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ABSTRACT The Gagauzes are a small Turkish-speaking ethnic group living mostly in southern Moldova and north-
eastern Bulgaria. The origin of the Gagauzes is obscure. They may be descendants of the Turkic nomadic tribes from
the Eurasian steppes, as suggested by the “Steppe” hypothesis, or have a complex Anatolian-steppe origin, as postu-
lated by the “Seljuk” or “Anatolian” hypothesis. To distinguish these hypotheses, a sample of 89 Y-chromosomes repre-
senting two Gagauz populations from the Republic of Moldova was analyzed for 28 binary and seven STR polymor-
phisms. In the gene pool of the Gagauzes a total of 15 Y-haplogroups were identified, the most common being I-P37
(20.2%), R-M17 (19.1%), G-M201 (13.5%), R-M269 (12.4%), and E-M78 (11.1%). The present Gagauz populations were
compared with other Balkan, Anatolian, and Central Asian populations by means of genetic distances, nonmetric multi-
dimentional scaling and analyses of molecular variance. The analyses showed that Gagauzes belong to the Balkan pop-
ulations, suggesting that the Gagauz language represents a case of language replacement in southeastern Europe.
Interestingly, the detailed study of microsatellite haplotypes revealed some sharing between the Gagauz and Turkish
lineages, providing some support of the hypothesis of the “Seljuk origin” of the Gagauzes. The faster evolving micro-
satellite loci showed that the two Gagauz samples investigated do not represent a homogeneous group. This finding
matches the cultural and linguistic heterogeneity of the Gagauzes well, suggesting a crucial role of social factors in
shaping the Gagauz Y-chromosome pool and possibly also of effects of genetic drift. Am. J. Hum. Biol. 00:000-000,

2009. © 2008 Wiley-Liss, Inc.

The Gagauzes are a small Turkish-speaking ethnic
group living mostly in southern Bessarabia (Moldova
Republic, southwestern Ukraine) and southern Dobruja
(northeastern Bulgaria, southeastern Romania). The
Gagauzes speak the Oghuz version of the Turkic lan-
guages, which also includes the Azeri, Turkish, and Turk-
meni languages. The Gagauz language is particularly
close to the Balkan Turkish dialects spoken in Greece,
northeastern Bulgaria, and in the Kumanovo and Bitola
areas of Macedonia. The Balkan Turkic languages, includ-
ing Gagauz, are a typologically interesting case, because
they are closely related to Turkish and at the same time
contain a North-Turkic (Tartar or Kypchak) element besides
the main South-Turkic (Oghuz) element (Pokrovskaya,
1964). The modern Gagauz language has two dialects: cen-
tral (or “Bulgar”) and southern (or maritime) (Pokrovskaya,
1964; Gordon, 2005). It is also important to mention that
the Gagauzes are Orthodox Christians, whereas most of the
Turkic groups mentioned above are Muslims.

It is historically documented that the Gagauzes
migrated to Bessarabia from northeastern Bulgaria
(Dobruja) in the beginning of the 19th century fleeing
from political and religious oppression by the Ottoman
Turks. However, very little is known about their previous
history. Several hypotheses about the ethnogenesis of the
Gagauzes have been proposed (Pokrovskaya, 1964; Gubo-
glo, 1967). Two of them seem to be most popular among
the ethnologists and linguists. One theory considers the
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Gagauzes as descendants of the Turkic nomadic tribes
from the South Russian steppe (Bulgars, Cumans, Peche-
negs, or Torks, etc.). According to the other, the Gagauzes
descend from the Seljuk Turks that settled in northeast-
ern Bulgaria in the second half of the 13th century, and to-
gether with some Turkic tribes from South-Russian
steppes they founded a Turkic state there. The military
power of the Balkan Turks was used by the Byzantine
Empire, because the Turkic hordes ensured its protection
against the Slavs (Bulgarians). Having settled in the Bal-
kans the Turkic clans had been converted to Orthodox
Christianity before this area was conquered by the Otto-
man Turks, i.e., before the 15th century.

The distribution of genetic variation within and among
populations has long been used to gain insight into the
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demographic history of humans. The previous genetic stud-
ies in the Dniester-Carpathian region based on classical
and autosomal DNA markers showed closer affinities of
the Gagauzes to their geographical neighbors from South-
east Europe than to other Turkic populations (Varsahr
et al., 2001, 2003; Varzari et al., 2007). A recent analysis
of mtDNA and Y-chromosome variation in one Moldavian
and one Gagauz population has confirmed similarities
between the Gagauzes and their geographical neighbors
(Nasidze et al., 2007). The authors of the article suggest
that the Gagauzes gained their genetic similarity with
Moldavians as a result of extensive gene exchange
between them after the Gagauzes migrated from Turkey
to Moldavia two hundred years ago and were converted to
Orthodox Christianity. However, this conclusion disagrees
with the historical and linguistic data; it was based on a
small set of binary markers and a relatively small sample
size (50 individuals), and did not take into account the
degree of substructuring of the Gagauz population.

In the present study we have further characterized the
genetic structure of the Gagauzes, using a comprehensive
Y-chromosome analysis of two Gagauz populations from
southern Moldavia that speak different dialects, and have
compared them with the populations from the Balkans,
Anatolia and Central Asia that have had a great historical
influence on the Gagauzes. Analysis of Y-chromosome var-
iation is particularly useful in studies of the Gagauz ori-
gins because invasions were primarily carried out by
males and, therefore, one might expect the Gagauz male
pool to retain some trace of the invaders.

MATERIALS AND METHODS
Samples and DNA extraction

A total of 89 unrelated male samples were collected from
two Gagauz locations: the Kongaz settlement, N = 48, and
the Etulia settlement, N = 41 (see Fig. 1). Informed consent
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A map of the geographic location of the Gagauz populations. The Gagauz inhabited areas are shaded.

was obtained from all participants in this study, and infor-
mation about geographic and ethnic origins of their parents
and grandparents was recorded. DNA was extracted from
peripheral blood lymphocytes by a salt-based extraction
method (Miller et al.,, 1988) or by using the Amersham
genomic DNA extraction reagents and protocols.

Y-chromosome polymorphisms

The Y-chromosomal haplotype composition and struc-
ture was examined using two genetic marker systems
from the nonrecombining portion of the Y-chromosome: bi-
nary markers, mostly represented by SNPs, and multial-
lelic, highly variable microsatellites (STRs).

Binary markers. Y-chromosome haplogroups were defined
by the analysis of 28 binary markers. 23 markers were
typed according to previous reports, namely YAP
[DYS287] (Hammer and Horai, 1995), 12f2 [DYS11]
(Rosser et al., 2000), M17 and M89 (Kharkov et al., 2004),
92R7 (Mathias et al., 1994), Tat [M46] (Zerjal et al., 1997),
M9 (Hurles et al., 1998), M70 and M223 (Kharkov et al.,
2007), M78 (Flores et al., 2003; Underhill et al., 2001),
M123 (Flores et al., 2003), P25 and P37 (Kharkov et al.,
2005), M130, M172, M178, M201, M207, M242, and M269
(Underhill et al., 2001; Kharkov et al., 2005), M253 (Chin-
nioglu et al., 2004; Kharkov et al., 2007), and SRY-2627
(Hurles et al., 1999). M170 was typed by sequencing from
the forward primer (Underhill et al., 2001). In addition,
we genotyped five polymorphisms reported previously,
namely M12, M47, M67, and M92 (Underhill et al., 2001),
and M267 (Cinnioglu et al., 2004). Primer sequences for
each of these five markers were used as previously
described, or were designed by introducing a mismatched
base to produce a variable restriction site on the amplifica-
tion products (Table 1). The samples were examined in a
hierarchical way, in agreement with the Y-chromosome
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TABLE 1. PCR-RFLP protocols developed for five binary markers

Marker Primers used (5'-3') ™ Size® Digestion Fragment/s (allele)®
Mi12 F: ACTAAAACACCATTAGAAACAAAGG 62 309 Hinfl 23/67/219 (G) — 90/219 (T)
R: CTGAGCAACATAGTGACCCGAAT?
M47 F: AGATCATCCCAAAACAATCATAA 61 430 EcoRI 35/395 (G) — 430 (A)
R: GAAATCAATCCAATCTGTAAATTTTATGTAGAATT
M67 F: CCATATTCTTTATACTTTCTACCTGC 60 409 Sspl 379/30 (A) — 409 (T)
R: GTCTTTTCACTTGTTCGTGGACCCCTCAATAT
M92 F: TTGAATTTCCCAGAATTTTGC 61 470 BstSNI 470 (T) — 340/130 (C)
R: TTCAGAAACTGGTTTTGTGTCC
M267 F: TTATCCTGAGCCGTTGTCCCTG 60 183 BstSNI 150/33 (T) — 183 (G)
R: CTAGATTGTGTTCTTCCACACAAAATACTGTACGT?
F refers to the forward primer, and R refers to the reverse primer for a particular locus.
“PCR annealing temperature in C°.
PPCR product size in base pairs.
°RFLP fragments in base pairs.
dMismatched primer (mismatched bases are underlined).
haplogroup tree (Karafet et al., 2008). The genealogical M130{RPS4Y)
relationship of the haplogroups (defined by the markers) = ¢
is shown in Figure 2. M9 was chosen as the initial marker - e DE* (xE1b1b1a, E1bibic)
and surveyed in all samples. Eibibia
i Etbiblc
Microsatellite markers. The following seven Y-specific — e F*(xG, 1, J)
microsatellites were analyzed: DYS19, DYS389], G
DYS389II, DYS390, DYS391, DYS392, and DYS393. I"(xH1, 12a, 12b)
These markers form the so-called minimal haplotype (de m253 *u
Knijff et al., 1997) and are the most comprehensively stud- LLti P37 H
ied Y-STR set in different world populations. All loci were = 12a
PCR-amplified using primers and conditions described Mag - 12b
elsewhere (de Knijf et al., 1997; Kayser et al., 1997). The g .. I xJ1,02)
forward primers were labeled with TET (green) for mae67 M
DYS390 and DYS391, FAM (blue) for DYS392 and M172 :
DYS393, and HEX (yellow) for DYS19, DYS389I, and prye APPeIZaN, J20Z.J20)
DYS389I1. The amplification products were then pooled Toa i
together and run on an ABI Prism 310 sequencer (Applied J2a2*(xJ2a2a)
Biosystems) using GeneScan500-TAMRA (red) as the in- — Jz2aza
ternal standard. Gene Scan Analysis Software v.3.7 M12 J2b
(Applied Biosystems) was used to analyze fragment sizes.
The alleles were named according to the number of repeat K*(xN1c, P, T)
units they contain. The number of repeat units was estab- Tat Nic*(xN1c1)
lished through the use of sequenced reference DNA sam- _'_I N1c
ples as suggested by de Knijf et al., (1997). Allele length
for DYS389b was obtained by subtraction of the DYS3891 Mo = P*(xQ, R)
allele length from that of DY'S38911. i Q
R*(xR1a1, R1b1)
Statistical analysis mi7 Ria
The software package Arlequin 2.000 (Schneider et al., sari s R1b1*(xR1b1b)
2000) was used to calculate several population genetic pa- -
rameters, including diversity of haplogroups and haplo- il | R1b1b*(xR1b1b2d)
types, exact tests of population differentiation, as well as sry2627¥ R1bib2d
pairwise Fgr (for haplogroup) and Rgr (for haplotype) val- M70 T

ues. The significance of these statistics was examined with
10,000 permutations. Fgr and Rgr distances among com-
pared populations were represented in two dimensions with
multidimensional scaling (MDS), using the STATISTICA
5.5 software package (StatSoft, Inc 1995). Arlequin was also
used to perform analyses of molecular variance (AMOVA) of
the SNP and STR data. Network analysis of the STR data
was carried out with the software package NETWORK ver-
sion 4.2.0.1 (http:/www.fluxus-technology.com). Networks
were calculated by the median-joining method (y = 0) after
having processed the data with the reduced median method
(Bandelt et al., 1999). To score different mutation rates
upon the networks construction, each STR locus was

Fig. 2. Maximum parsimony phylogeny of the haplogroups defined
by the 28 binary markers used in this study. The names of hap-
logroups are according to Karafet et al., (2008).

weighted in accordance with the values estimated previ-
ously (Kayser et al., 2000).

RESULTS
Y-chromosome lineages in the Gagauzes

Haplogroup frequencies in the Gagauz samples and in
the pooled sample are reported in Table 2. A total of 23 of
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TABLE 2. Haplogroup counts and frequencies, together with Y-chromosome diversities in the Gagauz populations

Haplogroup
Lineage-based name Mutation-based name Kongaz Etulia Total
Elblbla E-MT78 N 6 4 10
% 12.5 9.8 11.2
Elblble E-M123 N 2 0 2
% 4.2 0.0 2.2
G G-M201 N 5 7 12
% 10.4 17.1 13.5
I1 1-M253 N 4 0 4
% 8.3 0.0 45
12a I-P37 N 9 9 18
% 18.8 22.0 20.2
I2b 1I-M223 N 2 1 3
% 4.2 2.4 34
J¥(xJ1,J2) J-12f2 N 1 0 1
% 2.1 0.0 11
J1 J-M267 N 1 0 1
% 2.1 0.0 1.1
J2#(xJ2al,J2a2,J2b) J-M172 N 1 2 3
% 2.1 4.9 3.4
J2a2%(xJ2a2a) J-M67 N 0 1 1
% 0.0 2.4 1.1
J2b J-M12 N 1 0 1
% 2.1 0.0 1.1
Nlcl N-M178 N 2 0 2
% 4.2 0.0 2.2
Rlal R-M17 N 6 11 17
% 12.5 26.8 19.1
R1b1b*(xR1b1b2d) R-M269 N 5 6 11
% 10.4 14.6 12.4
T T-M70 N 3 0 3
% 6.3 0.0 34
Total N 48 41 89
% 100.0 100.0 100.0
H=+SD 0.9131 + 0.0173 0.8366 + 0.0262 0.8795 + 0.0147
No of STR haplotypes 37 25 57
D = SD 0.9885 + 0.0067 0.9646 + 0.0150 0.9794 + 0.0008

H, haplogroup diversity; D, microsatellite haplotype diversity; SD, standard deviation.

the 28 genotyped binary polymorphisms were informative
and defined 15 distinct haplogroups. Two major hap-
logroups in Gagauz males are haplogroup I-P37 and hap-
logroup R-M17, comprising 20.2% and 19.1%, respectively,
of all Gagauz Y-chromosomes. These were followed by
haplogroups G-M201 (13.5%), R-M269 (12.4%), and E-
M78 (11.2%). All of the remaining lineages were present
at frequencies of less than 5% in the Gagauz paternal
gene pool. No lineages representing distant areas (Cen-
tral/East Asia or Africa) were found in the present study.
The haplogroup distributions were similar in the two sam-
ples (exact test; P = 0.1028) and were in agreement with
those reported previously for the Gagauz population
(Nasidze et al., 2007) or neighboring populations (Supp
Info Table 1). Although Y-haplogoup distribution patterns
in two Gagauz populations were not significantly different
from each other and from those in other southeastern Eu-
ropean populations (exact test; P > 0.05), we note a two-
fold higher frequency of the R-M17 haplogroup in the Etu-
lia sample compared with samples from Kongaz and Com-
rat (Nasidze et al.,, 2007), as well as an increased
frequency of the G-M201 haplogroup in the two studied
samples compared with most Balkan populations, includ-
ing the Gagauzes from Comrat. The Gagauzes in total are
characterized by high haplogroup diversity, comparable
with other groups from southeastern Europe (Supporting
Information Table 1) that exceed diversity values from
other European provinces whose gene pools are domi-
nated by certain haplogroups.

American Journal of Human Biology

Y-STR polymorphisms were studied to obtain a more
detailed view of Y variation in the Gagauz populations.
57 different STR haplotypes were observed among 89
individuals. Thirty-eight haplotypes were found in only
one individual, 11 in two individuals, 6 in 3 individuals,
and 1 in 5 (htl) and six (ht47) individuals. Haplotype
diversities in the total sample of the Gagauzes (0.979)
and in the sample from Kongaz (0.989) were among the
values observed in the Balkan ethnic groups (Supporting
Information Table 2). The diversity in the Gagauzes from
Etulia was lower (0.965); however, this did not differ sig-
nificantly from other Balkan populations (7-test; ¢-value
= —1.429; df = 13; P = 0.177). Both the STR and binary
data showed that the Etulia population had less genetic
diversity than the Kongaz population. Most haplotypes
were found to be population-specific. In all cases but one,
the chromosomes sharing a haplotype belonged to the
same haplogroup. Hence, 58 compound binary-STR
haplotypes were observed (Table Al).

Relationships and population structure

We used genetic distance analysis to compare the pres-
ent data with those reported for Balkan, Anatolian, and
Central Asian populations (Supporting Information Table
1). Pairwise Fgr comparisons based on the Y-haplogroup
frequencies showed that the Gagauz samples were very
similar to each other (P = 0.26) and to other Balkan popu-
lations (Supporting Information Table 3). They were less
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Fig. 3. Plot based on a multidimensional scaling (MDS) analysis of
FST values from Y chromosome haplogroup frequencies, showing
genetic affinities between the Gagauz and some Balkan, Anatolian,
and Central Asian population samples. The stress value for the MDS
plot is 0.090. The populations presented are: GAGK = Gagauzes from
Kongaz; GAGE = Gagauzes from Etulia (present study); TUR1-TUR9
= Turks (Cinnioglu et al., 2004); ROMC = Romanians from Con-
stanta; ROMP = Romanians from Ploiesti; GRET = Thracian Greeks;
MACS = Macedonians from Scopie, Republic of Macedonia; ALBT =
Albanians from Tirana, Albania (Bosch et al., 2006); MAC = Macedo-
nians from Republic of Macedonia; SER = Serbs (Perici¢ et al.,
2005b); ALT = Altais; KAZ = Kazakhs; KIR = Kirghiz; UYG =
Uygurs; UZB = Uzbeks (Karafet et al., 2002); ALTN = northern
Altais; ALTS = southern Altais (Kharkov et al., 2007). The Balkan
groups are indicated by circles; Anatolian groups by squares; and
Central Asian groups by triangles.

similar to Turkish samples, and most distant to Central
Asian groups. All pairwise differences between the
Gagauz and the Turkic samples, including those from
Anatolia, were statistically significant (P < 0.05). The
MDS analysis based on the Fgr distance matrix summa-
rizes these patterns (see Fig. 3). The samples from Anato-
lia and the Balkans fall into two contiguous clusters. The
positions of the populations within these clusters corre-
spond well with their assignments to specific regional
groups. The populations from Central Asia exhibit the
most considerable interpopulation variability, showing
significant distances to Anatolian and Balkan groups (P <
0.05). Both Gagauz samples clearly cluster with the Bal-
kan samples, thus showing a general similarity with geo-
graphically close populations.

Fast mutating markers may be more suitable to study
genetic differentiation between populations that are
rather closely related genetically. We therefore also used
STR haplotype frequencies and molecular differences
between haplotypes for phylogenetic reconstructions
within Balkans and Anatolia. Phylogenetic analysis was
performed by pooling the data of the present study with
those of Zaharova et al., (2001), Robino et al., (2002), Bar-
barii et al., (2003), Cinnioglu et al., (2004), Robino et al.,
(2004), Bosch et al., (2006), Lauc et al., (2005), Pericic
et al., (2005a), Spiroski et al., (2005) (Supporting Informa-
tion Table 2). Eighteen of twenty-four compared samples
were same as in the previous analysis based on the binary
polymorphisms. This enables us to compare the results of
the two analyses. Results of MDS based on Rgr genetic

distances (Supporting Information Table 4) are shown in
Figure 4. As in the case of the binary markers, the com-
pared populations are grouping according to major geo-
graphic regions. Both Gagauz samples have close affinity
to the Balkan ethnic groups; however, they exhibit sub-
stantial dissimilarities if compared with each other (P =
0.04). In terms of genetic distances, the Gagauzes from
Etulia show the highest affinity to the northern Greeks,
Serbs and Romanians from Constanta and Ploiesti, and
the lowest to the Turkish groups, whereas the Gagauzes
from Kongaz show close affinity with the majority of the
Balkan populations, including the Bulgarian Turks, as
well as with the three Turkish groups from Anatolia.
Remarkably, the affinity of the Gagauzes from Kongaz to
the Turks is not higher than affinity of the latter to some
non-Turkic ethnic groups from the Balkans.

The pairwise Fgr and Rgr comparisons show that
Gagauzes are similar to surrounding populations and dis-
tant to the Turkic ones. However, Fst and Rgr analyses
are known to be influenced by multiple-testing problems.
To avoid these problems, AMOVA analyses were per-
formed (Table 3). Within Anatolia the genetic variance at-
tributable to differences among populations was not sig-
nificantly different from zero for both data sets (P > 0.05),
suggesting that Anatolian populations are highly homoge-
neous. In the Balkan region a high genetic homogeneity
was revealed only for Y-haplogroups (P > 0.05), whereas
for Y-STR haplotypes a significant heterogeneity was
found (P < 0.001). Likewise, the analysis showed no sig-
nificant differences in haplogroup and significant differ-
ences in haplotype compositions between the Gagauz popu-
lations. The highest level of population differentiation was
observed in Central Asia, with 7.7% of the total Y-hap-
logroup variation being attributable to differences among
populations. Previous genetic analyses based on Y-chro-
mosome and mtDNA data also revealed substantial
genetic diversity among Central Asian populations. Such
findings seem to be strongly determined by the historical
past of Central Asia, which in turn is largely influenced by
its geographical location at the crossroads between major
Eurasian subdivisions. The AMOVA for the Y chromosome
showed significant differences in haplogroup and Y-STR
haplotype composition (P < 0.001) between major geo-
graphic regions. No significant differences were found
between Gagauz and non-Gagauz populations in the Bal-
kans when considering both sets of markers (P > 0.05). In
contrast, we observed striking genetic differences between
Gagauz and Turkic-speaking groups from Central Asia
and Anatolia (P < 0.05). Thus, this set of analyses, in
agreement with phylogenetic analyses, shows that the
Gagauz Y-pools belong to the Balkan pools of Y-chromo-
somes.

The R-M17 chromosomes could penetrate into the gene
pool of the Gagauzes from Central Asia, where in some
Turkic populations they are present in a very high fre-
quency (Karafet et al., 2002; Kharkov et al., 2007; Wells
et al., 2001; Zerjal et al., 2002). To explore the genetic sim-
ilarities of the R-M17 Gagauz chromosomes with those
from Central Asia and the Balkans, a median network
based on Y-chromosome STR haplotypes on the back-
ground of M17 was generated (see Fig. 5). In the median
network, the Balkan and Asian haplotypes tend to cluster
according to geography and most of the Gagauz haplo-
types cluster with the Balkan haplotypes. In particular,
we could not find any Y-haplotypes typical for Central

American Journal of Human Biology
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Asia (that are absent on the Balkans) in the Gagauz gene
pool. Pairwise Rgr comparisons for Y-STR haplotypes
within haplogroup R-M17 further indicate that the
Gagauz R-M17 chromosomes are closely related to the
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Fig. 4. Plot from multidimensional scaling (MDS) analysis of RST
values from Y chromosome STR haplotype frequencies, showing
genetic affinities among Balkan and Anatolian populations. The
stress value for the MDS plot is 0.065. The populations presented are:
GAGK = Gagauzes from Kongaz; GAGE = Gagauzes from Etulia
(present study); TUR1-TUR9 = Turks (Cinnioglu et al., 2004); BUL =
Bulgarians; TURB = Bulgarian Turks (Zaharova et al., 2001); MAC1
= Macedonians from Republic of Macedonia (Perici¢ et al., 2005a);
MAC2 = Macedonians from Republic of Macedonia (Spiroski et al.,
2005); SER = Serbs (Lauc et al., 2005); ALBT = Albanians from
Tirana; GRET = Thracian Greeks; MACT = Macedonians from
Tirana, Republic of Macedonia; ROMC = Romanians from Constanta;
ROMP = Romanians from Ploiesti (Bosch et al., 2006); GREM = Mac-
edonian Greeks (Robino et al., 2004); ALBI = Albanians (Robino
et al., 2002); ROMB = Romanians from Bucharest (Barbarii et al.,
2003). The populations investigated in the present study are in italic
and underlined. The Balkan groups are indicated by circles and Ana-
tolian groups by squares.

Balkan R-M17 chromosomes (0.0207; P > 0.05) than to
those from Central Asia (0.3522; P < 0.001).

Of the five predominant Y-haplogroups present in the
Gagauzes, haplogroups R-M269 and G-M201 are wide-
spread in Anatolia (Cinnioglu et al., 2004). A detailed
microsatellite analysis of these haplogroups in Gagauz,
Anatolian, and Balkan populations is presented in Fig-
ure 6. For haplogroup G-M201 two Gagauz haplotypes
(ht9 and ht13) were found to be shared with Turkish
haplotypes, but no haplotype sharing was found between
the Gagauzes and the Balkans, implying that at least
the two shared with the Turks’ G-M201 lineages pene-
trated into the Gagauzes from Anatolia. In the R-M269
network of haplotypes, of four haplotypes shared by the
Gagauzes with other populations one Gagauz Y-STR
haplotype (ht51) groups with an Anatolian haplotype,
one (ht49) clusters with a Balkan haplotype, and the
remaining two haplotypes (ht50 and ht54) could be of ei-
ther Balkan or Anatolian origin. Besides the three hap-
lotypes mentioned, one belonging to R-M269 (ht51) and
two to G-M201 (ht9 and ht13), we did not succeed in find-
ing other haplotypes specific to Anatolian Turks in the
Gagauzes.

DISCUSSION

Two different scenarios have been postulated in order to
explain the origin of the Gagauzes. Each scenario suggests
a different structure of the extant Gagauz gene pool, being
either closer to the Central Asian or Anatolian one. The
evidence will now be considered in the light of the Y-data.

The Gagauzes may be descendants of the Turkic no-
madic tribes from the Eurasian heartlands. This hypothe-
sis would imply genetic similarity between Gagauzes and
Turkic-speaking groups from Central Asia. A distinguish-
ing feature of the population of Central Asia is its high
genetic heterogeneity (Karafet et al., 2002; Zerjal et al.,
2002). Haplogroups Q-M242, C-M130, O-M175 and R-
M17, however, are present in every population in Central
Asia. The first three of the haplogroups are specific to the
Asian region, but very scarce in Europe. The Gagauzes

TABLE 3. AMOVA results

Grouping Among groups Among populations Within populations
Y-HG (Fsr®) Gagauzes 0.57 ns 99.43
Balkans 0.58 ns 99.42
Anatolia (Turks) 0.49 ns 99.51
Central Asia 7.70%%* 92.30
Balkans, Anatolia 6.88%#* 0.49% 92.63
Balkans, Central Asia 11.18%#* 3.40™" 85.42
Anatolia, Central Asia 9.00%** 3.15%#* 87.85
Gagauzes, Balkans 0.75 ns 0.31ns 98.94
Gagauzes, Anatolia 5.56% 0.47 ns 93.96
Gagauzes, Central Asia 6.84* 6.35%%% 86.82
Y-HT (Rs1®) Gagauzes 3.28% 96.72
Balkans 1.87%%% 98.13
Anatolia (Turks) 0.65 ns 99.35
Balkans, Anatolia 4.44%%* 1.37%+%* 94.19
Gagauzes, Balkans 0.28 ns 1.82%#* 97.90
Gagauzes, Anatolia 5.94* 0.83* 93.23

HG, haplogoups; HT, haplotypes; ns, not significant.”Distance method applied.
*P < 0.05, ¥P < 0.01, ***P < 0.001.
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differ greatly from Central Asian populations with respect
to Y-haplogroup frequencies. Indeed, none of 89 Gagauz
male chromosomes investigated belongs to the Asian clus-
ter, i.e., to the haplogroups Q-M242, C-M130, and O-
M175. Although the haplogroup R-M17 is widely present
in the gene pool of Gagauzes, we could not find among the
Gagauz R-M17 chromosomes those specific to Central

Fig. 5. Median-joining networks showing phylogenetic relation-
ships of the Gagauz, Balkan, and Central Asian Y-haplotypes within
haplogroup R-M17. Gray Gagauzes (R1lal-M17 chromosomes from
present study pooled with those from Nasidze et al., 2007); white Bal-
kan (Macedonians, Serbs, Albanians, Greeks from Bosch et al., 2006
and Perici¢ et al.,, 2005b); black Central Asia (Altais, Kazakhs,
Kirghiz, Uygurs, Uzbeks from Zerjal et al., 2002 and Kharkov et al.,
2007). The size of each circle is proportional to the haplotype
frequency.
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Asian populations. On the contrary, the Gagauz R-M17
chromosomes demonstrate a much higher affinity and
identity with R-M17 chromosomes from the Balkans than
with the ones from Central Asia, suggesting the plausible
European origin of the R-M17 chromosomes in the Gagauz
paternal gene pool. Some significant differences between
Y-haplogroup frequencies in Gagauzes and in Central
Asian populations are mirrored in significant genetic dis-
tances between them. Thus, our Y data seems to reject the
hypothesis that the Gagauzes are biological descendants
of the Turkic nomadic tribes from the Eurasian steppe.
According to the hypothesis of an Anatolian origin, the
Gagauzes are traced to the Seljuk-Turks who migrated to
Dobruja from Anatolia in the end of 13th century, and
afterwards mixed with Turkic nomads from the Eurasian
steppe. This scenario would imply a close genetic relation-
ship between Gagauzes and Anatolian Turks. The hap-
logroup frequencies in the Gagauzes were also signifi-
cantly different from those in Anatolian/Turkish popula-
tions, though to a lower degree than in Central Asian
populations. The Anatolian populations have a high fre-
quency of the Middle Eastern haplogroup J-12f2, whereas
European haplogroups I-M170 and R-M17 are present
here in much lower frequencies. The Gagauzes, on the
contrary, have a low frequency of haplogroup J-12f2 and
high or moderately high frequencies of I-M170 and R-
M17. The frequencies of these haplogroups in the
Gagauzes are very close to those in the Balkans. The
Gagauzes also represent the Balkans with respect to the
E-M78 to E-M123 ratios; haplogroup E-M78 occurs here
much more often than E-M123 (Cruciani et al., 2004;
Semino et al., 2004), whereas in Anatolia E-M78 and E-
M123 occur at approximately equal frequencies (Cin-
nioglu et al., 2004). Visual inspection revealed that the
only Y-chromosome lineage that had frequencies in the
Gagauzes closer to those in Turks than in the Balkans
was G-M201. These frequencies were 0.171, 0.104 (our
data) and 0.041 (Nasidze et al., 2007) in the Gagauz popu-
lations, 0-0.129 (average 0.055) in the rest of the Balkans
and 0.039-0.200 (average 0.112) in Anatolia. This situa-
tion could indicate paternal gene flow mediated by the
Turks, as suggested by the Seljuk hypothesis. Or, alterna-
tively, genetic drift could be responsible for the increased
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Fig. 6. Median-joining networks showing phylogenetic relationships of the Gagauz, Balkan, and Anatolian Y-haplotypes within haplogroups
R-M269 and G-M201. Gray Gagauzes (present study); white Balkan (Macedonians, Serbs, Albanians, Greeks from Bosch et al., 2006 and Perici¢
et al., 2005b); black Anatolia (Turks from Cinnioglu et al., 2004). The size of each circle is proportional to the haplotype frequency.
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G-M201 frequencies in two Gagauz samples. Analyses of
diversity and median networks have demonstrated the
plausibility of both assumptions. Indeed, the Gagauzes
from Etulia with the highest G-M201 frequency are char-
acterized by a relatively low level of STR haplotype diver-
sity within G-M201 (D = 0.810), indicating some effect of
genetic drift. At the same time, some sharing between the
Kongaz and Turkish G-M201 haplotypes in the absence of
any sharing between the Gagauz and Balkan G-M201
haplotypes suggests a direct contribution of the Turks to
the Gagauz paternal gene pool and, hence, lends some
support to the theory of the Seljuk origin of the Gagauzes.

Although some sharing between Gagauz and Turkish Y-
haplotypes implies direct gene flow from Anatolia to the
Gagauzes, its impact on the structure of the extant
Gagauz gene pool was rather small. This conclusion is
supported by three lines of evidence: (1) the Gagauzes rep-
resent the Balkans with respect to the Y-haplogroup fre-
quencies; (2) genetic distance analyses based on stable
and fast polymorphisms indicate a closer relationship of
the Gagauzes to Balkan populations than to any Turkic
group, and (3) in the MDS plots the Gagauz samples were
not intermediate between the Balkan and Turkic samples,
but occupied positions among the Balkan ones. These
results are in agreement with previous investigations
based on “classical” and DNA markers (Nasidze et al.,
2007; Varsahr et al., 2001, 2003; Varzari et al., 2007). Alto-
gether the genetic data indicate that the Gagauz language
represents a case of language replacement in southeast-
ern Europe. How has this replacement happened?

In our previous investigation of autosomal DNA
markers in the Dniester-Carpathian region (Varzari et al.,
2007), we suggested that in the case of the Gagauzes
replacement could have occurred via the “elite dominance”
model, which means that the original Turkic immigrant
groups could be very small such that their genetic effect
on the resident groups was negligible (Renfrew, 1987).
This hypothesis is supported by numerous historical sour-
ces (Guboglo, 1967; Shabashov, 2002). Throughout the
Middle Ages the Balkan peninsula was constantly sub-
jected to Turkic invasions and conquests both from the
southern Russian steppe and Anatolia. These tribes
formed military (for example, that of the Avars, the Peche-
negs, and the Cumans) and political (for example, that of
the Bulgars and the Seljuks) unions, which also included
the local Slavic and Romance populations besides the
Turkic newcomers.

Another point of view was offered by Nasidze et al.,
(2007). The authors consider the Gagauzes as “Orthodox
Turks”. After their resettlement to southern Moldavia
from Turkey 150 years ago (as it is asserted by Nasidze
et al., 2007) they were intensively exchanging genes with
the Moldavians. As a result they became genetically closer
to the Moldavians than to the Turks. Though the general
idea of gene exchange between populations as a mecha-
nism for erasing the genetic differences between them is
undoubtedly correct, lines of historical, ethnological, and
linguistic data provide evidence against this theory. First,
the Gagauzes resettled to southern Moldova not from Tur-
key, but from the Balkan Peninsula, where they formed
an independent ethnic group probably before the Ottoman
occupation of the Balkans (Guboglo, 1967; Shabashov,
2002). Secondly, the Gagauz language contains a North-
Turkic (Tartar or Kypchak) element besides the main
South-Turkic (Oghuz) element, which probably entered by
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the northern route from the Eurasian steppes (Pokrov-
skaya, 1964). Thirdly, before Bessarabia (Moldavia) joined
the Soviet Union in 1940, marriages between the
Gagauzes and other nationalities were extremely rare
because of the Gagauzes’ strong patriarchal way of life,
which forbade inter-ethnical marriages (Zelenciuk and
Guboglo, 1979; Curoglo and Marunevici, 1983; Kvilin-
kova, 2007). The number of marriages between different
nationalities, however, increased considerably because of
social and spiritual transformations among the Gagauzes
in the Soviet period (Curoglo and Marunevici, 1983; Var-
zar’ et al., 2003; Zelenciuk and Guboglo, 1979). It should
also be noted that we collected DNA samples for our
research in ethnically homogeneous localities where
Gagauzes constituted more than 95%, and we collected
these samples from adult individuals whose ancestors
were of the same (i.e. Gagauz) nationality back to the
third generation. Altogether, the aforementioned argu-
ments suggest that the genetic affinity between the
Gagauzes and the Moldavians is explained by their
common “Balkan” ancestry rather than by direct inter-
marriages.

The faster evolving microsatellite loci showed that
Gagauzes do not represent a homogeneous group. This
finding does not contradict the analysis of stable polymor-
phisms, for which inter-population differences in allele
frequencies (although insignificant) have also been found.
Molecular differences within shared haplogroups appear
to make the main contribution to the observed differentia-
tion of the Gagauzes. The observed genetic heterogeneity
correlates well with the cultural and linguistic heteroge-
neity among the Gagauzes. The Gagauzes from Kongaz
speak a central (or “Bulgar”) dialect, whereas the
Gagauzes from Etulia speak a southern (or maritime) dia-
lect. As ethnologists and linguists maintain, the ethnic
differentiation of the Gagauzes had happened on the Bal-
kan Peninsula long before their migration to Bessarabia
in the beginning of 19th century (Kvilinkova, 2007; Pok-
rovskaya, 1964). The “Bulgar” Gagauzes were in the do-
main of the Bulgarian Orthodox Church, and thus sub-
jected to a strong cultural influence by Bulgarians. The
finding that the Kongaz Gagauzes are very close geneti-
cally to Bulgarians may be explained, in part, by a cultur-
ally enforced mixing between the Bulgarians and “Bulgar”
Gagauzes. Alternatively, the Turkic language could be
imposed on a group of Bulgarians through the elite-domi-
nance process. The maritime Gagauzes were in the do-
main of the Greek Orthodox Church and, thus, socially
isolated from the Bulgarians because of hostile relations
between the two Orthodox Churches on the Balkan Penin-
sula. The significant distance between the Gagauzes from
Etulia, on the one hand, and the Gagauzes from Kongaz
and the Bulgarians, on the other hand, implies a limited
gene flow between these groups. Alternatively, the differ-
ences between the Gagauz groups (either cultural or
genetic) may have existed prior to the penetration of the
Turkic language into the Balkans. According to this hy-
pothesis, the Turkic language could have been imposed on
culturally and genetically diverse groups in the Balkans.
Moreover, the genetic heterogeneity of the Gagauzes could
have been reinforced by possible fragmentations of their
gene pool throughout history and particularly during
their migration from the Balkans to Bessarabia in the be-
ginning of the 19th century, possibly facilitated by the
effects of genetic drift. The reduction in both haplogroup
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and haplotype diversity values in Etulia Ggagauzes
agrees well with the action of drift.

In conclusion, our Y-chromosome analysis indicates a
strong similarity between Gagauzes and Balkan popula-
tions. This finding could support the suggestion previ-
ously advanced on the basis of autosomal DNA markers,
and the historical information that the Turkic language
was imposed on the Balkans according to the elite-domi-
nance model. According to this hypothesis, the Turkic
newcomers were small in number such that their genes
have been diluted by those of the autochthonous inhabi-
tants. Interestingly, using microsatellite markers, we also
discovered some traces of recent Anatolian lineages in the
Gagauz paternal gene pool. This discovery matches the
hypothesis of a Seljuk (Anatolian) origin of the Gagauz
language, which, however, does not rule out a penetration
of some Turkic linguistic elements from Eurasian steppes.
Furthermore, we demonstrated that at the Balkan scale
the Gagauzes are not a genetically homogeneous group.
The observed genetic heterogeneity correlates well with
the cultural and linguistic diversity among the Gagauzes
and was presumably determined by the culturally and/or
genetically heterogeneous environment on the Balkans.
Genetic drift caused by cultural isolation and migration of
Gagauzes from the Balkans to Bessarabia could also have
facilitated the genetic differentiation among the Gagauz
populations.
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APPENDIX

TABLE A1. Y-STR haplotypes by haplogroups in the Gagauzes

Allele status at

Haplotype Haplogroup DYS19 DYS3891 DYS389b DYS390 DYS391 DYS392 DYS393 Kongaz Etulia Total
htl E-M78 13 13 17 24 10 11 13 2 3 5
ht2 E-M78 13 13 17 25 10 11 13 1 1 2
ht3 E-M78 13 13 18 24 10 11 13 3 3
ht4 E-M123 13 12 18 24 10 11 14 1 1
ht5 E-M123 13 12 18 24 11 11 14 1 1
ht6 G-M201 14 12 16 23 10 11 15 2 2
ht7 G-M201 14 12 16 24 10 12 13 1 1
ht8 G-M201 14 12 17 23 10 12 14 1 1
ht9 G-M201 15 12 17 21 10 11 14 1 1
ht10 G-M201 15 12 17 23 10 12 14 3 3
ht11 G-M201 16 12 16 21 10 11 13 1 1
ht12 G-M201 16 12 16 22 10 11 13 1 1
ht13 G-M201 16 12 17 22 10 10 14 2 2
ht14 I-M253 13 12 17 23 10 11 13 1 1
ht15 I-M253 14 12 15 22 10 11 14 1 1
ht16 I-M253 14 12 16 23 10 11 13 2 2
ht17 I-P37 14 13 17 24 10 11 13 3 3
ht18 1I-P37 15 13 17 24 11 11 13 1 1
ht19 I-P37 15 13 18 24 11 11 13 1 1
ht20 I-P37 16 13 17 24 11 11 13 1 1
ht21 1-P37 16 13 18 24 10 11 13 2 2
ht22 1I-P37 16 13 18 24 11 11 13 1 1
ht23 I-P37 16 13 18 24 11 11 15 1 1
ht24 I-P37 16 13 19 24 11 11 13 2 1 3
ht25 I-P37 17 13 18 24 11 11 13 1 2 3
ht26 I-P37 17 13 19 24 11 11 13 2 2
ht27 I-M223 15 12 16 23 10 12 14 1 1
ht28 1-M223 15 13 16 23 10 12 15 1 1
ht29 I-M223 16 13 17 23 10 12 13 1 1
ht30 J-12f2* 15 13 16 23 9 11 12 1 1
ht31 J-M267 15 13 17 23 10 11 12 1 1
ht32 J-M172* 14 13 17 23 10 11 12 1 1
ht33 J-M172% 15 13 16 23 9 11 12 1 1
ht34 J-M172% 16 13 16 24 9 11 14 1 1
(Continued)
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TABLE Al. (Continued)

Allele status at

Haplotype Haplogroup DYS19 DYS3891 DYS389b DYS390 DYS391 DYS392 DYS393 Kongaz Etulia Total

ht35 J-M67* 14 13 14 22 10 11 12 1 1
ht36 J-M12 15 12 16 24 10 11 12 1 1
ht37 N-M178 14 14 16 23 10 14 15 1 1
ht38 N-M178 14 14 16 23 11 14 14 1 1
ht39 R-M17 15 13 17 25 10 11 13 1 1
ht40 R-M17 15 13 18 25 10 11 13 1 1
ht41 R-M17 16 10 16 25 10 11 13 1 1
ht42 R-M17 16 13 15 25 10 11 13 1 1
ht43 R-M17 16 13 16 24 10 11 13 1 1
ht44 R-M17 16 13 16 25 10 11 13 3 3
ht45 R-M17 16 13 17 25 10 11 13 1 1
ht46 R-M17 16 13 17 25 11 11 13 1 1
ht47 R-M17 16 13 17 26 11 11 13 6 6
ht48 R-M17 17 13 17 25 10 11 13 1 1
ht49 R-M269* 14 13 16 24 11 11 12 2 2
ht50 R-M269* 14 13 16 24 11 13 13 1 1
ht51 R-M269* 14 13 16 24 12 13 13 1 1
ht52 R-M269* 14 13 17 24 11 11 12 1 1
ht53 R-M269* 14 14 15 25 10 14 12 1 1
ht54 R-M269* 14 14 16 24 11 13 13 2 2
ht55 R-M269* 14 14 16 25 10 13 12 1 1
ht56 R-M269* 14 15 16 24 11 13 13 2 2
ht57 T-M70 13 14 16 23 10 13 13 2 2
ht58 T-M70 14 15 17 23 10 15 14 1 1
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