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1 SUMMARY 

The Dniester-Carpathian region has attracted much attention from historians, linguists, and 

anthropologists, but remains insufficiently studied genetically. We have analyzed a set of 

autosomal polymorphic loci and Y-chromosome markers in six autochthonous Dniester-

Carpathian population groups: 2 Moldavian, 1 Romanian, 1 Ukrainian and 2 Gagauz 

populations. To gain insight into the population history of the region, the data obtained in 

this study were compared with corresponding data for other populations of Western 

Eurasia. 

The analysis of 12 Alu human-specific polymorphisms in 513 individuals from the 

Dniester-Carpathian region showed a high degree of homogeneity among Dniester-

Carpathian as well as southeastern European populations. The observed homogeneity 

suggests either a common ancestry of all southeastern European populations or a strong 

gene flow between them. Nevertheless, tree reconstruction and principle component 

analyses allow the distinction between Balkan-Carpathian (Macedonians, Romanians, 

Moldavians, Ukrainians and Gagauzes) and Eastern Mediterranean (Turks, Greeks and 

Albanians) population groups. These results are consistent with those from classical and 

other DNA markers and are compatible with archaeological and paleoanthropological data. 

Haplotypes constructed from Y-chromosome markers were used to trace the paternal 

origin of the Dniester-Carpathian populations. A set of 32 binary and 7 STR Y-

chromosome polymorphisms was genotyped in 322 Dniester-Carpathian Y-chromosomes. 

On this basis, 21 stable haplogroups and 171 combination binary marker/STR haplotypes 

were identified. The haplogroups E3b1, G, J1, J2, I1b, R1a1, and R1b3, most common in 

the Dniester-Carpathian region, are also common in European and Near Eastern 

populations. Ukrainians and southeastern Moldavians show a high proportion of eastern 

European lineages, while Romanians and northern Moldavians demonstrate a high 

proportion of western Balkan lineages. The Gagauzes harbor a conspicuous proportion of 

lineages of Near Eastern origin, comparable to that in Balkan populations. In general, the 

Dniester-Carpathian populations demonstrate the closest affinities to the neighboring 

southeastern and eastern European populations. The expansion times were estimated for 4 

haplogroups (E3b1, I1b, R1a1, and R1b3) from associated STR diversity. The presence in 
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the studied area of genetic components of different age indicates successive waves of 

migration from diverse source areas of Western Eurasia.  

Neither of the genetic systems used in this study revealed any correspondence between 

genetic and linguistic patterns in the Dniester-Carpathian region or in Southeastern Europe, 

a fact which suggests either that the ethnic differentiation in these regions was indeed very 

recent or that the linguistic and other social barriers were not strong enough to prevent 

genetic flow between populations. In particular, Gagauzes, a Turkic speaking population, 

show closer affinities not to other Turkic peoples, but to their geographical neighbors. 
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2 INTRODUCTION 

2.1 Molecular DNA markers in human populations 

2.1.1 An overview of DNA markers 

People have always been curious about their history. They were deeply interested in issues 

such as ancestry and the original motherland of mankind, the basis and the dynamics of the 

morphological diversity, the geographic and the chronological aspects of ethnic 

differentiation. These questions have always been addressed by experts from various 

fields, and biologists often played a notable and sometimes a decisive role in deciphering 

our population histories.  

Early the human evolution was studied at the morphological level by means of detailed 

descriptions and the measurement of various excavation finds of ancient man, as well as 

comparing and correlating hundreds of populations in various regions of the globe. 

However, the fossil record is spotty, and the morphological variation often affected by 

environment. Genetic data offer another way of viewing human evolution. 

The pattern of genetic variation in modern human populations depends on our 

demographic history (including population migrations, bottlenecks and expansions) as well 

as gene specific factors such as mutation and recombination rates and selection pressure. 

By examining patterns of genetic polymorphisms we can infer how past demographic 

events and selection have shaped variation in the genome. Thus, the study of human 

genetic variation has important implication for evolutionary biology.  

Until recently, evolutionary studies were limited by a paucity of useful genetic markers. 

These were based on the analysis of protein polymorphisms, which are usually referred to 

as ‘classical polymorphisms’ to distinguish them from those obtained by DNA testing. The 

large scale population studies of blood group and protein polymorphisms demonstrated 

that the gene pool is not a simple sum of genes, which are common in the population, but is 

a dynamic system, which is hierarchally organized and which maintains the memory of 

past events in the history of populations (Mourant et al. 1976; Nei and Roychoudhury 

1988; Cavalli-Sforza et al. 1994; Walter 1997; Rychkov et al. 2000; Altukhov et al. 1996). 

In the beginning of 1980, after the discovery of DNA polymorphism (Kan and Dozy 1978), 

a new class of genetic markers appeared due to the progress in gene cloning, and the 

availability of restriction enzymes. The advantages of analyzing genetic polymorphisms at 

the DNA level, rather than that of gene products, are manifold. Since the majority of the 
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genome does not take part in known gene functions (Kass and Batzer 2001), the 

corresponding non-coding DNA exhibit polymorphisms that outnumber by far the known 

protein variability (Nei 1987).  

DNA polymorphisms were first studied by Southern analysis of DNA digested with 

restriction enzymes. At present over several hundred restriction enzymes are available. 

This type of polymorphism is called restriction fragments length polymorphism (RFLP), as 

alleles differ in the length of the restriction fragments obtained upon digestion. The most 

common reason of RFLPs is a nucleotide replacement in the recognition site, infrequently 

a loss or addition of one nucleotide. This type of polymorphism is called SNP (single 

nucleotide polymorphism). SNPs constitute the great majority of variations in the human 

genome. According to Tishkoff and Kidd (2004) the human genome contains 

approximately 4.5 million validated SNPs. At present, due to the improvement and 

automation of sequencing procedure, and the development of DNA microarrays (Gibson 

2002), these markers are extensively studied in the human genome for their association 

with different complex diseases (Cargill et al. 1999; Halushka et al. 1999; Tishkoff and 

Kidd 2004), for understanding various aspects of population differentiation and evolution 

of humans (Przeworski et al. 2000; Jorde and Wooding 2004; Tishkoff and Kidd 2004). 

Since the pioneering studies of Bowock et al. (1994), special attention has been paid to 

polymorphisms of repeated sequences. Repetitive sequence elements are distributed over 

almost the entire genome, and they are subdivided into tandemly arrayed (for example 

minisatellites and telomere repeats) or interspersed (for example Alu repeat) repetitive 

sequences (Weiner et al. 1986; Kass and Batzer 2001; Nikitina and Nazarenko 2004; 

Grover et al. 2005). The attention of researchers is focused on minisatellites consisting of 

repeated copies (motif) of nine or ten to hundred base pairs each and microsatellites, whose 

copies are typically two to four, sometimes six nucleotides in length. Microsatellites are 

also called STRs (short tandem repeats). Minisatellites and microsatellites can be highly 

variable and thus are excellent tools for genetic individualization. These loci are 

characterized by rapid evolution. Spontaneous mutation rates of mini- and microsatellite 

loci are on average several orders of magnitude higher than in the remaining DNA (Weber 

and Wong 1993), which allows for direct estimation of evolutionary transformation rate in 

genomic nucleotide sequences (Zhivotovsky et al. 2003). Interspersed repeated DNA 

sequences can be divided into two classes: short interspersed nuclear elements (SINEs) and 

long interspersed nuclear elements (LINEs) The most extensively studied class of SINEs 
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are Alu insertions due their abundance (genomic coverage ~11% in human genome) as well 

as their association with many biological functions (Batzer and Deininger 2002). 

DNA analysis facilitates the study of haplotypes, arrays of alleles at closely linked loci 

along a chromosome. These regions are short enough to show very little or no 

recombination and behave as blocks every of which has a single unique genealogical 

history. Mitochondrial (mtDNA) and Y chromosomal DNA serve as vivid example of such 

arrayed polymorphisms. The mitochondrial genome offers a large perspective on human 

evolution (Wallace 1995). Because mtDNA is inherited through the maternal cytoplasm, 

variation in mtDNA provides a record of the maternal lineages of our species. Whereas Y 

chromosome DNA (except the recombining pseudoautosomal regions) documents the 

paternal lineage (Jobling and Tyler-Smith 2003; Lell and Wallace 2000). 

Many additional types of polymorphism can be studied at the DNA level. The selection of 

the genetic markers for a concrete research is determined by the ability of the given marker 

to solve the tasks and by the technical support. In this chapter we shall dwell on two 

genetic marker systems, selected for this work, by describing their genetic nature, 

advantages and limitations for their use to analyze the structure and the evolution of the 

populations. 

 

2.1.2 The mobile genetic element Alu in the human genome 

Alu insertional elements represent the largest family of SINEs in humans. They are named 

due to the presence of an AluI recognition site in the sequence (Houck et al. 1979). The 

human genome contains about 1,100,000 Alu repeats, which account for ~11% of the total 

nuclear DNA (Lander et al. 2001). Like other SINEs, Alu repeats are often located in non-

coding regions (intergenic spacers, introns) (Batzer et al. 1990). Alu insertions are of 

approximately 300 bp in length, dimeric in structure, and composed of two nearly identical 

monomers joined by a middle A-rich region along with a 3’ oligo(dA)-rich tail and short 

flanking direct repeats (see Figure 2.1) (Economou et al. 1990; Novick et al. 1996; Rowold 

and Herrera 2000). The left monomer contains two promoter elements for RNA 

polymerase III, blocks A and B, which are about 10 bp each (Jurka and Zuckerkandl 1991).  
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Box A Box B Middle A-stretch Terminal- A-stretch

31 bp

5´ 3´

 

Figure 2.1 The dimeric structure of the Alu element. The two halves are linked by an adenine-rich area. The 

right monomer includes a 31-base pair insertion, and the left half contains the RNA polymerase III promoter 

(boxes A and B). The total length of each Alu sequence is ~300 bp, depending on the length of the 3’ 

oligo(dA)-rich tail. 

 

Based on sequence homology, Alu elements are considered to originate from 7SL RNA 

(Ullu and Tschudi 1984). The origin of the fossil Alu monomer (FAM) can be traced back 

to the very beginning of the mammalian radiation (~112 mya) (Kapitonov and Jurka 1995). 

The ancestral dimeric Alu sequence originated from a head to tail fusion of two distinct 

forms of the fossil Alu monomer (Quentin 1992), linked by an oligo(dA) tract. The fusion 

of two monomers occurred after the Rodentia line was branched from Primates 

approximately 100 mya, but before the primate radiation approximately 65 mya 

(Kapitonov and Jurka 1995). Subsequently, throughout primate evolution the number of 

mutations has accumulated resulting in a hierarchical subfamily structure, or lineage, of 

Alu repeats (Batzer et al. 1996; Kapitonov and Jurka 1996). The youngest subfamilies Ya 

(also known as HS/PV or human specific/predicted variant) and Yb8 (also known as Sb2) 

have integrated into the human genome in the past 4-5 million years after the divergence of 

humans and African apes (Arcot et al. 1996; Kapitonov and Jurka 1996; Batzer et al. 1996; 

Roy-Engel et al. 2001). It has been estimated that the Ya5/8 and Yb8 subfamilies comprise 

500-2000 and 500 members respectively within the human genome (Arcot et al. 1996; 

Batzer et al. 1996; Stoneking et al. 1997). Approximately 25% of the young Ya5/8 and 

Yb8 Alu elements have retrotransposed so recently that the corresponding loci are 

polymorphic for the presence/absence of the Alu sequence. These insertions have 

presumably occurred after the arising of the modern humans about 150,000 years ago 

(Stoneking et al. 1997).  

Alu elements increase in number by retrotransposition – a process that involves reverse 

transcription of an Alu-derived RNA polymerase III transcript (Novick et al. 1996; Batzer 

and Deininger et al. 2002). The mechanisms for the amplification of Alu elements require 

the presence of two enzymes – reverse transcriptase and endonuclease. Since Alu elements 

do not encode these enzymes, they are probably derived from long interspersed elements 

(LINEs) (Mathias et al. 1991). Although Alu elements have a functional internal RNA 
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polymerase III promoter, most Alu copies are transcriptional silent. Host sequences 

upstream of the promoter have been found to be important for in vivo expression (Ullu and 

Weiner 1985; Batzer and Deininger 2002) unless inserted into favorable genomic 

locations. In addition, due to their CpG content Alu elements are especially susceptible to 

transcriptional silencing by methylation (Batzer et al. 1990). Methylation of CpG motifs 

both nearby and within Alu insertions could minimize or eliminate their retrotransposition 

capability, since transcription factors are unable to bind to methylated promoter elements 

(Deininger and Batzer 1993; Schmid and Maraia 1992). Alu amplification rate is highly 

variable, with periods of high and low amplification rates. The Alu amplification peak was 

observed around 35 million years ago (Shen et al. 1991; Britten RJ 1994). The expansion 

rate estimated for that time was approximately one new Alu insertion in every primate 

birth. Presently Alu elements amplify at a rate 100-200 folds lower (Deininger and Batzer 

1999). 

Because the abundance of Alu repeats in primate genomes and a high degree of sequence 

similarity among members of this repeat family they might act as nucleation points for 

unequal homologous recombination (Deininger and Batzer 1999). These recombination 

events result in the deletion, duplication or translocation of chromosomal segments.  

Since the Alu repeats affect the composition, organization and expression of the genome, 

they play a significant role in the occurrence of human genetic diseases. Pathological 

disorders due to Alu insertions can be divided into three classes: disorders caused by 

retroposition, disorders caused by recombination and disorders caused by exonisation (for 

review see Deininger and Batzer 1999; Grover et al. 2005). Alu insertion in primate 

genome speeds up the rate of gene evolution by generating new proteins that can take up 

new functions, and by acquiring important regulatory elements. Across all evolutionary 

time frames Alu-mediated recombination led to genetic exchanges and shuffling which, 

coupled with natural selection, influenced the evolution of the functional genome and 

thereby contributed to speciation (Batzer and Deininger 2002; Grover et al. 2005).  

Alu repeats are convenient genetic markers. First, the insertion of an Alu element at a 

certain chromosomal site is most probably a unique event in evolutionary history, in other 

words, the individuals that share Alu insertion polymorphisms have inherited the Alu 

elements from a common ancestor, which makes the Alu insertion alleles identical by 

descent. In contrast, other DNA markers like STRs or SNPs are not identical by descent. 

The same allele may have arisen several times during human evolution. Second, they are 
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stable polymorphisms - once inserted, the elements are fixed in the genome, as there does 

not exist any specific mechanism for removing them from the genome. Even when a rare 

deletion occurs, a significant remnant is left behind, since an exact excision of an insertion 

is most improbable. And third, the ancestral state of the Alu insertion is known to be the 

absence of the insertion. Polymorphic Alu elements are human specific and absent in non-

human primates. It is possible to create a hypothetical ancestral population with 

frequencies of zero for all human specific Alu insertions used as DNA markers. The 

knowledge about the hypothetical ancestral population enables to root phylogenetic trees. 

The possibility of rooting a tree supplies more information about the origin of human 

populations. The previous finding that the root of population tree is located near the 

African Sub-Saharan populations presented evidence for an African origin of modern 

human populations (Batzer et al. 1994; Stoneking et al. 1997). Moreover, the populations 

from Australia and New Guinea are also close to the hypothetical ancestral population, 

possibly indicating an early expansion of human populations in the tropics (Batzer et al. 

1994; Stoneking et al. 1997). 

 

2.1.3 The human Y-chromosome: structure, function and evolution 

The Y-chromosome with a length of about 60 Mb is among the smallest in the human 

genome (Jobling and Tyler-Smith 2003). Two end segments (the pseudoautosomal 

regions), flanking the Y chromosome, do recombine with respective regions on the X 

chromosome, and comprise 5% of the chromosome’s length. The rest is non-recombining 

region (NRY), does not undergo sexual recombination and is present only in males (see 

Figure 2.2). This segment of the Y-chromosome is divided into euchromatic and 

heterochromatic portions (for review see Skaletsky et al. 2003). The heterochromatic 

sequences consist of massively amplified tandem repeats of low sequence complexity. 

Nearly all of the euchromatic sequences fall into three classes: X-transposed, X-degenerate 

and ampliconic. The X-transposed sequences exhibit 99% identity to the X chromosome 

and are the result of a massive X-to-Y transpositon that occurred 3 - 4 million years ago, 

after the divergence of the human and chimpanzee lineages. The X-degenerate sequences 

are relics of ancient autosomes, from which the modern X and Y-chromosomes co-

evolved. The ampliconic sequences include large regions (about 35% of the male-specific 

(MS) Y euchromatin), where sequence pairs show greater than 99.9% identities, which are 

maintained by frequent gene conversion events (Skaletsky et al. 2003). 
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Figure 2.2 Structure of the Y chromosome. a) Cytogenetic features of the chromosome and their 

approximate locations. Recombination takes place between the Y and X only in the two pseudoautosomal 

regions (PAR1 and PAR2), and not in the majority of the chromosome which lies between them. b) Enlarged 

view of a 24 Mb portion of the MSY, extending from the proximate boundary of the Yp pseudoautosomal 

region to the proximal boundary of the large heterochromatic region of Yq. Three classes of euchromatic 

sequences, as well as heterochromatic sequences are shown. c, d) Gene, pseudogene and interspersed repeat 

content of three euchromatic sequence classes. c) Densities (numbers per Mb) of coding genes, non-coding 

transcription units, total transcription units and pseudogenes. d) Percentages of nucleotides contained in Alu, 

retroviral, LINE1 and total interspersed repeats. Redrawn from Skaletsky et al. 2003. 

 

For a long time the Y-chromosome was thought as a sector of inevitable gene decay 

(Quintana-Murci and Fellous 2001). Now it is understood to be a place of abundant gene 

conversion (Rozen et al. 2003). So far, 156 transcription units, which include 78 protein-

coding genes that collectively encode 27 distinct proteins or protein families, have been 

identified in the human MSY (Jobling and Teylor-Smith 2003; Skaletsky et al. 2003). All 

transcription units are located in euchromatic sequences. The Y-chromosomal genes fall 

into two functional classes largely on the basis of their expression profile (Skaletsky et al. 

2003, Lahn and Page 1997). Genes in the first group are expressed in many organs; these 

housekeeping genes have X homologues that escape X inactivation. The second group, 

consisting of Y-chromosomal gene families expressed specifically in testes, may account 
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for infertility among men with Y deletions. Most broadly expressed genes are located in X-

degenerative segments, while the testis-specific genes are concentrated predominantly in 

ampliconic regions (Skaletsky et al. 2003). The most prominent feature of the ampliconic 

region are eight palindromes, at least six of which contain testis genes (Rozen et al. 2003). 

It is speculated that gene conversion helps to preserve the integrity of Y-chromosomal 

genes, conserving their function across evolutionary time in the absence of crossing-over 

(Rozen et al. 2003; Skaletsky et al. 2003). 

Investigations have shown that the Y-chromosome has undergone rapid and unconstrained 

evolution both in sequence content and organization (Archidiacono et al. 1998; Skaletsky 

et al. 2003). Many genes on the human Y chromosome have homologues (analogous 

genes) on the X chromosome. The presence of these X-degenerate sequences reinforces the 

idea that the Y chromosome developed from an X-like ancestor. According to the 

reconstruction by Lahn and Page (1999), the first step towards sex determination via DNA 

occurred roughly 300 million years ago, when one of the autosomes mutated and acquired 

the SRY gene (Sex-determining Region on Y), which is the master switch for male 

development. The next stage lied in the maintenance of the appeared divergence. The best 

way of nature for this was to stop recombination. Accordingly, recombination between X 

and Y was suppressed in a stepwise fashion during evolution, so that discrete portions of 

chromosomal material suddenly were unable to recombine. Lahn and Page (1999) believe 

that at least four chromosomal inversion events were responsible for the start-and-stop 

evolution of the X and Y chromosomes: the first about 300 million years ago and the last 

30 million years ago. Such inversions might have been fixed in ancestral populations either 

by genetic drift or by selection. Each inversion drove the sex chromosomes further apart. 

Each inverted piece of the chromosomes added to the length of DNA that could no longer 

align and recombine. On the Y chromosome, this led to degeneration and shrinking, since 

deleterious mutations were able to build up faster on this non-recombining chromosome. 

By contrast, the X chromosome retained its genetic integrity and size, since it could 

continue to recombine with its partner (the other X) in female meiosis. 

The Y chromosome also harbors variations of many different kinds. The polymorphisms 

fall into two main categories:
 

• Bi-allelic markers: SNPs, short insertion/deletion polymorphisms and Alu 

 insertions; 

• Multiallelic markers: microsatellites and a minisatellites. 



Introduction – DNA markers 

 11 

Base substitutions have very low mutation rates about 5 x 10
-7

 per site per generation 

(Hammer 1995). These unique or near unique markers (SNPs and indels) can easily be 

combined into haplotypes, known as haplogroups. The absence of recombination means 

that these monophyletic haplogroups can be related by a single phylogeny using the 

principle of maximum parsimony. Currently over 400 binary polymorphisms, identified by 

denaturing high performance liquid chromatography (DHPLC) describe the Y-

chromosomal phylogenetic tree (Underhill 2003). 

Microsatellites, or STR polymorphisms, are also abundant in Y chromosomal genome and 

can be easily genotyped and scored; they have thus become a useful tool for the elucidation 

of human population history and for forensic purposes (Buttler 2003; Kayser et al. 2004). 

The number of markers that are suitable to discriminate unrelated males are constantly 

increasing. In contrast to SNPs, STR loci have substantially higher mutation rates. An 

average mutation rate of 3 x 10
-3

 per locus per generation was estimated by studying Y 

chromosome in father/sons pairs (Kayser et al. 2000), and an effective mutation rate of 6,9 

x 10
-4

 per generation was defined on the basis of genetic distances (Zhivotovsky et al. 

2004). 

When high-resolution binary lineages are coupled to more rapidly mutating microsatellites 

the combination of linked polymorphic markers provides a powerful tool for understanding 

diversity across different time frames (de Kniff 2000; Mountain et al. 2002). The 

combination of slow- and fast-mutating polymorphisms has added values. The typing of 

STRs within haplogroups allows the investigation of the origin and dispersal of certain 

haplogroups (Hurles et al. 1999; Bosh et al. 1999; Mountain et al. 2002). 

Due to several special properties, MSY offers an opportunity to reconstruct paternal 

genealogies. The Y-chromosome is passed down paternal lineages virtually intact except 

by the gradual accumulation of mutations. This is in contrast to the X chromosome and 

autosomes, which are continually being reshuffled by recombination. Thus a comparison 

of Y-chromosomes is a direct comparison of individuals (Jobling and Tyler-Smith 2000; 

Lell and Wallace 2000). Assuming equal numbers of males and females, the number of Y-

chromosomes in the population is one quarter the number of any autosome, hence in the 

population as a whole, the effective population size of the Y-chromosome is one-quarter of 

that of a given autosome and one-third of the X chromosomes. In addition one should note 

that male and female behavior differs with regard to population genetics. The majority of 

modern societies practice patrilocality (Murdock 1967; Cavalli-Sforza et al. 1994), 
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meaning that wives generally move into their husband’s natal domicile. These properties 

result in strong geographical and social clustering of Y-chromosome variants (Figures 2.3 

and 2.4). Gene differentiation parameters FST and GST within and between main geographic 

regions (Africa, Asia and Europe) based on variation of the Y-chromosome are two to 

three times higher than estimates from autosomal systems and mtDNA (Seielstad et al. 

1998; Jorde et al. 2000). 

 

Figure 2.3 Geographical distribution of the major Y-chromosomal DNA clades (haplogroups) (adopted from 

Jobling and Tyler-Smith 2003). Each major clade is assigned a color reflecting its position in the phylogeny 

(below) and its frequency in population samples is shown in the pie charts. 

 

 

Figure 2.4 Distribution of 

major Y-chromosomal 

haplogroups within 

Europe. Redrawn from 

Semino et al. 2000. Pie 

charts show the relative 

frequencies of different 

haplogroups, proportional 

to sector area. The tree 

right the maps shows the 

phylogenetic relationships 

and names of the 

haplogroups, using YCC 

nomenclature. 
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The results of studying Y-chromosomal marker distributions allowed us to reconstruct the 

origin and the settling of contemporary man as a first approach (Karafet et al. 1999; Jin 

and Su 2000; Underhill et al. 2001; Underhill et al. 2003). The European sub- ontinent has 

been extensively analyzed in respect of the genetic diversity. Nevertheless, the specific 

features and the formation of regional European genetic pools remain open. This is also the 

case for the Dniester-Carpathian region, although the history of the various inhabitants has 

been a subject of considerable interest for historians, linguists and geneticists. 

 

2.2 Ethnohistorical background 

The Dniester-Carpathian region belongs to the areas, which were inhabited and developed 

by man from early periods (Chetraru 1973). Its key location at the crossroads of three large 

subdivisions of the European continent –Eastern, Southeastern and Middle Europe - as 

well as favorable natural conditions facilitated contacts and interaction of peoples with 

different cultural and ethnic backgrounds in the course of history. Numerous archeological 

and historical sources characterize the Carpathian-Dniester region as the contact zone 

(Dergachev 1990; Dergachev 1999). Despite the available ample set of ethnological, 

linguistic, archaeological, and anthropological data, an unambiguous opinion on the 

ethnogeny of the peoples living in the Dniester-Carpathian region is lacking. Let us 

consider the main issues in the ethnogenesis of the peoples of the Dniester-Carpathian 

region and the adjacent territories in a chronological order. 

Since the book of Childe ‘The Down of European Civilization’ (1968), the contribution of 

the Neolithic migrants to the reformation of the genetic and cultural landscape of Europe 

and the Middle East is much discussed. The fact that agriculture arose in the Near East 

10,000 years before present is not disputed; the argument has arisen over the means of its 

subsequent dispersal. The demic-diffusion model proposed by Ammerman and Cavalli-

Sforza (1984) postulates that extensive migrations of Near Eastern farmers during the 

Neolithic who brought agricultural techniques to the European continent. In contrast, 

others have proposed a cultural-diffusion model (Dannell 1983), in which the transfer of 

agriculture technology occurred without significant population movement.  

In the Neolithic and Early Eneolithic the Balkan influences had a major impact on the 

cultural and historical development of the Carpathian-Dniester region (Figure 2.4). Many 

surveys showed that virtually all Neolithic cultures of the Dniester-Carpathian region 

originated from the cultural-historical community of the Balkan-Danubian countries 
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(Marchevic 1973; Mongait 1973; Com a 1987; Dergachev et al. 1991; Dergachev 1999; 

Larina 1999). 

 

Figure 2.5 Middle Neolithic period 

(6,000 – 5,500 BC) in Southeastern 

Europe. The Star evo-Körös-Cri  culture 

was the first agricultural community in 

the Dniester-Carpathian region. This 

extended across Serbia (Star evo), East 

Pannonia (Körös), western Romania, 

Oltenia and Transylvania (Cri ) and in the 

later phases Moldavia. Adopted from 

www.eliznik.org.uk/RomaniaHistory/balk

ans-map/ 

 

 

 

 

 

 

 

 

 

The Eneolithic on the Moldova territory is characterized by one of the most vivid ancient 

community of Europe – the Cucuteni-Tripolye culture. The Tripolye cultural community 

was formed in the Southeastern foothills of the Carpathians at the beginning of the 5th 

millennium BC on the basis of Neolithic farming cultures of Central Europe and the 

Balkans (Dergachev and Marchevic 1987; Dergachev 1999). Having spread on the vast 

territory, stretching from the Southeastern Carpathians to the Dnieper, the Cucuteni-

Tripolye culture developed during the 5th-4th millennium BC.  

Paleoanthropological data from Neolithic sites of Southeastern and Central Europe support 

massive migrations from the East Mediterranean area during the Neolithic epoch. The 

people entering the Balkan Neolithic circle were characterized mainly as narrow faced, of 

fairly gracial meso-/dolichocran anthropological type, which was classified by the 

researchers as the Mediterranean one, which differed considerably from the protomorphous 

European variants of the marginal European pre-Neolithic cultures (Necrasov and 

Cristescu 1963; Gohman 1966; Potehina 1999; Kruts et al. 2003). However, the 

morphological gracilisation might have occurred as a result of hormonal modeling under 

the influence of new diets and life styles without a considerable genetic impact. In this 
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connection the assessment of the inheritance of the Middle Eastern farmers in the gene 

pool of the contemporary peoples of the Dniester-Carpathian region is of essential interest. 

 

Figure 2.6 Bronze Age transition (3,500 – 

3,000 BC). Beginning from the middle of the 

Eneolithic (ca. 4,400 ) and till the end of 

the Bronze Age (ca. 1,200 BC) the eastern 

European factor in the history of the Dniester-

Carpathian region played the leading role 

(Dergachev 1999). Adopted from 

www.eliznik.org.uk/RomaniaHistory/balkans-

map/ 

 

 

 

 

 

 

 

 

 

 

The influence of the southeastern European factor begins to considerably fade from the 

middle of the Eneolithic (ca. 4,400 ) as the steppe East-European factor increases. The 

Cultural transformation in the Middle Eneolithic – Early Bronze period (4,400 – 2,500 BC) 

embraced the major part of the European sub-continent. Gimbutas linked the emergence of 

steppe elements in the Balkan culture to the dissemination of the Indo-European population 

(Gimbutas 1970). Despite their role in the ethnic history of Europe, the nature of these 

transformations is subject to hot debates among archeologists, anthropologists and 

geneticists. The followers of the migratory theory estimate the emergence of the Pit-grave 

(or Kurgan) traditions in the Balkan and in Central Europe as massive eastern steppe 

invasions (Gimbutas 1970; Ecsedi 1979; Dergachev 1986; Todorova 1986; Dergachev 

1999; Dergachev 2000; Nicolova 2000). Accordingly, the formation of the ancient Pit-

grave and later the Pit-grave and the Battle Axis communities was accompanied by the 

expansion of the cattle-breeding area. The eastern cattle-breeding tribes penetrated deeply 

into the Carpathian-Danubian area, where they came in direct contact with the local 

farming population (Figure 2.6). Cavalli-Sforza et al. (1994) explain the third principle 

component of European classical polymorphisms, which accounts for 11% of the total 
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genetic diversity, by the spread of pastoral nomads during the Eneolithic-Bronze epoch. 

Also the analysis of Y-chromosomal polymorphism in European populations carried out by 

Rosser et al. (2000) shows a significant cline, stretching from the north of the Black Sea 

westwards. In contrast, the cultural diffusion model explains the mutual occurrence of 

elements of the livestock breeding cultures in the environment of the early farming 

communities of Europe as a process of cultural-historical interactions, based on mutually 

advantageous exchange and trade (Rassamakhin 1994, Manzura 2000). The leading role of 

the East-European factor in the history of the Dniester-Carpathian region persists 

throughout the entire Bronze Age (3,000 – 1,200 BC). However, the livestock breeding 

tribes of the Kurgan cultures, which penetrated onto this territory from the beginning of the 

Middle Eneolithic, originated from various regions of a vast territory, stretching from the 

Dniester in the West to the foothills of the Northern Caucasus and the Southern Ural in the 

East. They were ethnically and anthropologically heterogeneous (Kruts 1972; Velikanova 

1975; Necrasov 1980), pointing to genetic heterogeneity, as well. 

The cultural-historical significance of the southeastern factor in the Carpathian-Dniester 

region was strengthened with the transition to the Early Iron Age (12th-10th centuries BC) 

(Dergachev 1997; Dergachev 1999). During this period the Carpathian-Dniester region 

was included into the area of Thracian cultural communities, which were developed here 

until Late Roman Time. The ethnogeny of the Northern Thracians (for review see 

Dergachev 1997) is in dispute. Some researchers, following the cultural diffusion model, 

view them as the immediate heirs of the local population during the Late Bronze Age. 

Others, followers of the migratory theory, consider the tribes of the Middle Danube as the 

initial link in the ethnogeny of the Northern Thracians. In this scenario, the local Dniester-

Carpathian population was partially assimilated and partially ousted into the Black Sea 

steppe by the newcomers (Dergachev 1997). In the East the close neighbors of the 

Thracian were the Cymmerians, who were later ousted by Scythes (Ilynskaya and 

Terenozhkin 1983). Both the peaceful and militarian ties of the Thracians with their eastern 

neighbors exerted a great influence on the material culture of the Thracians (Mongait 1974; 

Melukova and Niculi  1987).  

The ongoing process of the development of the North-Thracian community was stopped at 

the beginning of the second century AD, when some of the Thracian tribes came under the 

rule of the Roman Empire. As a consequence of the Roman regime the Romanized 

population emerged in the Danubian-Carpathian lands (Kolosovskaya 1987; Fedorov 
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1999). The non-Romanized Thracian population came into contact with numerous 

migrating tribes of the Dniester-Carpathian region from the north and the east, including 

the Slavs, the German tribes of the Goths and the Bastarns, the Iranian peoples of the 

Scythes and the Sarmats. These tribes, which differed in their origin and culture, 

contributed to the new Cherhyakhov culture, which emerged within an enormous area, 

stretching from the Dnieper left bank to the Carpathian-Danubian region (Chaplygina 

1987; Rickman 1987; Gudkova 1999; Sharov and Bazhan 1999; Sedov 2002; Shschukin 

2005). The tribes of the Chernyakhov community attacked constantly the Danubian 

provinces of the Romans. The internal crisis of the Empire and the increasing pressure of 

«barbarian» tribes made the Romans leave Dacia (modern day Romania). As soon as the 

Romans left Dacia, the tribes from the neighboring lands intruded and mixed with the local 

Romanized population (Fedorov 1999). 

From the end of the 5th century AD numerous Slavic tribes of the middle European and 

East-European plains moved in large numbers to the Danube (Sedov 2002). The eastern 

path of the Slavs crossed the Dniester-Carpathian lands. In the second half of the 6th 

century AD they traversed the border of the Byzantine Empire and by the middle of the 

next century occupied considerable spaces of the Balkan Peninsula right up to the shores of 

the Adriatic and the Aegean Sea (Sedov 2002). The contribution of the Slavs to the 

language and the culture of the Romanians and the Moldovians remains a subject for hot 

disputes among historians, archeologists and politicians. Judging by historical and 

archeological data, the Slavs constituted the ethnic majority in the Early Middle Ages in 

the Carpathian basin (Fedorov 1999; Sedov 2002). In that case it appears unclear how the 

Slavic ethnic community was replaced by the Romanic one. Did the withdrawal of the 

Slavs from the territory of the Carpathian basin precede the East-Romanic expansion or 

were they assimilated by the outnumbering Romanic population? Was it the influx of the 

Romanic population into the North-Danubian lands from the territory of the Balkan 

peninsula, as the scholars of the migration concept of the origin of the Rumanians and the 

Moldavians assert, or according to the scenario of the autochthonous development the 

Rumanians and the Moldavians are the direct successors of the Romanized Thracians, 

which stayed in the Carpathian basin after the withdrawal of the Roman legions?  

In the 13th–14th centuries the Volokhs (the name for old-Romanian communities in the 

Middle Ages) expanded outside the limits of the internal Carpathian plateau and the 

Balkans and infiltrated the Eastern foothills of the Carpathians (Zelenchuk 1987; Fedorov 
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1999). The ethnic development of the Dniester-Carpathian Volokhs proceeded in 

interaction with the Slavic population that had arrived in the Dniester-Carpathian lands 

from West Ukraine. A new east-Romanic ethnic community – the Moldavian nationality 

was formed, which set up its own feudal statehood in 1359 – the Principality of Moldova 

(Tsaranov et al. 1982; Paraska and Sovetov 1987; Fedorov 1999). Before the establishment 

of the Moldavian protectorate over the territory between the Dniester and the Pruth a 

considerable part of this territory was a part of the Golden Horde and was inhabited by 

ethnically diverse peoples (Cumans, Iranians, Slavs, Volokhs) (Polevoy 1987; Russev 

1999). It is possible that part of the Golden Horde population remained and was 

assimilated by east Romanic peoples. The last assumption is supported by craniological 

surveys (Velikanova 1975). The history of the Moldavian Principality as an independent 

State was short (Tsaranov et al. 1982). Having reached its bloom under the rule of Prince 

Steven the Grade (1457-1504), the Moldavian Principality came under the vassalage of the 

Ottoman Empire by the middle of 16th century after a severe struggle. In 1812, in 

accordance with the Bucharest Treaty between Russia and the Ottoman Empire, half of the 

Moldavian Principality, bearing the name of Bessarabia and lying between the Pruth and 

the Dniester, was transferred to the Russian Empire (Tsaranov et al. 1982). From this time 

the history of the Moldavian people, living on two different Pruth banks, continued 

independently. In the 19th century the Moldavian people the west of the Pruth river, 

together with the population of Walachia and later that of Transylvania were integrated 

into the Romanian nation (Tsaranov et al. 1982). The Romanic population of Bessarabia 

lived in close contact with the Russian and the Ukrainian peoples (Tsaranov et al. 1982). 

The migration of the Danubians Bulgarians and the Gagauzes into the south of Bessarabia 

at the end of the 18th to the beginning of the 19th century was an important event in the 

demographic history of Bessarabia (Radova 1997). Along with the Chuvash, Yakut and 

Dolgan people of Russia, they are the only ethnic Turkic groups that are predominantly 

Christian (Eastern Orthodox and some Protestant). The Gagauzes speak the Oghuz branch 

of the Turkic languages, to which the Turkish, the Azerbaijanian and the Turkmenian 

languages also belong to. However, the Gagauz language differs from the latter languages 

by the presence of the Kypchak (Tartar) element (Pokrovskaya 1964; Baskakov 1988). The 

origin of the Gagauzes remains unclear, and opinions on their ethnogenesis are 

contradictory (for review see Guboglo 1967; Cimpoies 1997). The Polish turcologist . 

valsky concluded from linguistic and cultural-historical data, that three Turkish ethnic 
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elements took part in the ethnogenesis of the Gagauzes as well as the Deli-Orman Turks: 

1) the northern one – the most ancient one, 2) the Seldjuk or the south-Turkic one, 

referring to the pre-Ottoman epoch in the Balkans and 3) the Turkish-Ottoman one (cited 

from Pokrovskaya 1964). The presence of some Kypchak «Tartar» linguistic forms in the 

Gagauz language testifies to the first item. Their usage in the Gagauz language is 

associated with Turkic tribes (Turk-Bulgarians, the Pechenegs, the Cumans and others), 

which penetrated into the Balkans from the south-Russian steppes in the 7th– 13th century 

AD. Part of them settled down on the Balkan Peninsula and mixed with the local 

population (Guboglo 1967; Cimpoies 1997; Sedov 2002). The participation of the north-

Turkic element in the ethnogenesis of the Gagauzes is confirmed by linguistic, and in part 

by anthropologic and genetic data (Dyachenko 1965; Khit’ and Dolinova 1983; Varsahr et 

al. 2001; Varsahr et al. 2003). Some researchers interpret the presence of the main south-

Turkic (Oghuz) element in the language of the Gagauzes and the Deli-Orman Turks as an 

inheritance from the Turks-Seldjuks, who were placed in Dobruja in the second half of the 

14th century AD by the Byzantine authorities in order to defend the borders of the Empire 

and to pacify the Bulgarians (for review see Cimpoie  1997). It is also not ruled out that 

the Oghuz element was brought to the Balkans by the tribes of the northern nomads, some 

of which could speak the south-Turkic (Oghuz) dialect. It is thought that not only Turks, 

but also Bulgarians contributed to the Gagauz ethnic composition (Pokrovskaya 1964). 

The contemporary ethnic composition of the indigenous population of the Dniester-

Carpathian region is the result of long historical processes. These events are partly fixed in 

historical chronicles, partly characterized by the archeological and anthropological sources. 

But bones, stones and chronicles are not the only record of our past. Human DNA, the 

long, complex molecule that transmits genetic information from one generation to the next, 

bears the indelible imprint of human history. The contemporary molecular genetic 

approaches have a sufficient resolution to allow the reconstruction of the genetic 

connections of the ethnic groups, which are rather close in origin. This thesis is the first 

attempt to study and explain the molecular-genetic diversity of the ethnically different 

peoples inhabiting the Dniester-Carpathian region in a single context. 
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3 OBJECTIVE AND TASKS 

The Objective of the thesis was to investigate the origins and evolution of Dniester-

Carpathian populations in the light of the current hypotheses about the history of these 

populations. 

The particular tasks within this general objective were: 

1) To characterize the gene pools of the peoples of the Dniester-Carpathian region with 

molecular marker systems: 

a) autosomal Alu insertion polymorphisms; 

b) compound haplotypes of Y-chromosomes constructed with STR and binary loci 

localized in the non-recombinant part of the chromosome; 

2) To establish the microsatellite diversity within the Y-chromosomal haplogroups, to 

perform a phylogenetic analysis of the microsatellite haplotypes, and to estimate the time 

of the origin of the haplogroups most common in the Dniester-Carpathian region; 

3) To estimate the level of genetic differentiation among Dniester-Carpathian populations;  

4) To estimate the degree of correspondence between the genetic and linguistic variation in 

the region under study; 

5) To analyze the relations between various populations of the Dniester-Carpathian region 

basing on genetic data and to estimate the genetic position of these populations among 

western Eurasian peoples. 
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4 MATERIAL AND METHODS 

4.1 Populations and samples 

The objects for this study were DNA probes, extracted from peripheral blood leucocytes. A 

total 513 blood samples were gathered from unrelated males and females aged 18 years 

and older in six populations from Dniester-Carpathian region. A specimen of blood was 

taken from the ulnar vein after obtained both the permission of the examined person and 

the description of his/her ancestral lineage. The territorial distribution of the surveyed 

populations is shown in Figure 4.1. The samples of the Moldavians, the Gagauzes and 

Ukrainians are from the Republic of Moldova. The Moldovans are represented by two rural 

populations: the northern sample (N=82) is formed from the inhabitants of the Village of 

Sofia, the Bal i district; the southeastern sample of the Moldavians (N=123) is from the 

Village of Karahasani, the Tighina district. Two Gagauz samples are from villages, which 

citizens belong to different ethnic subgroups: the population of Kongaz speaks the northern 

dialect of the Gagauz language (N=72); the inhabitants of Etulia speak the southern dialect 

(N=64). The sample of the Ukrainians (N=85) was made up of the inhabitants of the 

Village of Rashkovo, the Kamenka district, Transdniestria. The Romanian sample (N=87) 

is represented by the inhabitants of the two adjacent east-Romanian towns: Buhu  (the 

Bacau district) and Piatra-Neam  (the Piatra-Neam  district), which were joined due to their 

low size. 

The medical personnel of the rural ambulatories collected the materials with the 

participation of the author. The blood samples from the Town of Buhu  were provided by 

Doctor Ludmila tirbu. Doctor Florina Raicu kindly provided the DNA samples from the 

Town of Piatra Neam .  

DNA was extracted from peripheral blood lymphocytes using salt-based extraction method 

(Miller et al. 1988) or the Amersham genomic DNA extraction reagents and protocols. 
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Figure 4.1 Locations of the studied populations in the Dniester-Carpathian region. 

 

4.2 Genotyping 

Genetic diversity and population differentiation analyses were conducted using two types 

of DNA markers: autosomal Alu insertion polymorphisms and compound Y-chromosome 

haplotypes, constructed with the help of STRs and binary loci, localized in the non-

recombinant portion of the chromosome. 

 

4.2.1 Typing of Alu markers 

Genotyping was performed by polymerase chain reaction (PCR) in automated Gene Amp 

PCR System 9600 (Perkin Elmer, USA). PCR amplification was carried out in 20 μl 

reactions comprising 1.5-3.5 mM MgCl2, 0.2 mM dNTP, 1 units of Taq DNA polymerase 

(Agrobiogen, Germany), 2 μl 10 x PCR buffer (250 mM Tris-HCl, pH 8.0; 165 mM 

((NH4)2SO4), 50 ng of target DNA, 10 pmol of each primer. Primers were obtained from 

(MWG, Germany). The PCR amplification conditions for the ACE, D1, B65, FXIIIB, 

TPA25, PV92, HS2.43, and HS4.65 were denaturation at 94°C for 1 min, annealing at 

appropriate temperature (Table 4.1) for 2 min, extension at 72°C for 2 min, for 30 cycles 

and for the other fore loci (A25, APO, HS3.23, CD4) were as follows: 94°C for 1min, 

annealing at appropriate temperature (Table 4.1) for 1 min, and 72°C for 1min during 32 

cycles. Each sample was subjected to initial denaturation at 94°C for 4 min and to final 

extension at 72°C for 4 min. 15 μl of PCR product after the addition of 3 μl loading buffer 
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were electrophoresed in 1.5% agarose 1 x TBE (10 x: 890 mM Tris, 890 mM Borat, 20 

mM EDTA) gels. A negative control (all the PCR reagents but not DNA) was carried along 

with each PCR and the following electrophoresis. DNA bands were visualized by staining 

with ethidium bromide and photographed under UV light. In order to determine the length 

of the amplified PCR products, the DNA marker was loaded in each electrophoresis. The 

presence and absence of an Alu insertion in a given locus was designated respectively as 

Alu(+) and Alu(-). Individuals were scored as follows: homozygous for the insertion, 

homozygous for the lack of insertion and heterozygous according the band pattern 

observed for each locus tested. 

 

Table 4.1 Autosomal Alu markers: Chromosomal location, oligonucleotides for PCR 

amplification, annealing temperatures and product sizes 

Locus Ch.l. Primer sequences (5´-3´) 
Annealing 

Temperature 

PCR product sizes 

(bp) 
References 

A25 8 
F: CCACAAATAGGCTCATGTAGAAC 

R: TATAATATGGCCTGGATTATACC 
63  

Alu (+): 552 

Alu (–): 268 
Arcot et al. 1995a 

ACE 12 
F: CTGGAGACCACTCCCATCCTTTCT 

R: GATGTGGCCATCACATTCGTCAGAT 
58  

Alu (+): 480 

Alu (–): 191 
Batzer et al. 1996 

APO 11 
F: AAGTGCTAGGCCATTTAGATTAG 

R: AGTCTTCGATGACAGCGTATACAGA 
56  

Alu (+): 409 

Alu (–): 97 

Batzer et al. 1994;  

Batzer et al. 1996 

B65 11 
F: ATATCCTAAAAGGGACACCA 

R: AAAATTTATGGCATGCGTAT 
52  

Alu (+): 423/394 

Alu (–): 81 
Arcot et al. 1995b 

D1 3 
F: TGCTGATGCCCAGGGTTAGTAAA 

R: TTTCTGCTATGCTCTTCCCTCTC 
68  

Alu (+): 670 

Alu (–): 333 
Arcot et al. 1995b 

F13B 1 
F: TCAACTCCATGAGATTTTCAGAAGT 

R: CTGGAAAAAATGTATTCAGGTGAGT 
58  

Alu (+): 700 

Alu (–):410 
Batzer et al. 1996 

HS2.43 1 
F: ACTCCCCACCAGGTAATGGT 

R: AGGGCCTTCATCCAGTTTGT 
67  

Alu (+): 482 

Alu (–): 184 
Arcot et al. 1996 

HS3.23 7 
F: GGTGAAGTTTCCAACGCTGT 

R: CCCTCCTCTCCCTTTAGCAG 
60  

Alu (+): 498 

Alu (–): 200 
Arcot et al. 1996 

HS4.65 9 
F: TGAAGCCAATGGAAAGAGAG 

R: ACAGGAGCATCTAACCTTGG 
61  

Alu (+): 650 

Alu (–): 329 
Arcot et al. 1996 

PV92 16 
F: AACTGGGAAAATTTGAAGAGAAAGT 

R: TGAGTTCTCAACTCCTGTGTGTTAG 
54  

Alu (+): 437 

Alu (–): 122 

Batzer et al. 1994;  

Batzer et al. 1996 

TPA25 8 
F: GTAAGAGTTCCGTAACAGGACAGCT 

R: CCCCACCCTAGGAGAACTTCTCTTT 
58  

Alu (+): 424 

Alu (–): 113 
Batzer et al. 1996 

CD4
 

12 
F: AGGCCTTGTAGGGTTGGTCTGATA 

R: TGCAGCTGCTGAGTGAAAGAACTG 
58  

No del*: ~1500 

Del* : ~1250 
Edwards and Gibbs 1992 

Note. - Ch.l., hromosomal location; CD4 polymorphism is the deletion of 256-bp of a 285-bp Alu element 

at the CD4 locus; F refers to the forward primer and R refers to the reverse primer for a particular locus. 
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4.2.2 Y-chromosome haplotyping  

322 males were examined for 32 binary polymorphisms known to detect variation in West 

Eurasia (Table 4.2). The samples were examined in a hierarchical way, in agreement with 

the Y-chromosome phylogeny (Y  2002). The phylogenetic relationship of the markers 

analyzed is shown in Figure 4.2. M9 was chosen as the initial marker and surveyed in all 

samples. 

 

Figure 4.2 Maximum parsimony phylogeny of the 32 binary markers used in this study. Capital letters 

indicate haplotypes according to the Y Chromosome Consortium (YCC 2002) with minor modifications 

(Cinnio lu et al. 2004; Sengupta et al. 2006). The M155S2 marker in the tree is a phylogenetical analogue 

for LLY22g on the YCC tree.  
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Table 4.2 Y chromosomal binary markers: type of polymorphism, detection methods, oligonucleotide primers, annealing temperatures and 

PCR/RFLP product sizes 

Marker How detected Primers used (5´-3´) 
Annealing 

temperature 
Allele (product sizes in bp) Reference 

1(YAP) PCR 
F: CAGGGGAAGATAAAGAAATA 

R: ACTGCTAAAAGGGGATGGAT 
51  Alu(-) Alu(+) Hammer and Horai 1995 

M9 PCR-RFLP (HinfI) 
F: GCAGCATATAAAACTTTCAGG 

R: AAAACCTAACTTTGCTCAAGC 
58  C(182/93/66) G(248/93) Underhill et al. 2001; Hurles et al. 1998 

M12 PCR-RFLP (HinfI)  
F: ACTAAAACACCATTAGAAACAAAGG 

R: CTGAGCAACATAGTGACCCGAAT a 
62  G(23/67/219) T(90/219) 

Underhill et al. 2001; Kharkov, personal 

communication 

M17 Allele specific PCR 

F1: TGTGGTTGCTGGTTGTTACGGGG 

F2: TGTGGTTGCTGGTTGTTACGGG 

R: TGAACCTACAAATGTGAAACT 
56  

F1: no del.(287) del.(0) 

F2: no del.(287) del.(286) 
Underhill et al. 2001; Kharkov et al. 2004 

M20 PCR-RFLP (SspI) 
F: GATTGGGTGTCCTCAGTGCT 

R: CACACAACAAGGCACCAT 
61  A(295/118) G(413) Underhill et al. 2001; Qamar et al. 2002 

M46 

(Tat) 

PCR-RFLP 

(Hsp92II) 

F: GACTCTGAGTGTAGACTTGTGA 

R: GAAGGTGCCGTAAAAGTGTGAA 
60  T(85/27) C(112) Zerjal et al. 1997 

M47 PCR-RFLP (EcoRI) 
F: AGATCATCCCAAAACAATCATAA 

R: GAAATCAATCCAATCTGTAAATTTTATGTAGAATT 
61  G(35/395) A(430) 

Underhill et al. 2001; Kharkov, personal 

communication 

M67 PCR-RFLP (SspI) 
F: CCATATTCTTTATACTTTCTACCTGC 

R: GTCTTTTCACTTGTTCGTGGACCCCTCAATAT 
60  A(379/30) (T)409 

Underhill et al. 2001; Kharkov, personal 

communication 

M70 
PCR-RFLP 

(HaeIII) 

F: ACTATACTTTGGACTCATGTCTCCATGAGG 

R: TTTGTCTTGCTGAAATATATTTTA 
56  A(231) C(201/30) 

Underhill et al. 2001; Kharkov, personal 

communication 

M78 PCR-RFLP (AciI) 
F: CTTCAGGCATTATTTTTTTTGGT 

R: ATAGTGTTCCTTCACCTTTCCTT 
54  C(196/105) T(301) Underhill et al. 2001; Flores et al. 2003 

M89 Allele specific PCR 

F: AGAAGCAGATTGATGTCCC 

R1: TCAGGCAAAGTGAGAGATG 

R2: TCAGGCAAAGTGAGAGATA 

59  
R1: C(365) T(0) 

R2: C(0) T(365) 
Underhill et al. 2001; Kharkov et al. 2004 

M92 
PCR-RFLP 

(BstSNI) 

F: TTGAATTTCCCAGAATTTTGC 

R: TTCAGAAACTGGTTTTGTGTCC 
61  T(470) C(340/130) 

Underhill et al. 2001; Kharkov, personal 

communication 
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(Contd.) 

Marker How detected Primers used (5´-3´) 
Annealing 

temperature 

Allele (PCR/PCR-RFLP product 

sizes in bp) 
Reference 

M123 
PCR-RFLP 

(BstSNI) 

F: TTGAATTTCCCAGAATTTTGC 

R: TTCAGAAACTGGTTTTGTGTCC 
61  T(470) C(340/130) 

Underhill et al. 2001; Kharkov, personal 

communication 

M124 Allele specific PCR 

F: TGGTAAACTCTACTTAGTTGCCTTT 

R1: CACAAACTCAGTATTATTAAACCG 

R2: CACAAACTCAGTATTATTAAACCA 
63  

R1: C(269) T(0) 

R2: C(0) T(269) 
Underhill et al. 2001; Kharkov et al. 2005 

M130 

(RPS4Y) 
PCR-RFLP (Bsc4I) 

F: TATCTCCTCTTCTATTGCAG 

R: CCACAAGGGGGAAAAAACAC 
58  C(205) T(159/46) Underhill et al. 2001; Kharkov et al. 2005 

M170 PCR, sequencing 
F: TGCTTCACACAAATGCGTTT 

R: GAGACACAACCCACACTGAAACAAT 
56  A C Underhill et al 2001 

M172 PCR-RFLP (HinfI) 
F: TTGAAGTTACTTTTATAATCTAATGCTT 

R: TAATAATTGAAGACCTTTTGAGT 
56  T(220) G(197/23) Underhill et al. 2001; Kharkov et al. 2005 

M178 
PCR-RFLP 

(Bsp19I) 

F: TAAGCCTAAAGAGCAGTCAGAG 

R: AGTTCTCCTGGCACACTAAGGAGCC 
58  C(245) T(218/27) Underhill et al. 2001; Kharkov et al. 2005 

M201 Allele specific PCR 

F1: CTAATAATCCAGTATCAACTGAGGG 

F2: CTAATAATCCAGTATCAACTGAGGT 

R: GTTCTGAATGAAAGTTCAAACG 
66  

F1: G(215) T(0) 

F2: G(0) T(215) 
Underhill et al. 2001; Kharkov et al. 2005 

M207 PCR-RFLP (DraI) 
F: AGGAAAAATCAGAAGTATCCCTG 

R: CAAAATTCACCAAGAATCCTTG 
56  A(346/77) G(423) Underhill et al. 2001; Kharkov et al. 2005 

M223 PCR-RFLP (MfeI) 
F: AGTCTGCACATTGATAAATTTACTTACAAT 

R: CCTTTTTGGATCATGGTTCTT 
54  C(172) T(145/27) 

Underhill et al. 2001; Kharkov, personal 

communication 

M242 
PCR-RFLP 

(Bbv12I) 

F: AACTCTTGATAAACCGTGCTGTCT 

R: TCCAATCTCAATTCATGCCTC 
58  C(179/187) T(366) Underhill et al. 2001; Kharkov et al. 2005 

M253 PCR-RFLP (HindII) 
F: GCAACAATGAGGGTTTTTTTG 

R: CAGCTCCACCTCTATGCAGTTT 
54  C(120/280) T(400) 

Cinnio lu et al. 2004; Kharkov, personal 

communication 

M267 
PCR-RFLP 

(BstSNI) 

F: TTATCCTGAGCCGTTGTCCCTG 

R: CTAGATTGTGTTCTTCCACACAAAATACTGTACGT 
60  T(150/33) G(183) 

Cinnio lu et al. 2004; Kharkov, personal 

communication 
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(Contd.) 

Marker How detected Primers used (5´-3´) 
Annealing 

temperature 

Allele (PCR/PCR-RFLP product 

sizes in bp) 
Reference 

M269 
PCR-RFLP 

(Bst2UI) 

F: CTAAAGATCAGAGTATCTCCCTTTG 

R: ACTATACTTCTTTTGTGTGCCTTC 
58  T(427) C(357/68) Underhill et al. 2001; Kharkov et al. 2005 

SRY2627 
PCR-RFLP 

(Bbv12I) 

F: AAACATATAGATGGTTGGACATATGTATA 

R: CAAAAGTCCTTGAATCAGTGGTTTGG 
56  C(918) T(277/641) Veitia et al. 1998 

92R7 
PCR-RFLP 

(HindIII) 

F: GACCCGCTGTAGACCTGACT 

R: GCCTATCTACTTCAGTGATTTCT 
63  C(512/197) T(709) Mathias et al. 1994 

12F2 PCR 

F1: TCTTCTAGAATTTCTTCACAGAATTG 

R1: CTGACTGATCAAAATGCTTACAGATC 

F2: CTTGATTTTCTGCTAGAACAAG 

R2: TGTCGTTACATAAATGGGCAC 

53  No del.(820/500) del.(820) Rosser et al. 2000 

P25 Allele specific PCR 

F1: TATCTGCTGCCTGAAACCTGCCTGC 

F2: TATCTGCTGCCTGAAACCTGCCTGA 

R: CCAACAATATGTCACAATCTC 

58  
F1: C(269) A(0) 

F2: C(0) A(269) 
Kharkov et al. 2005 

P37 PCR-RFLP (Bst4cI) 
F: CGTCTATGGCCTTGAAGA 

R: TCCGAAAATGCAGACTTT 
63  T(447) C(136/311) Kharkov et al. 2005 

P43 PCR-RFLP (NlaIII) 
R: GAAGCAATACTCTGAAAAGT 

F: TTTGGAGGGACATTATTCTC 
58  G(519) A(251/268) Karafet et al. 2002 

Note. - F refers to the forward primer and R refers to the reverse primer for a particular locus; mismatched bases are underlined. 
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Tekhnologia Tertsik” thermal cycler (Russia). The reaction mixture for amplification 

comprised 1.5-2.5 mM MgCl2, 0.2 mM dNTPs, 1.5 units of Taq DNA polymerase 

(Sibenzyme, Russia), 1.5 μl 10 x PCR buffer (250 mM Tris-HCl, pH 8.0; 165 mM 

((NH4)2SO4), 10
 
pmol of each primer, 25 ng genomic DNA in a total reaction of 15 μl. 

Primers were obtained from “Medigen” and “Sibenzyme”. The PCR conditions were initial 

denaturation at 94°C for 4 min; denaturation at 94°C for 30 s, annealing at appropriate 

temperature (Table 4.2) for 30 s, extension at 72°C for 45 s, for 37 cycles; final extension 

at 72°C for 4 min. 23 resulting amplicons (M9, M20, M46 (Tat), M47, M67, M70, M78, 

M92, M123, M130 (RPS4Y), M172, M178, M207, M223, M242, M253, M267, M269, 

SRY2627, 92R7, P37, P43) were digested with the appropriate enzyme (Table 4.2) 

according to the manufacturer’s instructions (Sibenzyme, Russia and New England 

BioLabs, UK).  

Directly after PCR or enzyme digestion the fragments were analyzed on a 2% or 3% 

agarose gel. DNA bands were staining with ethidium bromide and detected through UV 

fluorescence with Bio-Rad Gel Doc EQ (USA) using Analysis Software Version 4.4. 

Samples were also typed with 7 microsatellites, of which DYS392 is trinucleotide; and 

DYS19, DYS389I, DYS389b, DYS390, DYS391, DYS393 are tetranucleotide. The 

information on 7 STRs examined in this study is listed in Table 4.3. Y-STR alleles are 

named on the basis of the number of repeat units they contain, as established through 

sequenced reference DNA samples. Allele length for DYS389b was obtained by 

subtraction of the DYS389I allele length from that of DYS389II. 

All loci were PCR-amplified using primers and conditions described elsewhere (de Knijf et 

al. 1997; Kayzer et al. 1997). All forward primers were labeled with TET (green) for 

DYS390 and DYS391; FAM (blue) for DYS392 and DYS393; and HEX (yellow) for DYS19, 

DYS389I and DYS389II (Table 4.3). Fluorescently labeled primers were obtained from 

Perkin-Elmer Oligo Factory (Germany). These 7 microsatellites were than organized into 

one multiplex PCR assay and were analyzed on an ABI Prism 310 sequencer (Perkin-

Elmer) using GeneScan500-TAMRA (red) as the internal standard. Data were than 

analyzed using GeneScan 3.7 Macintosh version. An example of the result from ABI 310 

Analyzer using designed Y-STR 7plex is displayed in Figure 4.3.
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Table 4.3 Information on Y-STR markers typed 

Locus Repetitive DNA sequence Length range (bp) Repeat count range Primer sequences (5´-3´) Annealing temperature 
 

Reference 

DYS389I CTAT 240-260 7-12 F: HEX - CCAACTCTCATCTGTATTATCTATG 

R: TCTTATCTCCACCCACCAGA 

DYS389b CTGT/CTAT 

 

111-135 
 

14-20 
 

 

56  Cooper et al. 1996 

DYS390 CTGT/CTAT 202-222 21-26 
F: TET - TATATTTTACACATTTTTGGGCC 

R: TGACAGTAAAATGAACACATTGC 
56  Kayzer et al. 1997; de Knijf et al. 1997 

DYS391 TCTA 276-288 9-12 
F: TET - CTATTCATTCAATCATACACCCA 

R: GATTCTTTGTGGTGGGTCTG 
56  Kayzer et al. 1997; de Knijf et al. 1997 

DYS392 TAT 237-261 8-16 
F: FAM - TCATTAATCTAGCTTTTAAAAACAA 

R: AGACCCAGTTGATGCAATGT 
56  Kayzer et al. 1997; de Knijf et al. 1997 

DYS393 AGAT 116-128 12-15 
F: FAM - GTGGTCTTCTACTTGTGTCAATAC 

R: AACTCAAGTCCAAAAAATGAGG 
56  Kayzer et al. 1997; de Knijf et al. 1997 

DYS394 

(DYS19) 
TAGA 185-205 13-18 

F: HEX - CTACTGAGTTTCTGTTATAGT 

R: ATGGCATGTAGTGAGGACA 
51  Kayzer et al. 1997; de Knijf et al. 1997 

Note. - F refers to the forward primer and R refers to the reverse primer for a particular locus. 
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DYS393

DYS19

DYS3 90 DYS392

DYS389I

DYS391

DYS389II

100 bp 160 bp 200 bp 250 bp 300 bp 350 bp 400 bp  

Figure 4.3 Result from ABI 310 Genetic Analyzer viewed in GeneScan
®

 using a Y-STR 7plex. The PCR 

products are labeled in three different dye colors with a forth dye (GeneScan 500 TAMRA) used to label an 

internal-sizing standard. 

 

4.3 Statistical analysis 

Definitions: 

N is the sample size (number of individuals or genotypes); 

n is the number of gene copies in the sample;  

L is the number of loci; 

k is the number of alleles or haplotypes; 

H is heterozygosity; 

V is variance. 

 

4.3.1 Analysis of gene frequencies 

Allelic frequencies were calculated using the gene counting method (Li 1976). That is,  

nnipi /= , 

where ni  is the number of the i-th allele. 

 

Hardy-Weinberg equilibrium was assessed by an exact test. The test was done using a 

modified version of the Markov-chain random walk algorithm described by Guo and 

Thomson (1992). 

 

Observed heterozygosity was calculated as 

NN oH o /= , 

where N o  is the number of heterozygotes. 
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The theoretical (expected) Hardy-Weinberg heterozygosity of a population for a particular 

locus was calculated as  

=
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As equivalent to the expected heterozygosity for diploid data, gene diversity and its 

sampling variance were calculated (Nei 1987) both for autosome and Y-chromosome 

markers: 
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Mean number of differences between all pairs of haplotypes in the sample and its total 

variance, assuming no recombination between sites and selective neutrality, was obtained 

as 
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where d ij
ˆ  is an estimate of the number of mutations having occurred since the divergence 

of haplotypes i and j (Tajima 1993). 

 

4.3.2 Measures of gene differentiation among populations 

The measure of gene differentiation among populations was conducted through the 

analysis of molecular variance (AMOVA) (Excoffier et al. 1992). The primary goal of 

AMOVA is to assess the amount of variance that can be attributed to different levels of 
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population organization. The total molecular variance ( T
2
) in the case of two hierarchical 

population structure is the sum of the covariance component due to differences among 

haplotypes within a population ( b
2
) and the covariance component due to differences 

among the populations ( a
2
). Then, the measure of genetic differentiation of populations 

(FST), or fixation index, is defined by 

22
TaSTF = . 

The same framework could be extended to additional hierarchical levels. The genetic 

structure among population samples was analyzed with (in the case of STR and binary 

haplotypes) and without (for binary haplotypes only) consideration for molecular 

differences between individual haplotypes. Confidence intervals for these statistics were 

constructed using non-parametric permutation approach described in Excoffier et al. 

(1992). 

 

As equivalent to AMOVA, Nei’s method (Nei 1987) in the case of Alu polymorphisms was 

also applied. The value of gene differentiation was estimated as the difference between the 

expected heterozygosities of different levels (total population and subpopulations): 

,HHD STST =  

where HT is the expected heterozygosity of the total population (pooled sample) or the total 

genetic diversity of the population and HS is the averaged expected heterozygosity of 

different samples (subpopulations). The coefficient of genetic differentiations (DST) 

measures the proportion of population genetic variability accounted for by between-

population (between-subpopulation) differences. GST was calculated according to Nei’s 

formula and expressed in percent: 

%100)/(= HDG TSTST  

GST was estimated for single loci and for all of the loci using heterozygosity values 

averaged over the loci. 

 

4.3.3 Analyses of genetic distances and identity 

Genetic distances between pairs of populations in the case of autosomal markers were 

computed according to the method of Nei (1973; 1987)  

)ln(ID =  
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Single-locus estimators were combined over all loci as unweighted average of single-locus 

ratio estimators.  

Genetic relationships between the
 
different populations, based on

 
the Y-STR and binary 

haplotypes, as well as 12 autosomal markers were explored by
 
analysis of molecular 

variance
 
(AMOVA). The genetic

 
structure among population

 
samples, based on

 
the Y- 

haplotypes, was analyzed with
 

consideration for the molecular
 

differences between 

individual haplotypes,
 
in addition to differences

 
in haplotype frequencies, resulting

 
in 

estimates of RST (for STR haplotypes) and ST (for binary haplogroups), an FST
 
analogues. 

Significance levels of
 
RST and ST values

 
were estimated by use

 
of 10,000 permutations. 

 

In the case of Y-STR haplotypes the
 
probability of identity, m,

 
between European 

population
 
pairs (which reflects the

 
haplotype-sharing index) was estimated,

 
according to 

the method
 
of Melton et al.

 
(1995), as x j

k

ji
xim =

,
 where xi and

 
xj are, respectively, the

 

frequencies of a haplotype
 
in populations i and

 
j, summed over the

 
k haplotypes in the

 
two 

populations. 

 

4.3.4 Tree reconstruction and multidimensional scaling analyses 

Phylogenetic trees were obtained to display the genetic distances among the samples 

studied. The trees were constructed using Neighbor-Joining method (Saitou and Nei 1987). 

This method starts from the genetic distances and is based on sequentially pooling pairs of 

populations to minimize the sum of branches of the whole tree. In the case of Alu markers 

a total of 1,000 bootstrap replications were performed to assess the strength of the 

branching structure of the tree.  

 

FST (for binary haplotypes) and RST (for Y-STR haplotypes) distances among European 

population samples were used for multidimensional scaling analysis (MDS). This is an 

ordination technique for representing the dissimilarity among objects (e.g., populations) in 

an n-dimensional graph, such that the interpoint distances in the graph space correspond as 

well as possible to the observed genetic differences between populations. The goodness of 
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fit between the distances in the graphic configuration and the original genetic distances is 

measured by a statistic called “stress”, wherein a value of 0 is a perfect fit and a value of 1 

is a total mismatch. 

 

4.3.5 Barrier analysis 

We also used the genetic distance matrix, constructed on the basis of Y-chromosome 

binary haplotype frequencies, to carry out a barrier analysis. This analysis allows 

identifying the zones of greatest allele frequency change within a genetic landscape. 

Monmonier’s maximum difference algorithm was used to find the boundaries (Manni and 

Heyer 2004). Genetic boundaries were displayed on Delaunay triangulation connections. 

To assess the robustness of computed barrier, we have obtained 1,000 bootstrap matrices 

by randomly resampling original data (Y-chromosome haplogroups). 

 

4.3.6 Principle component analysis 

It is also possible to visualize genetic relationship among populations using the raw data of 

allele frequencies, rather than genetic distances. Principle component (PC) is an example 

of this approach, used in this work. The intention is to simplify the multivariate data with a 

minimum loss of information, that a two-three dimensional graphical representation of the 

multidimensional data becomes possible. It can be viewed as a rotation of the existing axes 

to new positions in the space defined by the original variables. In this new rotation, there 

will be no correlation between the new (imaginary) variables defined by the rotation. The 

uncorrelated variables are linear combinations of the original variables. The first new 

variable contains the maximum amount of variation; the second new variable contains the 

maximum amount of variation unexplained by the first and orthogonal to the first, etc. 

There can be as many possible dimensions as there are original variables. A plot of the 

populations on the axes representing the two or three most variable imaginary genes gives 

a good picture of the biological relationship or distances among the populations. 

  

4.3.7 Phylogenetic analysis of STR haplotypes 

To investigate the affinities between microsatellite haplotypes within each haplogroups, 

median-joining networks were constructed. At the population level, phylogenetic networks 

are more convenient than strictly hierarchical trees to represent relationships among 
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closely related sequences because the former allow the display of all equally parsimonious 

hypotheses (i.e., ambiguous relationships) on a single figure. In the median joining 

algorithm (Bandelt et al. 1999) the resulting mass of equally plausible minimum spanning 

trees are combined within a single network. Then, using the parsimony criterion, inferred 

intermediate haplotypes (median vectors) are added to network in order to reduce overall 

tree length. Network construction method takes into account the nature of molecular 

variability of microsatellite loci. Having analyzed 10844 parent/child meiosis, Brinkman et 

al. (1998) showed that the mutation tempo of the STR loci depends both on the size of the 

repeated motif and on the average number of repeats in the locus. Therefore, for network 

calculation, each
 
Y STR locus was

 
weighted according to its

 
estimated mutation rate as 

given by Kayser et al. (2000), so that loci with the highest mutation rates were given the 

lowest weights (ratio of weights for DYS393:DYS392:DYS19:DYS389I:DYS389II: 

DYS391:DYS390= 10:10:5:5:2:2:1). 

For the ancestral haplotype or the founder haplotype, the following conditions were 

considered: 1) minimal average distance from the other haplotypes within the sample; 2) 

frequency in various populations; 3) high frequency of the haplotype in the sample. 

 

4.3.8 Age estimates 

STR variation data were also used to estimate haplogroup specific expansion times by two 

methods. Both approaches assume a stepwise mutation model, an average evolutionary 

STR mutation rate of 6,9 x 10-4 per STR locus per generation (Zhivotovsky et al. 2003), 

whose value is based upon a generation time of 25 years. One of the methods refers to a 

median network (Forster et al. 2000). In this case relative time estimates calculated by 

means of , the average distance between founder haplotype and the node of interest, as 

measured in single repeat differences, and are transformed to absolute time estimates by 

multiplication with evolutionary mutation. According to the second method (Zhivotovsky 

et al. 2004) the age of STR variation of a subclade was estimated as the average squared 

difference in the number of repeats between all sampled chromosomes and the founder 

haplotype, divided by mutation rate (w). 

For the purposes of estimation of the time since population divergence the TD estimator 

was used: 
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wVDT oD 2/)2( 1= , 

where D1 is the average squared difference between two alleles sampled from two 

populations (Goldstein et al. 1995; 1996), corrected for bias (Zhivotovsky 2001), V0 is the 

within-population variance in the number of repeats in the ancestral population prior to its 

subdivision. The age of divergence, estimated with TD, letting V0=0, gives its upper bound. 

Time since population divergence was analyzed only in populations with a sample size of 

at least five individuals. 

 

4.3.9 Detecting admixture 

We were also interested in the proportions in which different source areas of Y-

chromosome are represented in the Dniester-Carpathian paternal gene pools. Admixture 

proportions were estimated from haplogroup frequencies using the method suggested by 

Chakraborty (1986) as implemented in the program Admix_2 by Dupanloup and Bertorelle 

(2001). 

 

4.3.10 Mantel test 

Mantel’s tests were used for assessing the relationships between genetic and geographic 

distance matrices. This test involves measuring the association between the elements in 

two matrices by a suitable statistic, and then assessing the significance of this statistic by 

comparison with the distribution found by randomly reallocating the order of the elements 

in one of the matrices (Smouse and Long 1992). 

 

4.3.11 Software used in the work 

Analysis of gene frequencies based on Alu frequencies, population differentiation 

parameters (DST and GST), age estimates and divergence times of Y-chromosome lineages 

as described by Zhivotovsky et al. (2004) were calculated using Microsoft EXEL. 

Correlation, multidimensional scaling (MDS) and correspondence analyses were 

conducted using STATISTICA v.5.5 software (StatSoft Inc. 1995). Genetic distances (as 

pairwise values of FST, ST, and RST), genetic diversity parameters (heterozygosities, gene 

diversity, mean number of differences, average gene diversity), the analysis of molecular 

variance (AMOVA), and Mantel tests were calculated by use of the ARLEQUIN version 
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2000 software (Schneider et al. 2000). Significance of FST, ST, and RST statistics was 

obtained with 10,000 permutations. The genetic distance matrices in the case of Alu 

insertion polymorphisms were calculated by the GENDIST program in PHYLIP 3.5 

(Felsenstein 1993). 1,000 bootstrap replicates were generated with SEQBOOT, and 

consensus tree was built with CONSENSE as implemented in the PHYLIP 3.5 program 

package. The program used for constructing the trees was NEIGHBOR in PHYLIP 3.5 

(Felsenstein 1993) and for representing the trees – TREEVIEW (Page 1996). The 

geographical location of putative genetic barriers in the Y-chromosome genetic landscape 

of Europe was analyzed by means of the Barrier version 2.2 program (Manni and Heyer 

2004). Before that 1,000 matrices were generated with the GENDIST and SEQBOOT 

programs of PHYLIP 3.5 (Felsenstein 1993), which afterwards were involved in the 

Barrier analysis. Median joining networks and the age of STR variation as described by 

Forster et al. (2000) were calculated by use of the Network 4.111 program (Fluxus 

Technology Ltd.; www.fluxus-engineering.com). Admixture proportions as well as their 

standard deviations based on 1,000 bootstrap runs were estimated using computer program 

ADMIX2_0 (Dupanloup and Bertorelle 2001).  
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5 RESULTS  

5.1 Alu insertion polymorphisms in the Dniester-Carpathian populations 

5.1.1 Allele frequencies and genetic diversity within populations 

The genotype distributions, allele frequencies, concordance of the genotype distributions to 

Hardy-Weinberg equilibrium, and expected and observed heterozygosities for each locus 

in the six population samples typed and in the total population sample are shown in Table 

5.1. All loci were polymorphic in all populations: no case of allele fixation was found. The 

observed and expected phenotype frequencies were in sufficient agreement in most 

populations. Only three out of 72 tests for Hardy-Weinberg equilibrium showed significant 

departures from equilibrium (D1 in Ukrainians, HS3.23 in Romanians and HS2.43 in the 

Gagauz sample from Kongaz). Since none of the deviations are assigned to a particular 

locus or population, they probably represent random statistical fluctuations. 

All the studied groups have similar frequency values of the insertion polymorphisms, 

which fall in the range of European values (for comparisons see Stoneking et al. 1997; 

Comas et al. 2000; Romualdi et al. 2002; Comas et al. 2004). The only exception was the 

insertion rate at the TPA25 locus in the Moldavian sample from the Sofia settlement 

(0.659), where its value approaches the world maximum (in Madras, India (0.690) and Sri 

Lanka (0.724) (Antunez-de-Mayolo et al. 2002). Besides this, we mark out the little 

decrease of the Alu insertion frequencies at loci TPA25, B65, D1 and A25 in the Gagauzes 

from Etulia, and at the HS3.23 locus in the Gagauzes from Kongaz. Table 5.2 shows the 

average gene diversity by locus and population. The loci analyzed in the present samples 

show significant differences in their gene diversity (Kruskal-Wallis’ test, P<0.0001) that is 

a consequence of the observation that, at some loci, both alleles have similar frequencies, 

whereas in others, one of the alleles is rare, because of random fluctuations. Six out of 

twelve loci: ACE, TPA25, FXIIIB, B65, D1, CD4del exhibited high diversity level (nearly 

0.5). For four loci, APOA1, A25, HS2.43, and HS4.65, the diversity level was low (0.06 – 

0.17). When we focus on average gene diversity by population, no significant differences 

between samples are found (Kruskal-Wallis’ test, P=0.9957), This was expected since  

similar Alu insertion frequencies were found in all the samples analyzed. 
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Table 5.1 Distribution of genotypes and frequencies in the populations studied and tests 

for Hardy-Weinberg equilibrium 

Genotype 
Population N 

+/+ +/- -/- 
Alu frequency Ho He P 

ACE 

Moldavians K 122 29 62 31 0.4918 0.5082 0.5019 1.0000 

Moldavians S 82 18 42 22 0.4756 0.5122 0.5076 1.0000 

Gagauzes K 72 15 37 20 0.4653 0.5139 0.5085 1.0000 

Gagauzes E 64 13 33 18 0.4609 0.5156 0.5092 1.0000 

Ukrainians 83 18 31 34 0.4036 0.3810 0.4918 0.0654 

Romanians 87 15 38 34 0.3908 0.4368 0.4834 0.4991 

Total 510 108 243 159 0.4500 0.4775 0.4966 0.4274 

PV92 

Moldavians K 121 5 47 69 0.2355 0.3884 0.3679 0.4604 

Moldavians S 82 4 36 42 0.2683 0.4390 0.4039 0.3914 

Gagauzes K 72 4 21 47 0.2014 0.2917 0.3350 0.4701 

Gagauzes E 64 5 23 36 0.2578 0.3594 0.3973 0.7414 

Ukrainians 85 7 26 52 0.2353 0.3023 0.3617 0.2230 

Romanians 86 6 31 49 0.2500 0.3605 0.3859 0.7780 

Total 510 31 184 295 0.2412 0.3601 0.3674 0.7125 

TPA25 

Moldavians K 123 30 65 28 0.5081 0.5041 0.5017 1.0000 

Moldavians S 82 36 36 10 0.6585 0.4390 0.4525 0.8078 

Gagauzes K 72 18 38 16 0.5139 0.5278 0.5031 0.8086 

Gagauzes E 64 12 34 18 0.4531 0.5313 0.5080 0.6238 

Ukrainians 85 23 42 20 0.5176 0.4884 0.5079 0.8287 

Romanians 87 31 39 17 0.5805 0.4483 0.4965 0.5118 

Total 513 150 254 109 0.5400 0.4883 0.4979 0.7270 

FXIIIB 

Moldavians K 123 26 63 34 0.4675 0.5122 0.4999 0.8573 

Moldavians S 82 22 41 19 0.5183 0.5000 0.5024 1.0000 

Gagauzes K 72 20 36 16 0.5278 0.5000 0.5019 1.0000 

Gagauzes E 64 20 31 13 0.5547 0.4844 0.4979 1.0000 

Ukrainians 84 14 46 24 0.4405 0.5476 0.4959 0.3839 

Romanians 86 19 46 21 0.4884 0.5349 0.5083 0.6611 

Total 511 121 263 127 0.4941 0.5147 0.5004 0.5315 

APOA1 

Moldavians K 123 112 10 1 0.9512 0.0813 0.1009 0.2462 

Moldavians S 82 79 3 0 0.9817 0.0366 0.0481 1.0000 

Gagauzes K 72 68 4 0 0.9722 0.0556 0.0679 1.0000 

Gagauzes E 64 59 4 1 0.9531 0.0625 0.1050 0.1141 

Ukrainians 84 78 6 0 0.9643 0.0706 0.0799 1.0000 

Romanians 85 81 4 0 0.9765 0.0471 0.0577 1.0000 

Total 510 477 31 2 0.9657 0.0607 0.0681 0.1081 

B65 

Moldavians K 123 37 62 24 0.5528 0.5041 0.4964 1.0000 

Moldavians S 82 30 38 14 0.5976 0.4634 0.4912 0.8166 

Gagauzes K 72 24 36 12 0.5833 0.5000 0.4976 1.0000 

Gagauzes E 64 11 34 19 0.4375 0.5313 0.5048 0.6171 

Ukrainians 84 20 49 15 0.5298 0.5765 0.5005 0.1959 

Romanians 87 26 47 14 0.5690 0.5402 0.4933 0.3936 

Total 512 148 266 98 0.5488 0.5185 0.4964 0.3137 
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Table 5.1 (Contd.) 

Genotype 
Population N 

+/+ +/- -/- 
Alu frequency Ho He P 

D1 

Moldavians K 123 21 55 47 0.3943 0.4472 0.4845 0.4566 

Moldavians S 82 11 38 33 0.3659 0.4634 0.4669 1.0000 

Gagauzes K 72 9 38 25 0.3889 0.5278 0.4924 0.4547 

Gagauzes E 64 3 30 31 0.2813 0.4688 0.4075 0.3520 

Ukrainians 85 21 28 36 0.4118 0.3372 0.4944 0.0075 

Romanians 86 19 35 32 0.4244 0.4070 0.4876 0.1748 

Total 512 84 224 204 0.3828 0.4386 0.4722 0.1254 

A25 

Moldavians K 123 1 28 94 0.1220 0.2276 0.2231 1.0000 

Moldavians S 82 1 16 65 0.1098 0.1951 0.1966 1.0000 

Gagauzes K 72 1 12 59 0.0972 0.1667 0.1893 0.5012 

Gagauzes E 64 0 6 58 0.0469 0.0938 0.1050 1.0000 

Ukrainians 84 1 11 72 0.0774 0.1294 0.1529 0.3923 

Romanians 87 0 20 67 0.1149 0.2299 0.2148 0.5908 

Total 512 4 93 415 0.0986 0.1813 0.1794 0.8103 

HS4.65 

Moldavians K 123 0 9 114 0.0366 0.0732 0.0786 1.0000 

Moldavians S 82 0 3 79 0.0183 0.0366 0.0481 1.0000 

Gagauzes K 71 1 3 67 0.0352 0.0423 0.0820 0.0693 

Gagauzes E 64 0 6 58 0.0469 0.0938 0.1050 1.0000 

Ukrainians 84 0 2 82 0.0119 0.0238 0.0354 1.0000 

Romanians 82 0 6 76 0.0366 0.0723 0.0817 1.0000 

Total 506 1 29 476 0.0306 0.0572 0.0613 0.3773 

HS3.23 

Moldavians K 120 91 27 2 0.8708 0.2250 0.2332 1.0000 

Moldavians S 82 62 19 1 0.8720 0.2317 0.2368 1.0000 

Gagauzes K 72 38 29 5 0.7292 0.4028 0.3977 1.0000 

Gagauzes E 64 41 19 4 0.7891 0.2969 0.3510 0.4537 

Ukrainians 85 65 19 1 0.8765 0.2209 0.2258 1.0000 

Romanians 87 62 21 4 0.8333 0.2414 0.3114 0.0020 

Total 510 359 134 17 0.8353 0.2622 0.2808 0.0009 

HS2.43 

Moldavians K 123 1 14 108 0.0650 0.1138 0.1297 0.4059 

Moldavians S 82 0 10 72 0.0610 0.1220 0.1267 1.0000 

Gagauzes K 72 3 9 60 0.1042 0.1250 0.2004 0.0230 

Gagauzes E 64 2 11 51 0.1172 0.1719 0.2223 0.1883 

Ukrainians 85 3 14 68 0.1176 0.1647 0.2192 0.0815 

Romanians 87 0 15 72 0.0862 0.1628 0.1611 1.0000 

Total 513 9 73 431 0.0887 0.1406 0.1623 0.0097 

CD4del 

Moldavians K 122 11 62 49 0.3443 0.5082 0.4615 0.2352 

Moldavians S 82 6 32 44 0.2683 0.3902 0.4039 1.0000 

Gagauzes K 72 8 37 27 0.3681 0.5139 0.4684 0.4487 

Gagauzes E 62 8 25 29 0.3306 0.4032 0.4515 0.5666 

Ukrainians 82 13 34 35 0.3659 0.4096 0.4828 0.2494 

Romanians 87 11 41 35 0.3621 0.4713 0.4761 1.0000 

Total 507 57 231 219 0.3402 0.4547 0.4509 0.8434 

Note. - N, number of individuals analyzed; Ho, observed heterozygosity; He, expected heterozygosity; P, P-

value of the test for goodness-of-fit to Hardy-Weinberg expectations. The frequency indicated for each bi-

allelic marker is that of the present of the insert for insertion-deletion markers except CD4del; presence of the 

deletion for CD4del. Moldavians: K=Karahasani, S=Sofia; Gagauzes: K=Kongaz, E=Etulia. 
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Table 5.2 Average gene diversity by locus and by population 

Locus    Population  

ACE 0.4948±0.0104   Moldavians Karahasani 0.3320±0.1844 

PV92 0.3676±0.0251   Moldavians Sofia 0.3172±0.1776 

TPA25 0.4916±0.0197   Gagauzes Kongaz 0.3458±0.1916 

FXIIIB 0.5001±0.0027   Gagauzes Etulia 0.3350±0.1865 

APOA1 0.0649±0.0234   Ukrainians 0.3216±0.1797 

B65 0.4934±0.0060   Romanians 0.3354±0.1863 

D1 0.4685±0.0310     

A25 0.1711±0.0470     

HS4.65 0.0600±0.0249     

HS3.23 0.2802±0.0732     

HS2.43 0.1668±0.0417     

CD4dl 0.4491±0.0279     

 

5.1.2 Genetic differentiation 

In order to determine the interpopulation variability, genetic differentiation indices, GST 

(Nei 1987) and FST (Excoffier 1992), were generated for each Alu insertion and for all loci 

considered jointly for the Dniester-Carpathian population (Table 5.3). The contribution of 

individual loci to the interpopulation variability of the region under study was in the range 

of low values. For TPA25 and HS3.23 loci the FST values were statistically significantly 

different from 0. The GST and FST values for all loci were 0.0084 and 0.0038, respectively, 

which could mean that only 0.84/0.38 percents of the total variance in allele frequencies at 

these loci were due to differences between the populations, where the rest was due to 

differences within the populations. Although, these values imply a very low level of 

population genetic subdivision in the Dniester-Carpathian region, the FST value was 

significantly different from zero (P=0.0098). We have also computed the genetic 

differentiation GST on the basis of 11 Alu insertion frequencies among six our and eleven 

southeastern European populations published previously (Stoneking et al. 1997, Romualdi 

et al. 2002; Comas et al. 2004). Within Southeast Europe, the fraction of the genetic 

variance attributable to differences among populations was 1.61%.  

When the hierarchical approach was taken, populations were pooled together according to 

linguistic group (Table 5.4). Within the Dniester-Carpathian region, the genetic variance 

attributable to differences among groups was not significantly different from zero. If we 

extended the analysis of gene differentiation (GST) to Southeast Europe, the fraction of the 

genetic variance attributable to differences among populations within the limits of one 

group prevailed above the component attributable to differences among groups. Moreover, 

the latter component was very low. These findings suggested that linguistic classification 
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does not appear to explain the genetic relationships among Dniester-Carpathian, as well as 

southeastern European populations. 

Table 5.3 Genetic differentiation analyses for 12 individual loci and for all loci considered 

jointly in the Dniester-Carpathian region 

Nei (1987)  Excoffier et al. (1992) 
Locus 

HT HS DST GST (%)  Among populations (%) Within populations (%) 

ACE 0.4950 0.4919 0.0031 0.61  0.15 ns 99.85 

PV92 0.3660 0.3652 0.0008 0.22  -0.33 ns 100.33 

TPA25 0.4968 0.4890 0.0078 1.57  1.37* 98.63 

FXIIIB 0.4999 0.4972 0.0027 0.55  0.07 ns 99.93 

APOA1 0.0663 0.0660 0.0003 0.41  -0.09 ns 100.09 

B65 0.4949 0.4900 0.0049 0.99  0.50 ns 99.50 

D1 0.4726 0.4690 0.0036 0.76  0.33 ns 99.67 

HS3.23 0.2740 0.2686 0.0054 1.97  1.74* 98.26 

A25 0.1777 0.1765 0.0012 0.68  0.23 ns 99.77 

HS4.65 0.0594 0.0592 0.0002 0.45  -0.05 ns 100.05 

HS2.43 0.1617 0.1607 0.0010 0.66  0.21 ns 99.79 

CD4del 0.4487 0.4464 0.0023 0.51  0.02 ns 99.98 

All loci 0.3344 0.3316 0.0028 0.84  0.38* 99.62 

Note. - HT, total genetic variability; HS, variability explained by inter-individual differences within 

populations; DST, interpopulation differences; GST, the coefficient of genetic differentiation. 

ns: non-significant; *P<0.01. 

 

Table 5.4 Components of genetic variance (%) at three levels of population subdivision; 

populations were pooled according to their affiliation to linguistic group (Turkic, Romanic, 

Albanian, Greek or Slavic) 

Southeast Europe  Dniester-Carpathian region Source of variation 

Nei (1987)  Nei (1987) Excoffier et al. (1992) 

Among groups 0.50  0.35 0.20 ns 

Among populations within groups 1.11  0.49 0.24 ns 

Within populations 98.39  99.16 99.56 

Note. - ns: non-significant. 

 

5.1.3 Genetic relationships between populations 

To examine genetic relationships between the populations analyzed, we used phylogenetic 

analysis. FST genetic distances between the six local Dniester-Carpathian populations are 

given in Table 5.5. Six out of fifteen pairwise comparisons gave the results at a significant 

level (P<0.05). Population comparisons revealed that the Gagauzes from Etulia is the most 

distant population. It is significantly different from four out of five compared populations 

(P<0.05). As a consequence of this the Gagauz sample from Etulia occupies the most 

removed position in the neighbor joining (NJ) tree, constructed on the basis of FST 
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distances (Figure 5.1). No significant distances were revealed between linguistically 

related populations. 

Table 5.5 Matrix of genetic distances (FST) between the Dniester-Carpathian populations 

constructed on the basis of 12 autosomal polymorphisms analyzed 

Population 1 2 3 4 5 6 

1. Gagauzes E -      

2. Gagauzes K 0.0043 ns -     

3. Moldavians K 0.0070* 0.0012 ns -    

4. Moldavians S 0.0175** 0.0084* 0.0039 ns -   

5. Romanians M 0.0101* 0.0002 ns -0.0006 ns 0.0017 ns -  

6. Ukrainians R 0.0081* 0.0030 ns -0.0013 ns 0.0077* -0.0026 ns - 

Note. - ns: non-significant; *P<0.05; **P<0.01. 

 

 

Figure 5.1 NJ tree based on FST for pairwise comparisons between the six population samples considered. 

 

To determine the genetic relationships of the Dniester-Carpathian populations with 

populations of Southeast Europe, we have used the data on 11 Alu insertion loci presented 

in Comas et al. (2004), Stoneking et al. (1997) and Romualdi et al. (2002) that are 

common with our study (the list of populations is presented in Table 5.6). In order to 

visualize the relationships among the populations, two approaches were followed: tree 

reconstruction and principle component (PC) analysis. 

Based on the data on allelic frequencies, the matrix of genetic distances between the 17 

populations was constructed using Nei’s method (1987) (Appendix 1). To obtain the most 

probable tree configuration (i.e., the consensus tree), the bootstrap method was used 
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(Felsenstein 1985). In the consensus tree the compared populations do not constitute 

strongly pronounced groups (Figure 5.2). The low bootstrap supports (<58.2%) point to the 

absence of strong phylogenetic links between the neighboring populations in the tree, 

suggesting the absence of considerable genetic barriers within the southeastern European 

genetic landscape. However, the bootstrap is known to underestimate the true level of 

statistical support (Sitnikova et al. 1995). It is evident that the topology of the tree in 

general reflects the geographical proximity of the populations to the south or to the north 

of the region. Moreover, an additional comparison of the remote groups in the population 

tree, for example, the Moldavians from Sofia and the eastern Romanians with the Turkish 

Cypriots and the Greeks, shows strong bootstrap support (91.3%) in the branch linking 

them (not shown), suggesting at the same time certain distinction between geographically 

distant populations. 

 

Figure 5.2 Consensus tree depicting the relationships among the southeastern European populations analyzed 

for 11 Alu polymorphisms. Numbers on the branches are bootstrap values based on 1,000 replications. 

Moldavians: K=Karahasani; S=Sofia; Gagauzes: K=Kongaz; E=Etulia; Romanians: P=Ploiesti; E=Piatra 

Nemti and Buhus. 
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The result from the PC analysis confirms the pattern observed in the consensus tree. The 

principle component scores generated for each population are presented in Table 5.6. 

These scores were used to generate the two-dimensional graph of Figure 5.3. As is seen, 

the first principle component, which explains 24% of the variation in allele frequencies, 

tends to separate the western Mediterranean (Turkish Cypriots, Greek Cypriots, Turks, 

northeastern Greeks, Albanians, Albanian Aromuns) from the Balkan-Carpathian 

populations (Macedonians, Macedonian Aromuns, Romanians, Moldavians, Ukrainians), 

being the first characterized (absolute correlations greater than 0.63) by high frequencies of 

B65 and FXIIIB Alu insertions. Along the second principle axis, which explains 20% of the 

total genetic variance, the Gagauzes from Etulia and the Romanian Aromuns stand apart 

from the rest of the populations in the positive pole and the northeastern Greeks in the 

negative pole. 

 

Table 5.6 Geographical parameters for the southeastern European populations considered 

in present study and the corresponding scores of the first two principle components based 

on the allele frequencies of 11 polymorphic Alu repeats (ACE, TPA25, PV92, APO, 

FXIIIB, D1, A25, B65, HS2.43, HS3.23, HS4.65) 

Location Scores  

Latitude Longitude 

 

PC1 PC2 

Karahasani (Moldavians) 46°28’N 29° 48’E  -1.83535 0.52894 

Sofia (Moldavians) 47°56’N 27°52’E  -0.58196 -0.57637 

Etulia (Gagauzes) 45°31’N 28°27’E  -0.86375 3.00488 

Kongaz (Gagauzes) 46°06’N 28°35’E  -0.54804 0.45505 

Rashkovo (Ukrainians) 47°57’N 28°50’E  -2.22068 0.22354 

Piatra-Neamt (Romanians) 46°58’N 26°26’E  -1.02891 -0.45436 

Ploiesti (Romanians) 44°55’N 26°02’E  -2.40453 -0.66472 

Skopie (Macedonians) 41°59’N 21°28’E  -1.43125 0.29943 

Tirana (Albanians) 41°19’N 19°49’E  1.43242 0.18245 

Kogalniceanu (Aromuns) 44°21’N 28°26’E  2.32085 2.73939 

Krusevo, Macedonia (Aromuns) 41°22’N 21°15’E  -1.06494 -0.62908 

Stip, Macedonia (Aromuns) 41°44’N 22°11’E  -0.02889 -0.93793 

Andon Poci, Albania (Aromuns) 40°25’N 20°37’E  2.53801 0.38017 

Istanbul (Turks) 41°00’N 28°57’E  1.21251 0.78902 

Komotini (Greeks) 41°07’N 25°25’E  1.18236 -3.62290 

Nicosia, Cyprus (Greeks) 35°11’N 33°22’E  1.99301 -0.49993 

Nicosia, Cyprus (Turks) 35°11’N 33°22’E  1.32915 -1.21757 
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Table 5.3 Genetic affinities among 17 southeastern European populations based on first two principle 

components of allele frequencies at 11 Alu loci. GAGE=Gagauzes from Etulia; GAGK=Gagauzes Kongaz 

MOLK=Moldavians from Karahasani; MOLS=Moldavians from Sofia; ROME=Romanians from Piatra-

Neamti and Buhusi; UKR=Ukrainians (present study); AALB=Albanian Aromuns; ALB=Albanians; 

AMK=Macedonian Aromuns from Krusevo; AMS=Macedonian Aromuns from Stip; AROM=Romanian 

Aromuns; GRET=Greeks from Thrace; MAC=Macedonians; ROMP=Romanians from Ploiesti; 

TURA=Turks from Anatolia (Comas et al. 2004); TURC=Turkish Cypriots; GREC=Greek Cypriots 

(Stoneking et al. 1997; Romualdi et al. 2002).  The investigated in the present study populations are marked 

in blue. 

 

To examine the geographical differentiation of the extracted components more 

quantitatively we have correlated their scores with geography. The latitude and longitude 

values assigned to the populations are given in Table 5.6 together with the PC scores. The 

first principle component is significantly correlated with latitude showing higher values 

towards South (see Table 5.7). Despite the distinct pattern in geographic distribution the 

correlation between the geographical and genetic distances, calculated on the basis of 

Mantel test (r=0.165), was not significant (P=0.120). 
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Table 5.7 Percentage of total variance explained by the two principal components (PCs) 

and correlation of the PCs scores with geography 

Spearman’s correlation coefficient 

Principle Component Variance explained (%) 
Latitude Longitude Distance from the Ukrainian 

settlement Rashkovo 

PC1 24.0 -0.6887* -0.0245 0.6078* 
PC2 20.0 -0.2598 0.1985 -0.3211 

Note. - *P<0.01 Spearman; n=17. 

 

Since the Gagauz language belongs to the Turkic linguistic group, it is of particular interest 

to assess the genetic relationship of the Gagauzes with Turkic populations from Central 

Asia. To determine the genetic relationship of the Dniester-Carpathian populations with 

Central Asian populations we have used the information on eight Alu polymorphisms 

(ACE, TAT25, PV92, APOA1, F13B, A25, CD4, B65, D1) previously published in Uyghurs 

(Xiao et al. 2002), Uzbeks, Kazakhs and Kyrgyzes (Khitrinskaya et al. 2003). The 

topology of the consensus tree (Figure 5.4) in general reflects the racial classification of 

populations. The Kyrgyzes and the Kazakhs, which are assigned to the Mongoloid race, 

cluster together in the tree with considerable distance to the European populations 

(Appendix 2). The bootstrap values observed within the European population cluster were 

very small and neither geographic nor linguistic relationships were observed between the 

European samples in the tree, pointing that information based on eight Alu polymorphic 

loci was insufficient to resolve the relationship between these geographically close 

populations. The Uzbeks and the Uyghurs, who are considered as a mixed Mongoloid-

Caucasoid population, occupy an intermediate position in the tree. The nodes separating 

Uzbeks and Uyghurs from the Mongoloid and Caucasoid clusters show strong bootstrap 

supports after 1,000 iterations. Both Gagauz samples are grouped together with the 

European samples. 

The plot of the first two components (Figure 5.5), which accounts 62.7% of the total 

genetic variance (46.7 and 16.0 percents respectively), confirms the trend observed in the 

consensus tree. Along the first axis the Asian groups are clearly distinguished from the 

European ones, within which the Gagauz sample from Etulia exhibits a slow approach to 

the Asian cluster. The insertions at APO and B65 loci, which show their maximum 

frequency in the European samples (absolute correlations greater than 0.63) and the 

insertions at ACE, PV92, FXIIIB, and D1, frequent in the populations from Central Asia, 
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are the main determinants (with absolute correlations greater than 0.69) of the first 

principle component. 

 

 

Figure 5.4 Consensus tree of southeastern European and central Asian populations analyzed for 8 Alu 

polymorphisms. Numbers on the branches are bootstrap values based on 1,000 replications. Codes for the 

southeastern European populations are as in Figure 5.3; KAZ=Kazakhs; KYRN=northern Kyrgyzes; KYRS= 

southern Kyrgyzes; UZB=Uzbeks (Khitrinskaya et al. 2003); UYGH=Uyghurs (Xiao et al. 2002). 
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Figure 5.5 Genetic affinities among southeastern European and Central Asian populations based on first two 

principle components of allele frequencies at 8 Alu loci. Population codes are as in Figures 5.3 and 5.4. The 

investigated in the present study populations are marked in blue. 
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5.2 Y-chromosome variation: binary-lineage diversity 

5.2.1 Haplogroup distribution 

A total of 28 out of 32 binary polymorphisms genotyped were informative and defined 21 

distinct haplogroups. The frequency distribution of Y-haplogroups in all the samples as 

well as in the joint population sample from the Dniester-Carpathian region is listed in 

Table 5.8. Within the Dniester-Carpathian region we found a significant heterogeneity of 

haplogroup frequencies (
2
=70.1554, d.f.=35, P<0.001). The exact test of population 

differentiation implied that eight out of fifteen pairwise comparisons of haplogroup 

distribution gave the results at a significant level (P<0.05). Haplogroups G-M201 and 

R1a1-M17 out of the predominant lineages are the main contributors to the observed in the 

region heterogeneity.  

Two most frequent in the region haplogroups R1a1-M17 and I1b-P37 comprise together 

50.6 percents of all Y-chromosome lineages. The R1a1-M17 is unevenly distributed 

among the Dniester-Carpathian samples (
2
=11.33, df=5, P<0.05). Its frequency in the 

Ukrainians from Trans-Dniestria and in the Moldavians from Karahasani falls to the lower 

edge of the eastern European population range (Semino et al. 2000; Wells et al. 2001; 

Kharkov et al. 2004; Kayser et al. 2005; Kharkov et al. 2005). In the rest of the samples 

the frequency of R1a1-M17 is lower and corresponds to the values observed in Southeast 

Europe (Semino et al. 2000; Bosch et al. 2006; Marjanovic et al. 2005; Pericic et al. 2005). 

With the highest frequency haplogroup I1b-P37 was revealed in the Romanian sample. 

This peculiarity aligns them with western Balkan populations (Rootsi et al. 2004; 

Marjanovic et al. 2005; Pericic et al. 2005). Haplogroup I1b-P37 preserves substantial 

frequency in other samples from the Dniester-Carpathian region. The major western 

European diagnostic lineage R1b-P25 is the third most prevailing one (15.2%) with the 

majority belonging to R1b3-M269. With the similar frequency it occurs in all populations 

studied. Its frequency in the Dniester-Carpathian region well corresponds with the values 

from Southeast Europe (Semino et al. 2000; Bosch et al. 2006; Marjanovic et al. 2005; 

Pericic et al. 2005) and is stably higher than the values from Eastern Europe (Semino et al. 

2000; Wells et al. 2001; Kharkov et al. 2004; Kharkov et al. 2005). 
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Table 5.8 Y-chromosome haplogroup frequencies (%) and haplogroup diversity in six Dniester-Carpathian populations studied 

Haplogroup Moldavians 

(Karahasani) 

Moldavians 

(Sofia) 

Romanians 

(Buhusi, Piatra-Neamt) 

Ukrainians 

(Rashkovo) 

Gagauzes 

(Kongaz) 

Gagauzes 

(Etulia) 

Total 

Sample size 72 54 54 53 48 41 322 

E3b1-M78 8.3 13.0 7.4 0.0 12.5 9.8 8.4 

E3b3-M123 4.2 0.0 0.0 0.0 4.2 0.0 1.6 

G-M201 0.0 1.9 5.6 0.0 10.4 17.1 5.0 

I*-M170 1.4 0.0 1.9 0.0 0.0 0.0 0.6 

I1a-M253 2.8 7.4 3.7 3.8 8.3 0.0 4.3 

I1b-P37 16.7 25.9 40.7 20.8 18.8 22.0 23.9 

I1c-M223 4.2 1.9 1.9 0.0 4.2 2.4 2.5 

J*-12f2 0.0 0.0 0.0 0.0 2.1 0.0 0.3 

J1-M267 5.6 1.9 0.0 1.9 2.1 0.0 2.2 

J2*-M172 2.8 3.7 1.9 1.9 2.1 4.9 2.8 

J2a1a-M47 0.0 0.0 0.0 1.9 0.0 0.0 0.3 

J2a1b*-M67 1.4 0.0 0.0 0.0 0.0 2.4 0.6 

J2a1b1-M92 0.0 0.0 1.9 0.0 0.0 0.0 0.3 

J2b-M12 0.0 0.0 1.9 3.8 2.1 0.0 1.2 

K2-M70 0.0 1.9 0.0 0.0 6.3 0.0 1.2 

N2-P43 1.4 0.0 0.0 0.0 0.0 0.0 0.3 

N3a-M178 0.0 3.7 0.0 5.7 4.2 0.0 2.2 

Q-M242 0.0 1.9 0.0 0.0 0.0 0.0 0.3 

R1a1-M17 34.7 20.4 20.4 41.5 12.5 26.8 26.7 

R1b*-P25 0.0 0.0 0.0 5.7 0.0 0.0 0.9 

R1b3-M269 16.7 16.7 13.0 13.2 10.4 14.6 14.3 

Haplogroup diversity 0.820±0.030 0.853±0.024 0.779±0.043 0.771±0.044 0.837±0.026 0.913±0.017 0.839±0.011 
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The Near Eastern haplogroups amount to 22.7% of all the variety of Y-chromosome in our 

Dniester-Carpathian sample. Haplogroup DE-YAP occurred in five Dniester-Carpathian 

populations with a frequency typical for North Balkan and Carpathian populations (Semino 

et al. 2000; Stefan et al. 2001; Bosch et al. 2006; Pericic et al. 2005). It was not found in 

our Ukrainian sample. Two sub-clades of DE-YAP, E3b1-M78 and E3b3-M123, account 

for all the DE-YAP variation observed in the region. In all the surveyed populations 

haplogroup E3b1-M78 occurs more often than E3b3-M123 that, as it is known, is a feature 

of the European pools (Cruciani et al. 2004; Semino et al. 2004). On the contrary in the 

Anatolian populations E3b1-M78 and E3b3-M123 occur approximately at similar 

frequencies (Cinnio lu et al. 2004). Haplogroup G-M201 is unevenly distributed among 

the populations (
2
=22.26, df=5, P<0.001). High frequency of the G-M201 lineages in the 

Gagauzes draws them in one circle with the Anatolian, the Transcaucasian and the 

southern Balkan populations (Semino et al. 2000; Di Giacomo et al. 2003; Nasidze et al. 

2003; Cinnio lu et al. 2004). Haplogroup G-M201 was not revealed in the Ukrainians and 

in the Moldavians from Karahasani. On the whole haplogroup J-12f2 occurs at frequency 

of 7.7% and is uniformly distributed among the samples. Despite its relatively low average 

frequency in the Dniester-Carpathian region, almost all J-12f2 sub-clades, which were 

described earlier in the European samples (Di Giacomo et al. 2004), were found in the 

Dniester-Carpathian population sample. Haplogroup J2-M172 was proved the most 

common variant both in the European populations and in the majority of the Dniester-

Carpathian samples (Di Giacomo et al. 2004; Semino et al. 2004), with the majority of 

lineages belonging to J2*-M172. Though it should be noted that its sister haplogroup J1-

M267 was revealed in five out of six Dniester-Carpathian samples and it occurred more 

frequently than in the neighboring populations (Di Giacomo et al. 2004; Bosch et al. 2006; 

Pericic et al. 2005). 

Other lineages observed in the Dniester-Carpathian samples, namely N3a-M178, N2-P43, 

K2-M70, Q-M242, I1a-M253, I1c-M223 and I*-M170, which have different origins and 

distribution patterns (Seielstad et al. 2003; Rootsi et al. 2004; Tambets et al. 2004), were 

found at low frequencies, less than 5%, in the Dniester-Carpathian paternal gene pool. 

The distinctive haplogroup diversity in the eastern Transcarpathians is reflected in their 

intrapopulation diversity value (Table 5.8). Indeed, Ukrainians and Romanians are the 

most homogeneous groups (gene diversity coefficients are 0.771 and 0.779 respectively); 

the Gagauzes from Kongaz have the highest haplogroup diversity (0.913); the haplogroup 
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diversity in other samples has intermediate values (0.820–0.853). Relative low diversity in 

the Ukrainians and the Romanians is due to the predominance in their gene pool the R1a1-

M17 and the I1b-P37 lineages, respectively. 

 

5.2.2 Analysis of Molecular Variance (AMOVA) 

AMOVA was performed to test genetic homogeneity among populations as well as their 

linguistic aggregates. As reported in Table 5.9, a low but significant level of genetic 

differentiation is observed among Dniester-Carpathian populations, both when molecular 

information is used ( ST=2.37%, P=0.001) and when it is not used (FST=1.83%, P=0.003). 

It was essentially lower than the FST of 11.2% for 42 western Eurasian populations used for 

comparison (see Appendix 3 for the list of samples). When Dniester-Carpathian 

populations were divided into 3 groups defined by language (Romanian, Gagauz and 

Ukrainian), the genetic variance attributed to differences among groups was non-

significant (FST=0.66%, P=0.248; ST=1.23%, P=0.271), whereas differences among 

populations within groups were significant at the 0.05 level (FST=1.36%, P=0.031; 

ST=1.49%, P=0.043), suggesting that linguistic affiliation is not a good predictor of the 

genetic structure in the eastern Transcarpathians. 

 

Table 5.9 Analysis of Molecular Variance (AMOVA) among Dniester-Carpathian 

populations 

Values for binary markers   Values for microsatellites 
Source of variation 

FST ST(%)  RST(%) 

No grouping     

Among populations  1.83**
 

2.37**
 

 2.05** 

Within populations 98.17 97.63  97.95 

Linguistic grouping strategy     

Among populations within groups 1.36**
 

1.49*  1.33* 

Among groups 0.66 ns 1.23 ns  1.01 ns 

Within populations 97.98**
 

97.27**
 

 97.66** 

Note. - ns: non-significant; *P<0.05; **P<0.01. 

 

5.2.3 Population affinities 

In order to asses the relationship between the populations analyzed, FST and ST pairwise 

genetic distances were calculated (Table 5.10) and depicted in NJ trees (Figures 4.6A and 

4.6B). The results of phylogenetic analysis were markedly similar irrespective to whether 

the molecular information was used or not. In both cases population comparisons revealed 
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that the Gagauz sample from Etulia was not significantly different from the other tested 

populations (P>0.05). The most considerable differences were revealed between the 

Gagauzes from Kongaz and the Ukrainians from Transdniestria (P<0.002). 

 

Table 5.10 Analysis of genetic differentiation among Dniester-Carpathian populations: 

pairwise FST-values below the diagonal and pairwise ST-values above the diagonal 

Population 1 2 3 4 5 6 

1. Moldavians (Karahasani) - 0.0060 ns 0.0388*
 

0.0037 ns -0.0017 ns 0.0440** 

2. Moldavians (Sofia) 0.0078 ns - -0.0022 ns 0.0381 -0.0067 ns 0.0008 ns 

3. Romanians  0.0382**
 

0.0017 ns - 0.0662** 0.0125 ns 0.0173 ns 

4. Ukrainians  0.0013 ns 0.0260*
 

0.0448**
 

- 0.0230 ns 0.0966*** 

5. Gagauzes (Etulia) 0.0084 ns 0.0016 ns 0.0141 ns 0.0232 ns - 0.0110 ns 

6. Gagauzes (Kongaz) 0.0272*
 

-0.0036 ns 0.0225*
 

0.0523** 0.0035 ns - 

Note. - ns: non-significant; *P<0.05; **P<0.01; ***P<0.001. 

 

 

 

 

Figure 5.6 Neighbor-joining (NJ) trees based on pairwise FST (A) and ST-values (B). 

 

In order to place Transcarpathian Y-chromosome haplotype diversity within the western 

Eurasian framework, we compared our samples with 36 western Eurasian samples from the 

literature (Semino et al. 2000; Cinnio lu et al. 2004; Kharkov et al. 2005; Bosch et al. 

2006; Marjanovic et al. 2005; Pericic et al. 2005). Results of MDS based on FST genetic
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Figure 5.7 Plot from multidimensional scaling (MDS) analysis of a FST values from Y chromosome 

haplogroup frequencies, showing genetic affinities among European and Anatolian populations. The 

populations presented are: GAGK=Gagauzes from Kongaz; GAGE=Gagauzes from Etulia; 

MOLK=Moldavians from Karahasani; MOLS=Moldavians from Sofia; ROME=Romanians from Piatra 

Neamt and Buhus; UKRT=Ukrainians from Trans-Dniestria (present study); AND=Andalusians; 

BASS=Spanish Basque; CAL=Calabrians; CAT=Catalans; CZSL=Czech and Slovakians; DUT=Dutch; 

FRE=French; GER=Germans; GRE=Greeks; HUN=Hungarians; ITCN=Central-Northern Italians; 

GREM=Macedonian Greeks; POL=Poles; UKRU=Ukrainians from Ukraine (Semino et al. 2000); TUR1-

TUR9=Turks (Cinnio lu et al. 2004); ROMC=Romanians from Constanta; ROMP=Romanians from 

Ploiesti; GRET=Thracian Greeks (Bosch et al. 2006); BEL=Byelorussians (Kharkov et al. 2005); 

CROB=Bosnian Croats, HER=Herzegovinians, SERB=Bosnian Serbs (Marjanovic et al. 2005); 

ALBK=Albanians from Kosovo; SERS=Serbs from Serbia (Pericic et al. 2005); CROC=Croats of Croatia 

(pooled data from Bosch et al. 2000 and Pericic et al. 2005); ALBA=Albanians from Albania (pooled data 

from Semino et al. 2000 and Bosch et al. 2006); BOS=Bosnians (pooled data from Marjanovic et al. 2005 

and Pericic et al. 2005); MAC=Macedonians (pooled data from Bosch et al. 2006 and Pericic et al. 2005). 

The investigated in the present study populations are marked in blue. 

 

distances (Appendix 3) are shown in Figure 5.7. A good fit between the two-dimensional 

graph and the original distance matrix was obtained, demonstrated by the low stress value 

obtained (0.110). The two Bosnian samples (Croatians and Herzegovinians) and the 

Albanians from Kosovo demonstrated statistically significant differences from all the other 

studied populations (P<0.05); hence, we regard them as genetic outliers. The remaining 

populations form the continuous net of genetic relationships, within which four distinctive 

groups are traced. These population groups can be designated as the Anatolian/southern 
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Balkan, the western Balkan, the western European and the eastern European clusters. The 

genetic position of the Dniester-Carpathian populations is ambiguous and is determined by 

their genetic affinity either to the Balkan or to the eastern European population groups. The 

Ukrainians from Transdniestria occupy their place among eastern European populations; 

the eastern Romanians found themselves among western Balkan populations. The 

Moldavians from Karahasani are genetically closer to eastern European populations; the 

Moldavians from Sofia and the Gagauzes from Kongaz demonstrate closer affinity to the 

Balkan cluster. Two Gagauz samples are closer than the other Dniester-Carpathian samples 

to the Anatolian cluster, though all the pairwise differences between the Gagauzes and the 

Turks remain statistically significant (P<0.05). Three Romanian (one our sample and two 

from the paper by Bosch et al. 2006) and one Moldavian (from Sofia) samples revealed no 

significant differences (P>0.05), whereas the Moldavians from Karahasani show close 

affinity only with the Moldavians from Sofia (P>0.05). 

 

5.2.4 Barrier analysis 

In order to detect the zones of the sharpest genetic change within European landscape and 

to see how the Dniester-Carpathian Y-chromosome pools are sorted with these zones, a 

genetic-barrier analysis on the basis of Monmonier’s algorithm was further performed 

using the same data set as in the comparison analysis. We computed the first three barriers, 

which were afterwards projected on the European Map (Figure 5.8). The extracted edges 

with bootstrap supports more than 54% split the European map into three large genetic 

zones, i.e. Eastern, Western and Southeastern Europe. In its turn, four divisions, namely 

Anatolia, the South of the Balkan Peninsula, the Dinaric Alps, the Balkan-Carpathian 

region and central Europe with the sample of the Czechs and Slovaks are traced within the 

limits of southeastern European zone. In addition to these large population areas, the 

Albanians from Kosovo, or Kosovars, demonstrate their significant isolation from the 

neighboring populations with strong bootstrap supports (62–98%). It is interesting to note 

that the barrier, which separates Eastern Europe from the rest of the continent, passes 

through the territory of the Dniester-Carpathian region and in the European genetic space 

the Ukrainians, the southeastern Moldavians and the Gagauzes from Etulia find themselves 

to the east of the barrier, whereas the Romanians, the northern Moldavians and the 

Gagauzes from Kongaz clustered together with southeastern European populations. 
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Moreover, it is notable that the thickness of the eastern barrier is gradually decreasing from 

the Baltic to the Black Sea, reaching its minimal values (33–40%) on the edges, dividing 

Etulia from the neighboring Low Danube populations. This finding suggests that across the 

history the geographic boundary, dividing Southeast Europe from Eastern Europe was 

more transparent for the reciprocal flows than the boundary between Eastern and Western 

Europe. 

 

Figure 5.8 Barrier analysis based on Y chromosome haplogroup frequencies. Reinolds genetic distances 

were used to compute the first three barriers. The positions of the first three barriers computed are indicated 

as red lines on Delaunay connections (thin black lines) between sample localities. The thickness of each edge 

of a barrier is proportional to the number of times it was included in one of the 1,000 computed barriers and 

numbers along the edges indicate (in per cent) the fraction of 1,000 bootstrap replicates. Edges with bootstrap 

support less than 20% were not visualized. The population code as in Figure 11. 

 

5.2.5 Admixture analysis 

The lineages that belong to a certain haplogroup can penetrate into a population from 

several (rather than one) other populations, in different periods or simultaneously. In this 

connection, for assessment of the parental contributions into the contemporary pools of Y-

chromosome it is more appropriate not just to compute the shares of the diagnostic 

haplogroups in the hybrid gene pools, but also to take into account the proportions of the 

respective haplogroups in the source populations. In our choice of parental populations we 

proceeded from the archaeological data indicating that the cultural landscape of the studied 

region was subjected to western Mediterranean, Balkan-Carpathian, eastern European, and 
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western European influences (Dergachev 1999). Five local samples (three Romanian, one 

Moldavian and one Gagauz) as well as the pooled Dniester-Carpathian sample demonstrate 

the prevalence of the western Balkan heritage in their pool of Y-chromosomes (Table 

5.11). The influences of Eastern Europe proved to have more priority in the genetic history 

of the Ukrainians from Transdniestria and the Moldavians from Karahasani. The Anatolian 

influences played a comparatively large role in the population history of the Gagauzes and 

the southern Romanians.  

 

Table 5.11 Relative admixture contributions of Western Balkans, Eastern Europe, Anatolia 

and Western Europe to the Dniester-Carpathian and southern Romanian populations 

inferred from Y-chromosome haplogroup frequencies 

Source areas 
Population 

Western Balkans
d
 Eastern Europe

c 
Anatolia

e 
Western Europe

f
 

Gagauzes K
a 

0.6544±0.1804 -0.0965±0.1372 0.4708±0.1427 -0.0287±0.0871 

Gagauzes Ea 0.3168±0.1907 0.3091±0.1883 0.3000±0.1432 0.0741±0.1019 

Ukrainiansa
a
 0.1134±0.1954 0.7377±0.1980 -0.0577±0.1087 0.2066±0.1031 

Moldavians K
a
 0.2727±0.1538 0.5068±0.1537 0.0858±0.0974 0.1347±0.0801 

Moldavians S
a
 0.6133±0.1774 0.1493±0.1562 0.0941±0.1200 0.1434±0.0935 

Romanians E
a
 0.9114±0.1913 0.0307±0.1596 -0.0622±0.1112 0.1201±0.0825 

DCR
a
 0.4491±0.0842 0.3175±0.0756 0.1224±0.0540 0.1110±0.0405 

Romanians P
b
 0.9181±0.2023 -0.3653±0.1088 0.4910±0.1776 -0.0438±0.0960 

Romanians C
b
 0.8957±0.2354 -0.2432±0.1440 0.2077±0.1784 0.1398±0.1200 

Note. - Moldavians: K=Karahasani, S=Sofia; Gagauzes: K=Kongaz, E=Etulia; Romanians: E=eastern, 

C=Constanta, P=Ploiesti; D R=Dniester-Carpathian region. 
a
 These data. 

b
 from Bosch et al. (2006). 

c
 Averaged frequencies from Ukrainian, Polish (Semino et al. 2000) and Byelorussian (Kharkov et al. 2005) 

samples. 
d
 Averaged frequencies from roatian (Semino et al. 2000, Pericic et al. 2005, Marjanovic et al. 2005), 

Bosnian (Pericic et al. 2005, Marjanovic et al. 2005), Serbian (Marjanovic et al. 2005, Pericic et al. 2005) 

and Herzegovinian (Marjanovic et al. 2005) samples. 
e
 The poled data of Turks from Cinnio lu et al. (2004). 

f
 Averaged frequencies from Basque, Andalusia, Catalan, French, North-Central Italian, Dutch and German 

samples (Semino et al. 2000). 

 

The main western Eurasian genetic components are represented unevenly in the Y-

chromosomal pools of the Romanian-speaking populations. The Moldavians from 

Karahasani demonstrate considerable eastern European proportion. All the remaining 

eastern Romanic samples are characterized by a prevalence of the western Balkan 

component over the eastern European one. The Romanians from Constanta, and even more 

so the Romanians from Ploiesti, differ from the eastern Romanians by a notable Anatolian 

component in their paternal gene pools. 
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5.3 Y-chromosome variation: STR-haplotype diversity 

5.3.1 STR haplotypes distribution and genetic diversity within populations 

Y-STR polymorphisms were studied to obtain a more detailed view of Y-chromosome 

variation. Among 310 Dniester-Carpathian males examined a total of 157 haplotypes were 

revealed. The most common haplotype in our study 13-10-17-24-10-11-13 (13/310: 4.2%) 

occurs in 307 out of 19637 Europeans from 135 different regions sampled in the Y-STR 

haplotype reference database (YHRD) (http://www.ystr.org/europe). The next four most 

frequent haplotypes were found 12, 11, 9 and 8 times (with frequencies of 3.9%, 3.5%, 

2.9% and 2.6%, respectively) in the Dnieater-Carpathian region and 224, 102, 62 and 154 

times out of 19637 Europeans (1.1%, 0.5%, 0.3% and 0.8%, respectively).  

A total
 
of 100 single

 
unique haplotypes (63.29%)

 
were observed. These occur in just a 

single individual in a single population (according to Kayser et al. 2001) (Table 12). Of 

these haplotypes 38 were not found in 3719 men from Anatolia, Southeast, Central and 

Eastern Europe (see Appendix 4 for the list of populations). A total of 27 haplotypes 

(17.09%) are shared by individuals within a single population (according to Kayser et al. 

2001 these haplotypes are designated “multiple unique”). When we consider the Dniester-

Carpathian samples within the scale of population of Anatolia, Southeastern, Central and 

Eastern Europe, the number of the “multiple unique” haplotypes becomes equal to six. 

"Single
 
unique" and “multiple unique” haplotypes are present only within one of the 

samples (these
 
haplotypes are designated "total

 
unique" according to Kayser et al. 2001). 

The remaining 30 haplotypes (19.62%), if we consider the diversity within the Dniester-

Carpathian region, and 113 haplotypes in the space of European chromosomes occurred in 

many male individuals in several populations, in other words they are shared among 

populations (i.e., not unique). Investigation
 
of haplotype sharing (or

 
identity) within 

populations (multiple-unique
 
haplotypes) and of population-specific

 
haplotypes (single- 

and multiple-unique
 
haplotypes) allows some insight into population structure and history. 

High percentage of unique haplotypes points to an isolated population and high percentage 

of multiple unique haplotypes requires a strong founder in the population history. High 

percentage of haplotypes shared among populations suggests a common recent ancestry of 

the populations and/or extensive gene flow among them. A greater share of multiple 

unique haplotypes in the rural populations of Moldavia, than in the urban sample of the 
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Romanians is in good accordance with the size of these populations. For all population 

samples surveyed except the Romanians, the proportion of population specific haplotypes 

was either higher than or equal to that of shared by populations. All pairwise population 

comparisons had shared haplotypes (Table 5.13). The Romanians share the most 

considerable amount of the haplotypes with the Moldavians from Karahasani (N=12); the 

greatest probability of identity is observed between the Moldavians from Sofia and the 

Romanians (0.0125) and between the Moldavians from Karahasani and the Gagauzes from 

Etulia. On the European scale, the Gagauzes and the Romanians show the most 

considerable identity index with the Balkan populations, particularly with the Albanians, 

whereas the Ukrainians from Transdniestria with the Eastern and the Western Slavs, as 

well as with the Balts and the Slovenians (Appendix 5). The Moldavians show dualism on 

this parameter and reveal simultaneously the proximity with east European and Balkan 

populations. At the same time it should be noted that the Moldavians from Karahasani 

share more chromosomes with east European populations than the Moldavians from Sofia, 

which share more chromosomes with Balkan populations. 

The marked genetic variation
 
of Y-STR haplotypes in the populations under study is 

mirrored
 
in the haplotype-diversity values. These ranged from 0.9636 in the sample from 

Etulia to 0.9898 in the sample from Kongaz (Table 5.12). The values of the variability 

coefficients in various European populations, taken from the literature, are given in 

Appendix 4 for comparison. These values are lower than those described in studies in 

which more microsatellite loci were used (Ploski et al. 2002). Nevertheless, the haplotype 

diversity index exceeds 0.97 in 37 out of 39 cases, indicating a high level of genetic 

diversity within European populations. The values of the haplotype diversity indices in all 

surveyed samples are within the limits of the European scale and correspond to the average 

European values in five cases. Only the sample from Etulia shows a lower haplotype 

diversity index. The lowest
 
haplotype diversity 0.9636 in

 
the Etulia might be due

 
to 

relatively small sample size (N=39). 
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Table 5.12 Y-STR haplotype-sharing statistics in the Dniester-Carpathian populations 

Parameter 
Gagauzes 

 (Kongaz) 

Gagauzes 

 (Etulia) 

Moldavians  

(Karahasani) 

Moldavians  

(Sofia) 

Ukrainians Romanians 

No. of individuals 47 39 72 50 51 51 

No. of haplotypes 37 24 44 36 38 34 

Discrimination (%) 78.72 61.54 61.11 72.00 74.51 66.67 

Haplotype class (within the Dniester-Carpathian region): 

No. 19 7 18 22 20 14 Single unique: 

Proportion 0.5135 0.2917 0.4091 0.6111 0.5263 0.4118 

No. 5 5 7 3 5 2 Multiple unique: 

Proportion 0.1351 0.2083 0.1591 0.0833 0.1316 0.0588 

No. 24 12 25 25 25 16 Total unique: 

Proportion 0.6486 0.5000 0.5682 0.6944 0.6579 0.4706 

No. 13 12 19 11 13 18 Nonunique: 

Proportion 0.3514 0.5000 0.4318 0.3056 0.3421 0.5294 

Ratio (unique/nonunique): 1.8462 1.0000 1.3158 2.2727 1.9231 0.8889 

Haplotype class (the populations are considered in European context)*: 

No. 8 2 7 11 6 4 Single unique: 

 Proportion 0.2162 0.0833 0.1591 0.3056 0.1579 0.1176 

No. 0 2 2 0 2 0 Multiple unique: 

Proportion 0.0000 0.0833 0.0455 0.0000 0.0526 0.0000 

No. 8 4 9 11 8 4 Total unique: 

Proportion 0.2162 0.1667 0.2045 0.3056 0.2105 0.1176 

No. 29 20 35 25 30 30 Nonunique: 

Proportion 0.7838 0.8333 0.7955 0.6944 0.7895 0.8824 

Ratio (unique/nonunique) 0.2759 0.0909 0.1892 0.4400 0.1875 0.1333 

Haplotype diversity 0.9898 0.0065 0.9636 0.0163 0.9804 0.0067 0.9837 0.0077 0.9875 0.0064 0.9796 0.0082 

      Note. - *See Appendix 4 for the list of populations.
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Table 5.13 Number of shared haplotypes (below the diagonal) and probability of identity 

(above the diagonal) for all 15 possible population pairs 

Population 1 2 3 4 5 6 

1. Gagauzes (Kongaz)  0.0065 0.0065 0.0094 0.0100 0.0042 

2. Gagauzes (Etulia) 5  0.0118 0.0067 0.0101 0.0020 

3. Moldavians (Karahasani) 7 9  0.0081 0.0109 0.0093 

4. Moldavians (Sofia) 6 3 5  0.0125 0.0078 

5. Romanians 8 7 12 7  0.0046 

6. Ukrainians 4 3 6 6 5  

 

5.3.2 Analysis of Molecular Variance (AMOVA) 

Analyses of the Molecular Variance (AMOVA) were performed to establish the 

apportionment of the genetic variance found in the present sample set (Table 5.9, page 53). 

The AMOVA results were broadly similar to those obtained with binary markers. The 

fraction of the genetic variance resulting from differences between populations (FST) was 

2.05 (a value significantly different from zero, P=0.003), whereas the rest found within 

populations. When populations were grouped according to their linguistic affiliation not 

significantly different from zero variation (FCT=1.01%; P=0.223) was found among 

groups, whereas significant differences at 5% level were found within groups (FSC=1.33%; 

P=0.046), suggesting that linguistic affiliation has no genetic consistence. 

 

5.3.3 Genetic relationships between populations 

Binary marker ascertainment bias can lead to quite different conclusions about the same 

populations (Karafet et al. 2001), but this should not occur when unbiased markers are 

used that are variable in all populations. We therefore used microsatelite haplotype 

frequencies and the molecular differences between haplotypes to compute population 

genetic distances in the form of values of RST. The matrix of
 
pairwise RST values is

 
shown 

in Table 5.14. Among populations under study RST values were statistically significant at 

5% level in 5 out of the 15 comparisons. The sample of the Gagauzes from Kongaz 

manifests the greatest differences with any other Dniester-Carpathian sample (P>0.05). 

The relative distances (as measured by RST values) among the populations studied are 

displayed graphically in Figure 5.9. The most remote position occupies the sample from 

Kongaz. No correlation between genetic affinities and ethnical affiliations is observed in 

the Dniester-Carpathian tree.  
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Table 5.14 Matrix of genetic distances (RST) among Dniester-Carpathian populations 

based on microsatellite haplotypes 

Population 1 2 3 4 5 6 

1. Gagauzes (Kongaz) -      

2. Gagauzes (Etulia) 0.0396* -     

3.Moldavians (Karahasani) 0.0483** -0.0154 ns -    

4. Moldavians (Sofia) 0.0175 ns
 

-0.0052 ns
 

-0.0028 ns -   

5. Romanians 0.0956** 0.0062 ns
 

0.0051 ns 0.0103 ns
 

-  

6. Ukrainians 0.0459** -0.0031 ns 0.0148 ns
 

0.0077 ns 0.0419* - 

Note. - ns: non-significant; *P<0.05; **P<0.01. 

 

 

 

Figure 5.9 Neighbor-Joining tree based on pairwise RST values from Y-STR haplotypes of six Dniester-

Carpathian populations. 

 

Phylogenetic analyses was also performed by pooling the data of the present study with 

those of Zaharova et al. 2001; Ploski et al. 2002; Barac et al. 2003; Cinnio lu et al. 2004; 

Bosch et al. 2006; Klaric et al. 2005; Pericic et al. 2005; Roewer et al. 2005. The matrix of 

pairwise RST values is presented in Appendix 5. For most of the pairwise population 

comparisons, the interpopulation differences were significant. Eastern and western Slavic 

populations (Poles, Russians, Byelorussians, and Ukrainians) demonstrate the closest 

affinities with each other. This fact points out to a common ancestry for Slavic paternal 

gene pools. The results of the haplotype sharing and RST analyses were not always 

correlated (Appendix 5). For example, the Albanians show considerable genetic distances 

with all the populations; however, 14 pair of comparisons between the Albanians and the 



Results - Y-chromosome variation 

 64 

European populations show a high level of identity. This is explained on the basis of the 

number of mutational differences between nonidentical haplotypes. 

In order to represent the genetic distances between samples, an MDS analysis was 

performed. Figure 5.10 shows the results of MDS based on RST genetic distances. A good 

fit between the two dimensional plot and the source data (paiwise values of RST) was 

obtained, as demonstrated by the low stress value obtained (0.065). The plot of the first 

two dimensions of the MDS clustered most of the populations analyzed. The only 

exceptions are the Albanian and Estonian populations, which lie on the opposite ends of 

the second dimension and show statistically significant differences with all the samples 

(P<0.05). As expected from the RST values matrix, the East Slavic populations formed a 

loose cluster, located on the lower left side of Figure 5.10. The sample from Moscow and 

the Ukrainian sample from Transdniestria are located at some distance from it. The western 

European populations occupy an opposite (right) side of the MD plot. On the whole, the 

first (horizontal) dimension shows a significant correlation (r= -0.662; P<0.0001) with 

geographical longitude, while the second (vertical) dimension demonstrates a significant 

correlation (r= -0.419; P=0.0079) with latitude. The populations from Southeast Europe 

demonstrate the most considerable interpopulation variability. Two Moldavian samples, 

the Gagauzes from Etulia and the Ukrainians from Transdniestria occupy an intermediate 

place in the MD space between the eastern European and the Balkan-Carpathian 

populations. The eastern Romanians show the most considerable proximity with the 

Bosnians and the Croatians. This observation agrees well with the results of the analysis of 

Y-chromosome binary polymorphisms. The Gagauzes from Kongaz show the most 

considerable affinity with southern and central Balkan populations - namely, with the 

Bulgarians, Bulgarian Turks, Macedonians, Northern Greeks, Serbs, as well as with the 

Hungarian sample from Budapest, the Romanian sample from Ploiesti and the Moldavian 

sample from Sofia. Though the analysis of the genetic distances did not reveal any 

considerable differences between the Gagauzes from Kongaz and the Balkan Turks, the 

differences between the Gagauzes and the Anatolian Turks are statistically significant. It is 

of worth to note that the two Turkish samples (the Anatolian and the Balkan ones) do not 

show any significant differences. 
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Figure 5.10 Plot from multidimensional scaling (MDS) analysis of a RST values from Y chromosome STR 

haplotype frequencies, showing genetic affinities among European and Anatolian populations. The 

populations presented are: GAGK=Gagauzes from Kongaz; GAGE=Gagauzes from Etulia; 

MOLK=Moldavians from Karahasani; MOLS=Moldavians from Sofia; ROME=Romanians from Piatra 

Neamt and Buhus; UKRT=Ukrainians from Trans-Dniestria (present study); MOSR= Moscow [Russia]; 

POLG=Gdansk [Poland]; POLW=Wrozlaw [Poland]; POLL=Lublin [Poland]; LIT=Vilnus [Lithuania]; 

LAT=Riga [Latvia]; EST=Tartu [Estonia]; HUN=Budapest [Hungary] (Ploski et al. 2002); 

RUSN=Novgorod [Russia]; BRUS=Byelorussia; UKRK=Kiev [Ukraine]; ALB=Albania; SLO=Ljubljana 

[Slovenia]; GERB=Berlin [Germany]; GERC=Cologne [Germany]; GERM=Munich [Germany]; AUS=Vien 

[Austria]; DAN=Denmark; SWE=Sweden; GREA=Athens [Greece]; ITAS=Sicily [Italy]; ITAC=Lazio 

[Italy]; ITAN=Lombardy [Italy] (Roewer et al. 2005); CRO=Croatia (Barac et al. 2003); TUR=Turkey 

(Cinnio lu et al. 2004); BUL=Bulgaria [Bulgarians]; TURB=Bulgaria [Turks] (Zaharova et al. 2001); 

MAC=Macedonia (Pericic et al. 2005); BOS=Bosnia (Klaric et al. 2005); SER=Serbia (Barac Lauc et al. 

2005); GRET=Thrace [Greece]; ROMC=Constanta [Romania]; ROMP=Ploiesti [Romania] (Bosch et al. 

2006). The investigated in the present study populations are marked in blue. 

 

5.3.4 Microsatellite diversity within haplogroups 

Combining the binary markers with the microsatellite loci, we have calculated the diversity 

of the microsatellite haplotypes within the haplogroups based on the binary markers. A 

total of 171 combination binary marker/STR haplotypes were produced (Appendix 6). We 

obtained quantitative estimates of the microsatellite diversity within the haplogroups with 

the help of AMOVA. STR diversity parameters within haplogroups were calculated only 
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for haplogoups represented in our material by more than five Y-chromosomes. The 

phylogenetic trees, based on the algorithm of the median networks, were built with the help 

of the Network program to present the visual pattern of the existing diversity, as well as to 

reveal the detailed phylogenetic relations between the microsatellite haplotypes within the 

haplogroups (Bandelt et al. 1995; 1999). The median networks were constructed for the 

haplogroups that were the most common in the Dniester-Carpathian region - namely, 

R1a1-M17, I1b-P37, R1b3-M269 and E3b1-M78. The estimations were calculated both 

from our own data and the available literature data for the western Eurasian populations 

(Table 5.15) in order to make the phylogenetic analysis, which would reflect the existing 

pattern of the mutual evolution relations among the haplotypes. Some parameters of the 

median networks for the pooled Dniester-Carpathian and European population samples 

respectively are given in Tables 5.16 and 5.17. 

 

Table 5.15 Source data for the western Eurasian samples used in the STR diversity 

analyses 

Haplogroup Samples 

R1a1-M17 Moldavians (2), Romanians (1), Ukrainians (1), Gagauzes (2) (this study); Islanders (1) 

(Helgason et al. 2000); Croats (1) (Barac et al. 2003); Turks (1) (Chinnio lu et al. 2004); 

Ukrainians (1), Russians (1), Byelorussians (1) (Kharkov 2005) 

I1b-P37 Moldavians (2), Romanians (1), Ukrainians (1), Gagauzes (2) (this study); Turks (1) 

(Chinnio lu et al. 2004); Ukrainians (1); Russians (1); Byelorussians (1) (Kharkov 2005) 

R1b3-M269 Moldavians (2), Romanians (1), Ukrainians (1), Gagauzes (2) (this study); western 

Europeans (1), Turks (1) (Chinnio lu et al. 2004); Ukrainians (1), Russians (1), 

Byelorussians (1) (Kharkov 2005) 

E3b1-M78 Moldavians (2), Romanians (1), Ukrainians (1), Gagauzes (1) (this study); Turks (1) 

(Chinnio lu et al. 2004); Albanians (1), Aromuns (3), Greeks (1), Macedonians (1), 

Romanians (2) (Bosch et al. 2006) 

Note. - Number of samples used for calculation of the time since of population divergence (see page 75) is 

given in brackets. 

 

Table 5.16 STR diversity parameters of the R1a1-M17, I1b-P37, R1b3-M269 and E3b1-

M78 haplogroups in the European samples
*
 considered jointly 

Haplogroup n  k  d  SDD ±ˆ  SDH ±ˆ  SD±ˆ  FH 

R1a1-M17 451 139 209 0.9730±0.0029 0.3940±0.2313 2.76±1.46 16-10-17-25-11-11-13 

I1b-P37 142 54 65 0.9474±0.0099 0.3071±0.1900 2.15±1.20 16-10-18-24-11-11-13 

R1b3-M269 198 103 153 0.9785±0.0047 0.4447±0.2565 3.11±1.62 14-10-16-24-11-13-13 

E3b1-M78 128 58 97 0.8519±0.0294 0.2343±0.1542 1.64±0.98 13-10-17-24-10-11-13 

Note. - *See Table 5.15 for the list of samples. Column headings: n , number of chromosomes; k , number 

of haplotypes; d , number of mutations; D̂ , haplotype diversity; Ĥ , averaged over seven STR loci gene 

diversity;  ˆ , mean number of pairwise differences; FH, founder (ancestral) haplotype: DYS19-DYS389I-

DYS389II-DYS390-DYS391-DYS392-DYS393. 
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Table 5.17 STR diversity parameters of the R1a1-M17, I1b-P37, R1b3-M269 and E3b1-

M78 haplogroups in the Dniester-Carpathian samples considered jointly 

Haplogroup n  k  d  SDD ±ˆ  SDH ±ˆ  SD±ˆ  FH 

R1a1-M17 84 39 55 0.9616±0.0093 0.3688±0.2213 2.58±1.40 16-10-17-25-10-11-13 

I1b-P37 76 31 39 0.9467±0.0108 0.3084±0.1918 2.16±1.21 16-10-18-24-11-11-13 

R1b3-M269 45 30 53 0.9697±0.0152 0.4541±0.2657 3.18±1.68 14-10-16-24-11-13-13 

E3b1-M78 24 10 15 0.7500±0.0916 0.2329±0.1588 1.63±0.10 13-10-17-24-10-11-13 

Note. - Column headings as in Table 5.16.  

 

Haplogroup R1a1-M17 is the most common lineage in the Dniester-Carpathian region 

(27.1%). The samples from Kongaz, Sofia, Rashkovo and Karahasani are characterized by 

a high level of STR diversity within the R1a1-M17 haplogroup (Table 5.18). The sample 

from eastern Romania is inferior in this respect. The Gagauzes from Etulia show the least 

diversity level with an unexpressed founder.  

 

Table 5.18 STR diversity parameters of Hg R1a1-M17 in the Dniester-Carpathian 

populations 

Population n  k  SDD ±ˆ  SDH ±ˆ  SD±ˆ  

Gagauzes (Kongaz) 6 6 1.0000±0.0962 0.2381±0.1865 1.67±1.13 

Gagauzes (Etulia) 11 4 0.6727±0.1232 0.2338±0.1681 1.64±1.04 

Moldavians (Karahasani) 25 15 0.9300±0.0357 0.3376±0.2121 2.36±1.33 

Moldavians (Sofia) 11 9 0.9778±0.0540 0.4127±0.2675 2.89±1.66 

Ukrainians 21 13 0.9486±0.0231 0.3891±0.2390 2.72±1.50 

Romanians 10 6 0.8444±0.1029 0.36833±0.2435 2.58±1.51 

Total 84 39 0.9616±0.0093 0.3688±0.2213 2.58±1.40 

Note. - Column headings as in Table 5.16. 

 

The European median network of haplogroup R1a1-M17 has a complicated configuration 

with many reticulations and accumulations of certain haplotypes (Figure 5.11). In the 

European network the ancestral (or founder) haplotype is associated with East Slavic 

populations and, at the same time, the Eastern Slavs show the highest haplotype diversity, 

a fact that testifies to the origin of haplogroup R1a1-M17 within the limits of Eastern 

Europe (see also Kharkov 2005). The hypothetical ancestral haplotype in the Dniester-

Carpathian region is represented in four out of six surveyed populations (Figure 5.12). It 

does not contain the chromosomes from the Romanian sample and the sample of the 

Gagauzes from Etulia. It is noteworthy that the ancestral haplotype in the surveyed sample 

differs from its European analogue by one repeat at the STR391 locus. The latter is present 

only in three Dniester-Carpathian samples: those of the Ukrainians, the Moldavians from 



Results - Y-chromosome variation 

 68 

Karahasani and of the Gagauzes from Etulia. The hypothetical ancestral haplotype in the 

sample from the Dniester-Carpathian region is also most common haplotype in Anatolia 

and in the Balkans. 

 

Figure 5.11 Median-joining network constructed for the western Eurasian population sample, representing 

microsatellite variation within haplogroup R1a1-M17. Circles represent haplotypes, with areas proportional 

to the number of individuals they contain. Color indicates population of origin. Branch lengths are 

proportional to the number of mutational steps and the asterisks along the branches represent two and more 

mutational changes. The solid arrow points out the founder haplotype in the western Eurasian population 

sample and the dashed arrow indicates the ancestral haplotype in the Dniester-Carpathian sample. 
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Figure 5.12 Median-joining network constructed for the Dniester-Carpathian population sample, 

representing microsatellite variation within haplogroup R1a1-M17. The solid arrow points out the founder 

haplotype in the Dniester-Carpathian population sample and the dashed arrow indicates the ancestral 

haplotype in the European sample. Other designations are as in Figure 5.11. 

 

The second most common haplogroup in the region under study is the I1b-P37 lineage. 

Within Europe it occurs with the highest frequency in the Croatian and the Bosnian 

samples (Marjanovic et al. 2005; Pericic et al. 2005), which are also characterized by a 

high microsatellite diversity within I1b-P37 (Rootsi et al. 2004; Pericic et al. 2005). 

Previously, Rootsi et al. (2004) revealed a high STR diversity of haplogroup I1b-P37 in the 

Gagauz sample from Moldavia and an extremely low diversity in the Moldavian sample 

from central Moldavia. In contrast to the results of Rootsi et al. (2004), our Moldavian 

samples show a considerably higher level of microsatellite diversity (Table 5.19). The 

extremely high diversity (0.9818) was revealed in the Ukrainian sample from 

Transdniesria. The Moldavians from Sofia and the Gagauzes from Kongaz are 

characterized by a relatively lower diversity. Remarkably, the European median network 

adopts a fairly compact star-like structure (Figure 5.13). The central haplotype from the 

Dniester-Carpathian sample is an ancestral haplotype in the sample of the European I1b-
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P37 chromosomes. However, this haplotype is not predominant in the region. It is 

encircled by the other haplotypes, which have comparable frequencies (Figure 5.14). The 

supposed ancestral haplotype contains chromosomes from five surveyed samples. It does 

not contain the chromosomes from Etulia. 

 

Table 5.19 STR diversity parameters of Hg I1b-P37 in the Dniester-Carpathian 

populations 

Population n  k  SDD ±ˆ  SDH ±ˆ  SD±ˆ  

Gagauzes (Kongaz) 9 5 0.8611±0.0872 0.2738±0.1945 1.92±1.20 

Gagauzes (Etulia) 9 7 0.9444±0.0702 0.2262±0.1678 1.58±1.04 

Moldavians (Karahasani) 12 9 0.9545±0.0467 0.2273±0.1632 1.59±1.01 

Moldavians (Sofia) 13 7 0.8718±0.0670 0.2381±0.1678 1.67±1.05 

Ukrainians 11 10 0.9818±0.0463 0.4649±0.2924 3.26±1.81 

Romanians 22 13 0.9481±0.0251 0.2721±0.1798 1.91±1.13 

Total 76 31 0.9467±0.0108 0.3084±0.1918 2.16±1.21 

Note. – Column headings as in Table 15 
 

 

Figure 5.13 Microsatellite network of the I1b-P37 haplogroup constructed for the western Eurasian 

population sample. Designations as in Figure 5.11. 
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Figure 5.14 Microsatellite network of the I1b-P37 haplogroup constructed for the Dniester-Carpathian 

population sample. Designations as in Figure 5.11. 

 

Three samples from the Dniester-Carpathian region (the Ukrainian sample and both 

Moldavian samples) are characterized by a high STR diversity level within haplogroup 

R1b3-M269 (Table 5.20). The lowest diversity was noted in the Romanian sample, 

indicating a strong founder or sample effect. The network of haplogroup R1b3-M269, 

formed on the basis of the joint European and Anatolian data, is characterized by the 

presence of two expressed branching centers, which can be conditionally designated as 

“European” and “Anatolian” (Figure 5.15). They differ by one mutational step at the 

DYS393 locus. The majority of the chromosomes from the Dniester-Carpathian 

populations belong to the “European” cluster, and the founder-haplotype in the Dniester-

Carpathian sample is a constituent portion of the western Eurasian ancestral haplotype. In 

the Dniester-Carpathian region the founder haplotyte is represented by the chromosomes 

from three samples: the Romanian, the Gagauz from Kongaz and the Moldavian from 

Karahasani (Figure 5.16). More than half of the Romanian R1b3-M269 chromosomes were 

classified to this haplotype. The majority of the samples have no distinct center and their 

haplotypes are unevenly scattered around the central haplotype in the region. 
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Table 5.20 STR diversity parameters of Hg R1b3-M269 in the Dniester-Carpathian 

populations 

Population n  k  SDD ±ˆ  SDH ±ˆ  SD±ˆ  

Gagauzes (Kongaz) 5 4 0.9000±0.1610 0.4286±0.3130 3.00±1.87 

Gagauzes (Etulia) 6 4 0.8667±0.1291 0.2857±0.2151 2.00±1.30 

Moldavians (Karahasani) 12 11 0.9848±0.0403 0.4935±0.3049 3.46±1.90 

Moldavians (Sofia) 8 7 0.9643±0.0772 0.4592±0.3014 3.21±1.85 

Ukrainians 7 6 0.9524±0.0955 0.4150±0.2830 2.91±1.73 

Romanians 7 3 0.6667±0.1598 0.1497±0.1284 1.05±0.78 

Total 45 30 0.9697±0.0152 0.4541±0.2657 3.18±1.68 

Note. - Column headings as in Table 5.16 
 

 

Figure 5.15 Microsatellite network of the R1b3-M269 haplogroup constructed for the western Eurasian 

population samples. Designations as in Figure 5.11. 



Results - Y-chromosome variation 

 73 

 

Figure 5.16 Microsatellite network of the R1b3-M269 haplogroup constructed for the Dniester-Carpathian 

population samples. See Figure 5.11 for designations. 

 

 

 

The E3b1-M78 chromosomes display a star-like network with a marked founder haplotype 

shared among all compared populations (Figures 5.17 and 5.18). The halplogroup E3b1-

M78 is characterized by low microsatellite diversity indices (Table 5.16, 5.17) with a 

founder-haplotype containing 37 and 50 percents of the E3b1-M78 chromosomes in the 

European and Dniester-Carpathian population samples respectively. It is notable that this 

haplotype is the major STR-defined lineage in the pool of the Dniester-Carpathian Y-

chromosomes. 
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Figure 5.17 Microsatellite network of the E3b1-M78 haplogroup constructed for the western Eurasian 

population samples. See Figure 5.11 for designations. 

 

 

 

Figure 5.18 Microsatellite network of the E3b1-M78 haplogroup constructed for the Dniester-Carpathian 

population samples. See Figure 5.11 for designations. 
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5.3.5 Age estimates of the predominant in the Dniester-Carpathian region 

haplogroups 

The observed inter-molecular diversity of the lineages was the result of the haplotype 

evolution during a long historical period and is a function of the age of the lineages, the 

mutation rate of the microsatellites and the demographic history of populations. Since the 

mutation tempo of the microsatellite loci at the Y-chromosome and the diversity observed 

in the contemporary populations allow making their estimation, one can calculate the 

origin time of the lineages or the parameters of the demographic history of the population 

(the founder size) by estimating their diversity. The time estimates were determined for the 

four haplogroups which occurred in the Dniester-Carpathian region with the highest 

frequency. The tempo necessary for the mutation of the microsatellite loci was taken from 

Zhivotovsky et al. (2004) and is equal to 6.9x10
-4

 per locus for 25 years. The age of STR 

variation was determined on the basis of our own and the pooled European data, with the 

help of two methods described in the papers of Zhivotovsky et al. (2004) and Forster et al. 

(1996; 2000). The age of the population expansions was estimated using the method of 

Zhivotovsky (2001; 2004) on the basis of the European pooled data only. It should be 

noted that the absolute estimations of the age parameters (in the terms of years) should be 

interpreted very carefully. As for any model, the methods that were used do not take into 

consideration a number of specific parameters (the demographic and the molecular ones) 

and that is why they are not without certain drawbacks (Stepanov 2002). Nevertheless, 

these methods are very useful for understanding the entire demographic picture. The time 

estimates of the microsatellite diversity are presented in Table 5.21. The age of STR 

variation within various haplogroups does not exceed the age of the Last Glacial Maximum 

(LGM, 14-20 kya). Haplogroups R1b3-M269 and R1a1-M17 are the “eldest” ones when 

compared to the “middle” I1b-P37 and the “youngest” E3b1-M78 lineages. The expansion 

time of the R1b3-M269 and R1a3-M17 lineages corresponds in geological terms to the 

interval between the LMG and the Younger Dryas (14-12.5 kya). From the viewpoint of 

archeology it was the period of the large expansion of the Upper Paleolithic culture of 

Madlen and the beginning of the Mesolithic epoch in Western Europe. The expansion of 

the I1b-P37 lineages took place obviously not earlier than in the Younger Dryas (12.5–11 

kya) and no later than in the Neolithic (9–7 kya). The E3b1-M78 expansion period 

corresponds to the Late Neolithic – the Early Bronze Age. 
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Table 5.21 Age estimates of haplogroups R1a1-M17, I1b-P37, R1b3-M269 and E3b1-M78 

Age (ky) of STR variation  Time since population 

divergence (ky) according to 

Zhivotovsky et al. 2001, 2004 

(only for European data) 

According to 

Zhivotovsky et al. 2004 

 According to Forster et 

al. 2000 

 

Haplogroup 

Present 

study 

European 

data* 

 
Present 

study 

European 

data* 

 

Upper 

bound
 Lower bound

 

R1a1-M17 15.40±3.26 12.48±2.88  10.04±2.35 10.94±2.42  11.45±2.68 1.44±0.40 

I1b-P37 13.64±4.25 9.43±3.48  8.37±2.07 8.02±1.77  9.14±3.35 0.90±0.40 

R1b3-M269 17.60±1.69 13.46±1.51  12.08±2.17 11.94±2.63  12.85±1.52 2.98±0.68 

E3b1-M78 5.39±1.54 5.80±1.46  5.39±1.66 4.95±1.35  5.58±1.64 1.98±0.75 

Note. - *
 
See Table 5.15 for the list of samples. 
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6 DISCUSSION 

6.1 Alu insertion polymorphisms in the Dniester-Carpathian populations 

6.1.1 Variation pattern of Alu insertions in Southeastern Europe 

Classical polymorphic markers (i.e., blood groups, protein electromorphs, and HLA 

antigens) had revealed that Europe is a genetically homogeneous continent, with only a 

few outliers (Saami, Sardinians, Icelanders, and Basques) (Cavalli-Sforza et al. 1994). 

Resent studies of autosomal DNA polymorphisms confirmed a high degree of 

homogeneity among European populations. This conclusion is supported by two lines of 

evidence. First, by small differentiation indexes: the FST value for Europe is 2-7 times 

lower than in other Continents and geographical areas (Nasidze et al. 2001). Second, by 

small genetic distances: in a neighbor-joining tree of the world populations, European 

populations cluster in a small compact group, while other populations are connected to 

each other with much longer branches (Jorde and Wooding 2004; Tishkoff and Kidd 

2004). The Dniester-Carpathian autosomal pools also follow this rule. Our analysis of 12 

autosomal DNA polymorphisms in the Dniester-Carpathian region has shown that the 

allele frequencies in these populations are strikingly similar to each other, as well as to the 

frequencies observed in other European populations, despite notable linguistic differences. 

The genetic homogeneity among southeastern European populations suggests either a 

common ancestry of all southeastern European populations or a strong gene flow between 

populations that eliminated any initial differences. Taking into account that the region had 

a relatively high population density since the Neolithic, and that this region has been a 

crossroad of the routes connecting cultural centers of Middle East with different European 

areas, both explanations are plausible. 

The low level of genetic differentiation of the southeastern European gene pool and the 

lack coordination between linguistic and genetic spatial patterns, make the further analysis 

of the population structure in this region very difficult. Nevertheless, our results 

demonstrate a certain degree of differentiation. The first principle component that explains 

24% of the total genetic diversity is considerably correlated with the geographical latitude. 

The other components find no reasonable interpretation. This fact corresponds to only a 

low correlation between geographical and genetic distances and absence of robust clusters 

in the consensus tree.  
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The observed pattern of genetic differentiation within Southeastern Europe is not 

surprising. Our results are consistent with those from classical and DNA markers (Cavalli-

Sforza et al. 1994; Chikhi et al. 1998; Malaspina et al. 2000) and are compatible with 

archaeological and paleoanthropological data. Since the Neolithic (7,500 BC) the eastern 

Mediterranean area has been a field of constant presence of agricultural communities. 

These arose from the common Neolithic ‘package’ originating in the Near East (Renfrew 

1987). The demographical process in the northern part of Southeast Europe was different 

from those in the eastern Mediterranian area. The Balkan-Mediterranean farming traditions 

developed here during the Neolithic – Early Eneolithic period (6,500-4,000 BC). 

Beginning from the Late Eneolithic the nomadic tribes of Kurgan cultures were penetrating 

into the Carpathian basin and into the Balkans from the Pontic steppes. These cultures 

developed on the East European Mesolithic basis (Dergachev 1999). The considerable 

differences in a set of morphological characters between farming tribes from Southeast 

Europe and the Mesolithic and nomadic tribes from East Europe (Velikanova 1975; Kruts 

et al. 2003) imply different structure of their gene pools. The genetic differences between 

northern and southern populations of Southeast Europe observed in our work seem to be 

due to the unequal proportion of the European (‘Mesolithic’) to the Near-Eastern 

(‘Neolithic’) components in their gene pools.  

 

6.1.2 Alu insertion polymorphisms and the origins of the Gagauzes 

Several hypotheses about the origin of the Gagauzes (who speak a Turkic language) have 

been proposed (Guboglo 1967). The opposing points of view consider them either 

descendents of the Turkic nomadic tribes from South Russian steppe (Kumans, or 

Pechenegs, or Torks, etc.) or descendents of the Anatolian Turks (Seljuks and/or 

Ottomans). Since each of these scenarios implies a distinct genetic structure of the Gagauz 

populations, they can be tested by the means of population genetic analysis. Importantly, 

both hypotheses imply that Gagauzes should be genetically more similar to some Turkic 

populations (from Eurasian Heartlands for the first of hypothesis or from Anatolia for the 

second one). Our previous analysis of classical polymorphisms in the Dniester-Carpathian 

region demonstrated however that Gagauzes grouped genetically with their geographic 

neighbors, rather than with any Turkic populations (Varsahr et al. 2001; Varsahr et al. 

2003). The present analysis, based on the autosomal DNA markers, is consistent with the 

results shown by classical genetic markers. The Gagauz samples differed from Central 
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Asian populations in the PC analysis and also revealed considerable genetic distances from 

them. Moreover, the genetic position of the Gagauzes in the tree was not an intermediate 

one between southeastern European and Central Asian populations. Therefore our data 

testify against the hypothesis that the Gagauzes are direct biological descendents of the 

Turkic nomads from South Russian steppes. 

According to another scenario the Gagauzes are descendants of the Seljuk Turks who 

migrated to the Balkans from Anatolia in the second half of the 13th century. Nevertheless, 

Gagauzes showed tighter relationships with the Dniester-Carpathian populations, than with 

the Turks from Anatolia and Cyprus. It should be noted however that the differences 

between the populations mentioned above are not significant enough to completely exclude 

the hypothesis of the Seljuk origin of the Gagauzes basing on the used marker system. A 

drawback of this scenario is that it does not explain the presence of the Kypchak (Tartar) 

element in the Gagauz language, which could have penetrated in it only by the northern 

way from the Eurasian steppes. 

The lack of correlation between the linguistic and genetic differentiation in Southeast 

Europe (in particular, in the Dniester-Carpathian region) suggests that ethnic and genetic 

differentiation proceeded here relatively independently from each other. The genetic 

landscape of Southeast Europe had presumably been formed long before the 

linguistic/ethnic landscape we now observe was shaped (one more option is that the 

cultural barriers were not strong enough to prevent genetic flow between populations). A 

Turkic language of the Gagauzes could be a case of language replacement. Replacement 

could occur via the “elite dominance” model – in this case the original Turkic migrant 

groups could be very small which would explain their negligible genetic effect on the 

resident groups (Renfrew 1987). However, elite dominance scenario is more suitable for 

more numerous populations, as e.g., those of Anatolia or Azerbaijan (70 and 8 million, 

respectively). The Gagauzes are much less numerous (~200,000). It is still possible that 

they are a remnant of a sometime larger Turk-speaking Orthodox group in Southeastern 

Europe.  

In conclusion, our study of Alu polymorphisms indicates low level of population 

differentiation in the Dniester-Carpathian region as well as in Southeast Europe. Although 

the interpopulation diversity within Southeast Europe is small our population tree and PC 

plot allow the distinction between South and North. These observations are in agreement 

with classical and STR markers showing small and clinal geographical variation within the 
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European subcontinent. The genetic affinities among Dniester-Carpathian and southeastern 

European populations do not reflect linguistic relationships; overall, these results indicate 

that the ethnic and genetic differentiations proceeded in these regions to a considerable 

extent independently from each other. 
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6.2 Y-chromosomal DNA variation in the Dniester-Carpathian region 

6.2.1 On the origin of Y-chromosome diversity in the eastern Trans-Carpathians 

Analyses of molecular variance and population relationships showed that Dniester-

Carpathian populations do not constitute a homogenous group with close affinity to a 

specific western Eurasian cluster. In case of Y-chromosome, the proportion of the genetic 

variation that is due to interpopulation differences is 5-6 times higher, than in case of 

aoutosomal loci. This fact is not surprising. A similar situation was found after comparison 

of proportions both in the world-wide level and within continents. This fact is obviously 

due to smaller effective size of Y-chromosome in comparison to autosomes. Moreover, 

autosomal loci are inherited both paternally and maternally. Therefore a lower 

demographic mobility of males in comparison to females could probably facilitate a higher 

geographical differentiation of the Y-chromosomal pool in comparison to the autosomal 

one.  

The contribution of various source areas of Western Eurasia to the paternal gene pool of 

the Dniester-Carpathian region corresponds well to the role of these areas in the cultural 

development of the region (Dergachev 1999). From the results of gene frequency and 

admixture analyses we infer that the flows from the Western Balkans and Eastern Europe 

played a major role in the formation of the structure of the Dniester-Carpathian paternal 

gene pool. Obviously, it is explained by the geographical proximity of the Dniester-

Carpathian region to the Balkan and North Pontic cultural centers and, as a consequence, 

the region came every now and again under the influence of one of them or was subject to 

the bilateral influence in the course of various historical periods. 

Migrations from the western Balkans were the main source of the I1b-P37 haplogroup in 

the male pool of the Dniester-Carpathian region. Pericic et al. (2005) asserted that the 

genetic expansion of the I1b-P37 lineages probably took place during the Mesolithic, not 

earlier than the Younger Dryas to Holocene transition (~11,000 ya) and not later than the 

early Neolithic (~8,500 ya). The results of our estimates with the use of seven STR loci 

places the beginning of the STR variation within haplogroup I1b-P37 (9.43±3.48 by 

Zhivotovsky et al. 2004) somewhere between the Pleistocene and the Holocene and thus 

support the finding of Pericic et al. (2005). The first wave of the spatial expansion of 

haplogroup I1b-P37 took place during this time. The further expansion of the I1b-P37 

lineages from the Middle-Danubian Lowland may be associated at least with two events in 
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the history of Europe. It is known that the early farming communities of central and eastern 

Europe originated in the Middle Danube area in the Middle Neolith (8,000-7,500 ya) 

(Mongait 1973; Whittle 1996). The expansion of the haplogroup I1b-P37 lineages from the 

Middle Danube Lowland in this period is explained by the “wave of advance” model 

initially suggested by Ammerman and Cavalli-Sforza (1984). According to this scenario, 

the endemic Balkan lineages should have penetrated into European gene pools together 

with the Near Eastern haplogroups. The second cataclysm, probably associated with 

population growth and demographic migrations, is connected with the spread from the 

Middle Danube Lowland of the advanced Early Hallstatt technologies and traditions in the 

period of the transition to the Iron Age (1,300–1,100 years BC) (Dergachev 1997).  

The R1a1-M17 haplogroup represents the East European stratum in the paternal gene pool 

of the discussed populations. It shows a clinal frequency distribution across Europe with a 

frequency peak in Eastern Europe. This spatial pattern has been associated with various 

ancient population movements from North Black Sea Littoral towards West and 

Southwest, namely with (1) population expansion from eastern European (Dnieper-

Donetsk) transglacial refugium at the end of the Upper Palaeolithic/Mesolithic time 

(15,000 – 12,500 BC), (2) with the migration of the peoples of Kurgan cultures at the 

Middle Eneolithic-Bronze epochs (~ 4,400 – 1,200 BC), and (3) with the Great Slavic 

colonization of Southeast Europe at the beginning of the Middle Ages (5th-7th centuries 

AD) (Rosser et al. 2000; Semino et al. 2000; Pericic et al. 2005). Our estimates of the age 

of STR variation within the R1a1-M17 haplogroup support all these scenarios. The 

geographic expansion of the haplogroup R1a1-M17 lineages began in the post-glacial 

period (in the Late-Upper Paleolithic/Mesolithic) and continued for several millenniums 

till the Middle Ages. In Southeast Europe one finds the clearly central haplotype, different 

from the ancestral European haplotype. Therefore it seems very likely that one of the 

above mentioned scenarios indeed describes a key-episode in the genetic history of 

Southeast Europe. A better resolution of these migration patterns requires more extensive 

sampling of European populations. 

Another marker indicating influences from the East is haplogroup N3a, defined by M178. 

High frequencies of the N3a-M178 haplogroup and the world maximum of its 

microsattelite diversity were registered in some Finno-Ugric populations, which suggest its 

origination in Northeastern Europe in the late Upper Paleolithic (Rootsi et al. 2000; 

Tambets et al. 2004). The increased frequency of the N3a-M178 lineages in a number of 
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eastern Slavic populations could be explained by the assimilation of the Finnish tribes 

during the migration of the Slavs eastwards from Central Europe. This haplogroup is rare 

or absent in southeastern European populations. The presence of the N3a-M178 lineages in 

Dniester-Carpathian populations can be explained as the consequence of either the massive 

Slavic migration during the early medieval period or the earlier migrations of peoples 

directly from the Volga-Ural-Siberian area. The latter migration is reliably documented in 

archeological records and may be illustrated by the wide diffusion of the Seiminsko-

Turbinsk antiquities in the northwestern Black Sea Littoral in the Late Bronze Age (Hansel 

1982; Dergachev and Bochkarev 2002). 

The third important genetic stratum in the male pool of the Eastern Trans-Carpathians is 

represented by lineages defined by mutations at 12f2, YAP and M201 loci. The expansion 

of the Near Eastern lineages is traditionally associated with the settling of the Near Eastern 

agriculturists during the Neolithic (Semino et al. 2000). The abundant archeological and 

paleoanthropological Neolithic material from the Danubian-Carpathian region testifies 

clearly to a strong Near Eastern genetic influx to the Danube-Carpathian area during the 

Neolithic and the Early Eneolithic periods (Dergachev 1999; Kruts et al. 2003). Moreover, 

recent studies of the diversity of Y-chromosome lineages in western Eurasia showed that 

the penetration of Middle East lineages into Europe took place also in post-Neolithic time 

(Cruciani et al. 2004; Di-Giacomo et al. 2004; Semino et al. 2004). Our estimates of the 

age of the E3b1-M78 haplogroup in Southeast Europe and in the Dniester-Carpathian 

region conform to these findings.  

The E3b1-M78 and J-12f2 haplogroups show in Europe a clear clinal reduction of 

frequency from Near East towards Europe. The G-M201 haplogroup deviates from this 

pattern. It has maximal frequency in the North Caucasian region (Semino et al. 2000; 

Nasidze et al. 2003; Nasidze et al. 2004) and relatively high frequencies in Turkey and 

southern Italy, (Semino et al. 2000; Di Giacomo et al. 2003; Cinnio lu et al. 2004) while 

in the Middle East countries it occurs with a low average frequency (Semino et al. 2000; 

Hammer et al. 2000; Al-Zahery et al. 2003). Insufficient understanding of the 

phylogeography of haplogroup G-M201 does not allow us to establish its origin. 

Interestingly, a higher frequency of G-M201 is observed in the Lower Danube area not 

only in the Gagauzes, but also in the Romanians (Bosch et al. 2006). This fact may be 

tentatively interpreted as an evidence of close ancient connections of populations from the 

Lower Danube zone with the North Caucasian and/or the Anatolian populations. The 
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further studies of the distribution of the G-M201 lineages in western Eurasia are necessary 

to understand their origin and the ways of their diffusion.  

The extensive archaeological studies in the Dniester-Carpathian region demonstrated an 

only moderate influence of Western Europe on the culture of the region (for review see 

Dergachev 1999). Our study of Y-chromosome diversity in the Dniester-Carpathian 

populations conforms to these findings: the western European stratum is the least important 

one in the Dniester-Carpathian paternal gene pool. There is no evidence of massive 

migrations of western European tribes into the eastern Transcarpathians for the period from 

the Mesolithic to Roman times. In this period the penetration of the western European 

lineages into the Danubian-Carpathian region might have had a diffusive nature. The 

migrations of the Germanic tribes of the Bastarns and the Goths were the first massive 

invasions from Western Europe (Sedov 2002; Shschukin 2005). It looks possible that the 

gene pools of the contemporary peoples of the eastern Transcarpathians owe a considerable 

proportion of the western European lineages to the Bastarns and the Goths. To test this 

assumption, larger samples of the major western European lineages R1b3-M269 and I1a-

M253 from the area are required. 

The frequencies and the STR diversities of the R1b-P25 haplogroup are known to have 

uncoordinated spatial distributions in Europe (Pericic et al. 2005; Cinnio lu et al. 2004). 

While the haplogroup R1b-P25 frequency shows a decline from western towards eastern 

and southeastern Europe, the spatial distribution of STR variance within R1b-P25 shows a 

different pattern, a one with multiple peaks in Europe and Asia Minor. Importantly, a 

major R1b3-M269 cluster uniting lineages from Asia Minor exceeds in the STR diversity 

level even the Iberian cluster (Cinnio lu et al. 2004). This fact hinders identification of the 

origin center of the R1b-P25 haplogroup and the ways of its diffusion. Pericic et al. (2005) 

suggested a possible concurrent dissemination of the R1b-P25 lineages from Asia Minor 

and Iberian Peninsula during re-peopling of Europe in the Late Paleolithic and Holocene. 

 

6.2.2 Origin and population history of the Romanians, the Moldavians and the 

Gagauzes: evidence from the Y-chromosome 

The migrations, associated with the expansion of the major western Eurasian lineages, took 

place in the remote historical periods. These migrations, which involved the vast areas of 

the Europe, were the main reasons for the currently observed clines of the genetic 

frequencies, which crossed over the sub-continent. Sometimes the so-called genetic 
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boundaries, the geographic areas associated with a considerable genetic change, single out 

within continues European landscape. One of such boundaries crosses the Dniester-

Carpathian region, as for the first time it was demonstrated by Stefan et al. (2001) and 

confirmed by the present survey. It seems, that the reasons, which conditioned the 

differentiation of the Dniester-Carpathian populations, lie in the recent demographic events 

of local significance, otherwise the differences between the local populations will 

disappear in the course of time in the absence of any geographic and linguistic (in the case 

of the eastern Romanic population) barriers. Moreover, the similar reasoning is supported 

by historical facts. It is known that the lands to the south and to the east of the Carpathians 

were poorly populated in the 11th – 13th centuries AD due to devastating raids by the 

Turkic nomads from the North Pontic steppes (Fedorov 1999). From the 13th century the 

old-Romanic population (Volokhs), the direct ancestors of the contemporary Moldavians 

and the Romanians, penetrated there from the adjacent territories of Southeast Europe. 

Simultaneously or a little later the Slavs settled down predominantly in the Dniester valley.  

A high share of the Anatolian/southern Balkan stratum in the male pool of the southern 

Romanians and as a consequence their close genetic affinity with the autochthonous 

Balkan populations testify to a significant gene flow from the southern/central Balkans and 

thus support the migration concept of the origin of the Romanians (for review see Fedorov 

1999). A considerable prevalence of the western Balkan component over the Anatolian one 

and a moderate share of the eastern European component in the pool of the eastern 

Romanians and the northern Moldavians may be attributable to the peopling of the eastern 

Transcarpathians from Transylvania and in this way is more consistent with the theory of 

the autochthonous (within the Carpathian Basin) development of the Romanians and the 

Moldavians. As we see, no theory (the migration one or that of the autochthonous 

development) explains completely the observed variability of the Y-chromosome in the 

gene pool of the Romanians and the Moldavians, but it does not confront with the observed 

variability either. The results of the study of the Y-chromosome polymorphism testify to 

the mixed origin of the male pool of the East Romanic population. It seems that probably 

the East Romanic expansion came from two distinct areas in the Medieval Ages. At the 

same time the Balkan Volokhs (the old-Romanian community) preferred to settle down on 

the lands, which were in close vicinity of the Balkans to the South of the Carpathians, 

whereas the Carpathian Volokhs settled down in the eastern Transcarpathians. The gene 

pools of at least some Moldavian groups, except the Balkan-Carpathian components, also 
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included a considerable eastern European component that seems to be attributable to the 

involvement of settlers of Slavic origin. The presence of multiple Slavic elements in the 

spoken language and folklore of the Moldavians supports the interpretation that Slavs left 

significant imprint on the genesis of the present-day paternal pool of the Moldavians. 

Among the peoples of the Dniester-Carpathian region the Gagauzes are characterized by 

the highest proportion of the Near Eastern lineages. This fact agrees with the historically 

documented information on the migration of the Gagauzes to the Southern Bessarabia from 

the territory of the Balkan Peninsula at the end of 18th
 
– the beginning of 19th centuries. 

Despite a comparatively big share of the Anatolian/southern Balkan stratum in the Gagauz 

paternal gene pool, the proportion of the Near Eastern to European lineages in the Gagauz 

populations is considerably lower than that of the Turks. Moreover, the distribution of the 

Near Eastern lineages in the Gagauz and in the Anatolian populations also differs. The 

Gagauzes represent a European population in respect of the E3b1-M78 to E3b3- 123 and 

J2-M172 to J1-M267 ratios. This finding testifies to the emergence of the Near Eastern 

lineages in the Gagauz paternal gene pool, probably, long before the penetration of the 

Seljuk Turks and the Osman Turks into the Balkans. We come also to this conclusion 

analyzing STR haplotype sharing among southeastern European and Anatolian 

populations. The Gagauzes share considerably more haplotypes with the Balkan 

populations than with the Turks from Anatolia. The analysis of the genetic distances 

confirms this reasoning. In population comparisons the Gagauzes are more closely related 

genetically to the neighboring southeastern European groups than to linguistic-related 

Anatolian populations. All pairwise comparisons between the Gagauz and the Turkish 

samples were statistically significant (P<0.01). A relatively high value of probability of 

identity and the insignificant genetic distances between the Bulgarian Turks and the 

Gagauzes presumably suggests their common Balkan ancestry, because both the Bulgarian 

Turks and particularly the Gagauzes demonstrate close affinities with the Bulgarians and 

the Macedonians. More considerable distinctions in the distribution of Y chromosome 

components appeared between the Gagauzes and the Turkic peoples from central Eurasia 

(Wells et al. 2001; Zerjal et al. 2002). Thus, none of 89 Gagauz male chromosomes 

investigated belong to the Asian cluster. In our views on the observed inconsistency 

between the linguistic and genetic affiliation of the Gagauzes we keep to the viewpoint of 

T. Kowalski (1933) and P. Mutafchiev (1947) on the stratification of various Turkic waves, 
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arriving from the South Russian steppes and the Anatolian peninsula (cited from 

Pokrovskaya 1964). Each new wave included the preceding one within its sphere of 

influence and alongside with it absorbed a certain share of the non-Turkic (Slavic or 

Romanic) population. Besides, in virtue of the lack of social barriers between the 

indigenous and the Turkic-Orthodox populations of the Balkan Peninsula the ongoing 

intensive reciprocal gene flow was accompanied by the gradual dissolution of the Asian 

genetic component in the pool of Balkan genes. In this case we deal with the multi-step 

process of language replacement in accordance with the elite dominance model (Renfrew 

1987). We have already proposed in the Alu section of the discussion that in the Middle 

Ages the size of Turkic-speaking Orthodox population in the Balkans could be larger than 

in present time. In this context the reduction of the population could have facilitated the 

loss of the Asian diagnostic lineages due to random fluctuations.  

In conclusion, our analysis of Y-chromosome polymorphism revealed high level of 

variability within Dniester-Carpathian male pool and relatively high level of population 

differentiation for such a small area. The presence of different genetic components of 

different age in the Dniester-Carpathian region indicates successive waves of migration 

from diverse source areas of Western Eurasia and thereby highlights the region between 

the Carpathians and Dniester as a zone of rich contact and interaction of various western 

Eurasian genetic ‘provinces’. The impacts from the western Balkans and Eastern Europe 

had priority among them. The heterogeneity of the eastern Romanic gene pool is, probably, 

the consequence of the recent historical events, connected with the peopling of the lands to 

the north from the Danube from various areas of Southeastern Europe and the unequal 

participation of the Slavs in the ethnogenesis of the Romanian sub-ethnic communities. 

The study has demonstrated that the Y-chromosomal pool of the Gagauzes exhibits a high 

degree of genetic affinity to geographically neighboring populations, suggesting that the 

Turkic element in their language was, probably, introduced vie elite dominance. In 

perspective an analysis of the mtDNA should be of particular interest to yield insights into 

the evolutionary processes experienced by the female part of population in the context of 

comparison with the evolutionary processes experienced by the male part. 
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7 APPENDIX 
 
Appendix 1 Matrix of genetic distances (Nei’s method) among southeastern European populations, based on 

11 Alu markers (ACE, TPA25, PV92, APO, FXIIIB, D1, A25, B65, HS2.43, HS3.23, HS4.65) 

Population 1 2 3 4 5 6 7 8 9 

1 0.0000         

2 0.0040 0.0000        

3 0.0072 0.0123 0.0000       

4 0.0039 0.0064 0.0064 0.0000      

5 0.0020 0.0057 0.0076 0.0052 0.0000     

6 0.0027 0.0028 0.0097 0.0036 0.0018 0.0000    

7 0.0031 0.0056 0.0108 0.0048 0.0031 0.0037 0.0000   

8 0.0012 0.0036 0.0075 0.0034 0.0032 0.0034 0.0043 0.0000  

9 0.0072 0.0050 0.0102 0.0054 0.0105 0.0075 0.0100 0.0039 0.0000 

10 0.0132 0.0104 0.0169 0.0097 0.0166 0.0121 0.0177 0.0110 0.0058 

11 0.0046 0.0077 0.0093 0.0044 0.0035 0.0033 0.0059 0.0037 0.0069 

12 0.0045 0.0051 0.0120 0.0042 0.0085 0.0054 0.0079 0.0040 0.0035 

13 0.0124 0.0104 0.0106 0.0084 0.0133 0.0096 0.0164 0.0104 0.0046 

14 0.0080 0.0117 0.0113 0.0062 0.0098 0.0098 0.0090 0.0058 0.0056 

15 0.0148 0.0145 0.0200 0.0083 0.0126 0.0080 0.0117 0.0138 0.0128 

16 0.0115 0.0099 0.0113 0.0063 0.0145 0.0095 0.0139 0.0088 0.0034 

17 0.0102 0.0091 0.0169 0.0095 0.0087 0.0058 0.0081 0.0105 0.0123 

 
(Contd.) 
Population 10 11 12 13 14 15 16 17 

1         

2         

3         

4         

5         

6         

7         

8         

9         

10 0.0000        

11 0.0154 0.0000       

12 0.0067 0.0054 0.0000      

13 0.0044 0.0103 0.0068 0.0000     

14 0.0096 0.0099 0.0091 0.0085 0.0000    

15 0.0189 0.0081 0.0121 0.0114 0.0113 0.0000   

16 0.0081 0.0098 0.0066 0.0033 0.0065 0.0077 0.0000  
17 0.0178 0.0117 0.0144 0.0133 0.0080 0.0062 0.0099 0.0000 

Note. - Populations: 1=Moldavians (Karahasani); 2=Moldavians (Sofia); 3=Gagauzes (Etulia); 4=Gagauzes (Kongaz); 5=Ukrainians 

(Rashkovo); 6=Romanians (Eastern Romania); 7=Romanians (Ploiesti);  8=Macedonians; 9=Albanians; 10=Aromuns (Romania); 

11=Aromuns (Macedonia, Krusevo); 12=Aromuns (Macedonia, Stip); 13=Aromuns (Albania); 14=Turks; 15=Greeks (Northeastern 

Greece); 16=Greek Cypriots; 17=Turkish Cypriots.  
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Appendix 2 Matrix of genetic distances (Nei’s method) among southeastern European and Central Asian 

populations, based on 8 Alu markers (ACE, TPA25, PV92, APO, FXIIIB, A25, B65, D1) 

Population 1 2 3 4 5 6 7 8 9 10 11 

1 -           
2 0.0064 -          
3 0.0087 0.0171 -         
4 0.0014 0.0054 0.0086 -        
5 0.0023 0.0085 0.0095 0.0033 -       
6 0.0036 0.0039 0.0137 0.0032 0.0020 -      
7 0.0038 0.0079 0.0150 0.0052 0.0031 0.0052 -     
8 0.0015 0.0054 0.0096 0.0011 0.0047 0.0048 0.0057 -    
9 0.0103 0.0067 0.0136 0.0056 0.0140 0.0109 0.0150 0.0049 -   
10 0.0184 0.0134 0.0245 0.0126 0.0231 0.0175 0.0254 0.0151 0.0076 -  
11 0.0068 0.0117 0.0127 0.0035 0.0046 0.0048 0.0084 0.0054 0.0100 0.0222 - 
12 0.0059 0.0067 0.0149 0.0022 0.0100 0.0069 0.0114 0.0043 0.0050 0.0077 0.0071 
13 0.0172 0.0142 0.0144 0.0110 0.0174 0.0135 0.0246 0.0139 0.0067 0.0052 0.0145 
14 0.0098 0.0152 0.0157 0.0083 0.0116 0.0136 0.0131 0.0065 0.0078 0.0130 0.0134 
15 0.0136 0.0133 0.0243 0.0097 0.0083 0.0055 0.0133 0.0117 0.0144 0.0218 0.0050 
16 0.0119 0.0093 0.0132 0.0073 0.0140 0.0103 0.0185 0.0070 0.0025 0.0083 0.0102 
17 0.0116 0.0098 0.0228 0.0126 0.0074 0.0062 0.0107 0.0115 0.0170 0.0241 0.0147 
18 0.0517 0.0468 0.0314 0.0510 0.0594 0.0564 0.0687 0.0526 0.0439 0.0388 0.0697 
19 0.0781 0.0824 0.0856 0.0765 0.0852 0.0792 0.0905 0.0912 0.0955 0.0615 0.0970 
20 0.0587 0.0580 0.0623 0.0580 0.0688 0.0625 0.0748 0.0667 0.0650 0.0354 0.0828 
21 0.0645 0.0657 0.0577 0.0655 0.0698 0.0659 0.0786 0.0770 0.0803 0.0587 0.0853 
22 0.0170 0.0190 0.0252 0.0200 0.0232 0.0219 0.0241 0.0226 0.0281 0.0173 0.0382 

 

(Contd.) 

Population 12 13 14 15 16 17 18 19 20 21 22 

1            
2            
3            
4            
5            
6            
7            
8            
9            
10            
11            
12 -           
13 0.0097 -          
14 0.0124 0.0126 -         
15 0.0131 0.0142 0.0146 -        
16 0.0072 0.0034 0.0085 0.0110 -       
17 0.0201 0.0192 0.0115 0.0080 0.0148 -      
18 0.0503 0.0331 0.0577 0.0793 0.0399 0.0656 -     
19 0.0657 0.0739 0.1047 0.1035 0.0917 0.1099 0.0720 -    
20 0.0491 0.0483 0.0719 0.0874 0.0631 0.0810 0.0358 0.0120 -   
21 0.0609 0.0606 0.0949 0.0965 0.0767 0.0923 0.0340 0.0138 0.0129 -  
22 0.0202 0.0255 0.0266 0.0419 0.0286 0.0292 0.0308 0.0376 0.0174 0.0293 - 

Note. - Populations: 1=Moldavians (Karahasani); 2=Moldavians (Sofia); 3=Gagauzes (Etulia); 4=Gagauzes (Kongaz); 5=Ukrainians 

(Rashkovo); 6=Romanians (Eastern Romania); 7=Romanians (Ploiesti);  8=Macedonians; 9=Albanians; 10=Aromuns (Romania); 

11=Aromuns (Macedonia, Krusevo); 12=Aromuns (Macedonia, Stip); 13=Aromuns (Albania); 14=Turks; 15=Greeks (Northeastern 

Greece); 16=Greek Cypriots; 17=Turkish Cypriots; 18=Uyghurs; 19=southern Kyrgyzes; 20=northern Kyrgyzes; 21=Kazakhs; 

22=Uzbeks. 
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Appendix 3 FST distances among 42 western Eurasian populations based on Y–chromosome haplogroups 

Population 
Gagauz 
[Kongaz] 

Gagauz 
[Etulia] 

Ukrainian 
[Rashkovo] 

Moldovian 
[Sofia] 

Karahasani 
[Moldavian] 

Eastern 
Romanian 

Gagauz [Kongaz] -      

Gagauz [Etulia] 0.0073 -     

Ukrainian [Rashkovo]  0.0638 0.0203 -    

Moldovian [Sofia] -0.0053 0.0066 0.0295 -   

Karahasani [Moldavian] 0.0303 0.0065 0.0001 0.0059 -  

East Romanian 0.0183 0.0272 0.0582 -0.0008 0.0387 - 

Constanta [Romanian] -0.0078 0.0109 0.0802 -0.0047 0.0465 -0.0086 

Ploiesti [Romanian] -0.0011 0.0312 0.1022 0.0127 0.0617 0.0152 

Ukrainian 0.1106 0.0564 0.0175 0.0894 0.0352 0.1248 

Byelorussian 0.0670 0.0311 -0.0027 0.0418 0.0081 0.0703 

Polish 0.1309 0.0642 0.0063 0.0853 0.0257 0.1166 

Czech and Slovakian 0.0595 0.0247 0.0194 0.0375 0.0272 0.0857 

Hungrian 0.1496 0.0774 0.0286 0.1176 0.0426 0.1683 

Croatian [Bosnia] 0.1423 0.2030 0.2412 0.1231 0.1992 0.0603 

Croatian [Croatia] 0.0399 0.0235 0.0171 0.0055 0.0117 0.0054 

Bosnian 0.0175 0.0496 0.0925 0.0141 0.0591 -0.0012 

Herzegovinian 0.1316 0.1943 0.2283 0.1112 0.1910 0.0522 

Serbian [Serbia] -0.0022 0.0298 0.0670 -0.0039 0.0301 0.0154 

Serbian [Bosnia] -0.0052 0.0342 0.0797 0.0024 0.0379 0.0216 

Macedonian 
[Macedonia] 0.0005 0.0229 0.0774 0.0070 0.0362 0.0267 

Albanian [Tirana]  0.0233 0.0352 0.0859 0.0330 0.0470 0.0751 

Albanian [Kosovo] 0.1124 0.1415 0.2143 0.1331 0.1467 0.2015 

Greek [Thrace] 0.0121 0.0028 0.0414 0.0142 0.0152 0.0520 

Greek 0.0588 0.0556 0.1005 0.0645 0.0679 0.1244 

Greek [Macedonia] 0.0222 -0.0062 -0.0039 0.0072 -0.0199 0.0458 

German 0.0782 0.0901 0.1189 0.0495 0.0952 0.0784 

Dutch 0.2098 0.2087 0.2282 0.1826 0.2066 0.2390 

French 0.1096 0.1143 0.1516 0.0977 0.1266 0.1544 

Italian 0.1936 0.1717 0.2066 0.1827 0.1945 0.2414 

Calabrian 0.0872 0.0951 0.1527 0.1099 0.1228 0.1795 

Andalusian 0.1989 0.1993 0.2327 0.1937 0.2076 0.2703 

Catalan 0.2845 0.2737 0.3062 0.2727 0.2817 0.3435 

Spanish Basque 0.4000 0.4012 0.4085 0.3755 0.3735 0.4464 

Turkish 1 0.0637 0.0778 0.1310 0.0857 0.0985 0.1314 

Turkish2 0.0753 0.0721 0.1272 0.0894 0.1126 0.1368 

Turkish 3 0.0628 0.0778 0.1300 0.1015 0.1168 0.1582 

Turkish 4 0.0747 0.0700 0.1170 0.0983 0.0939 0.1551 

Turkish 5 0.0517 0.0386 0.0919 0.0743 0.0773 0.1255 

Turkish 6 0.0585 0.0548 0.1037 0.0802 0.0802 0.1402 

Turkish 7 0.0675 0.0693 0.1213 0.0952 0.1079 0.1447 

Turkish 8 0.0369 0.0413 0.1109 0.0711 0.0930 0.1244 

Turkish 9 0.0276 0.0398 0.0885 0.0507 0.0633 0.1015 
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(Contd.) 

 
Romanian 
[Constanta] 

Romanian 
[Ploiesti] 

Ukrainian Byelorussian Polish 
Czech and 
Slovakian 

Gagauz [Kongaz]       

Gagauz [Etulia]       

Ukrainian [Rashkovo]        

Moldovian [Sofia]       

Karahasani [Moldavian]       

East Romanian       

Romanian [Constanta] -      

Romanian [Ploiesti] -0.0139 -     

Ukrainian 0.1539 0.1643 -    

Byelorussian 0.0982 0.1154 -0.0056 -   

Polish 0.1559 0.1857 0.0095 0.0058 -  

Czech and Slovakian 0.0701 0.0973 0.0991 0.0647 0.0794 - 

Hungrian 0.1940 0.2129 0.0017 0.0188 -0.0021 0.0929 

Croatian [Bosnia] 0.0977 0.1165 0.3120 0.2337 0.3078 0.2945 

Croatian [Croatia] 0.0316 0.0597 0.0648 0.0245 0.0476 0.0644 

Bosnian 0.0026 0.0002 0.1430 0.0924 0.1546 0.1267 

Herzegovinian 0.0876 0.1082 0.2993 0.2230 0.2936 0.2801 

Serbian [Serbia] 0.0044 0.0044 0.1159 0.0708 0.1240 0.0772 

Serbian [Bosnia] 0.0067 -0.0025 0.1222 0.0783 0.1410 0.0924 

Macedonian 
[Macedonia] 0.0055 -0.0028 0.1185 0.0811 0.1329 0.0822 

Albanian [Tirana]  0.0386 0.0165 0.1371 0.1058 0.1549 0.0588 

Albanian [Kosovo] 0.1445 0.1184 0.2601 0.2282 0.2733 0.1599 

Greek [Thrace] 0.0294 0.0178 0.0778 0.0542 0.1004 0.0378 

Greek 0.0791 0.0676 0.1623 0.1336 0.1706 0.0413 

Greek [Macedonia] 0.0466 0.0403 0.0153 0.0004 0.0318 0.0282 

German 0.0480 0.0937 0.2540 0.1786 0.2134 0.0409 

Dutch 0.2025 0.2445 0.3669 0.2964 0.3229 0.1034 

French 0.1024 0.1186 0.2744 0.2154 0.2545 0.0417 

Italian 0.1914 0.2183 0.3263 0.2753 0.2999 0.0739 

Calabrian 0.1160 0.1007 0.2265 0.1928 0.2476 0.0627 

Andalusian 0.2160 0.2382 0.3507 0.2946 0.3297 0.0937 

Catalan 0.2993 0.3286 0.4314 0.3699 0.4022 0.1585 

Spanish Basque 0.4335 0.4570 0.5365 0.4633 0.4990 0.2647 

Turkish 1 0.0863 0.0444 0.1840 0.1563 0.2201 0.0935 

Turkish2 0.0808 0.0687 0.2145 0.1766 0.2334 0.0462 

Turkish 3 0.1085 0.0925 0.1678 0.1468 0.2146 0.0800 

Turkish 4 0.1114 0.0811 0.1497 0.1363 0.1908 0.0781 

Turkish 5 0.0791 0.0607 0.1349 0.1172 0.1744 0.0479 

Turkish 6 0.0900 0.0671 0.1592 0.1346 0.1922 0.0483 

Turkish 7 0.0973 0.0726 0.1655 0.1463 0.2063 0.0724 

Turkish 8 0.0653 0.0639 0.1668 0.1364 0.2031 0.0480 

Turkish 9 0.0591 0.0400 0.1320 0.1068 0.1644 0.0512 
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(Contd.) 

 Hungrian 
Croatian 
[Bosnia] 

Croatian 
[Croatia] 

Bosnian Herzegovinian 
Serbian 
[Serbia] 

Serbian 
[Bosnia] 

Gagauz [Kongaz]        

Gagauz [Etulia]        

Ukrainian [Rashkovo]         

Moldovian [Sofia]        

Karahasani 
[Moldavian]        

East Romanian        

Constanta 
[Romanian]        

Ploiesti [Romanian]        

Ukrainian        

Byelorussian        

Polish        

Czech and Slovakian        

Hungrian -       

Croatian [Bosnia] 0.3797 -      

Croatian [Croatia] 0.0922 0.1133 -     

Bosnian 0.1965 0.0512 0.0330 -    

Herzegovinian 0.3640 -0.0071 0.1056 0.0463 -   

Serbian [Serbia] 0.1489 0.1112 0.0326 0.0118 0.1021 -  

Serbian [Bosnia] 0.1625 0.1152 0.0438 0.0075 0.1068 -0.0078 - 

Macedonian  0.1494 0.1311 0.0471 0.0183 0.1251 -0.0024 -0.0044 

Albanian [Tirana]  0.1560 0.2268 0.0897 0.0671 0.2209 0.0267 0.0238 

Albanian [Kosovo] 0.2585 0.3520 0.2096 0.1860 0.3445 0.1061 0.1053 

Greek [Thrace] 0.0999 0.2289 0.0514 0.0532 0.2184 0.0147 0.0159 

Greek 0.1617 0.3064 0.1279 0.1312 0.2989 0.0672 0.0713 

Greek [Macedonia] 0.0330 0.2478 0.0189 0.0526 0.2320 0.0200 0.0228 

German 0.2627 0.2570 0.0989 0.1243 0.2325 0.0859 0.1052 

Dutch 0.3581 0.4428 0.2318 0.2813 0.4145 0.2169 0.2414 

French 0.2756 0.3648 0.1675 0.1836 0.3432 0.1252 0.1384 

Italian 0.3144 0.4483 0.2363 0.2777 0.4295 0.2136 0.2326 

Calabrian 0.2361 0.3856 0.1919 0.1833 0.3732 0.1195 0.1175 

Andalusian 0.3388 0.4853 0.2623 0.2990 0.4611 0.2198 0.2367 

Catalan 0.4199 0.5548 0.3228 0.3736 0.5245 0.2979 0.3204 

Spanish Basque 0.5280 0.6218 0.3891 0.4603 0.5822 0.3780 0.4117 

Turkish 1 0.2153 0.3009 0.1519 0.1126 0.2943 0.0813 0.0696 

Turkish2 0.2373 0.3432 0.1585 0.1472 0.3287 0.1064 0.1065 

Turkish 3 0.1998 0.3269 0.1709 0.1553 0.3203 0.1087 0.1000 

Turkish 4 0.1709 0.3312 0.1599 0.1467 0.3274 0.1020 0.0930 

Turkish 5 0.1605 0.3246 0.1331 0.1271 0.3159 0.0850 0.0799 

Turkish 6 0.1786 0.3482 0.1474 0.1381 0.3373 0.0902 0.0836 

Turkish 7 0.1944 0.3136 0.1592 0.1412 0.3081 0.0998 0.0933 

Turkish 8 0.1962 0.3263 0.1424 0.1320 0.3135 0.0880 0.0827 

Turkish 9 0.1563 0.2642 0.1138 0.0965 0.2582 0.0517 0.0460 
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(Contd.) 

 
Macedonian 
[Macedonia] 

Albanian 
[Tirana] 

Albanian 
[Kosovo] 

Greek 
[Thrace] 

Greek 
Greek 

[Macedonia] 
German Dutch 

Gagauz [Kongaz]         

Gagauz [Etulia]         

Ukrainian [Rashkovo]          

Moldovian [Sofia]         

Karahasani 
[Moldavian]         

East Romanian         

Constanta 
[Romanian]         

Ploiesti [Romanian]         

Ukrainian         

Byelorussian         

Polish         

Czech and Slovakian         

Hungrian         

Croatian [Bosnia]         

Croatian [Croatia]         

Bosnian         

Herzegovinian         

Serbian [Serbia]         

Serbian [Bosnia]         

Macedonian -        

Albanian [Tirana]  0.0127 -       

Albanian [Kosovo] 0.0829 0.0433 -      

Greek [Thrace] 0.0027 -0.0067 0.0708 -     

Greek 0.0523 0.0039 0.0358 0.0117 -    

Greek [Macedonia] 0.0146 0.0123 0.1170 -0.0214 0.0368 -   

German 0.1013 0.0965 0.1894 0.1080 0.0916 0.1304 -  

Dutch 0.2246 0.1915 0.2582 0.2218 0.1520 0.2654 0.0121 - 

French 0.1244 0.0742 0.1401 0.1009 0.0438 0.1354 -0.0040 0.0118 

Italian 0.2075 0.1511 0.2170 0.1757 0.0988 0.2180 0.0650 0.0231 

Calabrian 0.1033 0.0332 0.0774 0.0583 0.0069 0.0948 0.1098 0.1512 

Andalusian 0.2181 0.1571 0.1969 0.1908 0.0993 0.2373 0.0778 0.0171 

Catalan 0.2939 0.2409 0.2885 0.2811 0.1806 0.3440 0.1418 0.0194 

Spanish Basque 0.3753 0.3387 0.3781 0.4073 0.2811 0.4957 0.2609 0.0648 

Turkish 1 0.0606 0.0081 0.0882 0.0277 0.0261 0.0516 0.1471 0.2348 

Turkish2 0.0909 0.0326 0.1255 0.0488 0.0198 0.0836 0.0819 0.1431 

Turkish 3 0.0976 0.0549 0.1327 0.0573 0.0527 0.0845 0.1596 0.2240 

Turkish 4 0.0803 0.0234 0.0904 0.0293 0.0235 0.0461 0.1661 0.2314 

Turkish 5 0.0648 0.0174 0.1029 0.0144 0.0157 0.0342 0.1346 0.2118 

Turkish 6 0.0722 0.0116 0.0893 0.0224 0.0062 0.0408 0.1248 0.1964 

Turkish 7 0.0816 0.0312 0.1106 0.0353 0.0295 0.0649 0.1491 0.2144 

Turkish 8 0.0750 0.0384 0.1230 0.0403 0.0344 0.0683 0.1072 0.1853 

Turkish 9 0.0395 0.0043 0.0707 0.0075 0.0098 0.0285 0.1116 0.1907 
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(Contd.) 

 French Italian Calabrian Andalusian Catalan Spanish Basque Turkish 1 

Gagauz [Kongaz]        

Gagauz [Etulia]        

Ukrainian [Rashkovo]         

Moldovian [Sofia]        

Karahasani [Moldavian]        

East Romanian        

Constanta [Romanian]        

Ploiesti [Romanian]        

Ukrainian        

Byelorussian        

Polish        

Czech and Slovakian        

Hungrian        

Croatian [Bosnia]        

Croatian [Croatia]        

Bosnian        

Herzegovinian        

Serbian [Serbia]        

Serbian [Bosnia]        

Macedonian [Macedonia]        

Albanian [Tirana]         

Albanian [Kosovo]        

Greek [Thrace]        

Greek        

Greek [Macedonia]        

German        

Dutch        

French -       

Italian -0.0009 -      

Calabrian 0.0285 0.0733 -     

Andalusian 0.0004 -0.0039 0.0664 -    

Catalan 0.0577 0.0103 0.1565 -0.0053 -   

Spanish Basque 0.1632 0.0959 0.2859 0.0712 0.0048 -  

Turkish 1 0.0918 0.1686 0.0184 0.1786 0.2706 0.3872 - 

Turkish2 0.0175 0.0614 -0.0088 0.0871 0.1681 0.3101 0.0119 

Turkish 3 0.1113 0.1549 0.0214 0.1551 0.2396 0.3439 0.0365 

Turkish 4 0.1031 0.1570 0.0119 0.1640 0.2479 0.3513 0.0004 

Turkish 5 0.0819 0.1310 0.0064 0.1488 0.2346 0.3662 0.0035 

Turkish 6 0.0619 0.1164 -0.0126 0.1239 0.2190 0.3575 -0.0091 

Turkish 7 0.0911 0.1377 0.0103 0.1512 0.2313 0.3341 0.0084 

Turkish 8 0.0674 0.1131 0.0050 0.1217 0.2093 0.3568 0.0311 

Turkish 9 0.0761 0.1368 0.0115 0.1391 0.2234 0.3240 0.0058 
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(Contd.) 

 Turkish2 Turkish 3 Turkish 4 Turkish 5 Turkish 6 Turkish 7 Turkish 8 Turkish 9 

Gagauz [Kongaz]         

Gagauz [Etulia]         

Ukrainian [Rashkovo]          

Moldovian [Sofia]         

Karahasani [Moldavian]         

East Romanian         

Constanta [Romanian]         

Ploiesti [Romanian]         

Ukrainian         

Byelorussian         

Polish         

Czech and Slovakian         

Hungrian         

Croatian [Bosnia]         

Croatian [Croatia]         

Bosnian         

Herzegovinian         

Serbian [Serbia]         

Serbian [Bosnia]         

Macedonian         

Albanian [Tirana]          

Albanian [Kosovo]         

Greek [Thrace]         

Greek         

Greek [Macedonia]         

German         

Dutch         

French         

Italian         

Calabrian         

Andalusian         

Catalan         

Spanish Basque         

Turkish 1         

Turkish2 -        

Turkish 3 0.0278 -       

Turkish 4 0.0197 0.0176 -      

Turkish 5 -0.0018 0.0039 -0.0101 -     

Turkish 6 -0.0077 0.0057 -0.0140 -0.0181 -    

Turkish 7 0.0022 0.0027 -0.0004 -0.0127 -0.0080 -   

Turkish 8 0.0014 -0.0078 0.0159 -0.0075 -0.0036 0.0001 -  

Turkish 9 0.0133 0.0082 0.0039 -0.0051 -0.0079 0.0018 0.0020 - 

Note. - FST values significant at 5% level are shaded. 
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Appendix 4 Diversity of Y-STR haplotypes based on seven loci in six Dniester-Carpathian and 33 European 

populations (N=3719 males)  

Population Nomber of 

individuals 

No. of 

haplotypes 

Haplotype 

diversity±SD 

Average gene 

diversity±SD 
Mean no. of 

pairwise 

differences±SD 

Reference* 

Kongaz [Gagauzia] 47 37 0.9898±0.0065 0.6021±0.3378 4.22±2.13 1 

Etulia [Gagauzia] 39 24 0.9636±0.0163 0.5645±0.3209 3.95±2.02 1 

Karahasani [Moldova] 72 44 0.9804±0.0067 0.5552±0.3125 3.89±1.97 1 

Sofia [Moldova] 50 36 0.9837±0.0077 0.5357±0.3050 3.75±1.92 1 

East Romania 51 34 0.9796±0.0082 0.5134±0.2940 3.59±1.85 1 

Rashkovo [Ukrain] 51 38 0.9875±0.0064 0.5739±0.3235 4.01±2.04 1 

Moscow [Russia] 85 55 0.9776±0.0079 0.5325±0.3009 3.73±1.90 2 

Nowgorod [Russia] 50 37 0.9812±0.0094 0.4955±0.2853 3.47±1.80 3 

Byelorussia 69 54 0.9923±0.0040 0.5387±0.3047 3.77±1.92 3 

Kiev [Ukrain] 82 57 0.9886±0.0041 0.5313±0.3004 3.72±1.90 3 

Albania 101 50 0.9471±0.0131 0.4932±0.2813 3.45±1.78 3 

Croatia 457 213 0.9866±0.0020 0.5111±0.2877 3.58±1.82 4 

Turkey 522 327 0.9962±0.0005 0.6252±0.3422 4.38±2.17 5 

Bulgaria [Turks] 61 52 0.9929±0.0050 0.6107±0.3402 4.28±2.15 6 

Bulgaria [Bulgarians] 122 85 0.9882±0.0044 0.5609±0.3134 3.93±1.98 6 

Macedonia 84 58 0.9788±0.0077 0.5261±0.2978 3.68±1.88 7 

Bosnia 181 90 0.9731±0.0054 0.4341±0.2515 3.04±1.59 8 

Serbia 114 72 0.9898±0.0026 0.5393±0.3032 3.78±1.92 9 

Ljubljana [Slovenia] 121 74 0.9860±0.0037 0.5586±0.3123 3.91±1.98 3 

Gdansk [Poland] 150 92 0.9854±0.0038 0.5152±0.2910 3.61±1.84 2 

Lublin [Poland] 134 104 0.9933±0.0026 0.5182±0.2926 3.63±1.85 2 

Wrozlaw [Poland] 121 75 0.9825±0.0047 0.4994±0.2838 3.50±1.79 2 

Berlin [Germany] 549 301 0.9911±0.0012 0.5916±0.3261 4.14±2.06 3 

Munich [Germany] 250 155 0.9885±0.0024 0.5749±0.3188 4.02±2.02 3 

Cologne [Germany] 135 98 0.9893±0.0036 0.5757±0.3203 4.03±2.03 3 

Vien [Austria] 66 66 1.0000±0.0026 0.6553±0.3614 4.59±2.28 3 

Denmark 63 43 0.9811±0.0076 0.5152±0.2937 3.61±1.85 3 

Sweden 403 202 0.9798±0.0034 0.5594±0.3109 3.92±1.97 3 

Vilnus [Lithuania] 152 101 0.9884±0.0031 0.5733±0.3189 4.01±2.02 2 

Riga [Latvia] 145 99 0.9905±0.0027 0.5789±0.3217 4.05±2.03 2 

Tartu [Estonia] 133 93 0.9869±0.0038 0.5980±0.3311 4.19±2.09 2 

Budapest [Hungary] 115 93 0.9951±0.0021 0.6067±0.3356 4.25±2.12 2 

Athens [Greece] 101 87 0.9964±0.0022 0.6195±0.3422 4.34±2.16 3 

Thrace [Greece] 39 30 0.9757±0.0145 0.5909±0.3338 4.14±2.10 10 

Constanta [Romania] 31 28 0.9914±0.0116 0.6089±0.3451 4.26±2.17 10 

Ploiesti [Romania] 36 31 0.9905±0.0094 0.5551±0.3170 3.89±2.00 10 

Lazio [Italy] 222 163 0.9947±0.0014 0.6017±0.3318 4.21±2.10 3 

Lombardy [Italy] 182 123 0.9819±0.0056 0.5879±0.3255 4.12±2.06 3 

Sicily [Italy] 199 167 0.9978±0.0009 0.6199±0.3407 4.34±2.16 3 

Note. - *Reference codes: 1, Present study; 2, Ploski et al. 2002; 3, Roewer et al. 2005; 4, Barac et al. 2003; 5, Cinnio lu et al. 2004;  

 6, Zaharova et al. 2001; 7, Pericic et al. 2005; 8, Klaric et al. 2005; 9, Barac Lauc et al. 2005; 10, Bosch et al. 2006. 
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Appendix 5 Matrix of population pairwise values of RST (below the diagonal) and probability of identity 

(above the diagonal), based on microsatellite haplotypes 

Population 
Kongaz 

[Gagauzia] 
Etulia 

[Gagauzia] 
Karahasani 
[Moldova] 

Sofia 
[Moldova] 

Eastern 
Romania 

Rashkovo 
[Ukrain] 

Moscow 
[Russia] 

Kongaz [Gagauzia] - 0.0065 0.0065 0.0094 0.0100 0.0042 0.0048 

Etulia [Gagauzia] 0.0396 - 0.0118 0.0067 0.0101 0.0020 0.0078 

Karahasani [Moldova] 0.0483 -0.0154 - 0.0081 0.0109 0.0093 0.0119 

Sofia [Moldova] 0.0175 -0.0052 -0.0028 - 0.0125 0.0078 0.0089 

Eastern Romania 0.0956 0.0062 0.0051 0.0103 - 0.0046 0.0069 

Rashkovo [Ukrain] 0.0449 0.0033 0.0204 0.0106 0.0355 - 0.0150 

Moscow [Russia] 0.0461 -0.0150 -0.0049 -0.0006 0.0210 0.0073 - 

Nowgorod [Russia] 0.1230 -0.0002 0.0078 0.0435 0.0309 0.0379 0.0180 

Byelorussia 0.1261 0.0043 0.0155 0.0346 0.0030 0.0381 0.0189 

Kiev [Ukrain] 0.1216 0.0020 0.0148 0.0326 0.0084 0.0352 0.0167 

Albania 0.0497 0.1369 0.1381 0.1147 0.2224 0.1091 0.1469 

Croatia 0.0853 0.0115 0.0144 0.0077 -0.0059 0.0413 0.0198 

Turkey 0.0331 0.1157 0.1207 0.0790 0.1562 0.0753 0.1069 

Bulgaria [Turks] 0.0100 0.0745 0.0852 0.0452 0.1213 0.0364 0.0769 

Bulgaria [Bulgarians] -0.0019 0.0525 0.0558 0.0223 0.0890 0.0437 0.0547 

Macedonia 0.0044 0.0323 0.0331 0.0133 0.0601 0.0488 0.0440 

Bosnia 0.1332 0.0186 0.0292 0.0467 0.0038 0.0620 0.0391 

Serbia 0.0091 0.0097 0.0145 0.0006 0.0408 0.0228 0.0169 

Ljubljana [Slovenia] 0.0494 -0.0137 -0.0009 0.0042 0.0182 0.0092 -0.0075 

Gdansk [Poland] 0.1196 0.0108 0.0205 0.0410 0.0211 0.0444 0.0173 

Lublin [Poland] 0.1386 0.0172 0.0308 0.0553 0.0382 0.0436 0.0220 

Wrozlaw [Poland] 0.1489 0.0226 0.0356 0.0600 0.0444 0.0492 0.0280 

Berlin [Germany] 0.0159 0.0337 0.0480 0.0257 0.0914 0.0238 0.0276 

Munich [Germany] 0.0222 0.0826 0.0982 0.0605 0.1558 0.0523 0.0742 

Cologne [Germany] 0.0413 0.1098 0.1229 0.0804 0.1894 0.0640 0.1012 

Vien [Austria] 0.0489 0.1506 0.1707 0.1138 0.2330 0.1039 0.1550 

Denmark 0.1122 0.2158 0.2392 0.1850 0.3214 0.1267 0.2090 

Sweden 0.0463 0.1417 0.1581 0.1162 0.2226 0.1044 0.1326 

Vilnus [Lithuania] 0.0996 0.0194 0.0339 0.0334 0.0595 0.0265 0.0221 

Riga [Latvia] 0.0924 0.0254 0.0455 0.0418 0.0821 0.0227 0.0254 

Tartu [Estonia] 0.0880 0.0908 0.1138 0.0937 0.1778 0.0708 0.0918 

Budapest [Hungary] 0.0036 0.0253 0.0364 0.0097 0.0674 0.0104 0.0228 

Athens [Greece] 0.0099 0.0646 0.0725 0.0431 0.1208 0.0373 0.0652 

Thrace [Greece] 0.0225 0.0005 0.0090 0.0044 0.0321 0.0080 0.0163 

Constanta [Romania] 0.0437 0.0170 0.0270 0.0040 0.0090 0.0312 0.0304 

Ploiesti [Romania] 0.0126 0.0148 0.0232 -0.0020 0.0311 0.0154 0.0207 

Lazio [Italy] 0.0475 0.1497 0.1596 0.1155 0.2201 0.0974 0.1423 

Lombardia [Italy] 0.0614 0.1422 0.1567 0.1152 0.2287 0.0879 0.1345 

Sicily [Italy] 0.0549 0.1785 0.1852 0.1347 0.2340 0.1268 0.1677 
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(Contd.) 

Population 
Nowgorod 
[Russia] 

Byelorussia 
Kiev 

[Ukrain] 
Albania Croatia Turkey 

Bulgaria 
 [Turks] 

Bulgaria 
[Bulgarians] 

Kongaz [Gagauzia] 0.0038 0.0056 0.0067 0.0154 0.0050 0.0030 0.0070 0.0084 

Etulia [Gagauzia] 0.0092 0.0074 0.0075 0.0180 0.0081 0.0028 0.0063 0.0101 

Karahasani [Moldova] 0.0131 0.0079 0.0080 0.0132 0.0090 0.0031 0.0064 0.0067 

Sofia [Moldova] 0.0100 0.0104 0.0093 0.0127 0.0082 0.0021 0.0052 0.0111 

East Romania 0.0082 0.0077 0.0084 0.0212 0.0116 0.0028 0.0100 0.0100 

Rashkovo [Ukrain] 0.0090 0.0071 0.0110 0.0025 0.0063 0.0021 0.0032 0.0031 

Moscow [Russia] 0.0148 0.0119 0.0172 0.0030 0.0104 0.0029 0.0060 0.0047 

Nowgorod [Russia] - 0.0107 0.0127 0.0059 0.0086 0.0016 0.0026 0.0043 

Byelorussia 0.0049 - 0.0122 0.0049 0.0087 0.0015 0.0029 0.0064 

Kiev [Ukrain] 0.0014 -0.0083 - 0.0031 0.0097 0.0019 0.0036 0.0048 

Albania 0.2227 0.2524 0.2376 - 0.0072 0.0062 0.0151 0.0218 

Croatia 0.0438 0.0147 0.0189 0.1835 - 0.0017 0.0045 0.0070 

Turkey 0.1907 0.1934 0.1852 0.0610 0.1474 - 0.0037 0.0039 

Bulgaria [Turks] 
0.1674 0.1610 0.1586 0.0608 0.1079 

-
0.0012 - 0.0079 

Bulgaria [Bulgarians] 0.1334 0.1315 0.1273 0.0503 0.0782 0.0196 -0.0029 - 

Macedonia 0.1080 0.1061 0.0978 0.0698 0.0531 0.0612 0.0267 0.0062 

Bosnia 0.0493 0.0144 0.0201 0.2447 0.0132 0.1843 0.1576 0.1212 

Serbia 0.0700 0.0729 0.0627 0.0749 0.0372 0.0626 0.0277 0.0111 

Ljubljana [Slovenia] 0.0160 0.0169 0.0103 0.1423 0.0204 0.1140 0.0790 0.0592 

Gdansk [Poland] 0.0055 0.0020 -0.0011 0.2353 0.0338 0.1860 0.1585 0.1322 

Lublin [Poland] 0.0078 0.0061 0.0035 0.2562 0.0456 0.1935 0.1749 0.1488 

Wrozlaw [Poland] 0.0057 0.0069 0.0049 0.2657 0.0514 0.2049 0.1891 0.1605 

Berlin [Germany] 0.0948 0.0995 0.0934 0.0760 0.0788 0.0450 0.0269 0.0240 

Munich [Germany] 0.1626 0.1690 0.1608 0.0698 0.1305 0.0274 0.0249 0.0298 

Cologne [Germany] 0.1955 0.2023 0.1988 0.0764 0.1570 0.0281 0.0374 0.0429 

Vien [Austria] 0.2540 0.2522 0.2550 0.0922 0.2078 0.0360 0.0515 0.0599 

Denmark 0.3345 0.3185 0.3225 0.1623 0.2531 0.0559 0.0907 0.1113 

Sweden 0.2302 0.2389 0.2297 0.0738 0.1912 0.0300 0.0401 0.0531 

Vilnus [Lithuania] 0.0361 0.0359 0.0421 0.1821 0.0562 0.1549 0.1308 0.1090 

Riga [Latvia] 0.0526 0.0544 0.0588 0.1734 0.0734 0.1395 0.1199 0.1040 

Tartu [Estonia] 0.1465 0.1614 0.1654 0.1346 0.1667 0.1153 0.1135 0.1070 

Budapest [Hungary] 0.0903 0.0895 0.0829 0.0698 0.0599 0.0276 0.0038 0.0046 

Athens [Greece] 0.1457 0.1527 0.1503 0.0391 0.1099 0.0084 -0.0049 0.0009 

Thrace [Greece] 0.0580 0.0614 0.0511 0.0801 0.0322 0.0739 0.0330 0.0194 

Constanta [Romania] 0.0917 0.0423 0.0544 0.1919 0.0023 0.1043 0.0602 0.0416 

Ploiesti [Romania] 0.1008 0.0683 0.0690 0.1311 0.0184 0.0550 0.0175 0.0066 

Lazio [Italy] 0.2394 0.2487 0.2409 0.0559 0.1936 0.0077 0.0186 0.0393 

Lombardia [Italy] 0.2281 0.2414 0.2344 0.0684 0.1937 0.0336 0.0499 0.0611 

Sicily [Italy] 0.2747 0.2711 0.2666 0.1065 0.2068 0.0063 0.0176 0.0465 
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(Contd.) 

Population Macedonia Bosnia Serbia 
Ljubljana  
[Slovenia] 

Gdansk 
[Poland] 

Lublin 
[Poland] 

Wrozlaw 
[Poland] 

Berlin 
[Germany] 

Kongaz [Gagauzia] 0.0099 0.0059 0.0075 0.0063 0.0060 0.0011 0.0046 0.0037 

Etulia [Gagauzia] 0.0143 0.0071 0.0079 0.0036 0.0074 0.0029 0.0083 0.0042 

Karahasani [Moldova] 0.0107 0.0105 0.0091 0.0112 0.0111 0.0033 0.0112 0.0061 

Sofia [Moldova] 0.0138 0.0124 0.0091 0.0094 0.0079 0.0046 0.0055 0.0041 

East Romania 0.0133 0.0109 0.0122 0.0109 0.0069 0.0028 0.0065 0.0067 

Rashkovo [Ukrain] 0.0056 0.0078 0.0050 0.0102 0.0093 0.0031 0.0105 0.0042 

Moscow [Russia] 0.0119 0.0082 0.0064 0.0131 0.0100 0.0042 0.0143 0.0055 

Nowgorod [Russia] 0.0060 0.0087 0.0081 0.0122 0.0116 0.0082 0.0149 0.0065 

Byelorussia 0.0083 0.0087 0.0051 0.0086 0.0102 0.0042 0.0117 0.0053 

Kiev [Ukrain] 0.0086 0.0094 0.0062 0.0110 0.0124 0.0054 0.0161 0.0056 

Albania 0.0275 0.0088 0.0169 0.0076 0.0054 0.0007 0.0038 0.0093 

Croatia 0.0119 0.0142 0.0083 0.0082 0.0069 0.0031 0.0085 0.0034 

Turkey 0.0036 0.0021 0.0030 0.0023 0.0019 0.0005 0.0016 0.0018 

Bulgaria [Turks] 0.0101 0.0048 0.0066 0.0061 0.0037 0.0010 0.0041 0.0037 

Bulgaria [Bulgarians] 0.0164 0.0088 0.0089 0.0047 0.0042 0.0018 0.0035 0.0034 

Macedonia - 0.0130 0.0140 0.0083 0.0051 0.0020 0.0066 0.0038 

Bosnia 0.0820 - 0.0102 0.0084 0.0084 0.0040 0.0093 0.0028 

Serbia -0.0035 0.0611 - 0.0077 0.0051 0.0024 0.0058 0.0040 

Ljubljana [Slovenia] 0.0403 0.0297 0.0151 - 0.0100 0.0030 0.0113 0.0061 

Gdansk [Poland] 0.1043 0.0392 0.0692 0.0143 - 0.0042 0.0166 0.0069 

Lublin [Poland] 0.1274 0.0532 0.0848 0.0191 -0.0048 - 0.0051 0.0027 

Wrozlaw [Poland] 0.1411 0.0649 0.0966 0.0264 -0.0021 -0.0058 - 0.0078 

Berlin [Germany] 0.0445 0.1083 0.0281 0.0360 0.0939 0.0955 0.1029 - 

Munich [Germany] 0.0698 0.1803 0.0563 0.0828 0.1603 0.1651 0.1729 0.0068 

Cologne [Germany] 0.0981 0.2253 0.0829 0.1130 0.1956 0.2026 0.2080 0.0186 

Vien [Austria] 0.1221 0.2824 0.1206 0.1655 0.2571 0.2703 0.2748 0.0525 

Denmark 0.1991 0.3401 0.1804 0.2123 0.3072 0.3195 0.3272 0.0682 

Sweden 0.1061 0.2393 0.0994 0.1409 0.2293 0.2342 0.2436 0.0345 

Vilnus [Lithuania] 0.1126 0.0899 0.0786 0.0341 0.0507 0.0464 0.0397 0.0553 

Riga [Latvia] 0.1158 0.1076 0.0799 0.0372 0.0642 0.0576 0.0532 0.0400 

Tartu [Estonia] 0.1450 0.2144 0.1205 0.1088 0.1711 0.1677 0.1640 0.0435 

Budapest [Hungary] 0.0183 0.0960 0.0067 0.0265 0.0845 0.0928 0.1029 0.0034 

Athens [Greece] 0.0314 0.1548 0.0289 0.0726 0.1518 0.1636 0.1747 0.0170 

Thrace [Greece] -0.0034 0.0439 -0.0110 0.0091 0.0629 0.0800 0.0931 0.0383 

Constanta [Romania] 0.0290 0.0220 0.0258 0.0296 0.0668 0.0880 0.1000 0.0602 

Ploiesti [Romania] -0.0005 0.0454 -0.0041 0.0178 0.0720 0.0925 0.1087 0.0277 

Lazio [Italy] 0.0962 0.2495 0.0940 0.1496 0.2391 0.2483 0.2587 0.0469 

Lombardia [Italy] 0.1207 0.2582 0.1069 0.1441 0.2326 0.2387 0.2448 0.0365 

Sicily [Italy] 0.1063 0.2658 0.1116 0.1735 0.2569 0.2701 0.2840 0.0709 
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(Contd.) 

Population 
Munich 

[Germany] 
Cologne 

[Germany] 
Vien 

[Austria] 
Denmark Sweden 

Vilnus 
[Lithuania] 

Riga 

[Latvia] 

Tartu 

[Estonia] 

Kongaz [Gagauzia] 0.0044 0.0027 0.0023 0.0037 0.0068 0.0020 0.0043 0.0030 

Etulia [Gagauzia] 0.0036 0.0025 0.0023 0.0033 0.0016 0.0078 0.0076 0.0066 

Karahasani [Moldova] 0.0058 0.0057 0.0019 0.0035 0.0026 0.0073 0.0079 0.0050 

Sofia [Moldova] 0.0043 0.0024 0.0015 0.0035 0.0041 0.0051 0.0073 0.0062 

East Romania 0.0095 0.0051 0.0024 0.0065 0.0070 0.0032 0.0050 0.0034 

Rashkovo [Ukrain] 0.0047 0.0045 0.0009 0.0037 0.0062 0.0095 0.0110 0.0044 

Moscow [Russia] 0.0064 0.0026 0.0007 0.0032 0.0054 0.0151 0.0123 0.0090 

Nowgorod [Russia] 0.0050 0.0031 0.0003 0.0022 0.0028 0.0139 0.0094 0.0092 

Byelorussia 0.0045 0.0020 0.0009 0.0028 0.0040 0.0092 0.0073 0.0068 

Kiev [Ukrain] 0.0055 0.0034 0.0015 0.0023 0.0061 0.0122 0.0112 0.0069 

Albania 0.0124 0.0073 0.0054 0.0099 0.0087 0.0017 0.0046 0.0038 

Croatia 0.0037 0.0020 0.0006 0.0009 0.0021 0.0059 0.0059 0.0037 

Turkey 0.0023 0.0024 0.0008 0.0017 0.0021 0.0014 0.0014 0.0011 

Bulgaria [Turks] 0.0046 0.0027 0.0012 0.0029 0.0049 0.0028 0.0040 0.0037 

Bulgaria [Bulgarians] 0.0036 0.0020 0.0022 0.0022 0.0026 0.0025 0.0034 0.0027 

Macedonia 0.0039 0.0011 0.0023 0.0019 0.0035 0.0046 0.0057 0.0039 

Bosnia 0.0027 0.0016 0.0005 0.0004 0.0014 0.0040 0.0064 0.0038 

Serbia 0.0049 0.0035 0.0021 0.0038 0.0055 0.0032 0.0049 0.0033 

Ljubljana [Slovenia] 0.0076 0.0047 0.0020 0.0062 0.0087 0.0086 0.0083 0.0058 

Gdansk [Poland] 0.0060 0.0040 0.0019 0.0032 0.0035 0.0095 0.0075 0.0049 

Lublin [Poland] 0.0018 0.0012 0.0005 0.0005 0.0009 0.0046 0.0034 0.0034 

Wrozlaw [Poland] 0.0069 0.0050 0.0018 0.0035 0.0031 0.0118 0.0099 0.0070 

Berlin [Germany] 0.0079 0.0055 0.0020 0.0080 0.0056 0.0044 0.0040 0.0050 

Munich [Germany] - 0.0105 0.0032 0.0143 0.0104 0.0047 0.0038 0.0058 

Cologne [Germany] 0.0009 - 0.0035 0.0146 0.0075 0.0023 0.0026 0.0033 

Vien [Austria] 0.0198 0.0091 - 0.0051 0.0039 0.0007 0.0010 0.0005 

Denmark 0.0351 0.0250 0.0049 - 0.0150 0.0018 0.0013 0.0060 

Sweden 0.0080 0.0080 0.0051 0.0107 - 0.0024 0.0044 0.0084 

Vilnus [Lithuania] 0.0970 0.1054 0.1575 0.1885 0.1576 - 0.0097 0.0069 

Riga [Latvia] 0.0754 0.0844 0.1358 0.1566 0.1298 -0.0021 - 0.0074 

Tartu [Estonia] 0.0443 0.0348 0.0584 0.0619 0.0653 0.0568 0.0359 - 

Budapest [Hungary] 0.0150 0.0314 0.0623 0.0944 0.0484 0.0672 0.0582 0.0761 

Athens [Greece] 0.0144 0.0191 0.0410 0.0733 0.0283 0.1085 0.0964 0.0803 

Thrace [Greece] 0.0733 0.1033 0.1386 0.2121 0.1193 0.0775 0.0810 0.1280 

Constanta [Romania] 0.1065 0.1379 0.1505 0.2293 0.1598 0.0761 0.0859 0.1475 

Ploiesti [Romania] 0.0617 0.0945 0.1197 0.1945 0.1064 0.0818 0.0837 0.1299 

Lazio [Italy] 0.0198 0.0146 0.0165 0.0323 0.0094 0.1746 0.1527 0.0963 

Lombardia [Italy] 0.0103 -0.0010 0.0092 0.0166 0.0056 0.1390 0.1141 0.0467 

Sicily [Italy] 0.0484 0.0518 0.0423 0.0654 0.0379 0.2159 0.1962 0.1517 
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(Contd.) 

Population Budapest Athens Thrace 
Constanta 
[Romania] 

Ploiesti 
[Romania] 

Lazio 
[Italy] 

Lombardia 
[Italy] 

Sicily 
[Italy] 

Kongaz [Gagauzia] 0.0043 0.0051 0.0033 0.0027 0.0047 0.0050 0.0051 0.0033 

Etulia [Gagauzia] 0.0051 0.0053 0.0039 0.0041 0.0078 0.0039 0.0039 0.0035 

Karahasani [Moldova] 0.0047 0.0051 0.0068 0.0040 0.0073 0.0048 0.0066 0.0027 

Sofia [Moldova] 0.0066 0.0055 0.0103 0.0032 0.0106 0.0028 0.0029 0.0030 

East Romania 0.0073 0.0080 0.0101 0.0070 0.0136 0.0060 0.0122 0.0035 

Rashkovo [Ukrain] 0.0039 0.0027 0.0060 0.0025 0.0065 0.0027 0.0015 0.0009 

Moscow [Russia] 0.0068 0.0044 0.0051 0.0034 0.0088 0.0017 0.0010 0.0019 

Nowgorod [Russia] 0.0049 0.0042 0.0051 0.0000 0.0050 0.0022 0.0034 0.0027 

Byelorussia 0.0063 0.0046 0.0045 0.0028 0.0040 0.0013 0.0012 0.0013 

Kiev [Ukrain] 0.0058 0.0041 0.0050 0.0031 0.0068 0.0016 0.0012 0.0013 

Albania 0.0073 0.0109 0.0074 0.0035 0.0110 0.0123 0.0219 0.0085 

Croatia 0.0049 0.0038 0.0079 0.0068 0.0108 0.0011 0.0019 0.0011 

Turkey 0.0024 0.0031 0.0027 0.0012 0.0028 0.0030 0.0032 0.0023 

Bulgaria [Turks] 0.0046 0.0045 0.0042 0.0032 0.0077 0.0043 0.0049 0.0032 

Bulgaria [Bulgarians] 0.0050 0.0050 0.0040 0.0037 0.0082 0.0043 0.0059 0.0040 

Macedonia 0.0056 0.0052 0.0079 0.0061 0.0129 0.0043 0.0045 0.0038 

Bosnia 0.0035 0.0034 0.0152 0.0070 0.0160 0.0005 0.0015 0.0008 

Serbia 0.0047 0.0056 0.0065 0.0040 0.0085 0.0040 0.0056 0.0028 

Ljubljana [Slovenia] 0.0064 0.0044 0.0074 0.0029 0.0069 0.0028 0.0050 0.0017 

Gdansk [Poland] 0.0059 0.0038 0.0051 0.0034 0.0052 0.0019 0.0029 0.0015 

Lublin [Poland] 0.0025 0.0013 0.0015 0.0005 0.0027 0.0008 0.0006 0.0009 

Wrozlaw [Poland] 0.0050 0.0034 0.0045 0.0027 0.0055 0.0015 0.0022 0.0014 

Berlin [Germany] 0.0049 0.0040 0.0029 0.0014 0.0029 0.0039 0.0073 0.0025 

Munich [Germany] 0.0067 0.0057 0.0053 0.0019 0.0040 0.0063 0.0121 0.0028 

Cologne [Germany] 0.0043 0.0034 0.0034 0.0012 0.0023 0.0059 0.0090 0.0024 

Vien [Austria] 0.0014 0.0017 0.0016 0.0000 0.0013 0.0025 0.0037 0.0008 

Denmark 0.0072 0.0046 0.0041 0.0010 0.0018 0.0074 0.0126 0.0028 

Sweden 0.0059 0.0046 0.0034 0.0008 0.0025 0.0059 0.0082 0.0019 

Vilnus [Lithuania] 0.0044 0.0021 0.0020 0.0015 0.0035 0.0011 0.0008 0.0014 

Riga [Latvia] 0.0034 0.0028 0.0046 0.0013 0.0057 0.0014 0.0014 0.0010 

Tartu [Estonia] 0.0056 0.0031 0.0042 0.0005 0.0031 0.0017 0.0021 0.0015 

Budapest [Hungary] - 0.0041 0.0047 0.0036 0.0053 0.0034 0.0056 0.0018 

Athens [Greece] 0.0068 - 0.0033 0.0019 0.0036 0.0039 0.0067 0.0026 

Thrace [Greece] 0.0123 0.0348 - 0.0157 0.0100 0.0036 0.0045 0.0015 

Constanta [Romania] 0.0346 0.0740 0.0245 - 0.0081 0.0009 0.0012 0.0003 

Ploiesti [Romania] 0.0020 0.0308 -0.0018 -0.0141 - 0.0026 0.0037 0.0014 

Lazio [Italy] 0.0456 0.0135 0.1099 0.1603 0.1019 - 0.0091 0.0034 

Lombardia [Italy] 0.0520 0.0289 0.1251 0.1779 0.1259 0.0101 - 0.0046 

Sicily [Italy] 0.0584 0.0313 0.1340 0.1561 0.1004 0.0162 0.0561 - 

Note. - RST values significant at 5% level are shaded. 
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Appendix 6 The distribution of Y-STR haplotypes affiliated with binary haplogroups in six samples 

analyzed 
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1 E3b1-M78 13 10 17 23 10 11 13  0 0 0 1 0 0 1 

2 E3b1-M78 13 10 17 24 10 11 13  2 3 3 3 2 0 13 

3 E3b1-M78 13 10 17 24 10 11 14  0 0 0 1 0 0 1 

4 E3b1-M78 13 10 17 25 10 11 13  1 1 0 0 0 0 2 

5 E3b1-M78 13 10 18 24 10 11 13  2 0 0 0 0 0 2 

6 E3b1-M78 13 11 16 24 9 11 13  0 0 0 0 1 0 1 

7 E3b1-M78 13 11 17 24 10 9 13  0 0 0 1 0 0 1 

8 E3b1-M78 13 11 17 24 10 11 14  0 0 2 0 0 0 2 

9 E3b1-M78 13 11 17 25 10 11 13  0 0 0 1 0 0 1 

10 E3b1-M78 13 12 16 25 10 12 14  0 0 1 0 0 0 1 

11 E3b1-M78 14 10 17 24 10 11 12  0 0 0 0 1 0 1 

12 E3b1-M123 13 9 18 24 10 11 14  1 0 0 0 0 0 1 

13 E3b1-M123 13 9 18 24 11 11 14  1 0 0 0 0 0 1 

14 E3b1-M123 13 10 17 25 9 11 14  0 0 3 0 0 0 3 

15 G-M201 13 11 17 24 10 9 13  0 0 0 1 0 0 1 

16 G-M201 14 9 16 23 10 11 15  0 2 0 0 0 0 2 

17 G-M201 14 9 16 24 10 12 13  1 0 0 0 0 0 1 

18 G-M201 15 8 17 22 10 10 14  0 0 0 0 1 0 1 

19 G-M201 15 9 17 21 10 11 14  1 0 0 0 0 0 1 

20 G-M201 15 9 17 23 10 12 14  0 2 0 0 0 0 2 

21 G-M201 16 9 16 21 10 11 13  0 1 0 0 0 0 1 

22 G-M201 16 9 16 22 10 11 13  1 0 0 0 0 0 1 

23 G-M201 16 9 17 22 10 10 14  2 0 0 0 0 0 2 

24 I*-M170 15 11 16 22 10 11 12  0 0 0 0 1 0 1 

25 I*-M170 17 11 18 24 11 11 13  0 0 1 0 0 0 1 

26 I1a-M253 13 9 17 23 10 11 13  1 0 0 0 0 0 1 

27 I1a-M253 14 9 15 22 10 11 14  1 0 0 0 0 0 1 

28 I1a-M253 14 9 16 22 10 11 13  0 0 0 2 0 0 2 

29 I1a-M253 14 9 16 23 10 11 13  2 0 0 0 1 2 5 

30 I1a-M253 14 9 16 24 10 11 13  0 0 1 0 0 0 1 

31 I1a-M253 14 9 17 22 10 11 13  0 0 0 1 1 0 2 

32 I1a-M253 15 9 17 22 10 11 14  0 0 0 1 0 0 1 

33 I1a-M253 16 9 16 22 10 11 13  0 0 1 0 0 0 1 

34 I1b-P37 14 10 17 24 10 11 13  3 0 0 0 0 0 3 

35 I1b-P37 15 9 18 25 11 11 13  0 0 0 0 0 1 1 

36 I1b-P37 15 9 19 24 11 11 13  0 0 0 0 0 1 1 

37 I1b-P37 15 10 17 24 10 11 13  0 0 0 0 1 0 1 

38 I1b-P37 15 10 17 24 11 11 13  0 1 0 0 0 0 1 

39 I1b-P37 15 10 18 22 10 11 13  0 0 0 0 0 1 1 

40 I1b-P37 15 10 18 24 11 11 13  0 1 0 0 0 0 1 

41 I1b-P37 15 10 18 24 11 11 14  0 0 0 0 0 1 1 

42 I1b-P37 15 10 18 25 11 11 13  0 0 0 0 0 1 1 

43 I1b-P37 15 10 19 24 10 11 13  0 0 0 0 0 1 1 

44 I1b-P37 15 10 19 24 11 11 14  0 0 0 1 0 0 1 

45 I1b-P37 16 10 16 24 10 11 13  0 0 0 0 2 0 2 

46 I1b-P37 16 10 17 24 11 11 13  1 0 1 4 2 1 9 

47 I1b-P37 16 10 18 24 10 11 13  2 0 0 2 3 0 7 
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48 I1b-P37 16 10 18 24 11 11 13  0 1 2 1 3 1 8 

49 I1b-P37 16 10 18 24 11 11 14  0 0 1 0 0 0 1 

50 I1b-P37 16 10 18 24 11 11 15  0 1 0 0 0 0 1 

51 I1b-P37 16 10 18 25 11 11 13  0 0 0 0 3 0 3 

52 I1b-P37 16 10 18 25 11 13 13  0 0 0 0 1 0 1 

53 I1b-P37 16 10 19 24 11 11 13  2 1 1 3 2 0 9 

54 I1b-P37 16 10 20 24 10 11 13  0 0 0 1 0 0 1 

55 I1b-P37 16 10 20 24 11 11 13  0 0 0 0 1 0 1 

56 I1b-P37 16 11 18 24 11 11 13  0 0 1 0 1 0 2 

57 I1b-P37 16 11 19 24 10 11 13  0 0 0 0 0 1 1 

58 I1b-P37 17 10 17 24 11 11 13  0 0 2 0 0 0 2 

59 I1b-P37 17 10 18 24 10 11 13  0 0 0 0 1 0 1 

60 I1b-P37 17 10 18 24 11 11 13  1 2 2 0 1 0 6 

61 I1b-P37 17 10 19 24 11 11 13  0 2 2 0 1 0 5 

62 I1b-P37 17 11 19 23 11 11 13  0 0 0 0 0 2 2 

63 I1b-P37 18 10 19 24 10 11 13  0 0 0 1 0 0 1 

64 I1c-M223 15 9 16 23 10 12 14  1 0 0 0 0 0 1 

65 I1c-M223 15 10 16 23 10 12 15  1 0 0 0 0 0 1 

66 I1c-M223 15 10 16 23 11 12 14  0 0 0 0 1 0 1 

67 I1c-M223 15 11 18 23 10 12 15  0 0 3 0 0 0 3 

68 I1c-M223 16 10 16 25 10 12 14  0 0 0 1 0 0 1 

69 I1c-M223 16 10 17 23 10 12 13  0 1 0 0 0 0 1 

70 J*-12f2 15 10 16 23 9 11 12  1 0 0 0 0 0 1 

71 J1-M267 14 10 16 23 10 11 12  0 0 3 0 0 0 3 

72 J1-M267 14 10 16 23 10 11 13  0 0 1 0 0 0 1 

73 J1-M267 14 11 16 22 11 11 12  0 0 0 1 0 0 1 

74 J1-M267 15 10 17 23 10 11 12  1 0 0 0 0 0 1 

75 J2*-M172  14 10 17 23 10 11 12  0 1 0 0 0 0 1 

76 J2*-M172  14 10 17 23 10 11 13  0 0 1 0 0 0 1 

77 J2*-M172 14 11 17 23 10 11 12  0 0 0 0 1 0 1 

78 J2*-M172  15 10 16 23 9 11 12  0 1 0 0 0 0 1 

79 J2*-M172 15 10 16 24 10 11 12  0 0 0 0 0 1 1 

80 J2*-M172  15 11 17 23 10 11 12  0 0 1 0 0 0 1 

81 J2*-M172  16 10 16 23 10 11 14  0 0 0 1 0 0 1 

82 J2*-M172 16 10 16 24 9 11 14  1 0 0 0 0 0 1 

83 J2a1a-M47 15 9 16 24 10 11 12  0 0 0 0 0 1 1 

84 J2a1b*-M67 14 10 14 22 10 11 12  0 1 0 0 0 0 1 

85 J2a1b*-M67 14 10 16 23 10 11 12  0 0 1 0 0 0 1 

86 J2a1b1-M92 16 10 18 23 10 11 12  0 0 0 0 1 0 1 

87 J2b-M12 14 10 16 23 10 11 12  0 0 0 0 0 1 1 

88 J2b-M12 14 11 16 24 10 11 12  0 0 0 0 0 1 1 

89 J2b-M12 15 9 16 24 10 11 12  1 0 0 0 0 0 1 

90 J2b-M12 15 10 16 24 10 11 12  0 0 0 0 1 0 1 

91 K2-M70 13 11 16 23 10 13 13  2 0 0 0 0 0 2 

92 K2-M70 14 12 17 23 10 15 14  1 0 0 0 0 0 1 

93 K2-M70 16 10 17 23 10 13 13  0 0 0 1 0 0 1 

94 N2-P43 14 10 16 23 10 15 14  0 0 1 0 0 0 1 

 



Appendix 

 104 

 (Contd.) 

Allele status at   No. of instances 
H

ap
lo

ty
p

e
 

n
u

m
b

e
r 

Haplogroup 

D
Y

S
1

9
 

D
Y

S
3

8
9

I 

D
Y

S
3

8
9

II
 

D
Y

S
3

9
0

 

D
Y

S
3

9
1

 

D
Y

S
3

9
2

 

D
Y

S
3

9
3

 

  

G
ag

au
ze

s 
K

. 

G
ag

a
u

z
e
s 

E
. 

M
o

ld
. 
K

. 

M
o

ld
. 
S

. 

R
o

m
an

ia
n

s 

U
k

ra
in

ia
n

s 

T
o

ta
l 

95 N3a-M178 14 11 16 23 10 14 15  1 0 0 0 0 0 1 

96 N3a-M178 14 11 16 23 11 14 14  1 0 0 0 0 0 1 

97 N3a-M178 15 10 16 23 11 14 13  0 0 0 0 0 1 1 

98 N3a-M178 15 10 16 23 11 14 14  0 0 0 1 0 1 2 

99 N3a-M178 15 12 16 23 11 15 13  0 0 0 0 0 1 1 

100 Q-M242 15 10 17 23 10 16 13  0 0 0 1 0 0 1 

101 R1a1-M17 14 10 15 24 11 13 12  0 0 0 0 0 1 1 

102 R1a1-M17 15 10 16 24 10 11 13  0 0 0 1 0 0 1 

103 R1a1-M17 15 10 16 25 10 11 13  0 0 0 0 0 3 3 

104 R1a1-M17 15 10 16 25 10 12 13  0 0 0 0 0 1 1 

105 R1a1-M17 15 10 16 25 11 11 13  0 0 0 0 0 1 1 

106 R1a1-M17 15 10 16 26 10 11 13  0 0 0 1 0 0 1 

107 R1a1-M17 15 10 17 24 11 11 13  0 0 2 0 0 0 2 

108 R1a1-M17 15 10 17 25 10 11 13  1 0 0 1 1 0 3 

109 R1a1-M17 15 10 17 25 11 11 13  0 0 0 3 0 2 5 

110 R1a1-M17 15 10 17 26 10 11 13  0 0 1 0 1 0 2 

111 R1a1-M17 15 10 18 25 10 11 13  1 0 0 0 0 0 1 

112 R1a1-M17 16 7 17 25 10 11 13  1 0 0 0 0 0 1 

113 R1a1-M17 16 9 16 26 10 11 14  0 0 0 0 0 1 1 

114 R1a1-M17 16 9 18 25 11 11 13  0 0 2 0 0 0 2 

115 R1a1-M17 16 10 15 25 10 11 13  1 0 0 0 0 0 1 

116 R1a1-M17 16 10 16 23 10 11 14  0 0 0 1 0 0 1 

117 R1a1-M17 16 10 16 24 10 11 13  0 1 0 0 0 1 2 

118 R1a1-M17 16 10 16 24 11 11 13  0 0 0 0 0 1 1 

119 R1a1-M17 16 10 16 25 10 11 13  0 3 3 0 1 0 7 

120 R1a1-M17 16 10 16 25 10 11 12  0 0 1 0 0 0 1 

121 R1a1-M17 16 10 16 25 11 11 13  0 0 0 0 0 2 2 

122 R1a1-M17 16 10 17 23 10 13 13  0 0 0 1 0 0 1 

123 R1a1-M17 16 10 17 24 10 11 13  0 0 2 0 0 0 2 

124 R1a1-M17 16 10 17 24 11 11 13  0 0 1 0 0 1 2 

125 R1a1-M17 16 10 17 25 10 11 13  1 0 6 1 0 3 11 

126 R1a1-M17 16 10 17 25 11 11 13  0 1 1 0 0 2 4 

127 R1a1-M17 16 10 17 25 11 11 14  0 0 0 1 0 0 1 

128 R1a1-M17 16 10 17 26 11 11 13  0 6 0 0 0 0 6 

129 R1a1-M17 16 10 18 25 10 11 13  0 0 1 0 0 0 1 

130 R1a1-M17 16 11 18 25 11 11 13  0 0 1 0 4 0 5 

131 R1a1-M17 17 9 17 25 10 11 13  0 0 0 0 1 0 1 

132 R1a1-M17 17 10 17 24 10 11 13  0 0 1 0 0 0 1 

133 R1a1-M17 17 10 17 25 10 11 13  1 0 0 0 0 0 1 

134 R1a1-M17 17 10 17 25 11 11 13  0 0 1 0 0 0 1 

135 R1a1-M17 17 10 18 25 11 11 13  0 0 0 0 0 2 2 

136 R1a1-M17 17 10 18 27 10 11 13  0 0 0 1 0 0 1 

137 R1a1-M17 17 11 17 25 10 11 13  0 0 1 0 0 0 1 

138 R1a1-M17 17 11 17 25 11 11 13  0 0 1 0 1 0 2 

139 R1a1-M17 17 11 19 25 10 11 13  0 0 0 0 1 0 1 

140 R1b*-P25 14 11 16 19 11 13 13  0 0 0 0 0 1 1 

141 R1b*-P25 14 11 16 25 11 13 13  0 0 0 0 0 1 1 

 



Appendix 

 105 

 (Contd.) 

Allele status at   No. of instances 
H

ap
lo

ty
p

e
 

n
u

m
b

e
r 

Haplogroup 

D
Y

S
1

9
 

D
Y

S
3

8
9

I 

D
Y

S
3

8
9

II
 

D
Y

S
3

9
0

 

D
Y

S
3

9
1

 

D
Y

S
3

9
2

 

D
Y

S
3

9
3

 

  

G
ag

au
ze

s 
K

. 

G
ag

a
u

z
e
s 

E
. 

M
o

ld
. 
K

. 

M
o

ld
. 
S

. 

R
o

m
an

ia
n

s 

U
k

ra
in

ia
n

s 

T
o

ta
l 

142 R1b*-P25 15 12 14 19 12 14 13  0 0 0 0 0 1 1 

143 R1b3-M269 13 10 16 23 11 13 13  0 0 1 0 0 0 1 

144 R1b3-M269 13 10 17 25 11 12 12  0 0 1 0 0 0 1 

145 R1b3-M269 13 11 17 25 11 12 12  0 0 1 0 0 0 1 

146 R1b3-M269 14 10 15 24 10 14 12  0 0 0 0 0 1 1 

147 R1b3-M269 14 10 15 24 11 13 12  0 0 0 0 0 2 2 

148 R1b3-M269 14 10 16 23 10 13 13  0 0 0 0 0 1 1 

149 R1b3-M269 14 10 16 23 11 13 13  0 0 1 0 0 1 2 

150 R1b3-M269 14 10 16 23 11 14 13  0 0 0 1 0 1 2 

151 R1b3-M269 14 10 16 24 10 12 13  0 0 0 0 2 0 2 

152 R1b3-M269 14 10 16 24 10 13 13  0 0 0 0 1 0 1 

153 R1b3-M269 14 10 16 24 11 11 12  2 0 0 0 0 0 2 

154 R1b3-M269 14 10 16 24 11 12 13  0 0 1 0 0 0 1 

155 R1b3-M269 14 10 16 24 11 13 13  1 0 2 0 4 0 7 

156 R1b3-M269 14 10 16 24 12 13 13  0 1 1 0 0 0 2 

157 R1b3-M269 14 10 16 25 10 13 13  0 0 2 0 0 0 2 

158 R1b3-M269 14 10 17 23 11 13 12  0 0 0 1 0 0 1 

159 R1b3-M269 14 10 17 24 10 13 12  0 0 0 0 0 1 1 

160 R1b3-M269 14 10 17 24 11 11 12  1 0 0 0 0 0 1 

161 R1b3-M269 14 10 17 25 10 13 12  0 0 0 1 0 0 1 

162 R1b3-M269 14 10 17 25 10 13 13  0 0 0 1 0 0 1 

163 R1b3-M269 14 11 15 25 10 14 12  1 0 0 0 0 0 1 

164 R1b3-M269 14 11 16 22 11 13 13  0 0 1 0 0 0 1 

165 R1b3-M269 14 11 16 24 11 13 13  0 2 0 0 0 0 2 

166 R1b3-M269 14 11 16 25 10 13 12  0 1 0 0 0 0 1 

167 R1b3-M269 14 12 16 24 11 13 13  0 2 0 0 0 0 2 

168 R1b3-M269 15 10 16 24 10 13 12  0 0 0 2 0 0 2 

169 R1b3-M269 15 10 17 25 10 13 13  0 0 0 1 0 0 1 

170 R1b3-M269 16 10 16 24 10 13 12  0 0 0 1 0 0 1 

171 R1b3-M269 16 10 17 25 10 11 13  0 0 1 0 0 0 1 

Note. - Moldavians: K=Karahasani, S=Sofia; Gagauzes: K=Kongaz, E=Etulia. 
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