in developing regions like Southern Africa. Diversity
studies using autosomal microsatellite (Muchadeyi et al. 2007) and mtDNA sequences (Mtileni et
al. 2011) have not defined the genetic stability of these populations. Demographic population
parameters such as effective population size and inbreeding lewvels, that influence the risk to
extinction of these populations, remain uncharacterized due to the absence of pedigree and other
population census records in these village chicken production systems. The availability of large-
scale sequence data in chickens has resulted in an increase in the marker density and achieved a

364

87



Genomic Selection - techniques

comprehensive SNP coverage of the chicken genome. The chicken 60K SNP genotyping chip has
the potential to unravel the genetic information in extensively raised chicken populations.
Applying LD analysis will permit estimation of demographic and evolutionary parameters of these
populations. The aim of this study was to investigate the extent and distribution of LD in
extensively raised chicken populations of South Africa, Zimbabwe and Malawi using the Illumina
iSelect chicken SNP60K BeadChip.

MATERIALS AND METHODS

Chicken populations, blood collection and DNA isolation. A total of 312 village chicken
samples were collected from South Africa (n =147), Malawi (n = 30) and Zimbabwe (n = 135). In
South Africa, village chickens representing Limpopo (n = 15), Eastern Cape (n = 26) and Northern
Cape (n = 35) populations, and four conservation flocks of the Naked Neck (n = 20);
Potchefstroom Koekoe (n = 20); Ovambo (n = 10) and Venda (n = 20) chickens kept at
Agriculture Research Council Poultry Breeding Resource, were sampled as described in Mtileni et
al. (2011). The sampling of the village chickens from Zimbabwe (n = 135) and Malawi (n = 30)
populations is described in Muchadeyi et al. (2007). Blood was collected from the selected
chickens onto FTA Micro Cards (Whatman Bio Science, UK) and DNA was isolated using a
modified protocol of the Qiagen® DNA blood and tissue kit.

SNP genotypes and quality control. The chicken DNA samples were genotyped using the
iSelect chicken SNP60K bead chip produced by Illumina Inc. SNP quality control was done using
Plink (1.07) software to remove SNPs that were either out of Hardy-Weinberg equilibrium (HWE)
{(P< 0.01), showing a minor allele frequency (MAF) of at least 5%, had low call rate (< 95%) and
with missing genotypes (> 5%). SNPs that were on unknown chromosomes, mtDNA, linkage
groups and/or sex chromosomes were excluded from further analyses. After filtering, 45676,
44667,46905 and 43157 SNPs on 28 autosomal chromosomes were used for each of the Malawi,
South Africa, Zimbabwe and combined populations, respectively.

Linkage Disequilibrium analysis. A pair-wise LD (r’) was estimated using PLINK (1.07)
software for SNPs on chromosome 1 to 28 for the individuals belonging to the three populations
using the following formula:

_ (11rz2-rizf21)?
FALfA2fB1fB2

A Generalized Linear Model procedure (Proc GLM) in the Statistical Analysis System (SAS)
was used to determine the effects of SNP marker interval (bp), chromosome, and population group
and interaction of chromosome-by- population on the decay of LD using the following model:

rz;j- = u + Pop,; + Gga, + (Pop x Gga),+ bSNPint + ey,

Where: Pop; was the effect of ith chicken population of either, Malawi, Zimbabwe or South
Africa; Gga; was the effect of the jth chromosome 1-28; and SNPint the effect of SNP interval fit
as a covariate with b the regression coefficient.

RESULTS AND DISCUSSION

Effects of chicken population, chromosome and distance between SNPs on LD. LD was
calculated on 28 of the 38 chicken autosomes. The chromosome size, SNP interval distance and
number of SNPs per chromosome support the differences between macrochromosome 1-5 that had
high number of SNPs and large intervals between SNPs and micro-chromosomes 16-28, which are
smaller and had less SNPs that were relatively close together (Megens et al. 2009). Linkage
disequilibrium (r’+SD) averaged 0.38 = 0.20 and ranged from 0.34 = 0.14 -0.45 + 0.24 in Malawi,
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0.34 = 0.15 - 0.52 £ 0.27 in Zimbabwe and 0.34 + 0.14 - 0.50 = 0.27 in South African chicken
populations. Overall, there was no significant difference in r° values (P<0.05) between
populations indicating similarities between the Malawian, Zimbabwean and South African village
chicken populations. However, LD varied significantly between chromosomes (P<0.001) with
chromosome 8 having the highest LD of 0.52 + 0.26 followed by chromosome 22 with an r” = SD
value of 0.49 + 0.28. The high LD might be an indication of selection at genes on these
chromosomes (Hendrick 2005) particularly natural selection pressures as these chicken
populations are raised under extensive systems of production where human selection pressures are
minimal (Mtileni et al. 2010). Although population did not influence genome-wide LD, a
population by chromosome interaction was observed whereby the Zimbabwean chicken population
had the highest LD on chromosome 8 (0.52 = 0.267) and the South African chicken population
was highest on chromosome 22 (0.49 + 0.29). Such interactions need to be further investigated as
they might indicate different selection pressures in different populations (Wragg et al. 2012).

Another factor that influenced LD was the SNP interval. To further understand this, LD was
computed at different distance interval of 0-1 kb, 1-10 kb, 10-20 kb, 20-40 kb, 40-60 kb, 60-100
and 100kb plus using SNP data from chromosomes 1-28 (Fig 1a) and from chromosomes 8; 22
and 13 as indicated in Figures 2b, ¢ and d respectively.
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Figure 1. Average LD decay with an increase in physical distance between SNPs for a)
chromosomes 1-28, b) chromosome 8; ¢) chromosome 22; and d) chromosome 18.

The LD averaged 0.58 for SNPs within a 10 kb interval and decayed to 0.45 -0.47 for SNPs
between 10-30 kb after which they remained constant. The LD decay at chromosome 8 of the
Malawi chickens continued to decline after 40kb. In Zimbabwe and South African chickens, LD at
chromosome 22 made a sharp decay from 0.7 (Zimbabwe) and 0.85 (South Africa) to an r* below
0.5 at 10kb after which it stayed constant. On the same chromosome LD was maintained around
0.45 over all sliding windows in the Malawi chicken population.

Ovwerall, a higher LD was observed in the Southern African chicken populations compared to

366

89



Genomic Selection - techniques

other chicken populations observed in other studies (Qanbari ef al. 2010; Wragg et al. 2012). For
example, in a commercial egg laying flock, a averaged 0.32 + 0.33 with a minimum 0.21 + 0.26
(Qanbari et al. 2010) whereas it was maintained around 0.38 in this study.

CONCLUSION

A relatively high LD that persisted over long SNP intervals was observed in the South African,
Zimbabwean and Malawian chicken populations. This LD pattern seems to be consistent with low
and steady effective population sizes. The study recommends for a further investigation on the role
of selection and population bottlenecks on chromosomes 8 and 22 that had significantly high LD.
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