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ABSTRACT

DETERMINATION AND COMPARISON OF GENETIC VARIATION | N
HONEYBEE (Apis melliferaL.) POPULATIONS OF TURKEY BY RANDOM
AMPLIFIED POLYMORPHIC DNA (RAPD) AND MICROSATELLITE
ANALYSES

Ivgin Tunca, Ragan
Ph.D. Department of Biology
Supervisor: Assoc. Prof. Dr. Meral Kence

February 2009, 141 pages

We analyzed a total of 760 worker bees, two sammpesolony, 390 colonies in 26
provinces in Turkey to determine and compare theetye variation of Turkish
honey bee Apis melliferaL.) populations using 10 primers for RAPD and 6
microsatellite loci. Mean gene diversity levelsgad from 0.035%anliurfa) to 0.175
(Antalya) for RAPD and 0.449 (Mila) to 0.739 (Artvin) for microsatellite markers.
Private band patterns and alleles, pairwksg values support that the Anatolian
honey bees belong to C lineage except for HataySanturfa populations illustrated
from previous findings of mitochondrial DNA studigSenetic differentiationGsq)
from RAPD data ranged from 0.060 (Bilecik and §i&) to 0.395 (Gokgeada and
Sanliurfa). The genetic diversityF{;) for microsatellites ranged from -0.068
(Gokgeada anizmir) to 0.347 (Konya and Mila).

The results of the present research are in agreetoethat of previous study in
Turkish honey bee populations which used differardrosatellite loci. That is the
genetic variation was the highest in African, tbedst in European and intermediate
in the Mediterranean honey bee populations. Tha pliesented here indicate that in
spite of extensive migratory beekeeping, therdiisaslarge genetic differentiation

among honey bee populations.



These results should be considered in establishnoéntconservation plans
particularly in moving of colonies between regionShe most importantly
introduction of bees with foreign origin and dibtrtion queen bees from one center
to all over the country which will homogenize theng pool of the populations

should be prevented.

Key words: HoneybeeApis melliferaL., RAPD, microsatellite, genetic diversity,

Turkey



Oz

TURKIYE BALARISI ( Apis mellifera L.) POPULASYONLARININ
RASTGELE COGALTILMI S POLIMORFIK DNA (RAPD) VE
MIKROSATEL IT ANAL iZLER1 iLE GENETiK CESITLiLiGININ

BELIRLENMESI VE KARSILA STIRILMASI

Ivgin Tunca, Ragan
Doktora, Biyoloji Bolumu
Tez yoOneticisi: Dog. Dr. Meral Kence

Subat 2009, 141 sayfa

Turkiye bal arisi Apis melliferaL.) toplumlarinda genetik g#lili gin belirlenmesi
ve kagllastiriimasi amaciyla 26 ilden 390 kolonide, kolonkipa 2 6rnek olacak
sekilde toplam 760 sci ar1 6rngi, 10 RAPD 6nciul DNA’ siI ve 6 mikrosatelit lokusu
kullanilarak analiz edilngtir. Ortalama gen farklikgma dizeyleri RAPD analizi igin
0.035 Ganhurfa) ile 0.175 (Antalya) ve mikrosatelit arzalicin 0.449 (Mgla) ile
0.739 (Artvin) arasinda @emistir. Toplumlara 6zgu band kaliplari ve alelleriiliik
Fst deserleri, daha ©nceki mitokondrial DNA cghalarinin  sonuclarinda
gosterildgi gibi Hatay veSanliurfa populasyonlarinin g@nda Anadolu bal arilarinin
C soy hattina ait oldiunu desteklemektedir. RAPD verilerinden elde edgenetik
farklilasma Gst), 0.060 (Bilecik and Mgla) ve 0.395 (Gokceada arfhnliurfa)
arasindadir. Ayrica, mikrosatelit verilerinden eleldilen genetik catlilik (Fsy), -
0.068 (Gokgeada aridmir) ile 0.347 (Konya and Mila) arasinda dgsmistir.

Bu calsmanin sonuclari, Turkiye bal arisi toplumlarindkliamikrosatelit lokuslari
kullanilarak yapilmy olan calgsma ile uyumludur. Genetik gili gin Afrika’ da
yuksek, Avrupa’ da diilk ve Akdeniz toplumlarinda orta seviyede @dwsonucuyla
uyum icindedir. Burada sunulan veri, g gezgin ariciia rggmen bal arisi

toplumlari arasinda genetik farkgin hala fazla oldgunu gosterngiir.

Vi



Bu sonucglar koruma planlarinin eturulmasinda 6zellikle de kolonilerin bolgeler
aras! tainmasinda g6z onunde bulundurulmahdir. En dnemjabanci kokenli
arilarin girgi ve ana arilarin bir merkezden butin tlkeygidienasi, toplumlarin gen

havuzunu tekdizedgrecesi icin engellenmelidir.

Anahtar kelimeler: Bal arisfApis melliferal., RAPD, mikrosatelit, genetik g#lilik,
Tarkiye
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CHAPTER 1

INTRODUCTION

1.1. Importance of Honey bees

Honey bees have been shown to be very importatadioal material for breeders
and scientists due to their economic role in hgm@guction and pollination, which
provide continuity of the wild flora and increagetyield of cultivated plants. Honey
bees are also social insects which makes them aelnmganism in order to

understand the evolution of social organization.

Wilson (1982) set the criteria to determine theiadyg of insects as cooperation
among adults in nest construction and brood cavesiah of labor according to their

reproduction and overlapping of at least two getn@na (Dietz, 1986).

Based on the natural selection of individuals, ¢velution of sociality has been
explained by four main theories; kin selection, ugroselection, mutualism, and
polyandry. Brian (1983) suggested that these fowpories tried to explain why
haplodiploid mode of sex determination in Hymenogptbas been a successful
starting point of evolution of sociality. Altruis@nd inclusive fitness, based on kin

selection, has had a strong effect on social isggtamilton, 1964).



1.2. The Evolutionary History of A. mellifera L.

Honey bees are classified within Apinae subfamil}Apidea family. This subfamily
contains special pollen collecting organs. Theioraf Apiscan be traced back to the
early Oligocene based on the well preserved fa$siue Apistype (Culliney, 1983;
Ruttner, 1988; Engel, 1998). On the other handtithe of origin is estimated taking
the Meliponini (Apidae) into account, known as gtess bees, as approximately
between 100-300 Mya* (Michener, 1979; Ruttner, 198&margo and Wittman,
1989; Arias and Sheppard, 200®revious data from Engel (1998) indicated that
Apis diversity has slightly increased as only threecgseare currently known from
the Oligocene, followed by another five speciesnfithe Miocene (not including.

melisugq, eventually leading up to the six species.

Ruttner (1988) and Engel (1998) studied wing vematf living and fossil honey
bees in order to determine the differences amoegithnd their close relatives.
According to their resultsBombus sppA. mellifera + A. cerana, A. floreand
Synapis*+A. armbrusteri + A. dorsataompound clusters were formed. It was
observed that wing venations 8ynapis + A. dorsathave not greatly changed since
the early Miocene. However, excluding their weiges,A. armbrusteri + A. dorsata
have been found to completely overlap since lateckihe(10-12 my)An A. florea
was assumed toave separated fro®ynapis + A. armbrusteri + A. dorsasad A.

mellifera + A. ceranan the Oligocene (Engel, 1998).

Ruttner and Maul (1983) revealed that ceranaand A. melliferaare still in an
immature stage of speciation, have very similarattaristics and they do not have
pre-mating barriers. They were isolated during et glaciation and their recent
distribution in the temperate zone shows a postllgoattern (Ruttner, 1988;
Schmitt, 2007). Thus, they have existed for nea@y00 years.

* Mya: Million years ago- *Synapis well preservedig\pype specimens were found in amber and cometfrem

lower Miocene (22-25 my old)



Engel and Schultz (1997) reanalyzed the geApss based on morphological
characters and DNA sequence data with 6 taxa. Aoogrto reanalysis study.
mellifera and A. ceranavere considered most recently derived sister taxa.
mellifera + A. ceranashared a common ancestor wihdorsata. A. dorsata + A.
mellifera + A. ceranashared a common ancestor with florea. Cameronet al
(1992) and Engel and Schultz (1997) revealed Ahdtoschevnikowvas combined

with A. ceranaandA. adreniformisvas the sister taxon to ondy florea.

According to mtDNA-Coll sequences and allozyme atéhtiation among
populations, several researchers proposed ghaterana — A. melliferagroup

divergence occurred much earlier in evolutionastdry of Apis nearly 6-8 myr ago
(Garneryet al., 1991; Sheppard and Berlocher, 1989). Engel (198®ported the
proposal of the earlier group divergence using riaxaic analyses of fossil and

living honey bees.

1.3. Classification and Geographical Distribution bHoney Bees

Honey bees are grouped into three major clustesedban morphometric analyses
(Ruttner, 1988), nuclear and mt DNA analyses (Aw@asl Sheppard, 2005) and
presently A. dorsata A. binghamj and A. laboriosa are called giant beedA.
andreniformisandA. floreaarecalled dwarf bees and cavity-nesting bees consist o
A. melliferg A. cerana A. koschevnikoyiA. nuluensisandA. nigrocincta.The first
cluster is comprised of giant honey bees. It inekithree specie#. dorsata, A.
binghami and A. laboriosaThe genetic relationship betweén dorsata and A.
binghamiwas not clearlysolvedas Ruttner (1988) proposed thAt dorsatais very
uniform within its main area (South Asia) and ird#d four subspeciesA. d.
binghamj A. d. breviligula A. d. dorsata and A. d. laboriosa.However, the
sequence variation of mtDNA RFLP separatedl. binghamandA. d. dorsatanto
two different groups (Smith, 1991). Arias and Sredp(2005) did not observe a
clear distinction betweeA. binghamiandA. dorsatabased on ND2 gene sequence
and interpreted this as an indication of eitherenécspeciation or intraspecific
variability although they first considered themsaparate species.

3



In contrast, théA. laboriosawas well diverged fromi\. dorsata.The second cluster
consists of dwarf honey bees includiAg florea and A. andreniformis They are
distributed throughout southern and southeastelia Asd together the subgenus
Micrapis, and are the most primitive of the living spea¢#pis, reflected by their
small colony size, and simple nest constructiore Tdst cluster was composed of
cavity-nesting honey bees includiag mellifera, A. cerana, A. koschevnikovi and A.
nigrocincta. The cavity- nesting honey bees are considered im ¢gwographic
groups. The first one is eastern group includingcgsA. cerana, A. koschevnikovi
and A. nigrocinctaSequence data from both mtDNA and AFLP supported A.
nigrocincta is a species diverged from. cerana(Smith et al., 2003; Arias and
Sheppard, 2005).

Western honey bee species inclublpis mellifera L distributed from eastern to
northern Europe and Asia. It is variously called Western, European or Common
honey bee in different parts of the world (RuttnE988) Based on morphometric,
behavioral and biogeographical studies, 26 subspdr@ve been identified (Ruttner,
1988; Shepparcet al., 1997; Sheppard and Meixner, 2003) (Table 1.1). Many
researchers have studied the subspecies based ogeobraphy, morphology,
genetics and behavior (Arias and Sheppard, 199%G)ckret al., 2000a; Garnergt
al., 1993, 1995; Meixneet al., 1993, 1994; Kandemiet al., 2000; Boduret al.,
2007). The western honey bée mellifera has been adapted to many kinds of
climates ranging from tropical to cold temperatel drom humid areas to semi
deserts. According to Adam (1983}, m. anatoliacais classified within western
honey bee and is known to have evolved charadt=rist order to survive during

long, hard winter conditions.



Table 1.1. Honey beé\pis melliferalL.) subspecies according to their geographical
distribution (Ruttner, 1992; Sheppagtial. 1997).

Near East Subspecies

Apis mellifera anatoliacMaa (1953)
A. m. adamRuttner ( 1975)

A.m. cypriaPollman (1879)

A. m. syriacaButtel-Reepen (1906)
A. m. med&korikov ( 1929)

A. m. caucasic&orbachev (1916)
A. m. armeniac&korikov (1929)

Tropical Africa Subspecies

Apis mellifera lamarckiCockerell (1906)
m. yemeniticikuttner (1975)

. litoreaSmith ( 1961)

. scutellatd_epeletier (1836)

. adansoniiatreille (1804)

. monticoldsmith (1961)

. capensikscholtz (1821)

. unicolorLatreille (1804)

>>>2>2>2>>
3 33333

West Mediterranean (West and North Europe and North Africa) Subspecies

Apis mellifera sahariensiBaldensperger (1924)
A. m. intermiss@uttel-Reepen (1906)

A. m. ibericaGoetze (1964)

A. m. melliferaLinnaeus (1758)

A. m. majorRuttner (1978)

Central Mediterranean and Southeast Europe Subspees

Apis mellifera siculavlontagano (1911)
m. ligusticaSpinola (1806)

. cecropiKiesenwetter (1860)

. macedonicRuttner (1987)

. carnicaPollman (1879)

. rutneriiShepparat al. (1997)

>»>>>2
3 3 3 3




According to Ruttner (1988) the origin of westewnhy bees can be traced to Asia
and are scattered over Africa and Europe in fowlwwnary branches. These
branches are North African and west European brghh north mediterranean
branch (C), south and central African branch (AYl dater, Franket al. (2000a)
reported the presence of fourth, Middle EasterndirdO)

The M branch is common in most of Europe from Spaibrals. These honey bees
have large and dark colored abdomen. The C brapnokisis of six subspecies
distributed all over the Italian Peninsula, the K&als, South Ukraine, Sicily and
Crete. The C branch bees are smaller than M branek and their color may range
from grey to yellow. They have shorter hairs andigh cubital index. A branch
honey bees have short tongues, small wings, sbgstdnd are very slender. The O
branch honey bees are distributed in the Middlet,Easaller and have light body
color with wide metatarsi (Ruttner, 1998; Framthal, 2000a).

1.4. Middle Eastern Honey bee subspecies

The Middle Eastern honey bee races are distribfreed Caspian coast and high
mountains of central Iran to the Black Sea co&&,Gaucasian Alpine region and
Anatolia. Ruttner (1988) had discriminated sevecesaas,A. m. syriaca, A. m.
adami, A. m. anatoliaca, A. m. meda, A. m. cypfia,m. caucasicaand A. m.
armeniaca,using multivariate statistical analysis of morplatric data. The Middle
Eastern honey bee races have different charaatsrigt the northern part, they are
tall, dark and long haired varieties where as & shuthern regions, they are small,
yellow body colored and short haired. Furtherma@ggeographic variations are
demonstrated thak. m. syriacaandA. m. cypriaare smaller and have yellow body
color than northern races, bt m. adamis as large a8. m. caucasican the same
latitude (Ruttner, 1988). Ruttner (1988) indicatbdt A. m. macedonicavhich is
found in south eastern Europd. m. siculahave distribution in the central
Mediterranean region and North Africa showed morpéwic similarities with the

western populationsf A. m. anatoliacaOwing to these similarities, Anatolia where



mainly A. m. anatoliacas distributed seems to be the eastern genetiteicenA.
mellifera(Ruttner, 1988; Bodugt al.,2007).

Up to date, 26A. melliferasubspecies have been recorded in the world aedofiv
them namelyA. m. anatoliacaA. m. caucasica, A. m. meda, A. m. syriacalA. m.
carnica are found within the borders of Turkey (Kandereir al., 2000). The
beekeeping activity has been carried out in Anatsilnce 1300 B.C. which addresses
the Hittite civilization located in Bgazkoy according to old tablets (Akkaya and
Alkan, 2007).

A. m. anatoliacas found in the western and central Anatolia. Tlaeg known as
highly adaptive to extreme climatic conditions apdor nectar flows in their
environment and with powerful reproductive abibtieThe body color ofA. m.
anatoliacais generally yellow but the color of the rings ahdomen is rather a
smudgy orange turning to brown. Their abdomenstarsl are broader; relative to
their body size they have short legs and wingst(feut 1988).

A. m. caucasic#s distributed in northeastern Anatolia (Kandemtial.,2000) is also
observed from whole Georgia to Azerbaijagh. m. caucasicahas the longest
proboscis (tongue) among atlellifera bees. The color of their small body which is
covered with short hair varies greatly from comgligdark to narrow yellow stripes
(Ruttner, 1988).

The distribution ofA. m. meda&xtends from eastern Anatolia (Kandestial.,2000)

to Iran and Irag. A m. medabees have broader metatarsi, slightly narrower
forewings and a broader abdomen. Their scutellulor c@ries from yellow to dark
(Ruttner, 1988).

A. m. syriacais found in southeastern Anatolia (Kandemiral., 2000) and also
observed in Israel, Jordan, Lebanon, and Syxian. syriacas the smallest honey
bee among Middle East honey bee races, and thsitalsal and cubital index is
shorter than those of orientalellifera bees as well. They have slender abdomen,

very short cover hair, brightly yellow scutellumdaierga. They are very good nectar
7



collectors but because of their highly aggressighabior, colony management is
much more difficult (Ruttner, 1988).

The other subspeciés m. carnicais distributed from Thrace in Turkey (Kandemir
et al., 2000) to Austria including Slovakia and part ofrigary, Romania, Crotia,
Bosna Herzegovina, and Serbia. They have browngody color which is relieved
by lighter brown stripes. Their chitin is dark, buis possible to find lighter colored
or brown colored rings and dots on their bodie$hsitort hair. Their abdomens are

much slimmer and their tongues are very long (Rieide.986).

Up to now, many studies have been completed inrdocdéetermine honey bee races
by using morphometry (Kandemet al, 2005; Ariaset al., 2006), Allozyme
variations (Kandemiet al,2005; Ariaset al., 2006), Restriction Fragment Length
Polymorphism (RFLP) (Szalanski and McKern, 2007;:a%u and Hall, 2002),
Random Amplified Polymorphic DNA (RAPD) (Suaet al, 1998; Hunt and Page,
1992; Ivanovaet al, 2007), Amplified Fragment Length PolymorphismF(#4°)
(Suazo and Hall, 1999; Smitt al.,2003), mitochondrial DNA (mtDNA) (Palmet
al., 2000; Smithet al, 2003), microsatellite (Garnest al.,1998; De la Ruat al,
2001; Boduret al.,2007), and Single Nucleotide Polymorphism (SNPhifiéld et
al., 2006).

1.5. Molecular Techniques and Their Applications orHoney bees

MtDNA and microsatellite markers are very usefuldetermine the phylogenetic
relationships of the honey bee populations in th@ldv(Meixner et al., 2000;
Ca’novaset al., 2007). MtDNA markers are powerful discriminatotssabspecies
level and they confirmed the three evolutionargédiges proposed by Ruttner (1988)
(Garneryet al.,1992, Arias and Sheppard, 1996). Later, Fretrdd. (2000a) reported
the presence of the fourth lineage (O). Both nuclead mitochondrial DNA
polymorphism amongA. mellifera subspecies have been determined by many
researchers (Smitt al., 1989, 1991; Garnemt al.,1993, 1995; Franckt al.,1998,
2000a,2001).



In this research we used two different moleculathods, RAPD and microsatellite
in order to determine the genetic variation of hohee populations in Turkey. The

relevant literature to some extent is presentedviel

1.6. Random Amplified Polymorphic DNA (RAPD)

RAPD is one of the PCR techniques described by hatsl McClelland (1990) and
Williams et al. (1990), in which DNA fragments are randomly amipdf by

randomly designed primers (10 bases in length). RABes not require any specific
knowledge of the DNA sequence of the target orgarnes the primers will bind
randomly into complementary region in the wholeussge. RAPD analysis has
been used for many insect populations in ordereterchine genetic variation and

population structure.

O’Donnell (1996) studied with eusocial waBplybia aequatorialisn order to detect

genotypic effects of forager specialization usingF® methods. Swarm-founding
wasp workers were used for the analysis and geiotgpmilarity detection.

Although RAPD band patterns determined associatiith forager specializations
which were found in two colonies, this pattern ajech with the collection time in
one colony. Also colony- level selection and vaoiatin division of labor were the
factors favoring the evolutionary maintenance of Ieelatedness in wasp and in

other eusocial insects.

Taraveset al. (2001) worked withMellipona quadrifasciatavhich is an important
pollinator in several Brazilian ecosystems and #pecies has a great potential to
become model organism for genetic studies becatises dack of sting and the
possibility of making controlled crosses in laborgt They used backcross progeny
consisted of diploid drones and females in ordeddt@rmine inheritance patterns of
RAPD markers using 79 primers which yielded 527dsawith an average of 6.67
bands per primer. Three types of polymorphism waserved; band intensity,
presence/absence, fragment length polymorphismagUkese data, some primers
were selected to verify the inheritance patterthsf marker in back cross progeny.



The genetic dissimilarity was evaluated betwd&énq. quadrifasciataand M. g.
anthidioides in Brazilian meliponinae populations based on RAPD data
(Waldschmidtet al., 2002) and showed that these subspecies weregiistirable
with RAPD markers.

RAPD markers were used in two other insect spedespheles nuneztovam
Colombia (Posset al.,2003) andAedes aegyppopulations in Brazil (Paduaet al,
2006) in order to determine genetic variation awoguation structure and found
ahigh gene diversity. RAPD analyses indicated &mamt correlation between
genetic variation and geographic distance®rosophila virilis group, Mikholovsky
et al. (2007) estimated RAPD variation and compared ithwnorphological,
cyctological and hybridological data and found tBatvirilis is equally distant from
all the species of its group. In our laboratore$APD analysis was carried out in
order to determine the genetic variability amongssikworm Bombyx moi strains
with different origins (Tunceet al., 2007) showing that the genotypic diversity
inferred from Shannon’s index was higher than gewersity for all populations,
which suggests that diversity is distributed amlbmgages.

In honey bees, RAPD markers are used in deterroimati the genetic structure of
different populations as well as in behavioral geisedetection of Quantitative Trait

Loci (QTL), linkage analysis, and paternity testing

Hunt and Page (1992) demonstrated the inheritaatierp of RAPD markers in
honey bees. 20 haploid drone and 12 diploid wonkergeny of single queen
artificially inseminated with single drone yieldé&alr types of polymorphism; band
presence/absence, band brightness polymorphismnéat length polymorphism
and heteroduplex band polymorphism. Although RARDs known as dominant
markers, their results showed that heterodublexi farmation gave rise to alleles
which showed a small fragment length polymorphisesulting in codominant

markers.
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Fondrket al. (1993) have applied RAPD to paternity analysisvofker honey bees
from a single colony containing a polyandrous quaed observed that subfamily
membership of all individuals was clustered cotyecthis illustrated that RAPD
markers can be used for paternity analysis and @étermination of population

structure and genetic relationships.

Hunt and Page (1994a) constructed honey bee linkegefor black body color and
malate dehydrogenase and also reported linkaggsasalf sex determination in the
honey bee using RAPD analyses (Hunt and Page, 19B84éus and Hunt (1995)
tested a model of coevolution Af melliferaand its parasité/arroa jacobsoniand
determined the origin of mites using RAPD markers.

Suazoet al. (1998) had screened 700 RAPD primers in order dterchine the

differences between African and European honeypogellations and discriminate
them. The samples were clustered into four groajasworld European, new world
European, South African and new world African andrfd one or two alleles that

are specific markers for each group of bees.

Hunt et al. (1998) detected the Quantitative Trait Loci (QTd) honey bee stinging
behavior and body size using RAPD data and wingsadters. They showed that
several QTLs affect the intensity of colony stirggiresponse and influence size of
workers and drones. Chandea al. (2001) also used RAPD markers and detected
QTLs associated with reversal learning and latehibition in honey bee and
concluded that learning behavior could be influehlog one locus with large effect.

Genetic variation was demonstrated using RAPDsvindifferent mountain regions
and Thrace region of Bulgaria and Turkey (lvanataal., 2007). Furthermore,
genetic composition of the Iranian honeybge . medppopulations and genetic
variation of Van Lake region honeybee populatioms whown (Kencet al., 2004;
Tuncaet al.,2004). Genetic structure of 16 different honeypegulations of Turkey
was determined using 20 different RAPD primers (Oetal.,2006).
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1.7. Microsatellites

Microsatellites (SSR) are short tandemly repeasepgiences of DNA. In eukaryotes,
according to Beckmann and Weber (1992), databaaslgsms of the tandem repeats
in genomic sequences illustrated that CA/TG repeats the most common

dinucleotide repeats, occurring about three tinsesfien as AG/TC repeats and two
times as frequently as AT repeats.

It is found that the types of microsatellites végtween species, GT type is being
more abundant in mammals amfosophila, whereas AT type inArabidopsis
thalianaand yeast and GA type ®aenorhabditis elegan&chlotterer, 2000).

The draft sequence of the human genome showednibedsatellites hold 3% of the
genome and the number of microsatellite loci argentban one million (Human
Genome Consortium, 2001). While dinucleotide repeaie the most, trinucleotide
repeats are the least frequent types in the huraaange. Among the dinucleotides,
(CA)n repeats are the most frequent, followed by)( (GA)n and (GC)n (Human
Genome Consortium, 2001; Ellegren, 2004). It i® &sind that the mouse genome
IS repeat rich having two to threefold more mictees than human genome
(Mouse Genome Consortium, 2002). In plants, ATh-tige dinucleotide repeats are

the most common (Lagercrardzal.,1993).

Although, microsatellites are known as neutral raesk(Ariaset al., 2006; Behura,
2006), many studies have shown that microsatelhtage functional roles such as
regulatory or coding elements on the genome inedfit species. According to
studies of the functional role of the microsate#iit the microsatellite regions have
been related to the upstream locations of sameigatifferent species. For instance;
Braatenet al. (1988) found that mouse, rat and human have pdB) Upstream of
the rRNA transcription. Also, Cavenet al. (1988) showed that poly (CTGA)
upstream of the same two genetic loci (Gld, Ted} Wacated in each of three

Drosophilaspecies.
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Furthermore, microsatellites have a role in micablgene expression.€. tetra-
nucleotide repeats are present within the ORFsemeg coding foHaemophilus
influenzaelipopolysaccharides,with variation in repeat numb#luencing protein
production) (Van Belkum, 1999; Oliveis al, 2006).

1.7.1. Microsatellites in Insect genomes

Microsatellite composition and distribution vary iimsect genomes. Archadt al.
(2007) studied with five fully sequenced insect @eae databasesD(osophila,
Anopheles, Bombyx, Triboliurand Apis) in order to determine the microsatellite
compositions of insects. The most common repeastypere di- and tri-nucleotide
repeats irDrosophilaandAnopheleshowever, tri- and tetra -nucleotide repeats were
very ample inBombyx and TriboliumThe shorter microsatellites and imperfect
repeat types were very common in these insect gesd@rchaket al.,2007). The
higher number of compound microsatellite loci camteg spreads of two or more
different repeats was observedApis (6.12%). Archalket al. (2007) pointed out that
the differences of those species as most of theosatellites were present in exon
regions and repeat types of microsatellites wenedleotide except ik\pisin which

microsatellites were generaWlyT rich (Archaket al.,2007).

1.7.2. Mutation Mechanism of Microsatellites

The evolutionary dynamics of microsatellites aréduenced by many potential
factors which are repeat number, sequence of {eatenotif, length of the repeat
unit flanking sequence, interruptions in the mieteflite, recombination rate and

transcription rate (Schlétterer, 2000).

The mutation mechanism of microsatellites has eeansed on two models. One
model includes unequal crossing over (UCO) from theombination between
homologous chromosomes that are imperfectly aligifiggen, 1999). But there is
little evidence that recombination like UCO coniriéss to microsatellite evolution
(Ellegren, 2004).
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The distribution of genomic microsatellites is tethwith the site of recombination.
Furthermore, the correlation between microsatetigasity and recombination rate
has not been found yet and also no evidence islabiaifor the systematic
differences in the rates (Ellegren, 2004).

Second model, the predominant one, is DNA slippage occur during replication
with a consequence of mispairing between the nasosh template strands. Later,
the repeated DNA fragment is forced to “loop out’tlee mismatch site. If this
molecule is used for the production of new DNA sttathe microsatellite repeat
number will change (Ellegren, 2004; Fah al., 2007). There are two important
pathways for error correction which are exonuclBolyproofreading and post

replication mismatch repair (Eisen, 1999).

1.7.3. Models of Mutation mechanisms for Microsatéite

There are four models of mutations generation afrosiatellites. These are infinite
allele model (IAM), stepwise mutation model (SMNK; allele model (KAM) and
two phase mutation model (TPM or MMM). SMM is th@shcommon allele model

for the microsatellite mutation.

1.7.3.1. Infinite allele model (IAM)

Infinite allele model (IAM) was proposed by Kimuasmd Crow (1964). Each new
mutation randomly produces new allele and alwagsite in a new allele state not
previously encountered in the population (Estetipl., 2002; Oliveiraet al., 2006).
According to this model, mutations change the leraftrepeats and IAM assumes
that every mutation process leads to a novel allelg is not present in the
population (Estoupet al, 1995). Therefore, IAM is also known as a
nonhomoplasious model (Cornwedtal, 1999; Estougt al, 2002).Wright's (1931)
Fst statistics is used for determination of inter papioh differentiation based on
IAM. However, this model does not compatible widalrmutation process based on
microsatellite mutation studies (Fahal.,2007).
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1.7. 3. 2. Stepwise Mutation Model

Stepwise mutation model was proposed by Ohta amtuka (1973). The stepwise
mutation model describes mutation of microsatelijethe loss or gain of single
tandem repeat. SMM depends on the small changesepeat number, equal
probabilities of increasing and decreasing repeanber, unlimited allele size,
independence of the rate and size of mutations ftwrrepeat number (Fast al,
2007). Therefore, any newly mutated allele may het a new allele for the
population and also alleles, more closely relatetheir length, have a more recent
ancestor (Ellegren, 2004). SMM is in agreement whth strand-slippage replication
mechanism currently accepted as the main mechaioismicrosatellite mutations
(Fanet al.,2007).

1.7.3.3. Two phase (TP) model

Two phase model was proposed by Di Rieetal (1994). Two phase mutation
model (TPM) is also termed as generalized or ntaftisnutation model (MMM).

This model states that mutations introduce a lasgain X repeats (Estoup and
Cornuet, 1999). This model is the extension of ®l&M. There is positive

correlation with variance in repeat number and si@p mutation. If the repeat
number variance increases, the frequency of MMM wdrease. Various organisms
like primates showed TPM and the proportion of MMM human dinucleotide

repeats was determined to be 62.9% (Huztrag.,2002)

1.7.3.4. K-alleles model (KAM)
The other mutation model is KAM proposed by Crowd afimura (1970). The
model assume that if there are exadtlpossible alleles in a given locus then the

probability of a given allele mutating into any eths k-1, wherey is the mutation
rate (Estouet al.,2002; Oliveiraet al.,2006)
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1.7.4. Homoplasy

Homoplasy is a concept that the given charactesgmtein two species is not derived
from same character in common ancestral speciéshéwsimilarity is due to factors
such a convergence, parallelism or reversion (fstand Cornuet, 1999). If
homoplasy term is indicated in the gene levek itlentical in state, but not identical
by descent. Except IAM, homoplasy is anticipatedaxnSMM, TPM and KAM.
Furthermore, homoplasy depends on evolutionaryofacivhich are the mutation
rate, effective population size, and the time afedjence between populations but

this has not been formulized theoretically (Esteupl.,2002).

If homoplasy is evaluated under microsatellitgfn@nt size (This is also called size
homoplasy, SH), similar microsatellite fragment® adentical in state but not
identical by descent due to convergent mutationstwhave occurred in the lineages
connecting the gene copies and their recent comamoastor. According to Estoup
et al. (2002), population studied may influence homoplasyuding high mutation

rates and population size together with strondea&ze constraints. Slatkin (1995)
proposed a model that depend on traits with coatisuistribution, number of base
pairs or number of repeats, and groups individeasording to the number of
repeats (Oliveirat al.,2006). The significant amount of SH is anticipa#¢anost of

the microsatellite loci for the reason that;

(DAccording to population and simulation studiescrosatellites evolve in stepwise
way and fit SMM, TPM and KAM, although IAM cannog lalways rejected (Shriver
et al.,1993; Estoup and Cornuet, 1999).

(INMicrosatellite mutation rate is very high pescus per generation in humans
(Weber and Wong, 1993; Estoup and Cornuet, 1999)

(Il1) Selective constrictions act on the alleleesiange. This mechanism decreases
the number of possible allelic states and suppbé&sSH (Estoup and Cornuet, 1999;
Estoupet al.,2002).
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1.7.5. Comparison of mutation models

Microsatellite mutations can be evaluated by usm@ny mutation models.
Mutations can be observed directly from pedigresyais. Many studies illustrated
that TPM and SMM were more realistic mutation medel microsatellites (Estoup
et al., 2002). According to Slatkin (1995) and Goldstetnal. (1995), IAM is not
adequate for microsatellites because of their mghation rates. Also the process of

mutation conserves memory of ancestral alleliestat

Furthermore, many studies showed that differentatrart models could fit to
different organisms. Colson and Goldstein (199Rjsitated that allelic frequency
distribution, detected from microsatellites in Sai@h human population, were more
fit to the TPM. However, microsatellite variationasv appropriated with SMM in
three related species @frosophila (Colson and Goldstein, 1999). Estoepal.
(1995) illustrated that IAM was a better model ficrosatellites having repeats of
two or three different length motifs in honeybeeasps.

1.7.6. Measures of Genetic Distances

Genetic distance is the gene difference betweerulpppns or species that is
measured by numerical quantities. The genetic mistaconcept was first used by
Sanghvi (1953) for evolutionary analysis but fore thstate of population
differentiation, the similar concept was used Cnekeski (1909) and Pearson
(1926). Later, Fisher (1936) and Mahalanobis (19868proved these methods.
Cavalli-Sforza and Edwards (1964; 1967) construttedevolutionary tree of human
populations in terms of gene frequency data. Gerdistance based on angular
transformation of gene frequencies was used ateFshmodel. In 1972, Latter
developed many measures that were closely relatedright's (1951) fixation
index. After that, Nei (1971, 1972 and 1978) prambgenetic distance methods
using codon or gene substitutions per locus betvieenpopulations. In addition,
many recent studies showed that microsatellite timns followed SMM rather than
IAM, which lead to development of new measures ehegic distance over older

ones which were based on IAM.
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X? distance of Shangvi's (1953), chord distafzeof Cavalli-Sforza and Edwards
(1967) Rogers’ (1972) distancBr, Latter's (1972)Fst distance, Nei's (1972)
standard genetic distan@s Nei's (1973) minimum genetic distance, Nsial.’s
(1983) Da, Reynolds’ distance, Reynolds al. (1983) (linearizedFsr for short
divergence time) Goldsteiat al’s (1995) $u)® distance, Slatkins’ (1995) genetic
distanceRst (derived fromFst values), Shriveet al.’s (1995)Dsw and Paetkaet
al.’s (1995) likelihood genetic distand®,r can be used for determination of genetic

differention of populations.

However, Takezaki and Nei (1996) constructed a aderpsimulation program for
different conditions and different mutation modets order to evaluate which
program gave the correct topology of tree. Alleleqtiencies were generated and
Neighbour-Joining NJ) and the Unweighted Pair Group Method with Arithime
mean UPGMA) trees were constructed. They replicated the fdat200 times and
calculated the percentage of replication in whiuh ¢orrect topology was calculated.
According to their simulation study, the corre&ettopology can be assigned better
with Da andDc distance in many different conditions examined.i{ll887).Ds and
(8p)* ‘s expected values increase linearly with time uritie IAM and the SMM,

respectively.

However, the efficiencies @sand p)®are low for the correct tree topology, Bs
and 6p)? have a large sampling error (Takezaki and Nei, 199®e general
conclusion is that for the topology constructidnandDc are predominant measures
than the other distance measures. However, fobidwech length estimatiolsand
(8p)® are better than other measures (Takezaki and 18i6). Among different

genetic distance measur&g,andD, g gave the best result (Paetletial.,1997).
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1.7.7. Population studies based on microsatellitakiations

The structures and differences of populations ateaied using microsatellites
variation. Microsatellites have been used for deibeation of genetic structure of

honeybee populations.

Three African intermissa,scutellata,and capensiy and four Europeanniellifera,
ligustica, carnica,and cercopig A. mellifera subspecies were studied with seven
microsatellite loci (Estoupet al., 1995). High genetic variation was observed
between populations. The average heterozygosityaaechgeumber of alleles were
significantly higher in African than in Europeaunbspecies. The study verified that
A. mellifera evolved in thredlistinct and deeply differentiated lineages A, C, M
previously detected byorphological and mitochondrial DNA studies (Estaial.,
1995).

Franck et al. (2000a) characterized Lebanese honeybee popudatismg eight
microsatellite loci and mtDNA in honeybee samplesMy and C lineages. Both
microsatellite and mtDNA results supported the texise of O lineage. The western
European honeybee subspecies profiles have beamngbabe rather homogeneous
from Spain to Scandinavia but Iberian honeybee |ations appear to have some
controversy. Samples from Iberian Pennisula wesenked to be related with. m.
intermissa whereas some alleles and heterozygosity level sthowéeraction
betweenA. m. mellifera. The study showed the nature of the hybrids witlieaent

introgression from Africa and human affects (D®lzaet al.,2002)

Solignacet al. (2003) isolated 550 microsatellite loci from eitlggnomic library of
individuals belonging to the subspecies Af mellifera or from BAC (Bacterial
Artificial Chromosome) library. They performed csogriming test for three Asiatic

Apisspecies and they optimized these microsatelldeusing M, C, and A lineages.

De la Ruaet al., (2003) used microsatellites to determine genetiiactire of
Balearic honeybee populations and evaluate themlu@wnary relationships of

Iberian and African populations. The number of laleand heterozygosity level
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showed very low variation in island populationseiftresults showed that ancestral
populations should be conserved from threateningtofa like queen bee
importations. Furthermore, De la Réa al. (2006) determined the distribution of
mitochondrial haplotypes of Azorian and Madeiranafidronesian archipelagos)
honeybee populations and the population structsirgumicrosatellites. The genetic
variation in populations of Canarian islands wasedeined and compared with
Morocco, Portugal and southern Spain continentalelgbee populations. They
concluded that the differences of the genetic airecof local populations are

possibly the results of agricultural practices.

Dallolio et al. (2007) determined the genetic variationAofm. ligusticgpopulations
from ltalian Peninsula and Sardinia using micrdits. A. m. mellifera A. m.
carnicaand the Buckfast breeding line were used to comiperdtalian bees. High
number of alleles and heterozygosity were detelotedr s andFsrvalues were very
low. These results illustrated the absence of gesetucture within and amorfg. m.

ligusticapopulations.

Bodur et al. (2007) studied twelve honeybee populations, eldvem Turkey and
one from Cyprus and determined genetic structure populations using
microsatellites. They illustrated that the largemter of rare alleles and highly
differentiated populations is consistent with rolie Anatolia as genetic center of

Middle Eastern honeybees.
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1.8. Purpose of the Study

The objective of this study was to determine anchgare the genetic variation of
honey bee populations in Turkey using RAPD marKersthe first time and to
expand on the previous study by collecting genetata from six different
microsatellite loci. Furthermore, at a larger scdte compare the genetic
differentiation among these populations with Euspeand African honey bee

populations as well as phylogenetic relationshiphase populations.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Biological Material

Specimens were collected by random sampling forladhtions and honeybee
colonies. A total of 760 honeybees, two samples gudony, 390 colonies in 26
provinces in Turkey. The map that demonstratesstimapling area is shown in

Figure 2.1 and numbers of collected honeybeesopatibn are given in table 2.1.

Cypr

Figure 2.1. Map of the sampling area (http://egdbgle.com)
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Table 2.1. Honeybee samples size per location

Locations | Latitude | Longitude N Regions
Hatay | 36°14'N| 36°10'E 30 _ _ ,
Antalya | 36°52'N| 30°45'E 30 South Anatolia (Mediterranean region)
Aydin | 37°51'N| 27°51'E 30
[zmir 38°25'N| 27°08'E 30
Manisa | 38°38'N 27°30'E 30 West Anatolia (Aegean region)
Mugla | 37°15'N| 28°22'E 30
Usak 38°68'N| 29°40'E 30
Artvin | 41°14'N| 41°44'E 30
Sinop 42°1'N| 35°11°E 30 _ _
Trabzon | 41°0'N 39°45'E 30 North Anatolia (Black sea region)
Giresun | 40°55'N 38°30'E 30
Beysehir | 37°41'N| 31°33'E 30
Nevsehir| 38°33'N 34°40'E 30
Sivas 39°43'N 36°58'E 30 .
Yozgat | 39°51'N| 34°47E 18 Central Anatolia
Konya | 37°52'N| 32°35'E 30
Kayseri | 38°45'N| 35°30'E 25
Bilecik | 40°05'N| 30°05'E 30 North West Anatolia (Marmara and Thrag
Kirklareli | 41°44'N| 27°15'E 30 Region)
Bingol | 38°53'N| 40°29'E 30
Kars 40°40'N| 43°05'E 30 _
Van | 38°30N| 43°0E 30 East Anatolia
Bitlis 38°20'N | 42°03'E 30
Sanliurfa| 37°13'N| 38°76'E 30 South East Anatolia
Bozcaada 39°49'N 26°03'E 30 ,
Gokceadd 40°10N| 25°50'E 30 Marmara Region (Islands)

Some of the collected honeybee samples were keBOIiC deepfreeze and others

were kept in pure ethanol until DNA was isolated.
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2.2. DNA Isolation and purification test

We used Fermentas 512 DNA purification kit for Di&lation. For the isolation of

DNA, bee thorax was used. Each thorax was putarnt® ml tube which contained
200 pl TE buffer (Appendix A). Each sample was giaded in TE solution in order

to prepare the samples for DNA isolation. DNA isialia protocol is given below.

400 pl lysis solution was added to each samplesantbles were incubated
at 65°C for 5 minutes,

After incubation, 600 ul chloroform was added tolresample,

The samples were centrifugated at 10,000 rpm fair?

Before adding the precipitation solution, we ditutdhe 10X concentrated
solution. In order to prepare precipitation solnti@20 pl sterile deionized
water was mixed with 80 ul of supplied 10X concat#d solution.

After centrifugation, we transferred upper aquepligse containing DNA to
the new tubes and added 800 pl of newly preparecigtation solution.
Mixture was inverted at room temperature for 2 utés and centrifuged at
10.000 rpm for 2 minutes,

We removed supernatant and dissolved the DNA piiléi00 pl of 1.2 M
NaCl solution. This stage was very important andhad to make sure that
pellet was dissolved in the NaCl solution.

300 pul pure cold ethanol was added and DNA pritgs were conserved at
-20°C,

Samples were centrifuged at 10.00 rpm for 4 minwed pellets were
washed with 70% cold ethanol,

Alcohol was removed from all samples and DNA pelles dissolved in 100

ul deionized water.

After DNA isolation, the DNA quantity was examinedth spectrophotometer. 260

and 280nm were used to determine absorption of N4 protein. DNAs were
diluted in order to get 5 ng DNA per 1ul TE buffer H,O according to PCR
protocols.
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2. 3. RAPD amplification by PCR

A total of 10 primers of arbitrary sequences havingh G+C content (60 %) from,
OPA7, OPB1, OPB2, OPB3, OPB4, OPB5, OPB6, OPB7,84&t OPB9 (Operon
Tech. Alameda, CA. USA) were tested on honeybees (Tal# These primers
were used since they have been widely used forrdatation of genetic variation in
different species. RAPD reactions were carried @uta final volume of 15l
containing 25 ng DNA, 10QuM each of dNTP, 15 ng primer, 1U Taq DNA
polymerase. Reactions were run for 35 cycles whatsists of 94°C for 30 s (one
cycle), 94°C 1 min, 35°C for 1min, 2 min ramp to°€272°C for 2 min (5 cycles),
94°C for 10 s, 35°C for 30s, 72°C for 30 s (30 eggland a last step at 72°C for 1

min.

Table 2.2. Primer name and sequences of RAPD psimer

Primer Name Sequences
OPA7 5'-GAA ACG GGT G-3’
OPB1 5-GTT TCG CTC C-3
OPB2 5“-TGA TCC CTG G-3
OPB3 5-CAT CCCCCT G -3
oPB4 5-GGA CTG GAG T-3
OPB5 5-TGC GCC CTT C-3
OPB6 5-TGC TCT GCC C-3
OPB7 5-GGT GAC GCA G-3
OoPBS8 5'GTC CAC ACG G-3
OPB9 5-TGG GGG ACT C-3’
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2.3.1. Agarose Gel Electrophoresis

Amplification products were resolved by electrosis in 1.2 % agarose. Gels were
run in 0.8 X TBE buffer (Appendix A). For the prepaon of gel solution, we
weight 1.8 gr agarose in 150 ml 0.8 X TBE buffeaitimg 2 minutes in order to boil
the agarose in microwave. After gel got cold engugke gel was poured into an
electrophoresis gel tray and fit the well comb &h tgay. After the polymerization of
gel, the well comb was removed. The gel was pldodte gel tank and enough gel
buffer was added to cover the gel surface. We lbasbch sample to each well.
When the samples were loaded, loading buffers (AgpeA) was added to each
sample and so a mixture of the sample and loadiffgiowere loaded. |8 of A DNA
hind Ill/EcoRI was loaded into the first and lastlls of the gel as standard DNA
marker before running the gel. Double entering powsepply was used in the
electrophoresis and samples were run under 11Gtaltle electric field. After the
electrophoresis procedure, the gels were stainéd ethidium bromide solution
(10wl ml) and visualized under UV.

2.4. Microsatellite amplification by PCR

Six Apis mellifera specific microsatellite loci, namely Ap00l, Ap228p243,
Ap289, Ap019 and A76 were used, respectively is #tudy (Solignaet al., 2003).
These six loci were used for detection of genetidation in Turkish honey bee
populations and comparision of the variation of hbdEuropean and African
populations studied by Solignat al.(2003). The core regions and primer sequences

of these loci are given in (Table 2.3 and 2.4).
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Table 2.3. Core sequences of microsatellite loci

Locus name Core sequence
Ap001 (CA)(TA)1ATA)s
Ap223 (THOWAM)(Cy)
Ap243 (TCC)

AO76 (CT)
Ap19 (TChy
Ap289 (GA)

Table 2.4. Sequences of forward and reverse prifoeraicrosatellites

Locus Forward primer Reverse primer

Ap001 ACACGCGAACAATACAACA ACTAATCGGCACGATGAAG
Ap223 TCGTACAACGTCGCGCAA GCCGCTCGCCTGTATCTG
Ap243 AATGTCCGCGAGCATCTG TGTTTACGAGAATTCGACGGG
A076 GCCAATACTCTCGAACAATCG | GTCCAATTCACATGTCGACATC
Ap019 CTCGTTTCTTCCATTGCG CGGTACGCGGTAGAAAGA
Ap289 | AGCTAGGTCTTTCTAAGAGTGTTG| TTCGACCGCAATAACATTC

PCR amplifications were carried out according tookpg et al. (1995). Each PCR
tube contained 2pl of PCR solution containing 50 ng of template DNW0 nM of
each primer, 75 pM of each 2'-deoxythymidine Hasphate (dTTP), 2'-
deoxyguanidine 5'-triphosphate (dGTP) and 2'-degtjine 5'-triphosphate (dCTP),
75 uM of 2'-deoxyadenosine 5'triphosphate (dATB)u8/ml bovine serum albumin
(BSA), 1x reaction buffer containing (NHSOy, 0.4 unit of Tag polymerase, and
1.2-1.5 mM MgC}. PCR started with a denaturation step of 3 mgate94 °C and
followed by 35 cycles each consisting of a 30 sdadenaturation segment at 94 °C,
a 30 second annealing segment at the optimum tewuper and a 30 second
elongation segment at 72 °C. The final elongasiep was extended to 10 minutes
in order to allow all the products to be fully extied. The forward primer of each
marker was 5end-labelled with a fluorescent phosphoramidit&eQ\ 6-FAM or

HEX). ROX 500 was used as size standR@X500™ Size Standard is designed for
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sizing DNA fragments in the 35-500 nucleotides mramd provides 16 single-
stranded labeled fragments of 35, 50, 75, 100, 139, 160, 200, 250, 300, 340,
350, 400, 450, 490 and 500 nucleotid€Be annealing temperatures and MgCl

concentrations for each microsatellite locus avemgin Table 2.5.

Table 2.5. MgG concentration (M), Annealing Temperatur&S)(and Flourecent
labeling of the microsatellite loci.

Locus | Labelled with| MgGlconcentration (M) Annealing TempratureXt)
Ap001 FAM 1.2mM 53

Ap223 NED 1.5mM 54

Ap243 HEX 1.5mM 51-54

Ap289 FAM 1.5mM 58-51

Ap019 NED 1.5mM 54

AT6 HEX 1.5mM 51

2.4.1. Fragment analyses

Fluorescent labeled, HPLC purifity, oligonucleotigeimers were used for the
fragment analyses and fragment length detectiondeas by laser detection system.
The system used to assignment of the fragment patential alleles, via fluorescent
dye-labeled oligonucleotides. In this study, 6-cagbfluorescine (FAM), 6-
carboxy-4, 7, 2, 4, 5, 7’-hexachlorofluoresce(hEX), and 2, 7’, 8-benzo-5'-
fluoro-2’, 4, 7-trichloro-5-carboxyfluorescein (NBIabeling were used (Table 2.5).
All PCR products were done ABI 3130 X 16 capillareequencer systems and the
intensity of emitted fluorescence is different &ach dye. All PCR fragments gave
several peaks contained allele size of fragmentsrder to correct assignment of the
peak, one can use the allele size range from tiitexar direct observation of peaks.
GENEMAPPERM (v.4.0) software package was utilized for fragneemlysis
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2.4.2. Genotyping

Following the fragment analysis, genotyping weraawith the evaluation of the gel
bands together with the result of the fragmentys®s in order to minimize the error
of misconstruction. The most common problems dugegotyping process are; poor
or non-specific amplification, and incomplete 3ucleotide addition. This problem
solved with applying suitable methods by aid oferefces guide of softwares
(GENEMAPPERM v.4.0).

2.5. Statistical analyses

Polymorphic and monomorphic bands were determinedwaarker scored as present
(1) or absent (0) for all individuals for RAPD aysés. For microsatellite analyses,
allele sizes were determined and allele frequencpsrwise Kkt measures,
heterozygosity levels, gene diversity were estichatéardy Weinberg Equilibrium
(HWE), linkage disequilibrium, assignment tests avdone, genetic distance were

calculated and used for construction of dendrogram.

2.5.1. Genetic Structure

Different test can be used to identify the genstiiacture of honey bees.

Hardy-Weinberg Equilibrium Tests

Genepop v.4.0 (Raymond and Rousset 1995) and Anlaq8.11 (Excoffieret al.,
2006) were used to test the populations at HWHETfmrosatellites. Both softwares
calculatedP- values with the&exact HW Tesbf Haldane (1954), Markov Chain (MC)
of Guo and Thompson (1992), and Weir (1996). Gepepses the Complete
Enumeration algorithm of Louis and Dempster (1987) Markov Chain (MC) walk
algorithm of Guo and Thomson (1992) and a fornMetropolis-Hastingsalgorithm
(Metropolis et al, 1953; Hasting, 1970). Furthermore, Arlequin ¥/13.utilizes
Markov-Chain random walk algorithm of Guo & Thompgd992) and computd®
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values (Excoffieret al., 2006). P-values give the significant deviation from HWE
(P< 0.05).

Linkage Disequilibrium Test

Linkage disequilibrium (Lewontin and Kojima, 1968lso called as gametic phase
disequilibrium (Crow and Kimura, 1970) occurs wtlika alleles at two or more loci
co-occur more often than the expected on the lmdsiBeir frequencies. It usually
involves two loci that are close together on a olosome (Freeland, 2005). The null
hypothesis for this option is that genotypes at @ws are independent from
genotypes at the other locus. Pairwise linkageqdisierium was performed with
Genepop (Raymond and Rousset, 1995) 4.0 softwagran for 6 microsatellite
loci. Probability test (Fisher’'s Exact Testging Markov Chain algorithm of Raymond
and Rousset (1995) were done after creating thangmmcy tables for all pairs of
loci. P values for all pair of loci give level of signifioae about genotypic

differences.

Fixation Index

Fixation indices, developed by Wright (1951) estenthe population differentiations
from allele frequenciesFsris the correlation between two gametes drawnrataia
from each subpopulation and measures the degregemdtic differentiation of
subpopulations (Wright, 1951) and ranges betweean@ 1. If two or more
populations have the identical allele frequenceythill not differ from each other
genetically therefor&srvalue equals to 0 (no differentiation). If ther value is 1,
the populations are fixed for different allelesdifferent populations (Wright, 1951).
Fstlevels between 0 and 0.05 indicate little genetifeentiation; levels between
0.05 and 0.15 indicate moderate genetic differgéatialevels between 0.15 and 0.25
indicate great genetic differentiation and level9025 indicate very significant
genetic differentiation (Wright, 1951; Hartl anda@t, 2007 625p).
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In order to determine genetic differentiation ofrigbon, different methods were
developed. One of the methods usedcaefficient of gene differentiatiprGsrt
developed by Nei (1973) andranges between 0 and 1. In the case the mailtipl
alleles,Gsris equivalent to the weighted averageFgf for all alleles.Gst highly
depends on the gene diversity in total populat{®h$. Gstvalue was computed with
PopGene v.1.31 software (Yehal.,1999) for RAPD results.

The pairwiseFst values were calculated using Genepop (RaymondRmmgsset,
1995) and tested for significance using FSTAT 22 (&oudet, 2002) with which
multi-locus genotypes were randomised between pafs samples (1530

permutations), and after Bonferroni corrections.

Both Fis and ky are inbreeding coefficients used to describe thpgrtion of genetic
variation within and total populations and to detiere the deviation from HWEFs
measures the degree of inbreeding between relatiddduals.Fs values reflect the
deviation from heterozygosity level within subpagidns and calculated according
to Wright (1978) and Weir & Cockerhar(l984) whereasF;r values indicate the
heterozygosity level in total population (Freem@005; Nei, 1987)F;s can be
positive and negative and range from -1 to +1. ASe can range from -1 to +1
depending orFs and Fstvalues. The negative values demonstrate an ex¢dbg o
heterozygotes, positive values will indicate defidy of heterozygotes.st can be
calculated from allele frequencies alone By and Fir can be determined from
genotype frequenciests and Fir were calculated with Arlequin and Genepop
(Raymond and Rousset, 1995).

Shannon Diversity Index
Shannon index was adopted from community ecologg bhas been used to

determine species richness (Shannon, 1949). Shandex were calculated from
RAPD data using PopGene v.1.31. (\&tlal.1999).
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The formulation of Shannon’s index;
5

T T
H=-% —In—
o NN

NH' = =) ni(lnn;,—InN)= =) njlnn; + In N> n,
i=1 i=1

i=1

&
NH' —NInN =-> n;lnn,
i=1
&
H, = — Z n; In n;
i=1

ni: The number of individuals in species i; the atamzk of species i

S: The number of species

N: The number of all individuals

pi : The relative abundance of each species, calculate the proportion of

individuals of a given species to the total numifendividuals in communityy/ N

So, final formulation of the index is

s
H' = - pilnp;
i=1

Analysis of Molecular Variance framework (AMOVA)

Analysis of Molecular Variance (AMOVA) estimates gadation differentiation
directly from molecular data and testing hypotheabsut such differentiation.
Molecular marker data (for example, RFLP or AFLRAAD), direct sequence data,
or phylogenetic trees based on this molecular daéy be analyzed using this
method (Excoffieret al., 1992). It is possible to estimate genetic striectndices by
using individuals’ allele information and their el# frequencies (Excoffieet al.,

1992). Euclidian distance matrix was used to ethterinformation about differences
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in allelic content between individuals. By using nfearametric permutation
procedures the significance of the covariance corapts related to the different
possible levels of genetic structure (within indwals, within populations, within
groups of populations, among groups) is tested dffec et al, 1992). The

permutation types differ for each covariance congmbnThe kind of data and the
genetic structure that is tested determine the meurob hierarchical levels of the
variance analysis and the kind of permutationse@dne. Therefore, AMOVA test

was performed for RAPD analyses in the GenaleXPe@kall and Smouse, 2006).

Gene Flow

The pairwiseNm for populations anéim values for total population were estimated
with Genepop software for microsatellites (Raymamttd Rousset, 1995). This
software provides a multi locus estimate of theaf’e number of migrantsN(m).
The frequencies of private alleles observed onlgria population were used in order
to estimate the effective number of migrants pemegation (Slatkin, 1995)Nm
values give the information about genetic divergebetween populations; Nim
value is smaller than 2, there is still considezabknetic differentiation among
subpopulations (Hartl and Clarck, 2007). Furthemn®opgene software was used to
determineNm value using RAPD data. The program calculates dlemeusing Gst

or Fst(Slatkin and Barton, 1989).

Genetic Distance
Genetic distance measurements were used for thetrgotion of phylogenetic tree.
For microsatellitesNeighbor- Joining (NJand UPGMA distance tree were used.

PHYLIP v.3.68 and Popgene v.1.32 and TFPGA v.1.8ewssed to estimate the
Nei’'s standard genetic distance.
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Nei's (1972) standard genetic distanbes)(
D¢= —=In | j'xrf ?i)"xf:-']
Jx =220 22 xp/r

Jr =222 ¥/

JxandJy are the average homozygosities over loci in pomriaX andy,
respectively

_!_\]. ZJ E:”; x.,:,_‘!,!f.l, _I.-"IIT'

x; andy; are the frequencies of the ith allele at jhelocus in populations andy,
respectively.

Dendrograms were constructed using TFPGA v.1.3|1éMl997) from RAPD data
and PHYLIP v.3.68 from microsatellite. Also NTSY8.4.20) software program
(Rohlf, 2000) was used for consructionNaftree from both molecular data.

Assignment test

The assignment test calculates the log-likelihobthe genotype of each individual
in its own population based on allele frequencreshiat population (Halliburton,

2004; Paetkaet al.,1995). GeneClass2 (Piry al., 2004), Genalex6 (Peakall and
Smouse, 2006) and Arlequin v.3.11 (Excoferal.,2006) were used for calculation
of log-likelihood value for both populations anddividuals. Correct assignment
value for populations was estimated using Gene€lpssgram and also biplot of the
respective log-likelihood values of individuals rmo two populations were

constructed using Genalex6 softwares. Computaticer® checked with Arlequin
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program. All programs used the formula of Paetiial. (1995) in order to compute

log-likelihood values.

The log-likelihood can be calculated as follows,

&

£
Log(L) = Log(U(m+1)) = > Log(U(m; + 1)) + > _ milog(p;)

=1 i=1

I' is a gamma function

[+ 1) = ad,

m s the total number of genes to be assigned,

m; is the number of copies of alldlén the to-be-assigned sample

pi is the frequency of alleliein the reference population sample (Paetkaail., 1995;
Peakall and Smouse, 2006).

Consensus of Trees

Consensus trees are used to summarize the agrebptargen two or more trees.
Majority rule consensus tree method was performneecbhstruct the consensus tree.
Two different genetic distance matrix data weredusem RAPD and microsatellite
and evaluated for 17 matching populations. PHYLIB83software program was

used to construct consensus tree (Felsenstein).2008

Mantel Test

Mantel test is a statistical method using for emtihg the relationships between two
distance matrices. It is widely used to comparesgerand geographical distances in
population genetic studies (Mantel, 1967). The nhilpothesis is that the
determination of relationship between the two diséamatrices could have been
obtained by any random arrangement in the spadbheobbservations through the
study area (http://luserwww.sfsu.edu/~efc/classels/bd/spatial/spatial.htm).
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Z datistic was calculated as

L= ii A, B,

i=1 j=1

WhereA andB are the distance matrices.

This value is commonly normalized via a standardmab transformation. This

normalization is called statistic (Matrix correlation).

D> stdA, stdB,
n—1

The significance can be tested using t statistiantdl test can be used to compare
three or more distance matrices which is calledi&aviantel test. Both Mantel and
Partial Mantel test were performed using NTSY Swaife program (v.2.20) (Rohlf,
2000). The distance matrices were attained fromsN&andard genetic distance
matrix estimated from RAPD and microsatellites dated geographic distance

matrix between the locations.
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CHAPTER 3

RESULTS

3.1. RAPD Results

A total of 25 honey bee populations were studied RAPD analysis using 10

primers (OPA-7, OPB-1, OPB-2, OPB-3, OPB-4, OPR3¥B-6, OPB-7, OPB-8,

OPB-9). Amplification products are illustrated iigdre 3.1 and Appendix B. After

the evaluation of band patterns for all individydlse data were computed using
different softwares.
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Figure 3.1. Banding pattern obtained by OPB-5 priméJsak honey bee population
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Mean number of observed alleles per locus, meanbeurof effective alleles,
percentage of polymorphic loci, expected heterogiggo (He), Shannon’s
information index K') values and their standard errors for populatiovere
calculated (Table 3.1). The mean number of obsealletks ranged between 1.4 and
1.6, however, mean number of effective alleles eangetween 1.0 and 1.2. The
highest number of observed alleles was detecteehtalya population (1.648), but
the highest mean number of effective alleles wdsradened in Beyehir population
(1.286). Expected heterozygosity levels for Turki®ney bee populations ranged
between 0.035 and 0.175 and the highest heteroitygwas observed in Antalya
population (0.175), but the lowest heterozygosiéyue was detected ifanhurfa
population (0.035). In total, 105 polymorphic loeere detected and the percentage
of polymorphic loci was 100 % for all Turkish poptibns. The percentage of
polymorphic loci was calculated also for each papah and the highest and lowest
percentage of polymorphic loci were observed inadyat and Hatay populations,

respectively (Table 3.1).
Mean gene diversity value for all populations wasineated as 0.187+0.1596 In

addition, Shannon’s index value for all populatiomas estimated to be 0.305%
0.2183 which ranged between 0.08arfliurfa) and 0.272 (Antalya).
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Table 3.1. Mean number of alleles per locus, meamher of effective alleles,

proportion of polymorphic loci, expected heterozsity (He),
information index KI’) values and their standard errors for all popaoieti
Populations Mean # of Mean # of % polymorphicHe H’
Effective
Obs. alleles alleles Loci

Antalya 1.648+0.0480 1.291+0.0352 64.76% 0.11%.271+0.0267
Artvin 1.40 £0.0492 1.159+0.0290 40.00% 0.098.155+0.0237
Aydin 1.610+£0.049(¢ 1.232+0.0320 60.95% 0.144.228+0.0244
Beysehir 1.571+0.0497 1.286+0.0351 57.14% 0.112.262+0.0274
Bilecik 1.610+£0.049(¢ 1.162+0.0255 60.95% 0.109.184+0.021(
Bingol 1.562+0.0499 1.175+0.0276 56.19% 0.113.185+0.0227
Bitlis 1.543+0.0501 1.185+0.0272 54.29% 0.14D.197+0.0231
Bozcaada | 1.619+0.04881.189+0.0259 61.90% 0.14®.212+0.0219
Gokceada | 1.591+0.04941.191+0.0258 59.05% 0.149.212+0.0224
Hatay 1.371+0.048p 1.123+0.0249 37.14% 0.049.129+0.0204
Izmir 1.619+0.0488 1.278+0.0341 61.90% 0.149.261+0.02771
Kars 1.514+0.050 1.160%0.0284 51.43% 0.10D.164+0.0225
Kayseri 1.448+0.049p 1.182+0.0285 44.76% 0.11®.183+0.024(
Kirklareli |1.562+0.0499 1.219+0.0316 56.19% 0.13®.217+0.0244
Konya 1.543+0.050p 1.194+0.0266 54.29% 0.139.208+0.0233
Manisa 1.467+0.050[L 1.170+0.0285 46.67% 0.10.172+0.0234
Mugla 1.543+£0.0501 1.221+0.0316 54.29% 0.13D.216+0.025(
Newehir 1.410%£0.0494 1.129+0.0250 40.95% 0.0843.136+0.0211
Sinop 1.499+0.0494 1.196+0.0303 40.95% 0.14D.188+0.0254
Sivas 1.581+0.049p 1.252+0.0324 58.10% 0.15®.245+0.0259
Sanlurfa 1.419+0.0496 1.039+0.0591 41.90% 0.03®.073+0.009(
Trabzon 1.495+0.050p 1.185+0.0278 49.52% 0.119.191+0.0237
Usak 1.581+0.049¢ 1.174+0.0274 58.10% 0.114.189+0.0214
Van 1.438+0.0499 1.125+0.0231 43.81% 0.084.140+0.0204
Yozgat 1.533+0.050[L 1.272+0.0347 53.33% 0.144.250+0.0274
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Table 3.2. Mean gene diversity and Shannon’s inadéuxe for geographic regions

MeanHe | Shannon's index
North Anatolia 0.112 0.178
South Anatolia 0.127 0.200
West Anatolia 0.134 0.213
East Anatolia 0.105 0.172
Southeastern 0.035 0.073
Central Anatolia 0.136 0.183
Thrace 0.136 0.217
Bozcaada 0.128 0.212
Gokceada 0.129 0.212

Mean gene diversities for the 7 geographic regmnBurkey ranged between 0.035
(Southeastern Anatolia) and 0.136 (Thrace and @lemnatolia) (Table 3.2).
Shannon’s index values were determined betweerB{$®3dutheastern Anatolia) and
0.217 (Thrace region).

Band patterns among Turkish honey bee populaticgre Wustrated in figure 3.2
and table 3.3. The highest numbers of bands weserebd in Bozcaada and Antalya
populations as 72 and 70, whereas the lowest nemifebands (39 bands) were
observed in Hatay population. Aydin, Gok¢ceadaglandSanliurfa each have one
different private band: 3000 (OPB-5), 2027 (OPB-3530 (OPB-1) and 1632 bp
(OPB-2), respectively (Table 3.3). Mean heterozitgoslues and their distributions
were illustrated in table 3.3 and figure 3.2. Thean heterozygosity was very high
in Antalya and Begehir populations compared to others.

Based on RAPD results, gene diversity in total pajons () was 0.188 and
magnitude of differentiation among populatios{) was 0.3517. Gene flowNM)
based orGst was calculated as 0.9218 for all populations. &igene flow value is
smaller than 2, there is still considerable genetldferentiation among
subpopulations.
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Figure 3.2. Band pattern across Turkish honey bgelptions illustrating the number of bands, tiquencies, private

bands and distribution of mean heterozygositeall populations



Table 3.3. Number of bandsnber of private bands and mean heterozygosityddish honey bee populations

A%

Population Antalya] Artvin| Aydin| Beghir | Bilecik | Bingol Bitlis | Bozcaadq
No. Bands 70 43 64 61 64 60 58 72
No. Private Bands 0 0 1 0 0 0 0 0
Mean Heterozygosity 0.175 0.098 0.144 0.172 0.109 .11 0.121 0.128
Population Gokceada Hatay izmir Kars | Kayser|i Kirklareli Konya Manisa
No. Bands 69 39 65 54 50 65 60 53
No. Private Bands 1 0 0 0 0 0 0 0
Mean Heterozygosity 0.129 0.079| 0.169] 0.101 0.116 0.136 0.12 0.1p7
Population Mgla | Newehir | Sinop| Sivas| Trabzop shk Van | Yozgat Sanliurfa
No. Bands 57 46 46 67 59 65 46 59 44
No. Private Bands 1 0 0 0 0 0 0 0 1
Mean heterozygosity 0.137 0.083 0.121 0.156 0.119.114| 0.084| 0.164 0.035
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Table 3.4. Coefficient of Gene diversiBst (below diagonal) and Gene FloWmfor populations (above diagonal)

Antalya Artvin  Aydin  Beyehir Bilecik  Bingdl Bitlis Bozcaada Gokceada Hatay Izmir Kars Kayseri
Antalya ok 1.637 2.955 2.514 1.974 1.818 1.965 748 1.520 1.322 2.316 1.502 1.910
Artvin 0,234 ok 1.669 2.197 4.763 3.277 2.105 1153 1.812 2914 3.741 2.329 1.556
Aydin 0.145 0.231 ok 2.090 2.096 2.746 2.204 1.141 1.325 1.697 3.089 1.690 1.525
Beysehir 0.166 0.185 0.193 el 2.953 3.022 1.815 1.929 1.730 1.980 3.734 2.654 3.072
Bilecik 0.202 0.095 0.193 0.145 el 3.832 2.610 434 2.131 3.013 5.169 4.162 2.300
Bingol 0.216 0.132 0.154 0.142 0.115 el 2.502 032 1.631 3.299 4.170 3.067 1.83b
Bitlis 0.203 0.192 0.185 0.216 0.161 0.167 ok 1808  2.153 2.048 3.244 1.472 1.388
Bozcaada| 0.211 0.246 0.305 0.206 0.257 0.273 0.315*** 1.284 1.059 1.550 1.270 1.323
Gokceada| 0.248 0.216 0.274 0.224 0.190 0.235 0.188.280 ok 1.286 2.635 1.066 1.031
Hatay 0.275 0.147 0.228 0.202 0.142 0.132 0.196 210.3 0.280 el 3.129 1.888 1.440
Izmir 0.178 0.118 0.139 0.118 0.088 0.107 0.134 £H.24 0.160 0.138 ok 2.855 2.453
Kars 0.250 0.177 0.288 0.159 0.107 0.140 0.254 2.28 0.319 0.209 0.149 bl 2.016
Kayseri 0.208 0.243 0.247 0.140 0.179 0.214 0.265 .2740 0.327 0.258 0.169 0.199 Fhk
Kirklareli | 0.230 0.292 0.300 0.212 0.287 0.279 6.31 0.193 0.358 0.346 0.240 0.259 0.284
Konya 0.198 0.172 0.206 0.179 0.120 0.179 0.177 26.2 0.213 0.231 0.130 0.206 0.17p
Manisa 0.189 0.228 0.185 0.221 0.186 0.194 0.209 2790. 0.279 0.260 0.182 0.188 0.247
Mugla 0.203 0.124 0.188 0.126 0.060 0.153 0.166 0.237 0.183 0.186 0.094 0.126 0.178
Newehir 0.234 0.260 0.269 0.110 0.190 0.226 0.308 40.30 0.314 0.313 0.158 0.214 0.150
Sinop 0.197 0.185 0.181 0.121 0.152 0.155 0.223 700.2 0.209 0.259 0.121 0.168 0.186
Sivas 0.185 0.250 0.224 0.149 0.213 0.241 0.226 650.2 0.205 0.298 0.151 0.262 0.26R
Trabzon 0.302 0.269 0.270 0.236 0.270 0.193 0.293 .3510 0.253 0.317 0.192 0.292 0.352
Usak 0.201 0.206 0.223 0.169 0.152 0.219 0.224 0.277 0.227 0.265 0.140 0.232 0.192
Van 0.193 0.169 0.175 0.174 0.096 0.160 0.215 0.308 0.249 0.218 0.094 0.172 0.205
Yozgat 0.197 0.214 0.196 0.174 0.191 0.200 0.238 22@D. 0.202 0.226 0.129 0.217 0.211
Sanliurfa 0.334 0.216 0.282 0.263 0.139 0.209 0.3000.420 0.395 0.157 0.166 0.219 0.316




4%

Table 3.4. Continued.

Kirklareli ~ Konya Manisa Mgla  Newehir  Sinop Sivas Trabzon  sbk Van Yozgat Sanliurfa
Antalya 1.672 2.020 2.148 1.965 1.634 2.033 2.210 .158 1.984 2.089 2.041 0.996
Artvin 1.210 2.400 1.690 3.519 1.422 2.211 1.501 362. 1.925 2.463 1.832 1.817
Aydin 1.644 1.928 2.197 2.162 1.361 2.263 1.733 53.3 1.746 2.364 2.053 1.274
Beysehir 1.855 2.289 1.762 3.478 4.036 3.620 2.850 (L.62 2.463 2.382 2.367 1.402
Bilecik 1.245 3.684 2.195 7.841 2.131 2.799 1.848 .354 2.799 4.729 2.124 3.102
Bingol 1.289 2.292 2.082 2.772 1.711 2.735 1.573 08=2. 1.788 2.629 2.005 1.890
Bitlis 1.087 2.332 1.891 2.504 1.126 1.746 1.716 208. 1.737 1.822 1.604 1.164

Bozcaada 2.094 1.710 1.293 1.609 1.146 1.351 1.3880.926 1.308 1.121 1.708 0.692
Gokceada 0.898 1.852 1.293 2.238 1.095 1.892 1.9361.477 1.705 1.512 1.978 0.768

Hatay 0.942 1.665 1.420 2.191 1.097 1.431 1.181 771.0 1.385 1.790 1.716 2.676
[zmir 1.585 3.340 2.244 4.845 2.658 3.643 2.823 .10 3.084 4.013 3.370 2.514
Kars 1.434 1.923 2.164 3.462 1.838 2.470 1.407 51.21 1.657 2.406 1.801 1.788
Kayseri 1.261 2.416 1.526 2.388 2.827 2.183 1.406 .92 2.109 1.939 1.871 1.080
Kirklareli ok 1.407 1.239 1.642 1.432 1.322 1.122 0.912 1.033 1.023 1.289 0.742
Konya 0.262 ok 1.759 3.221 1.963 2.107 1.623 1.128 3.546 2.515 2421 1.396
Manisa 0.288 0.221 rx 2.743 1.170 2.245 1.784 444 1.677 1.697 1.556 0.905
Mugla 0.233 0.134 0.154 rx 2.894 5.036 2411 1.476 348. 3.487 2.049 1.936
Newehir 0.259 0.203 0.299 0.147 rx 3.034 1.473 0.865 1.943 1.845 1.721 0.831
Sinop 0.274 0.192 0.182 0.090 0.142 i 2.257 1.616 2.650 2.501 2.027 1.014
Sivas 0.308 0.236 0.219 0.172 0.253 0.181 i 1.327 2.278 1.719 2.294 0.773
Trabzon 0.352 0.307 0.257 0.253 0.366 0.236 0.274 *> * 1.019 1.106 1.513 0.634
Usak 0.326 0.124 0.230 0.130 0.205 0.159 0.180 0.329 *** 2.718 1.975 1.107

Van 0.328 0.166 0.228 0.125 0.213 0.167 0.225 0.3110.155 rx 2.443 1.707

Yozgat 0.280 0.171 0.243 0.196 0.225 0.198 0.179 248. 0.202 0.170 FrE 1.115

Sanlurfa 0.403 0.264 0.356 0.205 0.376 0.330 0.3930.441 0.311 0.227 0.310 el




Pairwise GstrandNm for populations were illustrated in tables 3.4eThghesiGsr
was observed between Gokceada 8adliurfa populations as 0.395. PairwiSer
for Trabzon and Neehir populations was 0.366. The low&ssr was detected
between Bilecik and Mgla populations (0.060). The highest gene flow waseoved

betweenizmir and Bilecik populations (5.169), the lowestluea was between
Trabzon andanliurfa (0.634).

AMOVA indicated that within population variance wé6 % of the total variation,
much larger than among populations’ (40%) (FiduB).

8

7

6

5

4

g M Within Pops

% W Among Pops

¥ Among Pops
Within Pops

Source df Sum of squares | Estimation of Variance %
Among Pops 24 3767,855 5,121 A40%
Within Pops 704 5430,852 7,714 60%

Total 728 9198, 708 12,835

Figure 3.3. Results of Analysis of Molecular Vaan

Nei's standard genetic distances (1972) and idestivere calculated by using
POPGENE program and illustrated in Table 3.5. Toaband Kirklareli were the

most distant populations (0.175) whereéganliurfa and Hatay were the closest
populations (0.978).
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Table 3.5. Nei’'s genetic distances (below diagoaad) identities (above diagonal)

Antalya| Artvin | Aydin | Beyehir| Bilecik | Bingdl | Bitlis | Bzcadgq Gkcada
Antalya ** 10904 | 0936| 0.917| 0917 0.908 0.912 @%9 0.882
Artvin 0.101 Fhx 0.918 0.930 | 0.97 0.964 0.942 (091 0.929
Aydin 0.066 | 0.086 ok 0.911] 0.931 0.946 0.931 0.862.881
Beysehir | 0.087 | 0.073 0.094 ok 0.945 0.946 0.906 0.909.898
Bilecik 0.087 | 0.025| 0.071  0.056 ***| 0.96Ff 0.950 907 | 0.937
Bingol 0.097 | 0.037] 0.05% 0.054 0.033 * 0.947 (/8P 0.916
Bitlis 0.092 | 0.060| 0.072 0.099 0.051 0.0%4 il 986 0.934
Bzcada 0.099/ 0.087 0.148 0.095 0.098 0.109 0.140 * t*0.885
Gkcada 0.125| 0.073 0.127 0.108 0.065 0.088 00691220, ***
Hatay 0.115| 0.034 0.07¢ 0.074 0.085 0.033 0.056 1501 0.094
Izmir 0.094 | 0.041] 0.062 0.057 0.031 0.040 0.053 9.110.068
Kars 0.112| 0.049 0.086 0.061 0.029 0.040 0.089 07J10.129
Kayseri 0.093| 0.079 0.1083 0.056 0.057 0.073 0.1021110| 0.145
Kirklareli| 0.117 | 0.116| 0.15C 0.103 0.119 0.117 0.146 0.p75 860,
Konya 0.093| 0.055 0.08%5 0.080 0.087 0.062 0.063 9(0J0 0.083
Manisa 0.079| 0.070 0.06f 0.096 0.067 0.061 0.p711080} 0.109
Mugla 0.085| 0.038 0.079 0.054 0.018 0.063 0.061 0.096071
Newehir | 0.094| 0.073 0.098 0.03¢6 0.051 0.066 0.106 &.100.114
Sinop 0.089| 0.057 0.070 0.048 0.048 0.050 0.p82 1101 0.078
Sivas 0.094| 0.102 0.10f 0.070 0.086 0.104 0.p98 2701 0.089
Trabzon | 0.162| 0.094 0.119 0.11p 0.1p0 0.065 0.1201650] 0.101
Usak 0.088 | 0.063 0.088 0.069 0.046 0.074 0.080 0J111084
Van 0.073| 0.0420 0.05% 0.062 0.023 0.042 0.065 0,111082
Yozgat 0.105| 0.085 0.093 0.089 0.0y7 0.083 0.10910%] 0.090
Sanlurfa| 0.122] 0.039 0.078 0.083 0.025 0.042 0.p®@136| 0.122
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Table 3.5. Continued.

Hatay |izmir Kars Kayseri| Kirklarelii Konya| Manisa Mia
Antalya 0.891 0.910 0.894 0.911 0.889 0.911 0.924 918
Artvin 0.966 0.959 0.953 0.923 0.890 0.946 0.982 96D.
Aydin 0.926 0.940 0.918 0.902 0.860 0.918 0.934 249.9
Beysehir | 0.929 0.945 0.941 0.946 0.902 0.923 0.908 10.94
Bilecik 0.966 0.969 0.972 0.945 0.888 0.963 0.9440.982
Bingol 0.968 0.961 0.961 0.930 0.890 0.940 0.940 948.
Bitlis 0.946 0.948 0.915 0.903 0.864 0.938 0.981 940.
Bzcada 0.891 0.888 0.899 0.895 0.92y 0.914 0.897 9050
Gkcada 0.910{ 0.934 0.879 0.865 0.83p 0.920  0.8969310
Hatay x 0.956 | 0.948| 0.925 0.872 0.930p 0.927 0.945
[zmir 0.045 i 0.946 | 0.933 0.887 0.948 0.929 0.962
Kars 0.054| 0.055 i 0.940 0.906 0.932 0946 0.961
Kayseri 0.078| 0.069] 0.067 ok 0.886 0.942 0.917 399
Kirklareli| 0.137 | 0.120| 0.098 0.121 i 0.891 0.888  0.903
Konya 0.072| 0.053] 0.079 0.059 0.115 A 0.924  0.952
Manisa 0.075| 0.073] 0.055 0.08p 0.119 0.079 il 0.94
Mugla 0.056 | 0.038| 0.040 0.062 0.101 0.048 0.051 *HE
Newehir | 0.084| 0.055| 0.057 0.034 0.089 0.061 0.094 30.p4
Sinop 0.081| 0.047)] 0.057 0.068 0.118 0.0f0  0.059 290.0
Sivas 0.119 0.071 0.11( 0.118 0.165 0.107 0.088 730.0
Trabzon 0.108 0.083 0.107 0.155 0.175 0.134 0.092.1040
Usak 0.080 0.054 0.075 0.063 0.144 0.089 0.076 0.043
Van 0.051 0.029 0.043 0.058 0.12§ 0.048 0.064 0.035
Yozgat 0.083 0.061 0.088 0.09D 0.147 0.0[/3 0.105 09(.
Sanhurfa| 0.027 0.043 0.041 0.07y 0.133 0.0p4 0.08D.048
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Table 3.5. Continued.

Newehir | Sinop | Sivas Trabzon dak Van Yozgat| Sanhurfa
Antalya 0.910 | 0.915| 0.91d 0.851 0.915 0.930 0.900 .88®
Artvin 0.930 0.944| 0.903 0.911 0.939 0.959 0.918 960.
Aydin 0.906 0.933 0.898 0.884 0.916 0.946 0.911 29.9
Beysehir | 0.965 | 0.953| 0.931 0.89% 0.933 0989 0915 1092
Bilecik 0.950 0.954| 0.918 0.905 0.955 0.978 0.9260.976
Bingol 0.936 | 0.951] 0.901 0.937% 0.929 0.9%9 0.920 959.
Bitlis 0.899 | 0.921| 0.906] 0.887 0.924 0.938 0.897 929.
Bzcada 0.897 0.895 0.881 0.848 0.895 0.895 0.900 8730.
Gkcada 0.892| 0.925 0914 0.904 0919 0.922 0.914 8850.
Hatay 0.919 0.922 0.88§ 0.898 0.923 0.950 0.921 780.9
Izmir 0.947 0.954| 0.931 0.92( 0.947 0.971 0.941 8.95
Kars 0.944 | 0.949] 0.89€ 0.898 0.928 0.958 0.916 59.9
Kayseri 0.961 0.938 0.88§ 0.856 0.939 0.9¢43 0.914 .926
Kirklareli| 0.914 | 0.888| 0.847] 0.839 0.861 0.879 0.863 0.8[75
Konya 0.940 | 0.932] 0.899 0.875 0.961 0.953 0.930 38.9
Manisa 0.910 0.943 0.91% 0.91p 0.926 0.938 0.899 91@0.
Mugla 0.957 | 0.971] 0.929 0.90( 0.957 0.965 0.914 0.953
Newehir ok 0.963 0.908 0.870 0.944 0.951 0.919 0.925
Sinop 0.038 ok 0.929 0.915 0.949 0.954 0.918 0.918
Sivas 0.096 | 0.074 i 0.880| 0.932 0.921 0.917 0.865
Trabzon 0.139 0.089 0.128 ok 0.870 0.898 0.891 60.8
Usak 0.057 | 0.052] 0.071 0.139 il 0.960 0.918 0.928
Van 0.051 | 0.047| 0.082 0.108  0.041 A 0.943 0.963
Yozgat 0.084 0.085 0.087 0.115 0.085 0.0%86 ok 04.9
Sanliurfa] 0.078 | 0.086 0.145 0.140 0.07Y4 0.0374 0.102***
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Two main branches were observed in botRGMA and Neighbour Joining(NJ)
dendrogram based on Nei's (1972) standard genetiantes (Figure 3.4 and 3.5).
For theUPGMA, first branch included Bozcaada and Kirklareli plagions and the
second branch consisted of other populations. HeweWrabzon population
clustered separately from other populations indeeond branch (Figure 3.4). For
Neighbor Joining first branch included Bozcada, Kirklareli, Belir, Kayseri and
Newehir populations and the rest of the populationsewacluded in the second
branch (Figure 3.5).
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Figure 3.4UPGMAdendrogram based @x.
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Figure 3.5Neighbor Joiningdendrogram based @s.

Mantel test was performed using genetic distanckgaographic distance matrices.
Matrix correlation valuer( was estimated 0.05849 from normalized Mantelisiat
(2). Without normalization of data, the raw Manteltstic value Z) was detected as
21.118.7243. The significance test including Mantebkt and P value were estimated
to be 0.6587 and 0.7449 (>0.05), respectively. &@herno correlation between
genetic distance and geographic distance basedA#DRMatrix comparison of

distance matrices was illustrated in the scattetr (pligure 3.6).
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Figure 3.6. Correlation between genetic distanckgmographic distances based on

RAPD data

3.2. Microsatellite Results

The microsatellite analysis was completed using #grosatellite loci in 18

populations. ABI PRISM® 313@Genetic Analyzewas used for fragment analyses

and fragment sizes were determined with GeneMapgp@r software program.

Fragment sizes for all loci are illustrated in figu8.7. and Appendix C.
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Figure 3.7. The alleles of Ap223 [6{T)4A(T)s(C)s] locus
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Observed and expected number of alleles, the nunabeprivate allele and

heterozygosity level were given in figure 3.8.

Allelic Patterns across Populations
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Figure 3.8. Alellic patterns across Turkish popolag

The number of alleles and average number of alleé&slocus were illustrated in
table 3.6. In 520 worker bees from 18 honey beailadipns, a total of 118 alleles
were detected using 6 microsatellite loci. The Bgimumber of alleles was observed
in Ap001 locus with 32 alleles whereas the loweasnther of alleles was detected in
Ap243 locus with 10 alleles. The average numbeilefes per locus ranged between

3.3 (Mugla) and 8.8 (Antalya).
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Table 3.6. Number of alleles and average numbeale@es per locus

Ap223 Ap019 Ap001 Ap243 Ap289 A76  Average
Bozcaadg 5 2 5 5 7 5 4.8
Giresun 5 6 5 3 8 6 54
GoOkceada 5 4 5 3 7 6 5.0
[zmir 6 6 7 3 13 3 6.3
Konya 4 7 9 3 9 5 6.2
Mugla 6 4 0 4 5 1 3.3
Kirklareli 9 5 8 4 9 4 6.5
Aydin 6 5 8 1 10 4 5.7
Sanliurfa 9 3 17 4 5 9 7.8
Sivas 7 7 10 1 14 10 8.2
Antalya 5 8 15 4 12 9 8.8
Beysehir 4 6 7 3 8 6 5.6
Kars 4 5 7 6 14 0 6.0
Kayseri 6 5 10 2 4 2 4.8
Artvin 4 4 8 3 5 11 5.8
Hatay 5 4 0 5 9 7 5.0
Van 8 5 9 4 10 7 7.2
Yozgat 6 7 11 3 5 3 5.8
TOTAL 12 13 32 10 26 25 6.0

Private alleles and their frequencies were showtaltle 3.7. Private alleles mean
that the alleles have been observed in only onalpbpn. The number of private
alleles and their average frequencies were showiralole 3.8. A total of 29 private
alleles were detected from 14 populations. Priateles were not observed in
Ap223 locus. The highest number of private alleles observed for A76 locus with
9 alleles.

Only one private allele was observed in GiresunysBeir, Aydin and Sivas
populations. Five private alleles were detectedSamliurfa population being the
highest and average frequency of private alleles @822. The highest average

private allele frequency (0.065) was observed fozddada population.
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Table 3.7. Private allele and their allele frequesof relevant populations

Populations Locus Allele Frequency
Giresun Ap019 126 0.017
Beyehir Ap019 132 0.036
Konya Ap019 144 0.017
Antalya Ap019 152 0.017
Yozgat Ap001 205 0.056
Aydin Ap001 214 0.019
Kayseri Ap001 216 0.023
Artvin Ap001 228 0.042
Yozgat Ap001 241 0.056
Sanliurfa Ap001 243 0.017
Kayseri Ap001 245 0.023
Kars Ap243 211 0.053
Kars Ap243 241 0.026
Sanlurfa Ap243 262 0.026
Bozcaada Ap243 271 0.017
Kirklareli Ap289 164 0.045
Konya Ap289 174 0.026
Kirklareli Ap289 178 0.023
Bozcaada Ap289 192 0.065
Antalya Ap289 206 0.045
Van A76 210 0.025
Antalya A76 220 0.045
Van A76 221 0.025
Sanliurfa A76 227 0.017
Sanliurfa A76 229 0.017
Sanliurfa A76 230 0.017
Artvin A76 259 0.020
Sivas A76 260 0.023
Artvin A76 263 0.040
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Table 3.8. Number of private alleles and their agerfrequency

Populations| Number of private alleles Average Feeqy
Giresun 1 0.017
Beyehir 1 0.036
Konya 2 0.022
Yozgat 2 0.056
Aydin 1 0.019
Kayseri 2 0.023
Artvin 3 0.034
Sanliurfa 5 0.022
Kars 2 0.039
Bozcaada 2 0.041
Kirklareli 2 0.034
Van 2 0.025
Antalya 3 0.036
Sivas 1 0.023
Total 29 0.024

Diagnostic alleles can be defined as alleles haxefagively high proportions in one
population in comparison to all other populatioDsagnostic alleles for 18 Turkish
honey bee populations were illustrated in table. RBelic frequencies of six
microsatellite loci for each population were dentcated in Appendix D.

Table 3.9. Diagnostic alleles for Turkish honey pepulations

Bozcaada 182 (Ap223);142(Apl9); 271 (Ap243)

Giresun 126 (Apl9)

Gokceada 213(Ap001); 198(Ap289)

[zmir 207 (Ap076)

Konya 211 (Ap001);136, 144(Apl19);174,210(Ap289)
Mugla 138(Apl9)

Kirklareli 166,176,178(Ap223);140(Ap19);164,178,1(@289)
Aydin 215 (Ap001)

Sanlurfa 237,243(Ap001);262(Ap243); 227,229,230 QA7
Sivas 260 (Ap076)

Antalya 168(Ap223);152 (Apl19);206(Ap289)

Beysehir 132(Apl9)

Kars 229(Ap001);148(Ap19);211,241 (Ap243)

Kayseri 233(Ap001)

Artvin 217,228(Ap001);253 (Ap243);213,222(Ap289)R2059, 263(A76)
Hatay 253, 257(A76)

Van 128(Ap19); 210(A76)

Yozgat 205,215,223,241 (Ap001);216(Ap289);211(A76)

55



Observed heterozygositi¢), expected heterozygositii€) and their P values were
shown in Table 3.10. Mila population for Ap001 and Ap289 loci, Aydin and&
populations for Ap243 loci, Kars population for A@hd Hatay population for
Ap001 loci had only one allele. Therefore, thesa l@ere not shown in the tables
(P<0.05).

Table 3.10. Observedip) and expectedHe) heterozygosity for all populations

Bozcaada Locus Obs.Het.Ho) Exp.Het. He) P-value St. Dev.
Ap223 0.423 0.435 0.1218 0.00029
Ap019 0.482 0.373 0.2826 0.00044
Ap001 0.519 0.600 0.0225 0.00014
Ap243 0.345 0.476 0.0003 0.00002
Ap289 0.565 0.667 0.3442 0.00056
A076 0.410 0.653 0.0001 0.00001
Giresun  Locus Obs.Hetdp) Exp.Het. He) P-value St. Dev.
Ap223 0.448 0.474 0.0538 0.00026
Ap019 0.767 0.596 0.1609 0.00034
Ap001 0.615 0.599 0.5124 0.00046
Ap243 0.250 0.229 1.0000 0.00000
Ap289 0.250 0.796 0.0000 0.00000
A076 0.188 0.433 0.0167 0.00013
Gokgeadal ocus Obs.Het.Ho) Exp.Het. He) P-value St. Dev.
Ap223 0.556 0.668 0.3701 0.00047
Ap019 0.400 0.383 0.6266 0.00051
Ap001 0.433 0.601 0.0359 0.00018
Ap243 0.188 0.486 0.0075 0.00008
Ap289 0.563 0.774 0.1249 0.00037
A076 0.143 0.235 0.0033 0.00005
Izmir Locus Obs.HetHo) Exp.Het. He) P-value St. Dev.
Ap223 0.724 0.743 0.5816 0.00057
Ap019 0.462 0.428 0.7698 0.00032
Ap01 0.600 0.665 0.3798 0.00053
Ap243 0.118 0.383 0.0034 0.00006
Ap289 0.643 0.855 0.0100 0.00008
A076 0.038 0.112 0.0195 0.00013
Konya Locus Obs.HetHpo) Exp.Het. He) P-value St. Dev.
Ap223 0.636 0.673 0.3670 0.00046
Ap019 0.800 0.676 0.0585 0.00024
Ap001 0.577 0.678 0.1041 0.00031
Ap243 0.461 0.384 1.0000 0.00000
Ap289 0.684 0.835 0.0051 0.00006
A076 0.107 0.271 0.0159 0.00012
Mugla Locus Obs.HetHo) Exp.Het. He) P-value St. Dev.
Ap223 0.619 0.648 0.2389 0.00039
Ap019 0.148 0.143 1.0000 0.00000
Ap243 0.476 0.495 0.0895 0.00022
Ap289 0.684 0.509 0.5621 0.00046
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Table 3.10. Continued.

Kirklareli Locus Obs.Het.Ho) Exp.Het. He) P-value St. Dev.
Ap223 0.724 0.736 0.0889 0.00024
Ap019 0.440 0.520 0.1634 0.00038
Ap001 0.772 0.812 0.0048 0.00006
Ap243 0.360 0.379 0.5475 0.00048
Ap289 0.455 0.530 0.4090 0.00029
A076 0.350 0.640 0.0000 0.00001
Aydin Locus Obs.HetHo) Exp.Het. He) P-value St. Dev.
Ap223 0.643 0.610 0.0110 0.00010
Ap019 0.739 0.541 0.3125 0.00044
Ap001 0.461 0.647 0.0121 0.00010
Ap289 0.640 0.800 0.2243 0.00024
A076 0.047 0.431 0.0000 0.00000
Sanliurfa  Locus Obs.HetHQ) Exp.Het. He) P-value St. Dev.
Ap223 0.731 0.775 0.1105 0.00032
Ap019 0.296 0.268 1.0000 0.00000
Ap001 0.933 0.930 0.5858 0.00033
Ap243 0.310 0.389 0.2363 0.00051
Ap289 0.310 0.572 0.0043 0.00006
A076 0.172 0.395 0.0002 0.00002
Sivas Locus Obs.HetHpE) Exp.Het. He) P-value St. Dev.
Ap223 0.731 0.728 0.7817 0.00031
Ap019 0.920 0.697 0.0056 0.00007
Ap001 0.521 0.804 0.0014 0.00004
Ap289 0.607 0.853 0.0000 0.00000
A076 0.210 0.448 0.0036 0.00008
Antalya Locus Obs.HetHp) Exp.Het. He) P-value St. Dev.
Ap223 0.629 0.621 1.0000 0.00000
Ap019 0.533 0.552 0.2481 0.00025
Ap001 0.750 0.858 0.0340 0.00010
Ap243 0.238 0.302 0.2832 0.00051
Ap289 0.409 0.816 0.0000 0.00000
A076 0.325 0.648 0.0002 0.00002
Beysehir  Locus Obs.HetHo) Exp.Het. He) P-value St. Dev.
Ap223 0.600 0.598 0.0626 0.00023
Ap019 0.750 0.699 0.0193 0.00012
Ap001 0.480 0.695 0.0864 0.00023
Ap243 0.481 0.498 0.7229 0.00045
Ap289 0.600 0.855 0.0000 0.00000
A076 0.076 0.217 0.0013 0.00003
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Table 3.10. Continued

Kars Locus Obs.HetHo) Exp.Het. He) P-value St. Dev.
Ap223 0.703 0.522 0.1954 0.00042
Ap019 0.862 0.617 0.0324 0.00020
Ap001 0.478 0.623 0.2218 0.00046
Ap243 0.736 0.645 0.0719 0.00026
Ap289 0.600 0.856 0.0001 0.00001
Kayseri Locus Obs.HetHp) Exp.Het. He) P-value St. Dev.
Ap223  0.696 0.685 0.9754 0.00016
Ap019 0.458 0.458 0.6441 0.00037
Ap001 0.681 0.666 0.0277 0.00015
Ap243  0.409 0.333 0.5371 0.00051
Ap289 0.772 0.605 0.4231 0.00048
A076 0.143 0.344 0.0019 0.00014
Artvin  Locus Obs.Het.Ho) Exp.Het. He) P-value St. Dev.
Ap223 0.833 0.697 0.4494 0.00049
Ap019 0.586 0.609 0.3274 0.00044
Ap001 0.167 0.858 0.0000 0.00000
Ap243  0.185 0.174 1.0000 0.00000
Ap289  0.222 0.787 0.0000 0.00000
A076 0.250 0.746 0.0000 0.00000
Hatay Locus Obs.HetHp) Exp.Het. He) P-value St. Dev.
Ap223 0.608 0.610 0.3252 0.00046
Ap019 0.455 0.542 0.1320 0.00037
Ap243  0.539 0.506 0.1659 0.00033
Ap289  0.520 0.554 0.2980 0.00021
A076 0.000 0.429 0.1424 0.00036
Van Locus Obs.HetHo) Exp.Het. He) P-value St. Dev.
Ap223 0.862 0.729 0.0412 0.00022
Ap019 0.869 0.646 0.0022 0.00004
Ap001 0.576 0.766 0.0193 0.00009
Ap243  0.272 0.442 0.0279 0.00016
Ap289 0.280 0.831 0.0000 0.00000
A076 0.389 0.505 0.1006 0.00024
Yozgat Locus Obs.HetHp) Exp.Het. He) P-value St. Dev.
Ap223  0.643 0.566 1.0000 0.00000
Ap019 0.875 0.706 0.1675 0.00035
Ap001 0.556 0.934 0.0004 0.00002
Ap243  0.133 0.246 0.2055 0.00037
Ap289 0.285 0.769 0.0041 0.00005
A076 0.181 0.679 0.0021 0.00005

Demorization step 1000000 P<0.005
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Mean expected heterozygosities (gene diversityyedrbetweerd.449 (Mgla) and

0.739 (Artvin). Mean expected heterozygosity fdrpapulations was detected to be 0.588

(Table 3.11). The highest mean observed heterotygwalue was detected for Kars

population (0.676) and the lowest observed hetgmsyy was found for Artvin population

(0.375). The mean observed heterozygosity forggutations was found 0.493.

Table 3.11. Mean observed (Ho) and expected hstgosity (He) values and their

standard deviations

MeanHo MeanHe

Bozcaada 0.457+0.0800 0.534+0.1230
Giresun 0.420+0.2303 0.521+0.1908
Gokceada 0.38+0.1793  0.524+0.197
Izmir 0.431+0.2876 0.531+0.273
Konya 0.544+0.2418 0.586+0.2127
Mugla 0.482+0.2389 0.449+0.2151
Kirklareli 0.517+0.1840 0.603+0.1585
Aydin 0.506+0.2255 0.606+0.1365
Sanliurfa 0.458+0.3005 0.555+0.2511
Sivas 0.598+0.2109 0.706+0.1571
Antalya 0.48+0.1927 0.633+0.2051
Beysehir 0.504+0.2135 0.624+0.2002
Kars 0.676+0.1450 0.634+0.2300
Kayseri 0.527+0.2362 0.506+0.1725
Artvin 0.375+0.2074 0.739+0.0934
Hatay 0.530+0.0632 0.528+0.0663
Van 0.542+0.2740 0.653+0.1524
Yozgat 0.446+0.2952 0.651+0.2321
Overall Mean| 0.493+0.0657 0.588+0.0542

Mean expected and observed heterozygosities wdrilai@d per loci for all

populations (Table 3.12). The highest expectedrbeygosity was detected for
Ap289 (0.745), whereas the lowest was determined\p243 (0,350) locusGene
diversities for total populationsH{) ranged between 0.378 (Ap243) and 0.817

(Ap289). Mean observed heterozygosity value for Aotfius was detected the lower
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than the other loci (0.174). The highest observetkrozygosity was observed for
Ap223 loci as 0.656.

Table 3.12. Gene diversity per locus in total pagah Hy), mean expectedHg)

and observed heterozygosityd) per loci for all populations

Locus Hr MeanHe MeanHo
Ap223 0.673 0.640 0.656
Ap019 0.556 0.514 0.647
Ap001 0.855 0.656 0.504
Ap243 0.378 0.350 0.300
Ap289 0.817 0.745 0.472
A76 0.543 0.405 0.174

Deviations from Hardy - Weinberg equilibrium weretermined for all populations
at 6 microsatellite loci, however, only significatgviations were given in Table 3.13
(P<0.05, 0.01 and 0.001). A total of 47 significal@viations of population locus
combinations were detected out of 108 populatiatusocombinations. All of the
deviations were in favor of homozygotes except p@¥9 locus in Begehir, Sivas,

and Van populations, at Ap001 locus in Kayseri Ap@23 in Aydin population.
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Table 3.13. Significant deviations from Hardy-Weandp Equilibrium
(* P<0.05, ** P<0.01, *** P<0.001)

Populations Locus df X P
Bozcaada Ap223 10 52.651 0.000***
Bozcaada Ap001 10 30.118 0.001***
Bozcaada Ap243 10 41.110 0.000***
Bozcaada A76 10 34.488 0.000***
Giresun Ap223 10 35.614 0.000***
Giresun Ap289 28 132.05 0.000***
Giresun A76 15 51.204 0.000***
Gokgeada Ap001 10 18.743 0.044*
Gokceada Ap243 3 8.128 0.043*
Gokgeada A76 15 84.105 0.000***
[zmir Ap243 3 11.470 0.009**
[zmir Ap289 78 112.78 0.006**
Izmir A76 3 38.277 0.000***
Konya Ap019 21 36.797 0.018*
Konya Ap001 36 88.444 0.000***
Konya Ap289 36 54.084 0.027*
Konya A76 10 48.174 0.000***
Mugla Ap223 15 45.087 0.000***
Kirklareli Ap223 36 86.355 0.000***
Kirklareli Ap001 28 69.347 0.000***
Kirklareli A76 6 40.018 0.000***
Aydin Ap223 15 26.814 0.030*
Aydin Ap001 28 57.814 0.001***
Aydin A76 6 33.413 0.000***
Sanlurfa Ap223 36 51.066 0.049*
Sanliurfa Ap289 10 23.145 0.010*
Sanliurfa A76 36 120.01 0.000***
Sivas Ap019 21 47.390 0.001***
Sivas Ap001 45 70.318 0.009**
Sivas A76 45 67.322 0.017*
Antalya Ap019 28 42.508 0.039*
Antalya Ap001 105 188.12 0.000***
Antalya Ap289 66 166.73 0.000***
Antalya A76 36 76.501 0.000***
Beysehir Ap223 6 13.401 0.037*
Beysehir Ap019 15 38.324 0.001***
Beysehir Ap289 28 119.00 0.000***
Beysehir A76 15 108.05 0.000***
Kars Ap243 15 26.070 0.037*
Kars Ap289 91 116.68 0.036*
Kayseri Ap001 45 113.82 0.000***
Kayseri A76 1 4.954 0.026*
Artvin Ap001 28 61.333 0.000***
Artvin Ap289 10 54.080 0.000***
Van Ap223 28 42.987 0.035*
Van Ap019 10 29.038 0.001**
Van Ap289 45 140.04 0.000***
Yozgat A76 3 11.774 0.008**
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Linkage disequilibrium test was performed for logasrs in all populations. Linkage
disequilibrium was observed in ten populations. Tdwis pairs and their P values
were shown in table 3.14. Kirklareli, Artvin, aN@n populations had 2 locus pair

combinations of linkage disequilibrium.

Table 3.14. Significant linkage disequlibrium vad{e<0.05)

for locus pairs in populations.

Population Locus Pair P value
Bozcaada Ap243 & Ap289 0.0338
Giresun Ap019 & Ap289 0.0004
Gokceada Ap243 & A76 0.0343
Konya Ap019 & Ap243 0.0213
Kirklareli Ap223 & Ap019 0.0427
Kirklareli Ap243 & AT76 0.0171
Kayseri Ap223 & Ap243 0.0310
Artvin Ap019 & A76 0.0049
Artvin Ap289 & A76 0.0047
Van Ap019 & Ap001 0.0474
Van Ap243 & Ap289 0.0443

dememorizatios 1000;# batches= 1000, iterations per batchks 1000.
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Table 3.15. P values of linkage disequilibrium tést all locus pairs over all

populations

Locus pairs X df P
Ap223 & Apl9 21.881 36/0.969
Ap223 & Apl 20.234 30/0.910
Apl9 & Apl 35.19¢ 30/0.236
Ap223 & Ap243 30.699 32|0.532
Apl9 & Ap243 29.091 32|0.615
Apl & Ap243 11.426 26|0.994
Ap223 & Ap289 30.839 36/0.712
Apl9 & Ap289 33.351 36|0.595
Apl & Ap289 16.437 30/0.979
Ap243 & Ap289 37.533 32/0.230
Ap223 & A76 21.98( 30/ 0.855
Apl9 & A76* 48.585 30/0.017 *
Apl & A76 22.546 28|0.755
Ap243 & A76 36.56( 28/0.129
Ap289 & A76 26.887 30/0.629
dememorizatios 1000;# batches= 1000, iterations per batchk 1000.
*P<0.05

Significant linkage disequilibrium was observedyhktween Ap019 & A76 locus
pairs (Table 3.15).

The heterozygosity level within subpopulati$is), the heterozygosity level in total
populations r) and the degree of genetic differentiation of syfybations Fsy)
were given in table 3.16. Ap223 and Ap019 loci sthated an excess of
heterozygosity in all populations. However, othecil showed deficiency of
heterozygotes in all populations accordingHg values.Fst values for four loci
(Ap223, Ap289, Ap243, and Apl9) demonstrated mdddevel of heterozygosity,
while Ap001 and A76 illustrated significant gendlifferentiation in all populations.
Mean Fsr value was estimated as 0.162 which indicated a tgggEmetic
differentiation among populations. Mean gene fldwn{) value was found as 1.29
which is smaller than,Zherefore, there still is considerable genetided@ntiation

among populations.
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Table 3.16. F coefficients am¢im values for all populations

Locus Fis Fir Fst Nm

Ap223 -0.047 0.026 0.070 3.3469
Ap019 -0.192 -0.084 0.090 2.5189
Ap001 0.206 0.410 0.257 0.7234
Ap243 0.117 0.205 0.100 2.2609
Ap289 0.343 0.423 0.121 1.8163
AO076 0.476 0.642 0.316 0.5403
Mean 0.146 0.285 0.162 1.2903

The pair wise=s7values were illustrated in table 3.17. AccordiogNright (1951),
Fstlevels between 0 and 0.05 indicate little genetifeentiation: levels between
0.05 and 0.15 indicate moderate genetic differgatialevels between 0.15 and 0.25
indicate great genetic differentiation and levedsgér than 0.25 designate highly
significant genetic differentiation (Hartl and te2007).

The pair wise-stvalues ranged fron0:068 (Gokgeada aridmir) to 0.347 (Konya and

Mugla). Population paifFst values showed very significant variation in 16, agre
genetic variation in 10 population pairs while ih Sopulation pairs moderate and in
33 population pairs little genetic differentiatiowere observed. Multi locus

genotypes belonging to each population pair weradomized by 15300

permutations. Goodness of fit test appliedRg data in order to find out the
significant pairwise comparison after standard Baomi corrections (Table 3.17).
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Table 3.17. PairwisEstVvalues and their significance test for all popolas studied (**:P < 0.01; *: 0.01 <P < 0.05)

G9

BozcaadalaGiresun Gokceadaizmir | Konya|Mugla | Kirklareli | Aydin | Sanliurfa| Sivas | Antalyd Beysehir| Kars | Kayser| Artvin | Hatay | Van
Bozcaadd . ok * ok - o ok ok ok - - A - ok
Giresun 0.059 - * * * * * * *
Gokceada 0.076 0.049 - * * *x * * *
Izmir 0.076 0.054| -0.068 - * i i * o
Konya 0.099 0.075 0.072 0.031 - i i * ** * i
Mugla 0.293 0.304 0.291| 0.318 0.347 -
Kirklareli | 0.099 0.117 0.101| 0.084 0.107 0.314 - *f * * * * * *
Aydin 0.073 0.015 0.047| 0.034 0.062 0.305 0.106 - % *
Sanhurfa | 0.095 0.094 0.084| 0.066 0.0p6 0.303 0.0[D.076 - o i i * *
Sivas 0.094 0.028§ 0.058 0.040 0.045 0.297 0.1p1 1500 0.069 - * *
Antalya 0.060 0.042 0.055[ 0.039 0.0p3 0.2449 0.065.02M| 0.038 | 0.031 - * i
Beysehir 0.087 0.061 0.057| 0.037 0.0p8 0.344 0.126 @J040.107 | 0.046] 0.058 - i
Kars 0.205 0.173 0.158| 0.193 0.1p0 0.127 0.1fy5 (0f190.151 | 0.145( 0.144 0.161 -
Kayseri 0.125 0.076) 0.048/ 0.083 0.118 0.494 0.1p7.06D[ 0.069 | 0.07q 0.04] 0.099 0.1B4 - b *7
Artvin 0.126 0.096 0.133]| 0.10B 0.098 0.2p1 0.098 088.[ 0.109 | 0.071 0.05( 0.109 0.142 0.142 -
Hatay 0.062 0.090) 0.084| 0.011 0.0p4 0.492 0.046 7900 0.016 | 0.098 0.032 0.104 0.188 0.0p4 0.100 -
Van 0.081 0.037 0.046] 0.031 0.019 0.283 0.082 0J020.080 [ 0.022] 0.029 0.024 0.108 0.0y1 0.038 0.J085
Yozgat 0.102 0.094 0.132] 0.126 0.1p2 0.478 0.0p4 08D} 0.067 | 0.055§ 0.034 0.118 0.0p9 0.145 0.p42 0[06H76




TheNmvalues give the information about genetic diveogeor genetic similarity of
subpopulations due to gene flow. Mm value is smaller than 2, there is still
considerable genetic differentiation among subpamis. Nm values for total
populations were detected to be 1.29. Hence, ceratite genetic differentiation was
observed among populationihe pairwiseNm values ranged from 0.294 (Bozcaada
and Artvin) to 4.710 igmir and GokceadalNm values for 48 pairs out of 153
population pairs were estimated to be larger thaso2the genetic differentiation
among those populations was sméither pairwise Nm values were smaller than 2
indicating that the genetic differentiation betweabkase populations was significant.
Interestingly, pairwiseNm values between Artvin and all other populationgene
lower than 2 which indicate that there were comsible genetic differentiation
among populations so was the case fogldwand other population pairs. However,
the pairwiseNm between Kirklareli and Goékceada population washéighan 2,
while that of between Kirklareli and Bozcaada papioh was smaller than this level.
Hatay population had generally lowdm values when it was compared with other
populations except f@anliurfa and Kars (Table 3.18).
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Table 3.18Nm pairwise values

BozcaadeLGiresun

Gokgeaddzmir | Konya| Mgla | Kirklareli | Aydin | Sanhurfa| Sivas| Antalya| Beysehir | Kars | Kayseri Artvin | Hatay | Van | Yozga
Bozcaada il
Giresun 0.965 el
Gokceada 1.295 1.607 ok
Izmir 2.027 1.680 4.439 il
Konya 1.257 1.835 1.109| 2.443**
Mugla 0.285 0.666 0.490| 0.4620.364 | ***
Kirklareli 1.428 1.496 2.097| 2.0851.610| 0.667 ok
Aydin 1.059 1.410 1.936| 3.3232.033| 0.289] 2.329 ok
Sanlurfa 1.240 1.958 1.851| 2.41@.247| 1.024] 2.313| 2.323 il
Sivas 1.329 2.277 1.663] 2.442.081| 0.566] 1.802| 2405 2.39 o
Antalya 2.002 2.514 3.364| 2.6962.280| 0.633] 2.228| 3417 292 2.387**
Beysehir 1.482 0.986 1.297| 4.3901.431| 0.330] 1.405| 2.168 1.97f 2.592.308 ok
Kars 0.617 1.062 0.659| 0.940QL.271| 1.304] 1541| 0.722 1.38 1.359.347 | 0.887 | ***
Kayseri 0.919 1.645 2.650| 2.31@.255| 0.302] 2.103| 1.713 2.66 1.802.583 | 0.982 | 1.28p ***
Artvin 0.656 0.913 0.743| 1.4501.131| 0.294] 1539 1.160 1.237 1.406.866 | 0.711| 0.8411 0.724 | ***
Hatay 0.736 1.070 1.816] 1.688.179| 1.261] 1.948| 1.664 4.072 1.441.601 1467 | 3.0261.036 | 0.982] ***
Van 1.281 1.909 1.619| 2.02@.512| 0.362] 1.773| 3.051 2.46 2.133.083 | 2.059 | 2.55p1.468 | 1.412] 2.413 ***
Yozgat 0.684 0.631 0.775| 1.02®M.842| 0.315 1.077| 1.094 1.72 1.842.078 | 0.680 | 2.1180.617 | 0.854] 0.741 1.127 ***
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Table 3.19 .Nei's genetic identity (above diegpand genetic distance (below diagonal).

BozcaadzLGiresun Gokgeaddzmir | Konya [ Mugla | Kirklareli | Aydin | Sanliurfa| Sivas Antalya| Begehir|Kars [ Kayser| Artvin [ Hatay| Van Yozgat
Bozcaadg **** | 0.906 0.878 | 0.883 0.835| 0.593 0.83 | 0.888 0.854 | 0.836| 0.882 0.854 0.594 0.816 0.766302( 0.848( 0.8
Giresun 0.099 Frkk 0.904 | 0.90L0.866| 0.654 0.801] 0.959 0.85 0.929 0.922 0.874 0.633 0.874 0.823.76 | 0.916| 0.816
Gokceada 0.13 0.101 ek 10.977 0.874| 0.619 0.832] 0.920 0.869 0.885 0.885 0.889 0.576 0.924 0.796739]| 0.899| 0.752
zmir 0.125 0.105 0.024( *=*1 0.930| 0.592 0.858| 0.938 0.892 0.912| 0.911 0.919 0.5%7 0922 08 O0f6®P24| 0.76
Konya 0.18 0.144 0.135| 0.073** | 0.502| 0.804 | 0.900 0.841 0.898| 0.875 0.921 0.542 0.825 0.796715| 0.93 | 0.74
Mugla 0.523 0.425 0.48 0.5240.69 ok 0.559 | 0.619 0.66 0.611 0.69 0.515 0.601 0.632 0.57682| 0.577| 0.633
Kirklareli | 0.187 0.222 0.184| 0.1530.218| 0.581 %1 0.831 0.872 0.797 0.851 0.762 0.5B 0.825 O.Ef115864 0.814] 0.772
Aydin 0.119 0.042 0.084( 0.0640.106| 0.48 0.185 4 0.887 0.957| 0.945 091d 0593 0909 0.89779| 0.945| 0.83
Sanlurfa | 0.158 0.163 0.141] 0.114.174| 0.416/ 0.137| 0.120 *** |0.873 | 0.914 | 0.817 | 0.624 0.897 0.79®.888| 0.847| 0.854
Sivas 0.179 0.074 0.122| 0.0p®.108| 0.493 0.226] 0.045 0.136 Fkk 0.913 0.887 | 0.615 0.87¢ 0.834€.747| 0.92 | 0.846
Antalya 0.126 0.081 0.122| 0.093.134| 0.371 0.162] 0.096 0.09 0.091 Forkk 0.86 0.624 0.913 0.85%.858| 0.903| 0.855
Beysehir 0.16 0.13 0.118| 0.0850.082| 0.664/ 0.271| 0.091 0.203 0.12 0.151 =% | 0.514 0.848 0.76D.701| 0.917| 0.727
Kars 0.521 0.458 0.553| 0.58®.613| 0.509 0.545( 0.522 0.471 0.487| 0.472 0.663 =+ 0.56] 0.64D.631| 0.649( 0.689
Kayseri 0.203 0.135 0.079] 0.08D.193( 0.46 0.193| 0.096 0.109 0.132 0.089 0.165 0.568 e 0.79D.791| 0.869| 0.785
Artvin 0.266 0.195 0.28 0.2230.228 | 0.561 0.204] 0.143 0.232 0.182 0.157 0.273 0.436 0.283 *1*9.786| 0.876| 0.815
Hatay 0.221 0.275 0.303| 0.2y®.336| 0.383] 0.146| 025 0.119 0291 0.1p4 0.356 (Q.46234 | 0.241 *== [ 0.731| 0.821
Van 0.165 0.088 0.106| 0.079.073| 0.55 0.206 | 0.057 0.166 0.083| 0.102 0.084 0.433 0.14 0.182313| *** (0.777
Yozgat 0.224 0.204 0.285] 0.2y®.301| 0.457 0.259| 0.186 0.158 0.167 0.156 0.319 0.372 0.242 0.205197| 0.252 okkk




Nei's genetic identity and genetic distance weestilated in table 3. 19. Genetic
distances Ps) were estimated according to Nei (1973).dlduand Konya were the
most distant honeybee populations (0.69) wheileasr and Gokceada were the
closest populations (0.024). Neighbour JoiniNg)(andUPGMA phylogenetic trees
were constructed using Nei's standard genetic miistgFigure 3.9- 10 and 3.11). In
NJ tree, two main branches were observed. First ockided Mgla and Kars

populations while the second one consisted of oti@mmeybee populations. In
UPGMA tree, Kars honeybee population was separated &itver populations by

itself.

hugla

Figure 3.9. An unrootedNJ tree based obDs.
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The correlation between genetic and geographiantsis was determined using
Mantel test. The correlatiom)(was estimated as 0.15325 from normalized Mantel
statistic ). Without normalization of data, raw Z value wa353.9440 and the
significance tested by Mantel t-test and P valueewalculated as 1.2848 and 0.9006
(>0.05), respectively. Therefore, there is no digant correlation between genetic
distance and geographic distance based on miclidsatiata. Matrix comparison of

all data was illustrated as scatter plot (Figufie2B.
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Figure 3.12. Matrix comparision of microsatellitengtic distance and geographic
distance

Assignment test was performed in order to see ik&tiHoods of each individual
belonging to populations. The percentage of corrassigned individuals in
populations was given in table 3.2@zmir, Aydin and Antalya populations had the
lowest (47%), Bozcaada and Artvin had the highestect assignment value (83%)
for their individuals. The individuals from 15 pdptions illustrated correct
assignment percentages higher than 50%. Mean t@ssignment percentage was

estimated as 64% for all populations.
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Table 3.20. Percentage of correct assigned indisduN: Total number of

individuals within each populatiom; number of individuals assigned to population).

N N %
Bozcaada 30 25 83
Giresun 30 21 70
Gokceada 30 16 53
Izmir 30 14 47
Konya 30 20 67
Mugla 28 18 64
Kirklareli 30 22 73
Aydin 30 14 47
Sanliurfa 30 20 67
Sivas 28 14 50
Antalya 30 14 47
Beysehir 30 17 57
Kars 30 24 80
Kayseri 25 19 76
Artvin 30 25 83
Hatay 30 22 73
Van 30 18 60
Yozgat 18 10 56

Log-likelihood assignment values of individuals fiifferent population pairs were
shown on scatter plots (Figure 3.13 and AppendixAErordingly, Migla and Kars

populations were separated from other populations.
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3.3. Assessment of two molecular methods

RAPD and microsatellite data were evaluated togetBeventeen populations that
were common to both data sets were subjected taeVigest in order to find out if

there is congruency. On the other hand, Partial ttatest was performed to
determine the correlation between genetic and gebir distance obtained from

RAPD and microsatellite markers.

The matrix correlation value)(was estimated as -0.16592 from normalized Mantel
statistic g). Without normalization of data, the raw mantedtistic value Z) was
detected as -0.1713. The significance test incydnantel t test and P value was
determined as -1.3183 and 0.0937 (> 0.05), resmdgti Therefore, there is no
significant correlation observed among RAPD andrasatellite genetic distance,
and geographic distance. Scatterplot of genetitanite (Ds) and geographic distance

is illustrated in Figure 3.14.
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Figure 3.14. Scatterplot of genetic distance (Ds) geographic distance
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Consensus trees are being used to summarize teenagnt between two or more
trees (Felsenstein, 2008). Here, the consensusviseconstructed using distances
from RAPD and microsatellite data. The consenses ¢ienerated 3 main branches;
one includedSanlurfa, Hatay, Artvin, Kars and Mila populations. In this branch
Sanliurfa and Hatay populations were clustered togretSecond one consisted of
Konya, Kayseri, Beyehir, Kirklareli and Bozcaada populations. Withimatt branch
Both Kirklareli-Bozcaada and Bgghir—Kayseri populations were clustered

together. The rest of the populations includedethird branch (Figure 3.15).

Sarlmrfa

Hatayr

Aydm

Figure 3.15. Consensus tree constructed usingwdessaof RAPD and microsatellite
data

75



CHAPTER 4

DISCUSSION

Five honey bee subspecies are found in Turkeyn. caucasicaistributed in north
eastern A. m. syriacain south eastefPA.m. medan easternA. m. anatoliacan
Central Anatolia, and\. m. carnicain Thrace (Kandemiet al., 2000; Boduret al,
2007). A large amount of variation in honey beeuatons of Turkey was reported
based on morphometry and allozymes (Kandezhial., 2000) and microsatellites
(Boduret al, 2007). In the present investigation we employed genetic markers,
RAPD as dominant and microsatellites as codominearkers in order to determine

differentiation of honey bee populations in Turkey.

RAPD analysis indicated that the expected hetemsyy He) values ranged
between 0.035 and 0.136 among geographic regiors.oldéerved that expected
heterozygosity valuesdg) increase from northern to southern and eastewettern
Anatolia. The Shannon’s index valud’] also showed similar pattern. At the same
time Shannon’s index values of islands, Thrace @edtral Anatolian populations

were higher than that of the eastern, northern santheastern Anatolia.

The expected heterozygosities (Gene diversitied)&mannon’s index values when
compared at population level showed that Antalyputetion had the highesie
(0.175), proportion of polymorphic loci (64.76%)daH’ value (0.271). Meanwhile,
the highHe and H” values were also observed for the Aegean islandilptpns,
Gokceada Hle=0.128 andH'=0.212) and BozcaadaHé=0.129 andH'=0.212)
which were higher than that of Kars, Hatay, Bilecewehir, Wsak, Sanliurfa,
Artvin, Bingo6l, Bitlis, Kayseri, Manisa, Trabzon @rvan honey bee populations

ranging between 0.035 and 0.114. The observatiohigif gene diversity in two
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island populations may be due to queen bee impuitbeee transfer during human

migrations.

Hatay andSanliurfa populations had the lowest genetic diviesiand also these
populations were clustered together in the dendrogthat was constructed using
Nei's standard distance. This observation suppiitsresults Boduet al. (2007)
obtained using a different set of microsatellites which Hatay andSanliurfa
populations also clustered together. These populstiwere shown to contain
African mitochondrial haplotypes (Smitt al., 1997; Kandemiet al.,2006). These
findings suggest that Hatay afdnliurfa populations are more closely related ® th
African honey bees than the rest of the Turkishelydmee populations.

The number of observed bands ranged between 3@yHahd 70 (Antalya) and 4
private bands were observed for Aydin, GokceadagldandSanliurfa populations.
In a previous study, Suaz al. (1998) screened 700 RAPD primers in order to
determine the differences between African and Eemophoney bee populations.
Their analyses clustered the samples accordinddtavorld European, new world
European, South African and new world African hobeg populations and showed
that a band amplified by the primer 539 was speddr East European honey bee
subspecies and also found at high frequencies w \Werld European but absent in
neotropical African bees. The primers (652 and §2bduced bands which were
specific for African population. Furthermore, thenlds produced by the primers 694
and 514 were found at low frequencies in Africamf lat high frequencies in
European populations (Suagbal.,1998)

In Turkish honey bee populations OPB-1 and OPA{m@rs seem to be having
specific band pattern in all except Hatay &adliurfa populations. This is important
in that these two populations belong to A lineaghereas the others belong to C

lineage.

In the dendrogram obtained here, the northwesteneybee populations, Kirklareli
and Bozcaada were clustered together and diffdrent all other populations. In
addition, genetic variation was demonstrated uBAgD in two different mountain
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and Thrace regions of Bulgaria and Turkey. In teadiogram, three populations
(Pinarhisar, Demirkoy, Derekoy) from Thrace reganfurkey and one population
(Plovdiv) from Bulgaria were clustered together ahé other two mountainous

populations formed another cluster (lvanetal.,2007).

In the current study, the proportion of polymorploci and mean heterozygosity
levels were estimated as 100% and 0.}22value was 0.188 an@sr value was
determined as 0.352. Gene floNnf) was estimated as 0.922 for all populations
studied which indicate that there is still consadee differentiation among honey bee
populations in Turkey. Ozdiét al. (2006) studied sixteen honeybee populations
using 20 RAPD primers and they estimated 92% potpmem and 0.331 average
heterozygosity, average population differentiation total genetic diversity as
0.3299, coefficient of population differentiatios 8.2889, and the gene flow value
for all populations as 1.2301. In addition, Turetaal. (2004) illustrated the genetic
variation based on RAPD in honey bee populationsaike Van region (Van, Kars,
Bitlis, Hakkari, Mw). They obtained a gene diversity value in totghyations (H)

as 0.196 andsst value among populations as 0.18@n for all populations was
estimated at considerably high level, 2.039 in L¥k@ region. Kencet al. (2004)
reported medium level of genetic variation in lamiA. m. medapopulations by
RAPD analyses. When genetic diversity in Iraniand ahurkish honey bee
populations compared here it is found that the tiemversity for Turkish honey
bee populations (0.3517) was higher than Iranigufations (0.2654).

We observed 118 alleles at 6 microsatellite lo@ botal of 520 worker bees sampled
from18 honey bee populations. The observed numbelleles per locus ranged
between 10 and 32. We detected 32 alleles at ApoOds, in all populations,
hovewer, Solignaet al. (2003) observed 20 alleles: 18 in bees belongmgvit
lineage (France) and 2 alleles in C lineage (Italy) none in A lineage (Morrocco).
In our study, we did not observe any allele in atapulation which is reported to
belong to A lineage by Kandemét al (2000) and Boduet al (2007). Similarly,
these studies also revealed tRahliurfa population contains genes of A lineage and
we observed 17 alleles anliurfa population. For Ap289 locus, we detectéd 2
alleles at all populations. For the same locusjg8at et al (2003) detected 25
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alleles: 23 alleles for A lineage, 12 alleles forlieage, and 3 alleles for C lineage.
The lowest number of alleles was observed at Adad3s with 10 alleles only in

our study. At this locus, Solignagt al (2003) detected 4 alleles for M lineage
populations, 2 alleles for C lineage, and noneAfdineage. In contrast, we observed
5 alleles for Hatay and 4 alleles fS8anliurfa populations. For Ap223 locus, we
detected 12 alleles, whereas Soligeaal. (2003) observed 8 alleles: 4 alleles for M,
2 alleles for C and 6 alleles for A lineages. Hinalve observed 25 alleles at A76
and 13 alleles at Ap019; however, Chaleteal (2002) detected 8 and 7 alleles,
respectively, using 214 pupae in UK honey bee mmrs. The mean number of
alleles considering all loci for all honey bee plapions studied was estimated to be
6, whereas Boduet al. (2007) estimated a little higher mean number |&ies at

nine different loci for Turkish and Cyprus poputaits as 6.95.

In the current study, a total of 29 private allel=re detected for 14 populations out
of 18, there were no private alleles in Ap223 loddisiong the populations studied,
Sanliurfa population had 5 private alleles thatemlg the highest number. Similarly,
Bodur et al. (2005) detected 4 private alleles fanliurfa population. The highest
number of private alleles (9) was observed at AGéus. When two A lineage
populations are considered, the diagnostic allelm® 237 and 243bp at Ap001, 262
bp at Ap243, and 227, 229, 230 bp at A7&anliurfa, whereas, 253 and 257 bp.
alleles at A76 locus in Hatay population. We did detect any diagnostic alleles for
A lineage at Ap223. Solignaet al. (2003) assigned Ap243, Ap223, and Ap001 as
diagnostic loci but they did not detect any allateAp001 and Ap243 loci for A
lineage; however, they observed 6 alleles at Ag@2@as in A lineage populations.

In the current research a total of 47 diagnosteled were detected in populations of
C lineage comparable to 30 alleles Boaairal. (2005) reported. Ap289 locus
revealed 5 diagnostic alleles, thus we can assp&8% locus as diagnostic in

contrast to Solignaet al (2003).

The range of gene diversity levels for A lineagdatéy andSanlurfa populations)
was [0.528- 0.555] and for C lineages was [0.449-39)]. Boduret al (2007)
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estimated gene diversity for Hatay population &l49.and a range between 0.542

and 0.681 for all populations.

Microsatellite studies on honey bee populationshgenerally focused on European
and African honey bee subspecies (Frankl.,1998; 2001), whereas, recent studies
have been published for island populations and Meadinean honey bee populations
(Dall’'olio et al, 2007; Franclet al, 2001; Boduret al.,2007). Lebanon honey bees
including Middle Eastern honey bee populations watuelied using 8 microsatellite
loci and the gene diversity for those populatioras wstimated to be 0.65 (Fraretk
al., 2000a). Also, Boduet al (2007) found gene diversity values between Origl a
0.68 very similar to Middle Eastern populations. dilerranean honey bee gene
diversity value was reported ranging between 0139 @68 (Franket al., 2000b).
Dall’olio et al. (2007) studied the genetic variability 8f m. ligusticaat eight
polymorphic microsatellite loci and reported the nge divesity for North
Mediterranean honey bees between 0.528 and 0.68&. géne diversity value
(0.588) we estimated is congruent with that of Neddast and North Mediterranean

honey bee populations, if we disregard the usefferdnt microsatellite loci.

Locus based gene diversity values ranged betwe8n80(Ap243) and 0.855
(Ap001). For Ap289 locus, gene diversity was estegddo be 0.817. Solignaat al
(2003) reported much lower gene diversity for Geéige as 0.14 and M lineage as
0.92, A lineage as 0.96. Accordingly, estimatedegdiversity for Ap289 in honey
bee populations of Turkey was greater than thathefresults of Solignaet al.
(2003) for C lineage, but smaller for M and A ligea. Ap243 revealed the smallest
value (0.378) for gene diversity among the locilgred. At the same locus Solignac
et al. (2003) estimated a higher gene diversity for iMedige (0.56) and lower gene
diversity for C lineage (0.07). The gene diversdgy Ap0O1 locus we calculated as
0.855 and the most frequent alleles were 211 ardlfil Solignacet al. (2003)
estimated gene diversities as 0.93 and 0.26 forndl @ lineages, and the most
frequent alleles for the two lineages were 244 208 bp, respectively . The gene
diversity for Ap223 was detected as 0.673 in oudgt For same locus, the gene
diversity value was estimated as 0.34 for M linea@@7 for C, and 0.62 for A
lineages by Solignaet al. (2003). The gene diversity estimations were 0.65@ a
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0.556 for A76 and Ap019 loci in the current stubyt reported as 0.947 and 0.916
respectively by Chalinet al.(2002) in UK honey bee populations.

The most frequent alleles were determined for lacour study and provide the
comparision of three main lineages (A, M and C)r Gtudy revealed that most
frequent alleles were 168 and 182 bp for Ap223, 353or Ap243, and 182 and 184
bp for Ap289, 211, 213 and 215 bp for Ap001. Acaogdo Solignacet al. (2003);
169 and 178 bp for Ap223, 186 bp for Ap289, and @A 253 bp for Ap243 were
the most frequent alleles and specifically, 253imghe C lineage was the most
frequent allele. Furthermore, for Ap001, 220 bp was most frequent alleles for A
and M lineage and 216 bp was detected the mostdrecplliele for C lineage. For
A76 and Ap019, most frequent alleles were 207 al@ bp, respectively.
Correspondingly, Chalinet al (2002) demonstrated size ranges of A76 and Ap019
loci as 230-308 bp and 134-146 bp, respectively.

Tests for Hardy-Weinberg equilibrium revealed 4gndicant deviations (P<0.05;
0.01 and 0.001) among 108 population-locus comionat Among these 47
combinations, all but 5 of them were in favor ofrfazygotes K;s). When compared
to Boduret al. (2007), they observed 8 significant deviationsQ®8) among 108
population-locus combinations and similarly withrotesults, all significantly
deviated combinations were heterozygote deficitepkdor Ardahan-A24. In our
case, all populations have heterozygote deficiemcyll loci except Ap223 and
Ap019 loci which have heterozygote excess. Therbeygote deficiency may be
explained by inbreeding. Further tests by usindedeht microsatellite loci are
necessary.

According to Hartl and Clark (2007, p.28Fst levels between 0.00 and 0.05
indicate little genetic differentiation: levels eten 0.05 and 0.15 indicate moderate;
levels between 0.15 and 0.25 indicate great geddterentiation and levels > 0.25
show very significant genetic differentiation. dar study, for a total of 153 pairwise
Fst comparisons among 18 populations: great genetiterentiation in 10,
significant genetic differentiation in 16, moderaggenetic differentiation in 94, and
little genetic differentiation in 33 comparisonsre@etected. More specifically, the
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lowest and the highest pairwisgr were detected for Gokceadamir (-0.068) and
Konya—Musla (0.347), respectively. Boduet al (2007) estimated pairwisEsr
values ranged between 0.0 and 0.183 for Turkisley@®e populations using nine
different microsatellite loci. AdditionallyFst values were determined for lineages
by many studies (Frangét al, 2000a, 2001; Garnesmt al., 1998; Dall’ Olioet al.,
2007). Franclet al. (2000a) revealed that the lineage pairise values for A and
M lineages were smaller than 0.1 whereas C lingagmsvise value was higher than
0.1 levels. Furthermore, Franak al. (2001) illustrated that pairwis€st for A
lineage changed between 0.01 and 0.12, for M lieéagas smaller than 0.1 and for
C lineageFst value determined between 0.17 and 0.024. Amongewe&uropean
populations (Portugal, France, Spain, Sweden angdiuBe), pairwiseFst changed
between 0.002 and 0.185 (Garnetyal, 1998) and they obtained a lower genetic
variability for populations of M lineage. Furtherrep Dall’ Olio et al. (2007)
estimated pairwis€st value as 0.0009 and 0.3221 form. ligusticaclustered in C
lineage. Our findings suggest that a high levedeietic differentiation was observed
in Turkish honey bee populations considering thdewange of pairwisEsrvalues

Gene flow values provide information on geneticeigence among subpopulations.
48 out of 153mvalues were higher than 2, whereas rest of theviz@ Nm values
were smaller than 2, so there is a considerableetgerdivergence among
populations. One surprising finding was tiNtn pairwise for Antalya populations
was higher than 2 except Ma, Kars, Artvin and Hatay populations. This result
illustrated high gene flow from other locations Aotalya or from there to other
locations. There are several possible explanatfonsthis result: migratory bee
keeping in this region because of favorable climaid vegetation conditions for
wintering and also queen bee breeding activities &idely applied by many
breeders or commercial companies. The distributadnqueen bees may be
explaining the high level dimvalues.

Contrary to expectations, the results revealed tnanber of migrants from

Kirklareli, izmir and Kayseri to Gokgeada was high. The possikfganations for

this might be queen bee transfer and human migrathdthough, there is no

statistical or scientific information about the gadransfer or migrotary bee keeping
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activity in Gokceada, phenotype of island honegsheoks like carniolan be@.(m.
carnica) and some of the breeders bought queen bees frosnearly 10 years ago
(County Agriculture Director, personal communicatio2009). Additionally,
according to 2510 numbered “settlement law”, humagration took place from
Mugla, Isparta, Canakkale (Biga), Erzurum, Bursa amdbZon to Gokceada in
1960. Last settlementSifinkdy) was established with Turkish immigrantorfr
Bulgaria at the end of the 2001 (GOkgeada MunigypalPersonal Communication,
2009). Honey bee importation has been prohibitadesk004 by Gokceada County
Agriculture Directorate. In accordance with abovfoimation, we might explain the
lowest pairwiseFst value between Gokgeada almnir (-0.068) in such a way that
Gokceada honey bee gene pool seems to have beed mith carnica, caucasica
and Myla honey bees. Also, the breeders friamir have transported their colonies
during the spring and summer period fréamir to vicinity of Kirklareli and Mgla.
Also some of the breeders immir boughtcaucasicabees from Artvin. The gene
pool of izmir population may be affected by these activitidsch make the gene
pools of Gokceada aridmir sharing same alleles.

Another important finding is that pairwisdm values between Hatay and other
populations were low except wianliurfa population, and the low level of genetic
divergence was observed between them. Once agmirggatellite allele frequencies
also indicate that these two populations are gesléti different from others.
Similarly, Boduret al. (2007) revealed that there was no genetic divergdetween

Sanliurfa and Hatay populations.

Mugla and Kars honey bee populations had low gene diogvhighFstvalue. Bodur
et al (2007) showed that gene flow into Ma population was from Hakkarizmir,
Kastamonu and Esjehir populations and they observed lower Nm contpdoce
other regions.

The estimated gene flow is not large to affect diféerentiation of honey bee
populations. In spite of controversial views on takability of the estimates of gene
flow based onFsr (Whitlock and McCauley, 1999) it is being usedgkly in
population genetics.
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Assignment test was also used to determine thd tfvgenetic divergence among
honey bee populations. The highest levels of corassignment percentage were
detected for Bozcada and Artvin (83%) populatiolmsnir, Antalya and Sivas
populations seem to be receiving gene flow dueigh migration activity and their
correct assignment percentages were 4i2mi(, Antalya) and 50% (Sivas). Their
Fst and Nm value indicate that these locations were seriowfgcted from
migratory bee keeping activities. Artvin honey bgepulation is shown to be
divergent and isolated as a conserved area andstlsaipported with high correct
assignment (83%). Accordingst value, Artvin population had significantly high
level of genetic diversity and a low level of Nmhi3 is actually representing the
unidirectional gene flow from Artvin population tother populations since it is
known that there is no gene flow into Artvin (Cainipopulation. The correct
assignment percentage for Kirklareli population wsismated to be 73%. Although
Fst value illustrated moderate level of genetic dgfgration of Kirklareli
population, it is obvious with the Nm value thaistgetting migration from other
populations. Hatay population indicated moderatellef genetic differentiation and
the correct assignment percentage was calculatéd%s The genetic differentiation
of populations was supported with a low levelNoh value. However, Hatay honey
bee population’s gene pool seems to be affecteaiigyation from Kars population.
Although, low level of migration rate and high léwé# genetic differentiation were
observed in Mgla population, the correct assignment percentagedetermined as
64%. The possible explanation of this observatiaits further investigation .The
high level of genetic differentiation and 80% assmgnt was observed in Kars
population. Furthermore, gene flow must have bedng place from Urfa and

Hatay to Kars population accorditgm pairwise values.

Consensus tree was constructed using genetic déstahtained with molecular
markers, RAPD and microsatellites. The differerdiat of populations was
demonstrated more efficiently with this constructeze based on joined data sets,
RAPD as dominant and microsatellite as codominaankker. 3 main branches were
observed, Anatolian and Caucasian honey bee pomsatvere placed on two
separate branches while Kirklareli and Bozcada ladipns formed another group.
One important point is that Hatay afdnliurfa populations were clustered together

84



and Artvin population which i®&\. m. caucasicavas separated. Meanwhile, Ela
and Kars populations were very close to each othecause of the migratory
beekeeping activities between Kars andsMuegions.

Mantel and partial Mantel tests performed to bo&kPR and microsatellite genetic

distance and geographic distances revealed nolattoreindicating the differences
of allele frequencies were not affected by geogragistances among populations.
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CHAPTER 5

CONCLUSION

Considering that Turkish honey bee populationsteluwith European populations
and that the only Turkish populations that carryidsn mitotypes are southeastern
populations (Hatay anflanlurfa), the evidence that honey bee speciatmured

in Africa (Whitfield et al, 2006) and Anatolia being one of the major routethe
expansion of honey bees from Africa to Europe isfoeced. Turkish honey bee
populations contain high diversity that may be daethe various climatic and
phytogeographic characteristics in Anatolia. Thigings out the importance of
Turkish honey bee diversity and that Anatolia ptupavas one of the earlier centers
of honey bee diversification as earlier studies alsggested (Ruttner, 1988; Boedir
al., 2007).

At the moment, thé\. m. caucasic@opulation in Artvin is under protection by the
Ministry of Agriculture and Rural Affairs of TurkefOfficial Gazette 2004/25668).
Kirklareli population is also regulated by the etfoof the local honey bee breeders
association (Ridvan Ulus, Personal CommunicatiddQ82 However, without a
general federal conservation plan, such localizggte are bound to have little or no
effect on the overall population.

Our results are concordant both with data coldtg Boduret al. (2007) and the

results reported in Solignat al. (1995) and Franckt al. (2000a) later two showed
that the genetic variation was highest in Africdhe lowest in European and
intermediate in Mediterranean honey bee populations
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The data presented here indicate that althoughntigratory beekeeping was
extensive, but it was not extensive enough or geaerto wipe out a great deal of

genetic variation.

The results we obtained will be valuable as a lbaseomparison with the samples
from future generations, which should provide ustierding of variation lost due to
the recent bee losses and will reflect the pattérecovery if it occurs.

These results should be considered in conservailannings, particularly with
regard to moving of colonies between regions aedntlost importantly introducing
bees with foreign origin and distributing queend&em one center to all over the

country which will pollute the gene pool of the pdgtions.

- To prevent loss of genetic diversity and pollution honeybee;Strictly
controling the queen bee trading

- Controlling migratory bee keeping activity and stiacting migration
routes as soon as possible

- Establishing new conservation areas for Hatay, |Kigti and Mgla or
private conservation areas and forming selectiamgnams immediately for

the subspecies found in these areas.
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APPENDIX A

SOLUTIONS

TE (Tris- EDTA Buffer)

Tris 10 mM
EDTA 1 mM
H20 100 ml
(pH 8.0)

10X TBE (Tris-Borate-EDTA) Electrophoresis Buffer

per liter BIrLX Concentration
Tris 108g 89mM
Boric Acid 55¢g 918M
0.5M EDTA 40ml 2mM
(pH 8.0)
H.O to 1 liter

6X Loading Dye Solution

10mM Tris-HCI (pH 7.6), 0.03% bromophenol blue,
0.03% xylene cyanol FF, 60% glycerol, and 60mM BDT
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APPENDIX B

RAPD RESULTS
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Figure B.1. Banding pattern obtained by OPA-7 priméVanisa honey bee
population
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Figure B.2. Banding pattern obtained by OPA-7 primeHatay honey bee

population
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Figure B.3. Banding pattern obtained by OPB-1 primeSivas honey bee
population

'Figure B.4. Banding pattern obtained by OPB-1 prim&anliurfa honey bee
population
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Figure B.5. Banding pattern obtained by OPB-2 prinme Kirklareli honey bee
population
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Antahlya B-3
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Figure B.6. Banding pattern obtained by OPB-3 printe Antalya honey bee
population
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Figure B.7. Banding pattern obtained by OPB-4 prinme Beyehir honey bee
population
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Trabzon B-6

Figure B.8. Banding pattern obtained by OPB-6 prirme Trabzon honey bee
population
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Figure B.9. Banding pattern obtained by OPB-7 printe Usak honey bee
population
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Figure B.10. Banding pattern obtained by OPB-8 prirm Trabzon honey bee
population
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Figure B.11. Banding pattern obtained by OPB-9 prinm Manisa honey bee
population
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APPENDIX C

FRAGMENT ANALYSIS OF SAMPLES FOR
MICROSATELLITE LOCI
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Figure C.1. The alleles of Ap243 [(TGLlpcus
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Figure C.2. The alleles of Ap289 [(GA)ocus
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Figure C.3. The alleles of Ap001 [(Gh)A)15A3(TA)sg] locus
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APPENDIX D

ALLELE FREQUENCIES OF MICROSATELLITE LOCI

Table D.1. Allele frequencies of Ap243 locid umber of alleles)

Locus:

Ap243 202 | 211 | 238 | 241 | 253 | 256 | 262 | 265 | 268 | 271 N
Bozcaada | 0.0690.000|0.000| 0.000| 0.707| 0.052/ 0.000| 0.000|0.155/0.017| 58
Giresun 0.0000.000j 0.089| 0.000] 0.875| 0.000] 0.000| 0.000| 0.036| 0.000; 56
Gokceada| 0.3120.000]|0.000| 0.000| 0.656|0.000] 0.000| 0.000] 0.031| 0.000] 32
Izmir 0.206 0.000| 0.000] 0.000| 0.765| 0.000| 0.000| 0.000] 0.029| 0.000] 34
Konya 0.0000.000/ 0.000] 0.000] 0.769| 0.038| 0.000| 0.000/ 0.192/0.000, 26
Mugla 0.167,0.000/ 0.000| 0.000| 0.690| 0.000| 0.000| 0.095| 0.048/0.000, 42
Kirklareli |0.020{0.000j 0.100| 0.000| 0.780| 0.000| 0.000| 0.100| 0.000| 0.000| 50
Aydin 0.000 0.000j 0.000} 0.000| 1.000] 0.000; 0.000] 0.000 0.000| 0.000; 36
Sanlurfa | 0.0000.000| 0.000| 0.000| 0.842| 0.000| 0.026| 0.053| 0.079| 0.000, 38
Sivas 0.0000.000| 0.000] 0.000| 1.000] 0.000| 0.000| 0.000| 0.000| 0.000] 30
Antalya 0.0710.000) 0.000] 0.000] 0.833| 0.000| 0.000| 0.024/0.071/0.000, 42
Beysehir | 0.056 0.000| 0.000| 0.000| 0.648| 0.000| 0.000| 0.000{ 0.296| 0.000| 54
Kars 0.0790.053] 0.289| 0.026] 0.526| 0.000] 0.000| 0.000| 0.026| 0.000; 38
Kayseri 0.2050.000] 0.000| 0.000/ 0.795| 0.000| 0.000| 0.000| 0.000/ 0.000| 44
Artvin 0.000/ 0.000{ 0.074| 0.000| 0.907| 0.000{ 0.000| 0.019] 0.000{ 0.000| 54
Hatay 0.0580.000] 0.038| 0.000| 0.673| 0.000| 0.000| 0.212/ 0.019{0.000] 52
Van 0.000 0.000] 0.068| 0.000] 0.727| 0.000| 0.000| 0.023] 0.182| 0.000| 44
Yozgat 0.1000.000] 0.033| 0.000| 0.867| 0.000| 0.000| 0.000| 0.000| 0.000| 30

112




€Tt

Table D.2. Allele frequencies of Ap223 ledN: number of alleles)

Locus:Ap223 156 160 162 166 168 170 172 176 178 180 182 184

Bozcaada 0.019 0.00d 0.018 0.000 0.192 0.000 0.000.000 0.038 0.000 0.731 0.000 52
Giresun 0.000] 0.000 0.034 0.000 0.172 0.000 0.000.0000| 0.034 0.000 0.707 0.052 58
Gokceada 0.000  0.00q 0.00D 0.000 0.189 0.028 0.056.000 0.278 0.000 0.500 0.000 36
Izmir 0.000 | 0.000 0.000 0.00(¢ 0.259 0.000 0.084 (®.000.259 0.034 0.362 0.052 58
Konya 0.000| 0.000 0.000Q 0.000 0.364 0.000 0.000 0.0 0.205 0.000 0.409 0.023 44
Mugla 0.024 | 0.000 0.024 0.00( 0.16}7 0.000 0.0p0 0.000.190 0.000 0.548 0.048 42
Kirklareli 0.052 | 0.017 0.000 0.017% 0.241 0.000 @.0p 0.017 0.414 0.017 0.207 0.000 58
Aydin 0.089 | 0.000 0.018 0.00( 0.250 0.000 0.000 O0m.0 0.054 0.000 0.571 0.018 56
Sanliurfa 0.077| 0.019 0.038 0.000 0.250 0.088 0.13%.000 0.038 0.000 0.385 0.019 52
Sivas 0.019] 0.019 0.00d 0.00D 0.192 0.000 0.135 000.0 0.058 0.000 0.462 0.11% 52
Antalya 0.000| 0.000 0.000 0.000 0.463 0.000 0.019 .00® | 0.093 0.000 0.407 0.019 54
Beysehir 0.000| 0.000 0.000 0.000 0.325 0.000 0.000 (@0.000.075 0.000 0.550 0.05( 40
Kars 0.000| 0.000 0.000Q 0.000 0.019 0.000 0.000  00.000.296 0.000 0.630 0.056 54
Kayseri 0.022| 0.000 0.000 0.000 0.435 0.000 0.022.00@ | 0.130 0.000 0.348 0.043 46
Artvin 0.042 | 0.000 0.000 0.000 0.292 0.000 0.000 000.| 0.271 0.000 0.396 0.000 48
Hatay 0.022| 0.000 0.00¢ 0.000 0.435 0.000 0.022 000.0 0.065 0.000 0.457 0.000 46
Van 0.052] 0.000 0.017 0.000 0.207 0.017 0.000 0.000.224 0.017 0.431 0.034 58
Yozgat 0.036| 0.000 0.00( 0.000 0.179 0.086 0.071 00M., 0.036 0.000 0.643 0.000 28
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Table D.3. Allele frequencies of Ap19usaN: number of alleles)

Ifgfg 126 128 130 132 134 136 138 140 142 144 148 150 152
Bozcaada| 0.000 0.000 0.000 0.000 0.000 0.000 0{7%9000| 0.241| 0.000 0.000 0.000 0.000 54
Giresun 0.017] 0.250 0.01y 0.000 0.000 0.700 0.5830000| 0.033]| 0.000] 0.00( 0.000 0.000 60
GOkceada| 0.000 0.080 0.000 0.000 0.000 0.000 04780080 | 0.060/ 0.000 0.000 0.000 0.000 50
Izmir 0.000| 0.077/ 0.000 0.000 0.000 0.019 0.750 &.030.096| 0.000/ 0.019 0.000 0.0Q0 5
Konya 0.000| 0.117] 0.117y 0.000 0.000 0.1833 0.%33 6/M.0 0.017| 0.017] 0.000 0.000 0.000 6(
Mugla 0.000| 0.000f 0.000 0.000 0.019 0.0p0 0.926 0.01®037 | 0.000/ 0.000 0.000 0.000 54
Kirklareli | 0.000 | 0.020/ 0.000 0.000 0.000 0.020 0.640.280| 0.040{ 0.00Q 0.000 0.000 0.000 5P
Aydin 0.000| 0.261] 0.024 0.000 0.000 0.0p0 0.630 6%.0 0.022| 0.000f 0.000 0.000 0.000 44
Sanliurfa | 0.000f 0.056f 0.000 0.000 0.000 0.000 0.852.093 | 0.000/ 0.000 0.000 0.000 0.000 S5
Sivas 0.000f 0.180 0.160 0.000 0.000 0.000 0.500 8000 0.020| 0.000{ 0.040 0.020 0.000 5(
Antalya 0.000| 0.167] 0.000 0.000 0.033 0.000 0.650.033| 0.033| 0.000 0.05(¢ 0.017 0.017 60
Beyehir | 0.000| 0.125] 0.01§ 0.036 0.000 0.0p0 0.554 (0.p50.018 | 0.000f 0.000 0.000 0.0Q0 54
Kars 0.000] 0.017] 0.000 0.000 0.000 0.000 0.466 90.060.000| 0.000] 0.414 0.034 0.0Q00 54
Kayseri 0.000/ 0.083 0.000 0.000 0.000 0.000 0.729.040| 0.062| 0.0000 0.083 0.000 0.000 48
Artvin 0.000 | 0.259| 0.017, 0.000 0.000 0.000 0.552 000.| 0.000| 0.0000 0.172 0.000 0.000 538
Hatay 0.000/ 0.023 0.000 0.000 0.000 0.000 0.727 8201 0.000| 0.000; 0.068 0.000 0.000 44
Van 0.000| 0.283] 0.000 0.000 0.000 0.0p0 0.522 0.043000 | 0.000f 0.109 0.0483 0.000 44
Yozgat 0.000f 0.0313 0.188 0.000 0.000 0.031 0.%000620, 0.031| 0.0000 0.156 0.000 0.000 32
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Table D.4. Allele frequencies of ApOOtus (N: number of alleles)

,I&c[))c(:)uosl 205 207 209 211 213 214 215 216 217 219 220 221 223

Bozcaadg 0.000 [ 0.056] 0.019 0.519 0.370 0.000 0.000 0.)00 00040 0.000| 0.000] 0.00q 0.00D 54
Giresun 0.000f 0.000 0.000 0.492 0.442 0.000 0.p19.0000] 0.038| 0.000[ 0.00(¢ 0.00p  0.000 52
GoOkceadgq 0.000 | 0.000f 0.033 0.433 0.467 0.000 0.0560 0.000 000,0 0.000| 0.000( 0.000 0.00p 60
[zmir 0.000 | 0.000f 0.000d 0.460 0.30 0.000 0.040 ®.p00.060 [ 0.000f 0.00q 0.000 0.000 5(
Konya 0.000] 0.038] 0.00( 0.538 0.193 0.0p0 0.019 0@.p 0.000| 0.000f 0.00Q 0.00p 0.000 52
Mugla 0.000 | 0.000f 0.000 0.00p 0.000 0.0p0 0.00O 0.900.000 [ 0.000| 0.000  0.00¢ 0.000 00
Kirklareli| 0.000 | 0.000( 0.159 0.31 0.250 0.000 0.045 0.000 450/0 0.000| 0.000] 0.00¢ 0.00D 44
Aydin 0.000 | 0.000f 0.03§ 0.38p 0.462 0.019 0.q00 O0M®.p 0.038 | 0.000f 0.000 0.00p 0.019 53
Sanliurfa [ 0.000| 0.067] 0.00( 0.117 0.0%0 0.0p0 0.08B8.000 | 0.000( 0.083 0.00 0.000 0.000 60
Sivas 0.000] 0.000 0.043 0.348 0.261 0.000 0.065 000J0 0.000| 0.000f 0.00Q 0.06p 0.042 44
Antalya 0.000| 0.000[ 0.00d 0.268 0.2350 0.0p0 0.054.00@ | 0.036| 0.036] 0.00( 0.000  0.089 56
Beyehir | 0.000 0.060] 0.000 0.36p 0.430 0.0p0 0.g80 (0.p00.020 [ 0.000f 0.000 0.000 0.000 5(
Kars 0.000] 0.000] 0.00( 0.02p 0.000 0.0p0 0.000 00.p00.000 | 0.022] 0.00q 0.000 0.000 44
Kayseri 0.000|] 0.000f 0.04% 0.068 0.545 0.000 0.023.023| 0.000| 0.023] 0.00( 0.00p  0.000 44
Artvin 0.000 | 0.000( 0.167] 0.042 0.250 0.000 0.0p0 000.f 0.250| 0.000] 0.083 0.00p  0.000 24
Hatay 0.000|] 0.000[ 0.00( 0.000 0.000 0.0p0 0.p00 000 0.000| 0.000] 0.000 0.00p 0.040 0(
Van 0.000| 0.000f 0.054 0.32y 0.346 0.0p0 0.19 0.p00D.OO0 | 0.000| 0.019 0.000 0.000 57
Yozgat 0.056( 0.0000 0.167 0.000 0.000 0.0p0 0.167000.) 0.056| 0.000] 0.00d 0.11p  0.147 18
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Table D.4. Continued.

Locus:Ap001 224 225 227 228 229 230 231 233 235 237 239 241 243

Bozcaada 0.000 0.00 0.000 0.000 0.037 0.000 0J0@O000 | 0.000f 0.000 0.000 0.000 0.000 5¢4
Giresun 0.000f 0.00Q 0.038 0.000 0.000 0.000 0.p000000] 0.000| 0.000, 0.000 0.000 0.000 5%
GoOkgeada 0.00Q 0.00 0.000 0.000 0.000 0.p00 0jO@OO0O0 | 0.000f 0.000 0.01Y 0.000 0.000 60
[zmir 0.000| 0.000f 0.000 0.000 0.040 0.0p0 0.020 ®.P00.000| 0.000f 0.000 0.000 0.000 5(
Konya 0.000f 0.0000 0.07y 0.000 0.0%8 0.000 0.000 190.0 0.038| 0.000f 0.000 0.00p0 0.000 52
Mugla 0.000| 0.000f 0.000 0.000 0.000 0.0p0 0.000 0.P0DOOO | 0.000f 0.000 0.000 0.000 0g
Kirklareli 0.000| 0.000/ 0.045 0.000 0.000 0.000 @.090.045| 0.000{ 0.000 0.000 0.000 0.000 4
Aydin 0.000| 0.000f 0.000 0.00p 0.000 0.019 0.000 O®.0 0.000| 0.000[ 0.000 0.000 0.000 52
Sanliurfa 0.000f 0.017 0.100 0.000 0.100 0.000 0.01@.083 | 0.067| 0.133 0.017y 0.000 0.017 6P
Sivas 0.000f 0.000 0.065 0.000 0.000 0.000 0.000 000/00.087| 0.022] 0.000 0.000 0.000 46
Antalya 0.018| 0.0000 0.000 0.000 0.0%4 0.000 0.000.00®| 0.018| 0.036f 0.018 0.000 0.000 56
Beysehir 0.000| 0.000] 0.020 0.000 0.040 0.0p0O 0.000 @.p00.000| 0.000f 0.000 0.000 0.000 5(
Kars 0.000f 0.0000 0.56% 0.000 0.239 0.000 0.109 00.,000.000| 0.000f 0.000 0.000 0.0Q0 44
Kayseri 0.000/ 0.000 0.023 0.000 0.023 0.000 0.00020%| 0.000f 0.000 0.000 0.000 0.000 44
Artvin 0.083 | 0.000| 0.000 0.042 0.000 0.083 0.000 000.| 0.000| 0.000] 0.000 0.000 0.000 24
Hatay 0.000f 0.000 0.000 0.000 0.000 0.000 0.000 000/0 0.000| 0.000[ 0.000 0.000 0.000 0
Van 0.000| 0.038) 0.058 0.000 0.115 0.0p0 0.019 0.pm0O00 | 0.000f 0.000 0.000 0.000 59
Yozgat 0.000f 0.056 0.056 0.000 0.0% 0.000 0.00000®M, 0.000| 0.000 0.000 0.056 0.000 18
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Table D.4. Continued.

Locus : Apl 245 247 249 251 255 257

Bozcaada 0.000 0.000 0.000 0.000 0.000 0.g00 5
Giresun 0.000 0.000 0.000 0.000 0.0Q00 0.000 5p
GoOkceada 0.000 0.000 0.000 0.000 0.000 0.g00 &
Izmir 0.000 0.000 0.000 0.000 0.020 0.000 5(
Konya 0.000 0.000 0.000 0.038 0.000 0.000 52
Mugla 0.000 0.000 0.000 0.00d 0.000 0.000 0(
Kirklareli 0.000 0.000 0.000 0.000 0.000 0.090 44
Aydin 0.000 0.000 0.019 0.00d 0.000 0.000 52
Sanliurrfa 0.000 0.017 0.017 0.017 0.000 0.000 60
Sivas 0.000 0.000 0.000 0.000 0.000 0.022 4b
Antalya 0.000 0.036 0.000 0.036 0.036 0.018 56
Beysehir 0.000 0.000 0.000 0.00(¢ 0.00D 0.000 50
Kars 0.000 0.000 0.022 0.022 0.000 0.000 46
Kayseri 0.023 0.000 0.000 0.000 0.000 0.000 44
Artvin 0.000 0.000 0.000 0.000 0.000 0.000 24
Hatay 0.000 0.000 0.000 0.000 0.000 0.000 0P
Van 0.000 0.000 0.000 0.00( 0.00D 0.000 52
Yozgat 0.000 0.000 0.000 0.056 0.000 0.000 18
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Table D.5. Allele frequencies of Ap289 lo¢s number of alleles)

Locus:Ap289 164 174 176 178 180 182 184 186 188 190 192 194 196

Bozcaada 0.000 0.000 0.000 0.000 0.000 0.522 0J0@022 | 0.109| 0.000 0.06% 0.000 0.000 46
Giresun 0.000/ 0.000 0.000 0.000 0.086 0.286 0.8040360| 0.018| 0.179 0.00( 0.000 0.000 56
GoOkceada 0.000 0.000 0.000 0.000 0.000 0.2817 0,37B000 | 0.000]f 0.000 0.000 0.000 0.000 3P
[zmir 0.000| 0.000) 0.018§ 0.000 0.000 0.250 0.250 9.120.018| 0.000f 0.000 0.000 0.071 54
Konya 0.000| 0.026f 0.000 0.000 0.000 0.132 0.079 42.3 0.000| 0.000{ 0.000 0.000 0.000 3§
Mugla 0.000 | 0.000f 0.000 0.000 0.000 0.263 0.658 0.p0D0O26 | 0.000|f 0.000 0.000 0.000 38
Kirklareli 0.045| 0.000f 0.000 0.0283 0.000 0.682 0G6.020.091| 0.000f 0.000 0.000 0.000 0.000 44
Aydin 0.000| 0.000{ 0.00g 0.000 0.000 0.280 0.320 2®.L1 0.060| 0.000{ 0.000 0.000 0.120 5(
Sanliurfa 0.000f 0.0000 0.000 0.000 0.000 0.603 0.250.052 | 0.000f 0.000 0.000 0.000 0.000 58
Sivas 0.000f 0.000 0.000 0.000 0.000 0.225 0.821 07041 0.125] 0.000/ 0.000 0.018 0.018 54
Antalya 0.000| 0.000f 0.000 0.000 0.023 0.341 0.250.00®@| 0.045| 0.091] 0.00( 0.023  0.000 44
Beysehir 0.000| 0.000f 0.000 0.000 0.000 0.0p9 0.118 9.230.176| 0.059] 0.000 0.000 0.235 34
Kars 0.000] 0.0000 0.020 0.00p 0.000 0.2p0 0.280 00.,M.000| 0.020f 0.000 0.000 0.000 5(
Kayseri 0.000f 0.0000 0.000 0.000 0.000 0.386 0.500.000| 0.000| 0.000] 0.00( 0.023 0.000 44
Artvin 0.000 | 0.000| 0.000  0.00( 0.000 0.222 0.000 278.| 0.000| 0.056, 0.000 0.000 0.000 36
Hatay 0.000f 0.0000 0.000 0.000 0.000 0.660 0.080 800/,0 0.000| 0.000{ 0.000 0.020 0.000 5(
Van 0.000| 0.000f 0.020 0.000 0.000 0.140 0.220 0.P8M0O60 | 0.000f 0.000 0.000 0.000 50
Yozgat 0.000f 0.000 0.000 0.000 0.000 0.429 0.2140710) 0.071| 0.000f 0.000 0.000 0.000 14
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Table D.5. Continued.

O

NJ

II&?);L:B% 198 200 202 204 206 208 210 212 214 216 218 220 222

Bozcaada| 0.000 0.000 0.239 0.000 0.000 0.000 0JjO@OOOCO | 0.000]{ 0.000 0.022 0.000 0.022 4
Giresun 0.071] 0.00Q 0.000 0.000 0.0p0 0.000 0.p0Q0000| 0.000| 0.000 0.00( 0.071  0.000 56
Gokceada| 0.125 0.094 0.031 0.000 0.000 0.000 0JO@OOO | 0.031] 0.000 0.062 0.000 0.000 3
Izmir 0.089| 0.036] 0.054 0.000 0.000 0.000 0.018 ®.p00.000| 0.000f 0.036 0.018 0.018 56
Konya 0.000| 0.053] 0.000 0.000 0.000 0.158 0.105 260.0 0.000| 0.000, 0.079 0.00p 0.000 3§
Mugla 0.026 | 0.026/ 0.000 0.000 0.000 0.0p0 0.000 0.pOMOOO | 0.000f 0.000 0.000 0.000 38
Kirklareli | 0.068 | 0.000f 0.023 0.000 0.000 0.000 0.000.023| 0.000f 0.023 0.000 0.000 0.000 4
Aydin 0.000| 0.020f 0.00g 0.000 0.000 0.0p0 0.000 2®.p 0.020| 0.000f 0.020 0.020 0.000 5(
Sanliurfa 0.000| 0.000 0.000 0.000 0.000 0.000 0.000.000| 0.000/ 0.000 0.034 0.052 0.000 5
Sivas 0.036) 0.000 0.018 0.054 0.000 0.000 0.000 180J00.018| 0.089] 0.036 0.000 0.018 54
Antalya 0.000| 0.000f 0.000 0.000 0.045 0.001 0.000.00@| 0.000f 0.023 0.023 0.023 0.023 4
Beysehir 0.000| 0.000f 0.059 0.059 0.000 0.0p0 0.000 @0.P0O.O00| 0.000{ 0.000 0.000 0.0Q00 34
Kars 0.020f 0.020f 0.000 0.000 0.000 0.060 0.040 00.020.020| 0.020f 0.120 0.000 0.040 5(
Kayseri 0.000f 0.0000 0.000 0.000 0.000 0.091 0.000.00@| 0.000] 0.000] 0.00( 0.000 0.000 4
Artvin 0.000 | 0.000, 0.0000 0.000 0.000 0.000 0.000 000.| 0.000| 0.000F 0.278 0.000 0.167 36
Hatay 0.020f 0.0000 0.000 0.000 0.000 0.000 0.000 000.,0 0.000| 0.080] 0.020 0.020 0.020 5(
Van 0.020| 0.000f 0.020 0.000 0.000 0.0p0 0.020 0.p4mOOO | 0.000{ 0.180 0.000 0.000 50
Yozgat 0.000f 0.0000 0.000 0.000 0.000 0.000 0.00000., 0.000| 0.214] 0.000 0.000 0.000 14




0cT

Table D.6. Allele frequencies of Ap076 lo¢s number of alleles)

Locus:A76 201 205 207 209 210 211 213 215 217 219 220 221 N
Bozcaada 0.000 0.155[ 0.534 0.138 0.000] 0.103] 0.069 0.000] 0.000; 0.000, 0.000 0.000] 60
Giresun 0.000 0.025 0.575/ 0.200, 0.000] 0.025] 0.075/ 0.000, 0.000] 0.000; 0.000; 0.000 32
GoOkgeada 0.000 0.036] 0.875 0.036] 0.0000 0.018 0.018 0.0000 0.000] 0.000; 0.000] 0.000] 56
[zmir 0.000 0.056/ 0.907] 0.000] 0.000] 0.037] 0.000] 0.000] 0.000] 0.000] 0.000 0.000 52
Konya 0.036 0.000, 0.857] 0.018 0.000; 0.071 0.018 0.000] 0.000 0.000] 0.000] 0.000 54
Mugla 0.000 0.000, 0.000] 0.000; 0.000] 0.000] 0.000; 0.000] 0.000] 0.000] 0.000 0.000 20
Kirklareli 0.000 0.000] 0.525 0.150, 0.000, 0.050, 0.000, 0.000] 0.000] 0.000; 0.000] 0.000] 40
Aydin 0.000 0.000] 0.714] 0.000] 0.000] 0.143 0.119] 0.000] 0.000] 0.000] 0.000 0.000 42
Sanliurfa 0.000 0.000, 0.759] 0.052] 0.000] 0.069] 0.000] 0.034 0.000] 0.000] 0.000; 0.000 58
Sivas 0.091 0.000, 0.636] 0.068 0.000] 0.023 0.000] 0.023 0.023 0.045 0.000, 0.000] 38
Antalya 0.000 0.0000 0.477] 0.045 0.0000 0.136) 0.136] 0.000, 0.045 0.023] 0.045 0.000] 40
Beysehir 0.019 0.037] 0.852] 0.037] 0.000] 0.037] 0.000] 0.000] 0.000] 0.000 0.000] 0.000 42
Kars 0.000 0.000; 0.000, 0.000] 0.000; 0.000, 0.000] 0.000 0.000] 0.000] 0.000 0.000 O
Kayseri 0.000 0.000] 0.833 0.167] 0.000, 0.000] 0.000] 0.000] 0.000] 0.000; 0.000; 0.000 42
Artvin 0.000] 0.000] 0.360] 0.240] 0.000] 0.100] 0.020; 0.000 0.000] 0.020] 0.000, 0.000 48
Hatay 0.063 0.000 0.313 0.063 0.000] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 8
Van 0.000 0.000] 0.625/ 0.075 0.025 0.050, 0.125 0.000] 0.000; 0.000, 0.000 0.025 36
Yozgat 0.000 0.000, 0.409] 0.227] 0.000] 0.364] 0.000, 0.000] 0.000] 0.000] 0.000 0.000 22
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Table D.6. Continued.

Locus:A76| 223 227 229 230 231 245 247 253 2b5 25759 2 260 263 N

Bozcaada | 0.000 0.000| 0.000{ 0.000 0.000 0.000 0.0p0 0.000 0.000 000{00.000| 0.000 0.000 60
Giresun 0.00Q 0.000| 0.000{ 0.000 0.000 0.000 0.000 0.000 0.p00 000j00.000| 0.000 0.000 32
GoOkgeada | 0.000 0.000 | 0.000, 0.00Q 0.000 0.000 0.000 0.000 0.P00 180{00.000| 0.000 0.000 56
Izmir 0.000| 0.000 | 0.000{ 0.000 0.00p 0.000 0.000 0.000 0.000 000,00.000| 0.000 0.000 52
Konya 0.000] 0.000| 0.000; 0.000 0.000 0.000 0.000 0.000 0.000 000{00.000| 0.000 0.000 54
Mugla 0.000{ 0.000| 0.000{ 0.000 0.000 0.000 0.0p0 0.000 1.P00 000j00.000| 0.000 0.000 20
Kirklareli | 0.000| 0.000| 0.000{ 0.000 0.000 0.000 0.2f5 0.000 0.000 000{00.000| 0.000 0.000 40
Aydin 0.000{ 0.000 | 0.000{ 0.000 0.000 0.000 0.024 0.000 0.P00 000j00.000| 0.000 0.000 42
Sanliurfa 0.000 0.017| 0.017] 0.017 0.01y 0.000 0.000 0.000 0.p17 000j00.000| 0.000 0.000 58
Sivas 0.000 0.000| 0.000; 0.009 0.023 0.045 0.000 0.000 0.p00 000{00.000| 0.023 0.000 38
Antalya 0.023] 0.000| 0.000; 0.000 0.000 0.000 0.000 0.000 0.068 000{00.000| 0.000 0.000 40
Beysehir 0.000| 0.000| 0.000, 0.000 0.000 0.000 0.000 0.000 0.019 000{00.000| 0.000 0.000 42
Kars 0.000; 0.000| 0.000; 0.000 0.000 0.000 0.000 0.000 0.p00 000{00.000| 0.000 0.000 00
Kayseri 0.000, 0.000| 0.000; 0.000 0.000 0.000 0.0p0 0.000 0.PpO0 000(00.000| 0.000 0.000 42
Artvin 0.000| 0.000| 0.000] 0.000 0.000 0.060 0.080 0.020 0.P00 400,00.020| 0.000 0.040 48
Hatay 0.000 0.000| 0.000, 0.000 0.000 0.000 0.188 0.063 0.p63 500{20.000| 0.000 0.000 8
Van 0.075| 0.000| 0.000; 0.000 0.000 0.000 0.000 0.000 0.p00 000(00.000| 0.000 0.000 36
Yozgat 0.000| 0.000 | 0.000] 0.000 0.000 0.000 0.000 0.000 0.000 000j00.000| 0.000 0.000 22




APPENDIX E

SCATTER PLOTS OF LOG-LIKELIHOOD VALUES OF
INDIVIDUALS
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from each population, based on allele frequenoiesach population.

1

22



Mugla

Kirklareli

Kirklareli

Aydin

Population Assignment for lzmir vs, Mugla

18
16
¢
14 “ ¢ ¢
2 \d
4 ¢
10 , 0"0’
2 ¢ Q. [] & lzmir
4 L EMugh
2 i
0 —
0 2 4 6 8 10 1 ¥ 16 18
[zmir
Population Assignment for Mugla vs. Kirklareli
14
124 \
10
: 1
8 L ) ¢+ 1
Y .||
Y 1 [ | #Mugla
14t o ] Th
I‘ "y ] BKiklare
14
0
0 2 4 6 g8 0 n u
Mugla
Population Assignment for Konya vs. Kirklareli
14
12 ’
10 Iy N |
8 :.’ i
+ iy
b 0 0’ # . 4 Konya
4
WKirklareli
2 ."
0 T T T T
0 2 4 6 § 0 L
Konya
Population Assignment for Bozcada vs. Aydin
14
12 N
10 ‘: ¢+
g e
(P | . ]
6 ¢+ [ ] l‘ ¢Borcada
[
4 | ) I.- |I WAydin
21 4 gt
0 :
0 2 4 5 § 0 0 u
Bozcada

Figure E.1. Continued.
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Figure E.1. Continued.
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Population Assignment for Konya vs. Antalya
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Figure E.1. Continued.
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Figure E.1. Continued.
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Population Assignment for Sivas vs. Beysehir
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Figure E.1. Continued.
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Population Assignment for Mugla vs. Kars

Population Assignment for Kirklareli vs. Kars
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Figure E.1. Continued.
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Population Assignment for Gokeeada vs. Kayseri Population Assignment for lzmmir vs. Kayseri
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