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ABSTRACT

AN EXTENDED STUDY ON THE ALU INSERTION POLYMORPHISMS
IN ANATOLIAN HUMAN POPULATION

SEKERYAPAN, Ceran
M. Sc., Department of Biological Sciences

Supervisor: Prof. Dr. Inci TOGAN

September 2005, 66 pages

In the present study, for estimating the Central Asia contribution to the Anatolia, nine
Alu insertion polymorphisms (ACE, PV92, FXIIIB, APO, A25, B65, TPA25, D1,
HS4.32 ) in 100 individuals from Anatolia were examined. Alu insertion frequency
for these loci were calculated as 0,410; 0,220; 0,579; 0,963; 0,067; 0,667; 0,390;
0,427; and 0,637 respectively and they were found to be in Hardy-Weinberg
equilibrium (p<0,05). Observed insertion frequencies of each loci were compared
with those of the previous observations (Ding, 2003; Comas et al., 2004) and it was
found that the present study results were not different than those obtained by Comas
et al. (2004). Thus, these two data were pooled (N = 143) and used to examine

genetic relationships between populations from Eurasia and Africa.

v



Pairwise Fst statistics indicated that there is higher genetic similarity between
Anatolia and all of the Balkans and some of the Caucasian populations. Neighbor
Joining (NJ) tree based on Reynold’s genetic distances and Principal Component
Analysis (PCA) both grouped the Anatolian populations with Balkans and some of
the Caucasian populations and show clear differentiation of Asian populations from

the Anatolian population.

The relative genetic contribution of Central Asian genes to the current Anatolian
gene pool was quantified using Admix analysis, considering for comparison
populations of Balkans (Greek, Romania, Albania and Hungarian) and Central Asia
(Uighur, Uzbeks, Tajicks, Kazaks, Kyrgyzes, Dungans). Estimates suggest roughly
28 % contribution from Asia to Anatolia in concordance with the previous estimation

(Benedetto et al., 2001).

Keywords: Alu insertion polymorphism, human, Anatolia, Neighbor Joining tree,

Principal Component Analysis, Admixture.



oz

ANADOLU INSAN TOPLULUGUNDA ALU-ARA ILAVE
CESITLILIGI UZERINE GENISLETILMIS CALISMA

SEKERYAPAN, Ceran
Yiiksek Lisans, Biyoloji Boliimii

Tez Yoneticisi: Prof. Dr. inci TOGAN

Eyliil 2005, 66 sayfa

Anadolu’ya Orta Asya katkisini hesaplamak amaciyla bu ¢alismada dokuz Alu ara-
ilave polimorfizmleri (ACE, PV92, FXIIIB, APO, A25, B65, TPA25, D1, HS4.32 ),
Anadolu’dan 100 bireyde incelenmistir. Bu lokuslarin ilave frekanslari sirasiyla
0,410; 0,220; 0,579; 0,963; 0,067; 0,667; 0,390; 0,427; ve 0,637 olarak hesaplanmis
ve lokuslar Hardy-Weinberg dengesinde bulunmustur (p<0,05). Her bir lokusun
gozlemlenen ilave frekanslar1 onceki gozlemler ile karsilagtirilmis (Ding, 2003;
Comas et al., 2004), ve bu caligmada elde edilen frekans degerleri Comas et al.
(2004)’1n elde ettiklerinden istatistiksel olarak anlamli derecede farkli olmadig:
goriilmiistiir. Bu ylizden, iki data birlestirilmis (N=143) ve Avrasya ve Afrikadaki

populasyonlar ile arasindaki genetik iliskiyi incelemede kullanilmastir.

Vi



Fst istatistigi Anadolu ile tiim Balkan populasyonlar1 arasinda ve Anadolu ile bazi
Kafkas populasyonlar1 arasinda yiiksek genetik benzerligi isaret etmistir. Temel
Ogeler ve Reynold’in genetik uzakligina dayanan komsu birlestirme agaci analizleri
Anadolu populasyonunu Balkanlar ve bazi Kafkas populasyonlari ile gruplandirmis

ve Asya populasyonlarinin Anadolu populasyonundan agik farkini gostermistir.

Balkan (Yunanistan, Romanya, Arnavutluk and Macaristan) ve Orta Asya (Uygur,
Ozbek, Tajik, Kazak, Kirgiz, Dungan) populasyonlari karsilastirilarak Orta Asya’nin
bugiinkii Anadolu gen havuzuna genetik katkisi Admix analizi ile Ol¢lilmiistiir.
Hesaplamalar 6nceki hesaplama (Benedetto et al., 2001) ile de uygunluk gostererek

Asya’dan Anadolu’ya katkinin 28 % oldugu gostermistir.

Anahtar kelimeler: Alu ara-ilave polimorphizmleri, insane, Anadolu, komsu

birlestirme agaci, temel 6geler analizi, populasyon karisim analizi.
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CHAPTER 1

INTRODUCTION

The current analysis of genetic variation offers a way of viewing human population
history concerning the origin of modern humans (in a wide range) and geographic

scale (at a narrow range) (Comas et al., 1996).

Possibly the most interesting issue studied by geneticists has been the origin of
anatomically modern humans for which there are two competing hypothesis. On the
one side “multiregional hypothesis” states that modern Homo sapiens evolved across
the world from regional archaic human population over the course of a million years
in several different locations in the old world (Figure 1A) which were always linked

by gene flow (Jorde et al., 1998).

Whereas “recent African origin” hypothesis derived from the analysis of several
mitochondrial DNA (mtDNA) polymorphisms posits that transformation of archaic
to anatomically modern forms of Homo sapiens appeared first in Africa, the time
back to the most recent common ancestor (TMRCA) of modern human mtDNA was
190,000 years and that all present day humans are descendants of that African
population (Cann et al., 1987) (Figure 1B). Nei & Roychoudhury (1993) suggest that



modern humans arose in Africa approximately 200,000 years ago and started to

disperse throughout the old word 100,000 years ago.

Other population geneticists proposed another model which is intermediate between
the strict “recent African origin model” and “multiregional evolution model”
(Templeton, 2002). Templeton (2002) stated that a minimum of two out-of-Africa
expansion events occurred instead of only one (Figure 2). Templeton analyzed
human genetic trees for maternally inherited mitochondrial DNA, paternally
inherited Y-chromosomal DNA, and eight other DNA regions, including two on the

X chromosome, to reach his conclusions.

Europe Africa Asia

‘ . Modern humans

>§ Archaic humans

Europe Africa Asia

i
‘ ‘ l Modern humans

A

h ‘ Archaic humans

Figure 1. A: Illustration of the multiregional hypothesis. Gene flow, shown by black
arrows, maintains genetic similarities between populations. B: Illustration of the

African replacement hypothesis (Adopted from Jorde et al., 1998).



However, after a decade, subsequent data from the genomic DNA failed to support
“recent African origin” model. A recent study claimed that the nuclear data regard
population expansion associated with the spread of anatomically modern humans. It
was suggested that present day modern humans are not exclusively derived from
early modern Africans, but have a significant genetic inheritance from non-African
archaic as well (Eswaran et al., 2005). They explore this proposed scenario through
the Monte Carlo simulations. Simulations suggest that as much as 80% of nuclear

loci have assimilated genetic material from non-African archaic humans.
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Figure 2. A model of recent human evolution. Major expansions of human
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On the other hand, both the morphological analysis and the archaeological record
indicated the early presence of modern populations in the Middle East and postulate
an expansion from there into Europe in the upper Paleolithic (~ 45,000 years before

the present (BP)) (Simoni et al., 2000) (Figure 3).

Figure 3. Expansion from Middle East into Europe. Scheme of the main dispersal
processes supposed to have occurred during the Paleolithic first colonization of
Europe (red arrows) and during the Neolithic demic diffusion (blue arrows ). The
approximate location of glacial refugia is represented (violet ovals), as is a major
Mesolithic expansion from Iberia (dashed violet arrow ) (Adopted from Simoni et

al., 2000).



It was also discovered from the analysis of genetic data (two hyper variable sequence
segments in the control region of mtDNA) that several major demographic
expansions have influenced the Asian & Balkan genetic make-up as a result of the
first introduction of modern humans into Europe. Demographic expansion occurred
sequentially in the Middle East, through Turkey between 50,000 and 100,000 years
ago in the upper Paleolithic (Calafell et al., 1996).

Other more recent expansions and invasions known to have also affected Turkey is in
Neolithic era (between 10,000-5,000 years BP). The Neolithic lifestyle originated in
Western Asia, in the area known as “Fertile Crescent” and Anatolia was the bridge
from which the new subsistence pattern spread to Europe. Farming spread in the
Neolithic era from the Middle East and Anatolia through the Balkans and into
Europe by “demic diffusion” model, where the new farming technology is brought
into the territory by incomers. Both a Paleolithic expansion and the Neolithic demic
diffusion of farmers could have determined a longitudinal cline of mtDNA diversity

(Simoni et al., 2000).

Much more recently, in the 11™ century A.D Turkic nomadic people from Central
Asia occupied the grassland in the Asia Minor, imposing a language of the Turkic
group. The linguistic and political consequences of these episodes are well
documented (Renfrew, 1992) but it is not clear to what extent the Anatolian gene
pool was effected by Oghuz invasion. The proportion of gene flow associated with
the arrival of Central Asian Turkic speaking people to Anatolia were estimated as 30
% based upon mtDNA control region sequences and six microsatellite loci of the Y

chromosome and one Alu insertion (YAP) (Benedetto et al., 2001).

In this context, study on the genetic diversity of Anatolian population can be used to
estimate the Central Asia contribution to the Anatolia and expansion from Anatolia

to the Europe.

Anatolia has been became a subject of many studies based on not only mitochondrial

(Comas et al., 1996; Calafel et al., 1996; Benedetto et al., 2001) and nuclear genome



(Ding, 2003, Comas et al., 2004) but also Y chromosome (Benedetto et al., 2001;
Cinnioglu et al., 2004).

The mitochondrial genome offers a very different perspective on human evolution.
Because the mtDNA is inherited only through the maternal cytoplasm, variation in
mtDNA sequence provides a record of the maternal lineage of our species. In
contrast to the autosomal DNA, there is no recombination in mtDNA. Hence, the
difference between any two mitochondrial sequences represents only the mutations
that have taken place since each sequence was derived from a common ancestor. The
noncoding mitochondrial control region is especially rich in polymorphisms, and the
mutation rate is estimated to be approximately 2 to 3.107 per nucleotide per
generation. Conversely, Y chromosome DNA provides a record of the paternal

lineage.

Human nuclear genome has many different types of polymorphisms including
classical systems (blood groups and protein polymorphisms), single nucleotide
variants, and restriction fragment length polymorphisms (RFLPs). It was estimated
that the mutation rate for single nucleotides is approximately 107 to 10™ per
generation. The slow mutation rate of these polymorphisms provides a means of
visualizing the ancient history of our species, but these polymorphisms are likely to

be relatively uninformative about recent history (Jorde et al., 1998).

The term “repetitive element” describes various DNA sequences that are present in
multiple copies in the genomes in which they reside. Repetitive elements can be
subdivided into those that are tandemly arrayed (for example, microsatellites,
minisatellites and telomeres) or interspersed (for example mobile elements and
processed pseudogenes) (Deininger & Batzer, 2002). Another class of nuclear
polymorphisms consists of tandemly repeated DNA sequences in which the repeated
DNA sequence is two to five base pairs in length. These are termed microsatellite
systems, and the number of repeats in each system varies from one individual to the

next. Their mutation rate is much higher than that of single nucleotides, approaching



107 per generation. Because of this high mutation rate, microsatellites have the

potential to provide information about recent evolutionary events (Jorde et al., 1998).

Polymorphic mobile element insertions should more accurately reflect population
relationships than many other genetic markers. Over million of year’s primate
genomes are prepared with a variety of repetitive sequences (elements). There are
mobile sequences which are able to move from their parent genomic location to their
target; either by a cut and paste mechanism involving a DNA or RNA intermediate.
Table 1 summarizes mobile elements in the human genome (Deininger & Batzer,

2002).

Table 1. Summary of mobile elements in the human genome.

Percent of
Element total genome Copy number
L1 (LINE) 16.9 0.5 = 10°
Alu (SINE) 10.6 1.1 = 10%
L2 (LIMNE} 3.2 0.3 = 10°
MIR (SINE) 2.5 0.46 = 10%
LTR elements 8.3 0.3 = 10%
DMA elements 28 0.3 x 10¢
Processed pseudogenes <1.0 1-2 = 104
Total -45 -3 = 10%

(Adopted from Deininger & Batzer, 2002).

Over 40% of the human genome is derived from retroelements, with an additional
few percent as DNA transpose elements (Deininger & Batzer, 2002). Among these
LINE (L1), a type of long interspersed element and Alu, a type of short interspersed



element (SINE) are most common. LINE or SINE has some advantages over other
nuclear based polymorphisms for in phylogenic studies. Firstly, the presence of an
individual is thought to represent identity by descent (IBD), since the probability that
two different young mobile elements integrating independently in the same
chromosomal location is negligible (Deininger & Batzer, 2002). Polymorphic mobile
element insertions should thus more accurately reflect population relationships than
many other genetic markers (sequence data, restriction fragment length,
polymorphisms [RFLP] and microsatalites) in which sharing of the same allele
between two individuals may reflect identity by state only. Alu or L1 element
insertion probably is a stable marker, because it is likely that insertion occurred once
during human evolution with no subsequent deletion of the element (Perna et al.,

1992).

Another advantage of these genetic markers is that the ancestral state of an insertion
polymorphism is known to be the absence of the element at a particular genomic
location (Batzer et al., 1994). Precise knowledge of the ancestral state of a genomic
polymorphism allows us to draw trees of population relationships without making

unnecessary assumptions (Deininger & Batzer 2002).

Although during the last million of years many Alu and L1 insertions have been
fixed, still a number of human-specific insertions are dimorphic. An insertion may be
present or absent on each of the paired chromosomes of different individuals. These
polymorphisms, showing differences in allele and genotype frequencies between
populations, help us reconstruct human prehistory (Stoneking et al; 1997, Comas et
al., 2000; Nasidze et al., 2001; Watkins et al.2001; Romualdi et al., 2002).

In the present study the nine Alu insertion loci were examined as genetic markers.
The Alu family of SINEs is one of the most successful mobile genetic elements to
arise to a copy number of more than 500,000 within the human genome during

approximately 65 million years of primate evolution (Batzer et al., 1996).



Alu sequences which are about 300 nucleotides in length are thought to be ancestrally
derived from the 7SL RNA gene and are transcribed by RNA polymerase III. The
RNA transcript is then reverse-transcribed and inserted into a new location in the
genome, in a process termed retroposition. Alus have no protein coding capacity in
that they are not able to code for their own reverse transcriptase. They are dependent
on factors produced by Long Interspersed Elements (LINEs) for their amplification.
LINEs have been shown to encode a functional reverse transcriptase that also has an
endonuclease domain. The endonuclease activity shows a preferred cleavage at sites
resembling TTT/AA and both L1 and Alu elements preferentially integrate at
sequences related to this same consensus (El-Sawy and Deininger, 2005). It has been
proposed that the T's at the 3' terminus of the nick prime reverse transcription from
the polyadenylated RNA in a process termed “Target-Primed Reverse Transcription”

(Cost et al., 2002) (Figure 4).

It may be also mentioned that Alu repeats have a relatively high GC content and,
although dispersed mainly throughout the euchromatic regions of the genome, are
preferentially located in the GC-rich and gene-rich regions. The tendency to be
located in GC-rich (and accordingly, gene rich) regions suggest that Alu repeats are
not just genome parasites, but are making a useful contribution to cells containing

them (Strachan and Read, 2004).
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Figure 4. Mechanism of Alu retroposition. The solid bars represent the target site
that is duplicated with insertion of the element. The endonuclease cleavage sequence
(TTTT/AA) is shown and represents the insertion site. Nicking by LINE-I
endonuclease occurs (black arrow), followed by target primed reverse transcription
of the Alu RNA (with its internally coded A stretch) with the T stretch at the 3” end
of the nick, a process known as Target Primed Reverse Transcription (TPRT). The
plus strand of the DNA is nicked (top black arrow) by an unknown mechanism. This
is followed by integration of the Alu element and duplication of the target site,
regenerating the original endonuclease cleavage site at the 5) end of the Alu

(Adopted from Sawy & Deininger, 2005).
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The analysis of human Alu-insertion polymorphisms has been used previously to
adress questions about human origins and demography (Perna et al., 1992; Batzer et
al., 1994, 1996; Stoneking et al., 1997; Comas et al., 2000; Watkins et al., 2001;
Nasidze et al., 2001; Romualdi et al., 2002; Watkins et al., 2003; Comas et al.,
2004). We present here an analysis of nine Alu insertion polymorphisms in Anatolian
population. In one of the previous studies (Ding, 2003) the same nine loci were
examined on 100 Turkish individuals. In the present study an independent 100
individuals, all from Anatolia were studied. Comparative analyses were done
between these two data from Anatolia and the ones from some other populations

from Eurasia and Africa.
The purposes of this thesis are:

i- to determine the Alu insertion variability based on expanded data in the

Anatolian human population,

ii- to reveal the genetic relatedness of Anatolians to some Eurasian
populations,
1ii- to provide an estimation of Central Asian contribution to the present

Anatolian gene pool based on the Alu markers,

1v- to contribute to the knowledge on history of Anatolian gene pool.

11



CHAPTER 2

MATERIALS AND METHODS

2.1 MATERIALS

In this study, nine autosomal human specific “Alu insertion polymorphism” (ACE,

PV92, FXIIIB, APO, A25, B65, TPA25, D1, HS4.32) loci were typed.

Hundred individuals who were residents of different Anatolian provinces were
randomly sampled. Blood or buccal samples were obtained from unrelated volunteer
donors whose families were from the same area for at least three generations.
Informed consent was obtained from all of the individuals who were participating in
the study. Geographic locations of the individuals analyzed were shown in Figure 5.

and summarized in Table 2.

12
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Figure 5. Geographic locations of the employed individuals. Dots indicate the

birthplaces of individuals.

Table 2. Geographic locations and number of the employed individuals.

Location Individuak  Location Individualks

analyzed analyzed
lzrmir 4 Agn 1
Artvin 3 Eramum 4
Gamartep 1 Stwas 10
Trabzon 13 Yozt 3
Adiyarran & Kirickeale 2
Maktya j Gorum 3
SATTEL Kayser 1
Adara 2 ‘I.Fan}m 1
Gﬁ'.'ﬂ"E}E e 1 Fakisehi 1
Carlor 2 Dernz 1
Caylara 1 Siirt 1
Kotya 3 Turceli 1
Taleat 3 Divarbalar 1
Arin 4 Ergincan 1

5 Total 100

13



2.2 METHODS
2.2.1 DNA Isolation

Human genomic DNA was isolated from 100 individuals, in the form of 75 buccal
and 25 blood samples, by employing two different isolation methods depending on

the type of the samples.

DNA isolation from human blood samples were in accordance with the classical
phenol-chloroform-isoamylalcohol method. DNA was also isolated from the buccal

samples this time by employing Ding’s method (Ding, 2003).

2.2.1.1 DNA Isolation from Blood Samples

Ten ml of blood samples were collected in the tubes containing EDTA solution and
stored at +4 °C until ready to use. Lysis buffer had been added to these tubes until
total solution was 50 ml. Lysis buffer was used to lyse red blood cells and to get the
remaining nuclei of white blood cells. Afterwards, tubes were mixed for 10 minutes
by inversion. Then the remaining nuclei of white blood cells were obtained as a
pellet after the centrifugation at 3000 rpm for 10 minutes at +4 °C. The supernatants
were carefully discarded and the pellet was resuspended in 3 ml of Salt/EDTA buffer
(NaCl and EDTA) by vortex. Later, 0.3 ml of 10 % SDS and 150 pl proteinase-K (10

mg/ml) were added and then the tubes were incubated at +55 °C for 3 hours.

After the incubation, solution was cooled down to the room temperature. Then 3 ml
phenol was added to separate DNA molecules from RNA molecules. This separation
was due to their different solubility properties in this solvent. Then the samples were
centrifuged at 3000 rpm for 10 minutes at +4 °C. After that, two phases were
obtained in our tubes. The supernatant was mixed with 3 ml phenol-chloroform-
isoamylalcohol solution (25:24:1) and again centrifuged at 3000 rpm for 10 minutes
at +4 °C. Then the upper phase containing DNA molecules was carefully collected
and transferred into a new glass tube by a transfer pipette. Finally, 1 ml 3 M Sodium

Acetate (NaAc) and about 2 volumes of 99 % ice-cold ethanol were added to this

14



solution. Glass tubes were mixed gently by inversion. In the mean time, because the
alcohol molecules compete with those of the water molecules surrounding the DNA,
DNA precipitates. Precipitated DNA was transferred to ependorf tubes containing
500 pl of Tris EDTA (TE) buffer (pH: 7.5) and stored at —20 °C.

2.2.1.2 DNA Isolation from Buccal Samples

A technique, having two overnight incubations at different temperatures was used to
isolate the DNA from the buccal samples. Firstly, epithelial cells were collected from
the inside of both cheeks with a sterile brush. Then the head of the brush was placed
into a 1.5 ml ependorf tube containing 700 pl 2X Lysis buffer and 10 pl proteinase-K
(20 mg/ml) was added and the cells were digested overnight at 37 °C.

After the digestion, 500 pl of phenol-chloroform-isoamylalcohol solution (25:24:1)
was added to the ependorf tubes. Then this suspension was centrifuged at 10,000 rpm
for 2 minutes at room temperature (RT), and the upper aqueous phase had been
transferred into a new tube, again 500 pl of phenol-chloroform-isoamylalcohol
solution was added and suspension was centrifuged at 10,000 rpm for 2 minutes at
room temperature. Then the second aqueous phase was transferred into a new tube
and 500 pl of chloroform-isoamylalcohol solution (24:1) was added. Again the
suspension was centrifuged at 10,000 rpm for 2 minutes at room temperature. After
the third aqueous phase was collected into a new tube, 0.1 volume of 3 M Sodium
Acetate (NaAc) and 0.6 volumes of isopropanol were added into the solution. The

tube was incubated overnight at — 20 °C.

After the incubation, solution was firstly centrifuged at 10,000 rpm for 10 minutes.
Then, the pellet was rinsed with 500 pul 70 % ethanol and the DNA was precipitated
by centrifuging at 10,000 rpm for 5 minutes at RT. The supernatant was discarded
and the pellet was dried at RT and then resuspanded in 100 pl of Tris-EDTA (TE)
buffer. DNA samples were stored at —20 °C until used.
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2.2.2 Amplification of DNA with Polymerase Chain Reaction (PCR)

Each of the isolated DNA was amplified by 9 different pairs of primers; each of the
pair was complementary to a different Alu insertion loci. These loci correspond to
nine human-specific Alu insertion polymorphisms (ACE, APO, TPA25, FXIIIB,
PV92, B65, A25, D1, HS4.32). PCR amplification was carried out in 25 pl reaction

mixture which is described below:

» 1X PCR Buffer (50mM KCI and 10mM Tris-HCI)

» 1 mM BSA (10mg/ml)

» 1.5 mM MgCI2 for ACE, APO, FXIIIB, HS4.32, HS4.69, PV92, TPA25 and 4
mM MgCI2 for A25, B65, D1200 uM dNTP (5 mM)0.32 uM Forward and
Reverse Primers (10 uM)1 unit Taq Polymerase (5 units/ ul)50 ng of
Genomic DNAdH20Sequences of primers, chromosomal locations of the loci

and the optimal annealing temperatures of the primers are shown in Table 3.

Amplification of DNA samples for ACE, APO, PV92 and A25 loci were performed
as described previously (Ding, 2003) shown in Table 4. However for other loci,
amplification conditions were modified as indicated: 1 minutes at 94 °C, 2 minutes at
an appropriate annealing temperature, 2 minutes at 72 °C during 35 cycles, with a
final elongation step of 72 °C for 10 minutes (Chbel et al., 2003). Also, a “Hot start”
was applied in accordance with the protocol with an addition of a pre-PCR heat cycle

(Ueda et al., 1996).
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Table 4. PCR conditions for ACE, APO, PV92 and A25 loci.

Duration Step Temperature Number of
Cycles
5 minutes Denaturation 94 °C 1
1 minutes Denaturation 94 °C
1 minutes Annealing At specified
annealing 32
temperature
1 minutes Extension 72 °C
10 minutes Final Extension 72 °C 1

(Adopted from Ding, 2003)

2.2.3 Analysis of the PCR products

After obtaining the PCR products 9 pl of PCR products mixed with 7 ul of 6 X
bromophenol blue dyes were separated on 2 % TBE agarose gel. The gel was run in
0, 5 X TBE buffer at 100 V until the bands reach end to the gel. Then it was stained
with 0,5 pg/ml of ethidium bromide and the reaction products were directly

visualized under the UV light. The sites of the PCR products are given in Table 5.

Nine autosomal human specific Alu insertion polymorphisms were analyzed by
means of the agarose gel electrophoresis of the PCR products. Since all of the alleles
were different approximately by 300 bp the method employed in the study allowed
us to type the three different genotype of nine Alu loci easily.
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Table 5. Sizes of the PCR products depending on the presence and absence of Alu

insertion.

Alu loci Insertion * (bp) No insertion ** (bp)
ACE 490 190
APO 433 122
A25 552 268
B65 423 81
D1 622 333
FXIIB 725 425
HS4.32 601 289
HS4.69 572 262
PV92 416 101
TPA25 424 125

* insertion positive (+); ** insertion negative (-) (Ding, 2003).

2.2.4 Statistical Analysis of Data

2.2.4.1 Allele Frequencies, Heterozygosity and Evaluation of Hardy-
Weinberg Equilibrium

Allele frequencies among nine of the Alu loci for 100 individuals, in Anatolian
population were estimated with the calculation of the relative proportions of each Alu

insertion polymorphism by means of the following formula;

Frequency of an allele (p) = [(2 x number of homozygote) + (number of

heterozygote)] / 2 x total number of individuals
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Heterozygosity is a measure of the diversity of a polymorphic locus; for a diploid
locus, it gives the average probability that the alleles carried by an individual are
different from each other (Jobling et al., 2004). The amount of heterozygosity,
determined by the percentage of individuals that are heterozygous (carry different

alleles) for a population was calculated with the following formula:
Observed Heterozygosity = number of heterozygotes / total number of individuals

Both the allele frequencies of each Alu loci and the amount of observed

heterozygosities were calculated by Genetix 4.0 software (Belkhir et al., 1996-2001).

After finding the frequencies of each Alu insertion polymorphism, expected

frequencies of the genotypes were calculated accordance to the Hardy-Weinberg

Equilibrium (1908).
Thus, the expected frequencies of genotypes were calculated as follows:
Expected proportion of homozygote : p2+q2
Expected proportion of heterozygotes: 2pq = 1-( p2+q2)
where p+q =1

The expected genotype frequencies; expected heterozygotes calculated based on the
Hardy-Weinberg Equilibrium and the observed number of each genotype for each of
the Alu loci were compared to test whether observed genotype frequencies were
sufficiently close to the expected ones. In order to determine if population is in the

expected H-W genotype frequencies, Chi square (x*) test was used:

v =2%1 (0-E)*/E
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where O and E are the observed and expected numbers of a particular genotype and k
is the number of genotypic classes (Hendrick, 1985). Calculated value of chi square
for each Alu insertion were evaluated based on chi square distribution with the

degrees of freedom equal to one and a = 0.05 (df=1, xz 0.95=3.841).

2.2.4.2 Test for the equality of frequencies

To test the equality of two populations, z-test presented by Daniel (1999) was used.
To test the null hypothesis (Ho) that the differences between two population

proportions is zero, two sided test was applied.

2.2.4.3 The Fg7 Statistic

Wright (1951, 1965b) developed an approach, consisting of three different F
coefficients (Fsr, Fir, Fis), for describing the distribution of genetic variation in a

subdivided population.

Fsr 1s a measure of the genetic differentiation of subpopulations. The average Fsr

coefficient can be calculated for multiple loci as follows:

Fst=(Hr-Hs)/Hr

where Hg is the average expected heterozygosity within subpopulations over
loci and Hr is the average expected heterozygosity in the total population over loci

(Hendrick, 1993).

For some of the populations Alu polymorphism data were already available. Fsr

related genetic distance between Anatolia and populations was estimated by means
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of the GENETIX 4.0 software (Belkhir et al., 1996-2001). Data were permuted for

1000 times in order to test the significance of the pair-wise Fy; values.

In this study, Weir & Cockerham’s approach was employed. Weir and Cockerham
(1984) presented equations for estimating F statistics in a variety of situations,

including the case of multiple alleles and loci.

2.2.4.4 Reynold’s Genetic Distance and Neighbor Joining (NJ) Tree

Reynold’s Genetic Distances (Reynolds et al.1983) were computed between
Anatolian population and the populations studied by Stoneking et al. (1997), Comas
et al. (200), Nasidze et al. (2001), Romualdi et al. (2002), Khitrinskaya et al. (2003),
Ding (2003) and Comas et al. (2004) by means of the GENDIST program in the
PHYLIP package program (Felsenstein, 1993). Neighbor Joining Tree building
method, one of the most popular distance-based methods, was used to define the
similarity between populations. In the Neighbor Joining Tree building method, after
the estimation of the genetic distance network the tree is constructed by using an
algorithm based on some functional relationships among the distance values (Saitou
& Nei, 1987). Neighbor joining trees were constructed by using the NEIGHBOR
program and 1000 bootstrap replicates were generated by the SEQBOOT program
and consensus tree was built with CONSENSE program as implemented in PHYLIP
3.6 (Felsenstein, 1993).

2.2.4.5 Principal Component Analysis (PCA) of gene frequencies

Principal Component Analysis (PCA) was performed to generate two or three-
dimensional graphical representation of distances between populations using the raw
data of allele frequencies by means of the NTSYS (Numerical Taxonomy and

Multivariate Analysis System) (Rohlf, 1993).
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Principal Component Analysis is a useful complement to tree construction when
frequency data are being considered, as it, unlike a tree, does not impose a history of
bifurcations on contemporary population structure. Rather, it shows genetic distance
between populations as Euclidean distance in two or three dimensions (Sherry &
Batzer, 1997). Individual axes, known as principle components (PCs), are extracted
sequentially, with each PC encapsulating as much of the remaining variation as

possible (Jobling et al., 2004).

2.2.4.6 Estimating Admixture

Genetic admixture is the process by which a hybrid population is formed from
contributions by two or more parental or ancestral populations (Jobling et al., 2004).
The process of mixing of the populations known as “admixture”, specifically refers
to the process in which populations that have remained isolated from one another for
a long period because of geographical, ecological, or cultural barriers are
occasionally brought into contact or it refers a special case of gene flow between

populations (historical migration) (Bertorelle & Excoffier, 1998).

In the present study we estimate the relative genetic contribution of the parental:
Balkans and Central Asian populations to the current Anatolian gene pool (admixed
population). Assuming that all gene flow from Central Asia into Turkey occurred at
one moment in time, the relationship between the allele frequencies in Turkey,

Europe and Central Asia is:
qr=(1 - mR) gg + mRqa

where mR is the only unknown term, and can be defined as the instantaneous gene-
flow rate, the amount of immigration necessary for qg to reach qr in one

generation’s time.
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CHAPTER 3

RESULTS

As an example of typical gel photography, the one belonging to Alu element
insertion polymorphism is located in intron 8 of gene PLAT was shown in Figure 5.
Three possible genotypes for the TPA25 Alu insertion polymorphism were indicated
in Figure 2. For instance in lane C3 an individual homozygote for the presence of
TPA25 (424 bp product only), in lane C9 an individual homozygote for the absence
of TPA25 (125 bp product only), and in lane C12 a heterozygote (both the 424 bp
and the 125 bp products) individual.
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Date : Tuesday August 24, 2004
TPA25

CcNTsopp C1 C2 €3 C4 €5 ¢ CF C8 C3 C10 C11 C12 €13 C14 C15 545 570 571 572

Figure 6. Photograph of a 2 % agarose gel containing the PCR products of TPA25.
P-CNT: PCR control. 50 bp: 50 bp DNA ladder, Fermentas.

Lanes: C3, S72: Homozygous individuals for the presence of TPA2S insertion (+/+)
Cl1, C2, C4, C5, Co, C7, C8, C10, C11, C12, C14, S45, S70, S71: Heterozygous
individuals (+/-)

C9, C15, C13: Homozygous individuals for the absence of TPA25 insertion (-/-).

3.1 FREQUENCIES OF NINE ALU LOCI IN ANATOLIA

Nine Alu loci (ACE, APO, PV92, TPA25, FXIIIB, B65, A25, D1, HS54.32) were typed
and allele frequencies were estimated, in 100 individuals from Anatolian population.
Allele frequencies for nine Alu loci and sample sizes were employed for each of the

loci shown in Table 6.
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Table 6. Alu insertion frequencies in the Anatolian population.

Alulod ACE APO  PV92 TPA25S FXIIE B65 A25 DI HS432

Sluinsertion
frequencies 0410 0963 0220 0390 0.570 0667 00687 042F 0637

¥ 0 95 g4 o0 g4 Bl 897 B2 T3

*Number of individuals tested for each locus.

All loci were polymorphic in the Anatolian population and it was found that there is
a good fit between observed genotype frequencies and Hardy-Weinberg expected
proportions, in all of the loci. Employing Chi square ()*) test, it was decided that the
observed and expected frequencies are not different from each other. Hence the
population was found to be in Hardy-Weinberg equilibrium (p>0.05) for all of the
loci. The expected genotype numbers, expected heterozygosities and y” values can be

seen in Table 7.

Each of the individuals’ genotypes and their geographic locations were indicated on
the maps (Figures 7-14). It was found that the locus called APO had the highest
insertion frequency compared to other markers in Anatolian population.
Homozygous individuals for APO insertion were observed nearly in every sampled
region (Figure 10). Conversely, A25 loci had the lowest insertion frequency. Unlike
APO, an A25 locus was observed to have homozygous individuals for the absence of

insertion, in all over the Anatolia (Figure 11).
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Figure 7. The distribution pattern of ACE insertion in 100 individuals from Anatolia.

B : Homozygous individual for the ACE insertion (+/+),
® : Heterozygous individual (+/-),
V¥ : Homozygous individual for the lack of ACE insertion (-/-).
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Figure 8. The distribution pattern of PV92 insertion in 84 individuals from Anatolia.

B : Homozygous individual for the PV92 insertion (+/+),
® : Heterozygous individual (+/-),
V¥ : Homozygous individual for the lack of PV92 insertion (-/-).
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Figure 9. The distribution pattern of FXIIIB insertion in 89 individuals from

Anatolia.

B : Homozygous individual for the FXIIIB insertion (+/+),
® : Heterozygous individual (+/-),
V¥ : Homozygous individual for the lack of FXIIIB insertion (-/-).
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Figure 10. The distribution pattern of APO insertion in 95 individuals from Anatolia.

B : Homozygous individual for the APO insertion (+/+),
® : Heterozygous individual (+/-),
V¥ : Homozygous individual for the lack of APO insertion (-/-).
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Figure 11. The distribution pattern of A25 insertion in 97 individuals from Anatolia.

B : Homozygous individual for the A25 insertion (+/+),

® : Heterozygous individual (+/-),

V¥ : Homozygous individual for the lack of A25 insertion (-/-).
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Figure 12. The distribution pattern of B65 insertion in 84 individuals from Anatolia.

B : Homozygous individual for the B65 insertion (+/+),

® : Heterozygous individual (+/-),

V¥ : Homozygous individual for the lack of B65 insertion (-/-).
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Figure 13. The distribution pattern of TPA25 insertion in 100 individuals from
Anatolia.

B : Homozygous individual for the TPA25 insertion (+/+),
® : Heterozygous individual (+/-),
V¥ : Homozygous individual for the lack of TPA25 insertion (-/-).
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Figure 14. The distribution pattern of D1 insertion in 82 individuals from Anatolia.

B : Homozygous individual for the D1 insertion (+/+),
® : Heterozygous individual (+/-),
V¥ : Homozygous individual for the lack of D1 insertion (-/-).
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Figure 15. The distribution pattern of HS4.32 insertion in 73 individuals from
Anatolia.

B : Homozygous individual for the HS4.32 insertion (+/+),

® : Heterozygous individual (+/-),

V¥ : Homozygous individual for the lack of HS4.32 insertion (-/-).

3.2 PRESENT ANATOLIAN DATA TOGETHER WITH THE
DATA FROM DIFFERENT HUMAN POPULATIONS

To compare the genetic similarity of the Anatolian population with these of the other
populations it was focused on seven of the nine Alu loci (ACE, APO, A25, B65,
FXIIB, PV92, and TPA25) which were jointly employed by Stoneking et al. (1997),
Comas et al. (2000), Nasidze et al. (2001), Romualdi et al. (2002), Khitrinskaya et
al. (2003) and Ding (2003), Comas et al. (2004). Insertion frequencies for seven Alu
loci in many populations were presented together with the results of the present data

in Appendix B.
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3.2.1 The Fst Statistics

To determine the degree of similarity between Anatolian population and some of the
populations from Europe, Balkans, and Asia and Near East, Fst related genetic
distances based on seven Alu loci were computed (Table 8). In the table pair-wise Fst
values ranged from -0.00171 to 0.22918. The pair-wise Fst values between Anatolian
population typed in this study and Anatolian population studied by Comas et al.,
(2004), Anatolian population and Cherkessians, Anatolian population and Georgians,
Anatolian population and Albanians, Anatolian population and Macedonians,
Anatolian population and Macedonian-Stip—Aromuns, Anatolian population and
Albanian-Aromuns were not significantly different from each other based on the
seven Alu loci. However, there was significant Fst based genetic distance between
Anatolian population and with those of the Central Asian populations. Since the
Anatolian population sample of the recent study (A1) was not significantly different
than that of Comas et al., (2004)’s population (A13) they were pooled and referred as
Anatolian population (A13).

3.2.2 The Reynolds’ Genetic Distances between populations

Using the seven Alu insertion frequencies, Reynold’s genetic distances (Reynolds et
al.1983) between the populations of our data set are computed by means of the
Gendist Program in the PHYLIP Program package (Felsenstein, 1993). Genetic
distances between Anatolian population and the other worldwide populations are
shown in Table 9. The lowest genetic distance was between Anatolian population
studied in our study and Anatolian population studied by Comas et al., (2004). The
smallest distance between the Anatolian population (present study) and among the
ones compared was as follow: Anatolian population and Cherkessian, Anatolian
population and Georgians, Anatolian population and Albania Aromuns, Anatolian
population and Macedonia Krusevo Aromuns. Pairs of Anatolian population and

some of the Balkans populations (Albania Aromuns, Macedonia —Krusevo Aromuns,
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Macedonians, Macedonians-Stip Aromuns, Romania Aromuns, and Albanians) had
lower genetic distance than the pairs of Anatolian population and the other

populations such as Central Asians.

3.2.3 Neighbor Joining (NJ) Tree

To visualize the genetic similarity of the Anatolian population with those of some
other Eurasian and African populations, unrooted Neighbor Joining Tree (Saitou Nei,

1987) was constructed and shown in Figure 16.

From the tree it was observed that the populations from Europe, Middle East,
Caucasians, Balkan and Basque formed a mixed group on the tree. Anatolian
populations (A1, A2, and A3) were also in this group. However Central Asian
populations were clearly in another group. They were observed to form a cluster with

other Asian populations on the tree.

Thousand bootstrap replications were performed. The bootstrap values ranged from
8.3 % to 63.0 %, they were all low, only bootstrap values larger than 50 were

depicted at the branching nodes on the tree.
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Table 8. Fst values between Anatolian population and some other populations from
Eurasia and Africa. Anatolians (A1l): Anatolian population studied in the present
study; Anatolian 3 (A3): Anatolian population studied by Comas et al., (2004);
Anatolian 2 (A2): Anatolian population studied by Ding (2004).

Populations- A1/ other populations Fst-values
Anatolians-Anatolians 3 -0.00171| NS
Anatolians-Cherkessians 0.00009| NS
Anatolians- Georgians 0.00167| NS
Anatolians- Macedonia Stip Aromuns 0.00625| NS
Anatolians- Albanians 0.00644| NS
Anatolians- Macedonia 0.00753| NS
Anatolians- Albania Aromuns 0.00764| NS
Anatolians- Macedonia Krusevo Aromuns 0.01126 *
Anatolians- Romanian Aromuns 0.01319 *
Anatolians- Greeks 0.01687 *
Anatolians-Anatolians 2 0.0208 | **
Anatolians- Basques 0.02148| **
Anatolians- Andalusians 0.02426| **
Anatolians- Romanians 0.02641 *ok
Anatolians- India Muslim 0.02992 | **
Anatolians- Pustoon 0.03022| **
Anatolians- Catalans 0.03072| **
Anatolians- Turkish Cypriot 0.031 hok
Anatolians- Uzbeks 0.03769 | ***
Anatolians- UAE 0.04191 *ok
Anatolians-Tajiks 0.05136| ***
Anatolians- Armenians 0.05334 | ***
Anatolians- French 0.0556| ***
Anatolians-Swiss 0.07271 | ***
Anatolians- Kyrgyzes 0.07873 | ***
Anatolians-Greek Cypriot 0.07947| ***
Anatolians- India Hindu 0.08096 | ***
Anatolians- Bretons 0.0819 | ***
Anatolians- Syria 0.08599 | ***
Anatolians- Tamil 0.08723 | ***
Anatolians- Pakistan 0.0959 | ***
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Table 8. (continued)

Anatolians- Azerbaijanians 0.10455 Hokk
Anatolians- Kazakhs 0.10888 oAk
Anatolians- European American 0.11119 | ***
Anatolians- India-Christian 0.11342 oAk
Anatolians- Darginians 0.12115 oA
Anatolians- German 0.1467 | ***
Anatolians- Dungas 0.1506 | ***
Anatolians- Ingushians 0.19682 | ***
Anatolians- China 0.19789 oAk
Anatolians- Taiwan 0.22918 ok

NS : Nonsignificant
* p<0.05; ** p<0.01; *** p<0.001
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Table 9. Genetic Distances between Anatolian Population (A1) and some other
Eurasian and African populations. Al: Anatolian population studied in the present

study; A2 and A3 are as described in Table 8.

Pairwise Genetic

Distances

Population Al Population Al
A3 0.005897 | Swiss 0.068271
Cherkess 0.007291 | Dungans 0.070715
Georgians 0.011153 | Greek Cypriot 0.071645
Albania Aromuns 0.014116 | Tenggaras 0.07404
MacKrus-Aromuns 0.016857 | Tamill 0.077179
Maceds 0.01837 | Malay 0.077278
MacStip-Aromuns 0.018464 | Syrians 0.077937
Romania Aromuns 0.020124 | Bretons 0.082003
Albanians 0.021526 | Kazakhs 0.084087
A2 0.024956 | Chinese 0.085981
Basque 0.025719 | Pakistan 0.089047
Tajiks 0.032961 | Taiwan 0.101209
Uzbeks 0.03519 | India-Christian 0.101653
Greeks 0.035383 | Moluccan 0.106183
India-Muslum 0.036106 | European American 0.107272
Pushtoon 0.03683 | Azerbaijn 0.11244
Romanians 0.037716 | German 0.129346
Andalusia 0.038453 | Hungarian 0.131005
Armenians 0.038676 | Turkish Cypriot 0.131133
UAE 0.039548 | Darginian 0.141827
India-Hindu 0.047496 | Bantu 0.142834
Catalans 0.048363 | Nguni 0.166013
Filipino 0.056626 | Java 0.174161
Kyrgyzes 0.058202 | Ingushian 0.197343
French 0.064897 | 'Kung 0.20379
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Figure 16. Neighbor joining tree constructed by using Anatolian population (A1).

A1l: Anatolian population studied in the present study; A2 and A3 are as described in
Table 8.
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3.3 Anatolian Data Together with the Previous Data from Anatolia

Alu insertion frequencies for that loci; ACE, APO, PV92, TPA25, FXIIIB, B65, A25,
D1, HS4.32 were already estimated by Ding (2003) based on 100 individuals from all
over Turkey. Comas et al. (2004) typed 43 individuals from the north of Aegean
region in Turkey. Geographic locations of the individuals employed in those studies
were shown in Figure 17 and 18. The insertion frequencies of nine Alu loci (ACE,
APO, A25, B65, D1, FXIIIB, HS4.32, PV92, and TPA25) for three different samples

of Anatolia can be seen in the Table 10.

Table 10. Alu insertion frequencies both in the present and previous Anatolian Data.

N*  ACE APO PVOR TPALS FXIIB BAs A25 D1 HS5432
Fresent data  100* 0410 0963 0.220 0390 0579 06467 0067 0427 0637

Ding (2003 102* 0333 08951 0,152 0450 0441 0485 0063 0371 0668

Cormas et o
(2004 43 0441 0963 0.256 0427 0473 0706 0048 0234

*(N) Number of individuals. * Average number of individuals typed for each locus.

When the significance of difference between two population proportions were
examined (Daniel, 1999). It was observed that PV92, TPA25, FXIIIB and B65 loci
of the present data differed from those of Ding (2003)’s with the p values of 0.04,
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0.03, 0.009 and 0.0001 respectively. However, there were no significant differences
between the data of present study and those of Comas et al., (2004). Therefore, from
now on, the two data: the present one and Comas et al. (2004) are pooled and called

A13, but not pooled with that of Ding (2003)’s (A2).

Figure 17. Geographic locations of the individuals employed by Ding (2003). Dots
indicate individuals analyzed by Ding (2003) for 10 Alu loci.

Romanians

B, "TETRY anoninn;’;
G s Aromuns’

Macedonians
O~ Stip Aromuns
Ll

USEVD, Greel

Albanian

Figure 18. Geographic locations of the populations analyzed by Comas et al.,
(2004).
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3.3.1 Analyses for the pooled Anatolian population

For the pooled data (Data from present study and data for Turks from Comas et al.,

(2004)’s study) (A13) locations of the samples are shown in Figure 18.

. A X E B

Figure 19. Geographic locations of the employed individuals (A13). N is number of
individuals analyzed by Comas et al., (2004) and red dots denote the locations of the
individuals typed in this study.

3.3.1.1 Distribution of nine Alu loci in Anatolia

Insertion frequencies for the pooled data (N=143) were calculated and shown in

Table 11.
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Table 11. Alu insertion frequencies in the Al3 Anatolian population.

ACE APO PWOE TPAZS FXINEB Be: Ads Dl

Total data 0.41%9 n9a3 0232 0401 0544 0621 00681 0.37%

N* 143 13= 127 143 134 137 140 125

“ N Number of individuals.

3.3.2 Present and Previous Anatolian (Comas et al., 2004) Data
together with the Data from different human populations

Seven of the Alu loci (ACE, APO, A25, B65, FXIIIB, PV92, and TPA25) in A13
were compared with those of the Stoneking et al. (1997)’s, Comas et al. (2000)’s,
Romualdi et al. (2002)’s, Nasidze et al. (2001)’s, Khitrinskaya et al. (2003)’s, Ding
(2003)’s and Comas et al. (2004)’s. These loci were the only ones commonly

examined in all those studies.

3.3.2.1 The Fst Statistic

Fst related genetic distances based on seven Alu loci between Anatolian population
(A13) and the populations from Eurasia were estimated. Pair-wise Fst values are
shown in Table 12. They ranged between -0.00159 to 0.24337. The pair-wise Fst
values between A13 and Cherkessians; Georgians; Macedonia; and Albanians are not
significantly different from the each other. However, there were significant Fst
values between Al13 and all Central Asian populations; A13 was significantly

different from Caucasian populations except Cherkessians and Georgians.
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3.3.2.2 Reynold’s Genetic Distances Between A13 and other
Eurasian and African populations

Reynold’s Genetic distances between A 13 and other Eurasian populations were
computed. Genetic distances between Anatolian population (A13) and others are

shown in Table 13.

The results are the same as 3.5.1. Genetic distances between Anatolian population
and Cherkess; Georgians; Macedonia-Krusevo Aromuns; Macedonians; Albania
Aromuns; and Macedonians-Stip Aromuns were low. Again similar to the 3.5.1,
genetic distance between the pairs of Anatolian population and the populations in

Central Asia were high.

3.3.2.3 Neighbor Joining (NJ)Tree

Based on the recalculated genetic distances in accordance with the pooled Anatolian
data (A13), a new neighbor joining tree was constructed (Figure 20). Similar
topology to that of the previous tree (Figure 16) was obtained. On one end of the tree
African populations are grouped. The opposite end of the tree is solely composed of
the Asians. Balkan, some of the Caucasian, Middle Eastern, European populations
are intermingled on the tree where Anatolian population (A13) was in this group.
Central Asian populations were different than the populations of the first group and

were together with other Asian populations

Thousand bootstrap replications were performed. The bootstrap values on the tree
ranged from 3.5 % to 64.7 % and only the bootstrap values larger than 50 were

depicted at the branching nodes on the tree.
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Table 12. Fst values between Anatolian populations (A13) and some other
populations from Eurasia and Africa. Anatolians: indicates A13; Anatolian 2:

Anatolian population studied by Ding (2004).

Populations- A13/ other populations Fst-values
Anatolians-Cherkessians -0.00041 NS
Anatolians- Georgians 0.00235 NS
Anatolians- Albanians 0.00588 NS
Anatolians- Macedonia 0.00647 NS
Anatolians- Macedonia Stip Aromuns 0.00731 *
Anatolians- Albania Aromuns 0.00963 *
Anatolians- Romanian Aromuns 0.01255 *
Anatolians- Macedonia Krusevo Aromuns 0.01317 *
Anatolians- Greeks 0.0163 *
Anatolians- Basques 0.02072 *ox
Anatolians- Andalusians 0.02193 *k
Anatolians-Anatolians 2 0.02228 ok
Anatolians- Romanians 0.02295 ok
Anatolians- Catalans 0.03146 HAH
Anatolians- Pustoon 0.03152 ok
Anatolians- Turkish Cypriot 0.0346 oAk
Anatolians- Uzbeks 0.03508 HAE
Anatolians- India Muslim 0.03524 ok
Anatolians- UAE 0.04169 oAk
Anatolians-Tajiks 0.05075 ok
Anatolians- French 0.05155 oAk
Anatolians- Armenians 0.05383 oAk
Anatolians-Swiss 0.06639 HoAk
Anatolians-Greek Cypriot 0.07282 oAk
Anatolians- Bretons 0.07825 Hokx
Anatolians- Kyrgyzes 0.08112 ok
Anatolians- Syria 0.08352 HAE
Anatolians- India Hindu 0.08468 HAE
Anatolians- Tamil 0.08617 A
Anatolians- Azerbaijanians 0.09235 oAk
Anatolians- Pakistan 0.09299 oAk
Anatolians- European American 0.10093 ok
Anatolians- Kazakhs 0.11227 oAk
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Table 12. (continued)

Anatolians- India-Christian 0.11619 HkE
Anatolians- Darginians 0.11846 ok
Anatolians- German 0.14038 HAE
Anatolians- Dungas 0.14882 oAk
Anatolians- Ingushians 0.19191 Hokk
Anatolians- China 0.19812 ke
Anatolians- Taiwan 0.22833 HAE

NS : Nonsignificant
* p<0.05; ** p<0.01; *** p<0.001
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Table 13. Genetic Distances between Anatolian Population (A13) and some other

Eurasian and African populations. A2 are as described in Table 12.

Pairwise Genetic

Distances Population Al3
Population Al3 Kyrgyzes 0.061036
Cherkess 0.005057 | Greek Cypriot 0.063968
Georgians 0.011059 | Dungans 0.070692
Macedonians 0.014862 Syrians 0.07367

MacKrus-Aromuns 0.015824 | Tamill 0.074108
Albania Aromuns 0.016336 Bretons 0.077134
MacStip- Aromuns 0.017021 Malay 0.078836
Albanians 0.019441 Tenggaras 0.079097
Romania Aromuns 0.019601 Pakistan 0.083246
Basque 0.021803 Kazakhs 0.087612
A2 0.024062 | Chinese 0.089259
Uzbeks 0.032102 | European American | 0.095066
Romanians 0.032154 InChris 0.101245
Tajiks 0.033303 | Azerbaijn 0.102905
Andalusia 0.033627 | Taiwan 0.106342
Greeks 0.033666 | Moluccan 0.109969
Armenians 0.034662 German 0.120091
Pushtoon 0.035284 | Hungarian 0.120463
UAE 0.038336 | Turkish Cypriot 0.122659
India- Muslum 0.039116 | Bantu 0.135559
Catalans 0.046561 Darginian 0.139012
India-Hindu 0.051794 | Nguni 0.162389
Filipino 0.056351 Java 0.176814
French 0.057939 | Ingushian 0.192695
Swiss 0.059314 'Kung 0.20117
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Figure 20. Neighbor joining tree constructed by using Anatolian population (A13).
A2 are as described in Table 11.
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3.3.2.4 Principal Component Analysis (PCA)

Based on the allele frequencies of seven polymorphic Alu loci, Principal Component
Analysis (PCA) was performed to examine and to visualize relative relatedness of
populations in 2 or 3 dimensional spaces. Three axes of the Principal Component
analysis covers 77.7928 % of the total variation. The first Principal component (PC1)
covers 37.1744 % of the overall variation while 26.2202 % and 14.3982 % of the
total variation were explained by the second and third principal components.
Populations on the first two axes covering 62.39 % of the total variation were shown
in Figure 20. It was observed that Balkan, Basque and Anatolian populations are
clumped together with some of the Caucasian populations. However, Central Asian
populations had an intermingled distribution with those of other Asian populations

on the two-dimensional depiction and Anatolia is not particularly close to the Asian

populations.
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Figure 21. Populations on the first two principal components based on 7 Alu

insertion loci. A13, A2 are as described on Table 12 and in the text on page 45.
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3.3.2.5 Admixture Proportions

The relative genetic contribution of Central Asian genes to the current Anatolian
gene pool was estimated on the basis of the Alu insertion polymorphism in eight loci
(ACE, APO, A25, B65, FXIIIB, PV92, TPA2S5, and D1) and two parent populations
Balkans (Greek, Romania, Albania, Hungarian) and Central Asia (Uighur, Uzbeks,
Tajiks, Kyrgyzes, Kazakhs, Dungans). We decided on the two parent groups using
the assumption that before the 11th century AD, the Anatolian human population was

genetically similar to its neighbors in the Balkans.

Seven loci (ACE, APO, A25, B65, FXIIIB, PV92, TPA25) in approximately 297
samples from Balkans and 417 samples from Central Asia were collected by Comas
et al. (2004), Mansoor et al. (2004), Khitrinskaya et al. (2003) and Xiao et al. (2002).
DI locus in 320 samples from Balkans and only 34 samples from Central Asia were
collected by Comas et al. (2004), Mansoor et al. (2004), and Mayolo et al. (2002).
And the frequency data was also updated via the database ALFRED.

Our estimates suggest roughly 28% Central Asian admixture for Alu insertion
polymorphism. Table 14 summarizes the admixture estimates obtained by frequency

approaches.

Table 14. Estimates of Central Asian admixture for Alu insertion polymorphism in

Anatolian gene pool.

Parents
Balkan Average mR =0.7158 £ 0.0585
Central Asia (1 —mR)=0.2842 £ 0.0585
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CHAPTER 4

DISCUSSION

In the present study, we report on the nine polymorphic Alu insertion loci in a survey
of 100 individuals from Anatolian human population. Insertion frequency of each
locus was calculated and it was concluded that all loci were in Hardy-Weinberg
equilibrium (p<0.05). Presence of Hardy-Weinberg equilibrium indicates that there is
no evolutionary force (mutation, recent migration, random genetic drift or selection)
operating on the gene pool. It also shows that there is no detectable mistyping in
these loci. In one of the previous studies (Gergeker, 1998), all of the loci were
exhibiting heterozygote deficiency. Later, it was realized that it is due to the
technique used in the study. The technique in its initial developmental stage and in its

modified stages is presented below.

After comparing observed insertion frequencies of each loci with those of the
previous observations (Ding, 2003; Comas et al., 2004), it was found that frequencies
of PV92, TPA2S, FXIIIB and B65 loci were significantly (p<0.05-0.001) different
from those of Ding (2003)’s. May be one of the reasons for these discordance was
typing failure. Alu elements are about 300 nucleotides in length and amplification of

heterozygous samples is more difficult than both homozygous amplification because
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of the competition between the smaller and larger bands. So it is very likely that after
the amplification only one band that mimics the lack of insertion is seen. Because the
smaller band is amplified more efficiently than the larger bands, visualization of
heterozygous samples on agarose gels will show the smaller band being more intense
than the larger band. Hence heterozygous samples can often be interpreted as
homozygous (-/-) because of a faint upper band. Although “hot start” method (Ueda
et al.,, 1996) which resolves mistyping problem was applied to the genomic DNA
before the PCR amplification in both of the studies, increasing the annealing and
extended time may also help to get intrinsic genotype from the gel. In the present
study the mistyping problem was resolved not only by applying hot start method but
also by increasing the annealing and extended time from 1 to 3 minutes (Chbel et al.,
2003; Cotrim et al., 2004) for a more accurate genotyping. Hence, more accurate
genotyping might have been achieved and the frequencies were different from these

obtained before by Ding (2003).

To examine genetic relationships between populations from Eurasia, Africa and
pooled data (data from present study and data for Turks from Comas et al. (2004))
were used. The results of the phylogenetic analysis, either using the frequencies of
the present study or pooled data were nearly the same. Since the pooled data covers

higher sample size, the results of it will be discussed in detail in the following.

Fst statistic, applied to obtain significance of the Reynold’s genetic distance values
with the help of the permutations, shows that there is higher genetic similarity
between Anatolia and all of the Balkans (Albania, Macedonia, Macedonia Stip-
Aromuns, Albania Aromuns, Romania Aromuns, Macedonia Krusevo-Aromuns,
Greeks) and some of the Caucasian populations (Georgians and Cherkessians). After
the estimation of the pairwise Reynold’s genetic distances the Neighbor Joining Tree
(NJ) tree was constructed. NJ tree indicted a clear differentiation of Asian (also
Central Asian) populations from those of Anatolians, Balkan and European
populations based on the genetic distance values. Genetic similarity of the Anatolian

populations with those of all the Balkans and some Caucasian populations was

51



visualized more clearly by means of the Principal Component Analysis (PCA) using
the raw data of allele frequencies. Populations on the first two principal components
based on 7 Alu insertion loci show that Balkan, Basques and Anatolian populations
are clumped together with some of the Caucasian populations (Georgians and
Cherkessians). However, Central Asian populations had a intermingled distribution
with those of other Asian populations but Anatolia isn’t there. Both the NJ tree using
Reynold’s genetic distance network and PCA showing genetic distance between
populations as an Euclidean distance in two or three dimensions consistently show
that Alu insertion polymorphisms present features are significantly distant from

Asian or Central Asian populations.

When we focus on humans, a single species, the time scale is small and the
evolutionary frame work becomes a historical framework (Comas et al., 1996).
Genetic interpretation of the past can, thereafter, be compared to other disciplines
traditionally devoted to the human past, like archaeological, historical or linguistic
evidence (Renfrew 1992; Jobling et al., 2004). With the Oghuz Turk's invasion of
Anatolia in 1071 their language was imposed upon resident populations. It is not
clear to what extent the Anatolian gene pool was affected by the Oghuz invasion
(Benedetto et al., 2001). The proportion of gene flow associated with the arrival of
Central Asian Turkic speaking people to Anatolia were estimated. Benedetto et al.
(2001) suggest 30 % contribution based upon mtDNA control region sequences and
six microsatellite loci of the Y- chromosome and one Alu insertion (YAP) analyzed
in 118 Turkish samples. Conversely, another study suggest only 3.4 % based on
analysis of the 89 biallelic polymorphisms in 523 Turkish Y chromosomes
(Cinnioglu et al., 2004).

Since the current day Anatolian gene pool is molded by migration from east to west
(such as Paleolithic and Neolithic from Middle East to Europe), west to east (such as
Greeks to Persia) from north to south (such as Cimmers and Synthians (Ascherson,
1995; San, 2000; King, 2004 ) through the Caucasus. The mR estimation for Asia in
the present study as well as the estimation of the Benedetto et al. (2001). The net
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contribution of all these events definitely can not be attributed to the Oghuz’s. It
perhaps provides the upper bound for the Oghuz contribution. However, as one of the
previous estimations (Benedetto et al., 2001) revealed 30 % Asian contribution in
Anatolia compared to Balkans, in the present study based on a totally different
marker (Alu) estimation of similar magnitude (28 %) of Asian contribution is

noteworthy.

To contribute to the knowledge on history of Anatolian gene pool in addition many
more loci in many more geographic locations (for instance from Middle East,
Caucasian and Central Asian) must be examined. Many important issues in recent
human evolution can be considered to be questions of admixture but it is important
that any method of estimation of admixture proportions relies on the correct
identification of the hybrid and parental populations. Because gene flow processes,
including admixture, affect the entire genome, the greater the number of system
considered, the more robust the inference about admixture (Bertorelle and Excoffier,
1998). Recently a model-based clustering method (STRUCTURE) has been deviced
that determines the most likely number of clusters, the frequency of any given allele
in each cluster and the proportion of each individual’s genome that owes ancestry to
each cluster. However, a study using either eight or 21 Alu insertions as genetic
markers was unable to identify continent specific groups (Romualdi et al., 2002).
Individuals are partitioned more clearly into the three classes as the number of Alu

insertion polymorphisms increases from 20 to 100 (Bamshad et al. (2003).

Finally, considering greater number of loci will contribute to the knowledge on

history of Anatolian gene pool.
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CHAPTER

CONCLUSION

Human specific polymorphic Alu loci provide information about the genetic
relatedness of different human populations. Although seven or eight loci do not
provide a robust and accurate estimate for the relatedness, because for example
bootstrap values are low in NJ tree or Basques are grouped together with Balkans
they reveal the rough outline of the relation. Yet, since they are easy and cheap to
study and since they provide an independent estimate of the evolutionary history

compared to mtDNA and or Y chromosomes, they are worth of study.

In the present study nine Alu loci were examined. The reported frequencies will
contribute to the data pool of these loci. Although, comparative studies indicated
that, Asian contribution to Anatolia is 28% more compared to Balkans, Anatolian
gene pool is closer to the populations of Balkans, Caucasians and Middle East, rather
than the Central Asian populations in accordance with the mtDNA studies (Comas et

al., 1996; Callafell et al., 1998).

Finally, it is known that 28 % Asian contribution can not be solely attributed to

Oghuz invasion.
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APPENDIX A
QUESTIONNAIRE AND CONSENT

QUESTIONNAIRE :

Your Name, Surname:

Your sex:

Your Birth Place and Year:

Your mother’s birth place:

Your father’s birth place:

Your grandmother’s (mother’s) birth place:
Your grandfather’s (mother’s) birth place:
Your grandmother’s (father’s) birth place:
Your grandfather’s (father’s) birth place:

Address and telephone number:

CONSENT :

I know that my DNA will be used in Master and doctorate thesis in the Department

of Biological Sciences of Middle East Technical University and I accept this usage.

Signature:
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APPENDIX B

ALU INSERTION FREQUENCIES
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Table A.1. (continued)
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APPENDIX C

CHEMICAL SOLUTIONS USED IN THIS STUDY

1) 10 X Lysis buffer
770 mM NH4CI
46 mM KHCO;

10 mM EDTA

2) Salt-EDTA Buffer

75 mM NACI

25 mM EDTA

3) Sodium Dodecyl Sulfate

10 % (w /v) SDS

4) Proteinase-K

10 mg / ml (w / v) Proteinase K
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5) Sodium Acetate (NaAC)

3 M NaAc

6) Tris-EDTA (TE) Buffer (PH: 7.5)

10 mM Tris

1 mM EDTA

7) Sodium Hyroxide (NAOH) Solution

50 mM NaOH

8) Tris-HCI Solution (pH: 8)

1 M Tris-HCI

9) 5X Tris Borate Edta (TBE) Buffer (PH: 8)

0.45 M Tris (Base)

0.45 M Boric Acid

66



