
Abstract A previous analysis of mtDNA variation in the
Caucasus found that Indo-European-speaking Armenians
and Turkic-speaking Azerbaijanians were more closely
related genetically to other Caucasus populations (who
speak Caucasian languages) than to other Indo-European
or Turkic groups, respectively. Armenian and Azerbaijan-
ian therefore represent language replacements, possibly
via elite dominance involving primarily male migrants, in
which case genetic relationships of Armenians and Azer-
baijanians based on the Y-chromosome should more closely
reflect their linguistic relationships. We therefore ana-
lyzed 11 bi-allelic Y-chromosome markers in 389 males
from eight populations, representing all major linguistic
groups in the Caucasus. As with the mtDNA study, based
on the Y-chromosome Armenians and Azerbaijanians are
more closely-related genetically to their geographic
neighbors in the Caucasus than to their linguistic neigh-
bors elsewhere. However, whereas the mtDNA results show
that Caucasian groups are more closely related genetically
to European than to Near Eastern groups, by contrast the
Y-chromosome shows a closer genetic relationship with
the Near East than with Europe.

Introduction

The Caucasus, the region between the Caspian and Black
Seas, is characterized by extremely high linguistic diver-

sity with four major families (South Caucasian, North
Caucasian, Indo-European, and Altaic) spoken by more then
50 ethnic groups. In addition, a major geographic barrier,
the Caucasus Mountain range, divides the region into the
North and South Caucasus sub-regions. The Caucasus
therefore offers the opportunity for studing the impact of
linguistic diversity and geographic barriers on the genetic
structure of human populations. In particular, the presence
of populations who are linguistically-related to popula-
tions outside the Caucasus, such as the Armenians (who
speak an Indo-European language) and the Azerbaijanians
(who speak a Turkic language) raises the question as to
whether language affiliation or geographic proximity best
explains the genetic relationships of these Caucasian pop-
ulations.

We have previously addressed this question by study-
ing sequence variation in the first hypervariable segment
(HV1) of the mtDNA control region and Alu insertion
polymorphisms in Caucasian populations (Nasidze and
Stoneking 2001; Nasidze et al. 2001). Both studies have
shown that Armenians and Azerbaijanians are more closely
related genetically to their geographic neighbors in the
Caucasus and not to their linguistic neighbors elsewhere.
In addition, both studies have demonstrated that Caucasian
populations are genetically intermediate between Euro-
pean and Near Eastern populations, but that they are more
closely related to European than to Near Eastern popula-
tions.

The genetic results thus suggest that both the Armen-
ian and Azerbaijanian languages represent language re-
placements in the Caucasus. The origins of the Armenian
language are obscure, but the Azerbaijanian language was
probably introduced in the 11 th century AD by central
Asian nomads (Johanson 1998). A common mechanism
of language replacement is elite dominance (Renfrew
1991), whereby the language of a small invading group is
adopted by the larger resident population, either because it
is imposed by force or because it is considered socially
desirable to speak the language of the invaders. If the in-
vading group is primarily male, then one might expect
patterns of Y-chromosome variation to retain some trace
of the invaders. To test this hypothesis of language re-
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placement via elite dominance, we report here an analysis
of Y-chromosomal bi-allelic markers in the same set of
Caucasian populations previously analyzed for mtDNA
HV1 sequence variation (Nasidze and Stoneking 2001).

Materials and methods

Subjects

A total of 389 samples (289 whole blood and 100 cheek cell
swabs) from unrelated male individuals were collected in the fol-
lowing eight autochthonous populations (Fig. 1): Georgians (South
Caucasian speakers), Armenians (Indo-European speakers), Azer-
baijanians (Turkic speakers), and Abazinians, Kabardinians, In-
gushians, Chechenians, and Darginians (North Caucasian speak-
ers). DNA from the blood samples had been used previously for
analyses of mtDNA HV1 sequence variation and Alu insertion
polymorphisms (Nasidze and Stoneking 2001; Nasidze et al.
2001); cheek cell swabs from additional males from Armenia and
Azerbaijanwere collected in order to increase the sample size for
Y-chromosome studies. Informed consent and information about
the birthplace of the donor and the donor’s parents and grandpar-
ents were obtained from all donors. Genomic DNA from blood
samples was extracted by using an IsoQuick DNA extraction kit
(Orca Research, Bothell, Wash., USA) or a conventional phenol-
chloroform method (Maniantis et al. 1982). DNA from cheek cell
swabs was extracted by using a conventional salting-out procedure
(Miller et al. 1988). Published Y-chromosome single nucleotide
polymorphism (Y-SNP) data from the South Caucasus were used
from 25 Svans (Georgia), 25 Georgians from Kazbegi (Georgia),
12 Lezgi (Azerbaijan), and 17 South Ossetians (Wells et al. 2001).
Additional published data on 21 Azerbaijanians and 47 Armenians
(Wells et al. 2001), and 63 Georgians (Semino et al. 2000; Wells
et al. 2001), did not differ in any respect from our samples (data
not shown) and were not included in the analysis to avoid weight-
ing the results too heavily on these populations. Published Y-SNP
data (Semino et al. 2000; Wells et al. 2001) for European, Near
Eastern, and Central Asian populations were also included.

Molecular analysis

Ten SNP markers previously reported to be polymorphic in Europe
and the Near East (Semino et al. 2000) were typed in all samples:
RPS4Y (M130), M9, M89, M124, M45, M173, M17, M201, M170,
and M172 (Underhill et al. 2000 and references therein); the YAP
Alu insertion polymorphism (Hammer and Horai 1995) was also
typed. For all SNP markers except M130 (RPS4Y), Taqman (Ap-
plied Biosystems) assays were designed. Primers and dye-labeled
probes were designed by using Primer Express (Version 1 for Mac-
intosh Power PC; PE Biosystems). Primer and probe sequences are
given in Table 1. Reaction mixes were prepared as described pre-
viously (Morin et al. 1999). M130 was typed by using the poly-
merase chain reaction/restriction fragment length polymorphism
procedure described elsewhere (Kayser et al. 2000), whereas the
YAP Alu insertion was typed as described previously (Hammer
and Horai 1995). All samples were typed for all markers; no dis-
crepancy was found between the hierarchical order of markers de-
scribed by Underhill et al. (2000) and our results. The Y-SNP hap-
logroup nomenclature used here is according to the recent recom-
mendations of the Y Chromosome Consortium (2002). The phylo-
genetic relationship of theY-chromosome haplotypes, based on the
11 bi-allelic markers analyzed here, is shown in Fig. 2.

Statistical analysis

Haplogroup diversity and Fst values were calculated with Arlequin
2.000 (Schneider et al. 2000), which was also used to carry out
Mantel tests for correlations between matrices. Multidimensional
scaling (MDS) analysis (Kruskal 1964) of the Fst values was car-
ried out with STATISTICA (StatSoft). Programs in PHYLIP3.5c
(Felsenstein 1993) were used to construct a neighbor-joining tree
based on pairwise Fst values.
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Fig. 1 Map of the Caucasus
indicating the Y-SNP haplo-
group frequencies in European,
Near Eastern, Caucasian, and
Central Asian populations (AB
Abazinians, KA Kabardinians,
IN Ingushians, CH Checheni-
ans, DA Darginians, SV Svans,
OS South Ossetians, K Geor-
gians from Kazbegi, GE Geor-
gians, AR Armenians, AZ Azer-
baijanians, LE Lezginians). SV,
K, and LE are from Wells et al.
(2001)



Results and discussion

Y-SNP haplogroups in the Caucasus

Eleven Y-SNP haplogroups (Fig. 1) were found in the
Caucasus (Table 2, Fig. 1). The most frequent haplogroups
were F*, G* and J2*; together the frequency of these
three haplogroups was 0.53–0.86 in all groups except for
the Darginians. The Darginians had a high frequency of
haplogroup I* (0.58), which elsewhere was found at a fre-
quency of 0.1 or less. Svans were previously reported
(Wells et al. 2001) to have a high frequency (0.92) of hap-
logroup F*, and Kazbegi to have a high frequency of hap-
logroup J2* (0.72). No other groups had any single haplo-
group at a frequency greater than 0.5, with the exception
of the small sample of 12 Lezgi, for which the frequency
of haplogroup F* was 0.58. The Darginians, Lezgi, Svans,
and Kazbegi correspondingly had the lowest haplogroup
diversities (0.153–0.652), whereas for the other groups,
the haplogroup diversity was 0.779–0.855.

Two of the three common Caucasus haplogroups (F*
and J2*) are also common in Near Eastern populations
Lebanese, Turks, Syrians (Semino et al. 2000), and Irani-
ans (Wells et al. 2001), with average frequencies of 0.165
and 0.28, respectively, but present in lower frequencies in
Europe (average frequencies 0.021 and 0.074, respec-
tively). The third common Caucasus haplogroup, G*, is
rare in Europe (frequency=0.061) and, in the Near East,
has been reported only in the Turkish and Lebanese
groups (Semino et al. 2000). Haplogroup R1*, which is
common in Western and Central Europe, is observed in
the South Caucasus at frequencies higher then 0.1, whereas
in the North Caucasus, it is absent or nearly so. Haplo-
group R1a1*, which is observed in high frequencies in the
south-west Mediterranean region, Eastern Europe, and
Central Asia, is present at a low frequency in the Cauca-
sus, similar to the Near East. The other Caucasus Y-haplo-
groups occur at low frequency.

The Darginian, Svan, and Kazbegi groups appear to be
outliers compared with the other Caucasus groups. The Fst
value was highest between Svans and other Caucasus groups
(average Fst= 0.332), followed by the Kazbegi (average
Fst= 0.286) and Darginians (average Fst= 0.25), whereas
the average pairwise Fst value among the remaining Cau-
casus groups was only 0.047. These high Fst values, cou-
pled with the lower haplogroup diversity and reduced
number of haplogroups (Table 2) in the Darginians, Svans,
and Kazbegi, are most likely the result of genetic drift op-
erating in small isolated populations.

The correlation between the geographic and genetic
(pairwise Fst) distances separating pairs of Caucasus pop-
ulations was not statistically significant (Mantel test: Z =
–0.113, P =0.671). Removal of the outliers (Svans, Kaz-
begi, and Darginians) resulted in a correlation that was
higher but still non-significant (Z =0.301, P =0.134). To
determine whether the Caucasus Mountains have an influ-
ence on the genetic structure of Caucasian populations,
we examined the correlation between geographic and ge-
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netic distance for the South and North Caucasus sepa-
rately, but neither was statistically significant (North Cau-
casus: Z=0.331, P =0.133; South Caucasus: Z=–0.346, P =
0.65). Moreover, the average Fst value between South and
North Caucasus populations (excluding outliers) was
0.075, similar to that among North Caucasus populations
(0.096) and that among South Caucasus populations
(0.040). Therefore, the Caucasus Mountains appear not to
have had a detectable influence on the genetic structure of
Caucasus populations; instead, genetic drift operating in
small isolated populations seems to have dominated the
genetic structure of Caucasus populations.

Comparison of Caucasian, European, 
and Near Eastern Y-haplogroups

The haplogroup diversity in the Caucasus (average value:
0.797) is almost as high as that in Central Asia (average
value: 0.824) and the Near East (average value: 0.769)
and is significantly higher (t -test, P =0.024) than the hap-
logroup diversity in Europe (average value: 0.633). An
MDS plot and neighbor-joining tree based on Fst values
(Fig. 3A, B) split European populations into Western and
Eastern groups, as has been observed previously (Semino
et al. 2000), with Central Asian populations falling in be-
tween the Western and Eastern European groups. The
Caucasus populations are intermingled with Near Eastern
populations.

These patterns have further been confirmed by the pair-
wise Fst comparisons; the mean pairwise Fst value for the
Caucasus vs Europe is 0.254, whereas the mean Fst value
for the Caucasus vs the Near East is 0.079, which is sig-
nificantly lower (t -test based on average Fst values jack-
nifed over populations, P <0.001). On average, South

Caucasian populations are more similar to both Near East-
ern and European populations (average Fst= 0.038 and
0.222, respectively) than are North Caucasian populations
(average Fst= 0.097 and 0.303); however, both the South
Caucasus and the North Caucasus are more similar to the
Near East than to Europe with respect to Y-SNP haplo-
groups.

The MDS and Fst analyses included some groups from
Wells et al. (2001) in which the M201 marker, which dis-
tinguishes haplogroup G* from haplogroup F* (Fig. 2),
was not analyzed (Table 2). In the above analyses, these
individuals were classified as haplogroup F*, although
some unknown proportion could be haplogroup G*. To
determine whether this inability to distinguish between
haplogroups F* and G* for some groups influenced the
results of the MDS and Fst analyses, we classified all 
haplogroup G* individuals as haplogroup F* and repeated
the analyses. The results (not shown) were essentially
identical; thus, the inability to distinguish between hap-
logroups F* and G* in some groups does not influence
our conclusions.

In order to exclude any possible bias in our conclu-
sions caused by the small size of the samples from some
of the groups, we repeated all analyses after excluding all
groups with sample size less then 25 (see Table 2). All
conclusions remained the same (data not shown).

Genetic relationship between Basques and Caucasians

A common origin of Caucasian and Basque speakers has
been proposed, based on (controversial) assertions of the
similarity in their languages (Gamkrelidze and Ivanov
1995; Ruhlen 1991). A genetic relationship between Basques
and Caucasians is not supported by the Y-SNP data. The
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Fig. 2 Phylogenetic relation-
ship of Y-chromosome haplo-
groups, based on 10 Y-SNPs
and the YAP marker



average pairwise Fst value between Basques and Caucasian
groups is much higher (Fst = 0.563) than that between
Basques and Indo-European groups (Fst= 0.311). The Cau-
casus groups and Basques are not clustered together in ei-
ther the neighbor-joining tree or the MDS plot (Fig. 3A, B).
These results are in agreement with previous studies based
on “classical” markers and mtDNA HV1 sequence data
(Bertorelle et al. 1995; Nasidze and Stoneking 2001).

Language replacements and genetic relationships 
in the Caucasus

The presence, in the Caucasus, of groups whose geo-
graphic neighbors are not their linguistic neighbors allows
us to address the question as to which better explains the
genetic relationships of these groups: geography or lan-
guage? In particular, Azerbaijanians speak a Turkic lan-
guage but are surrounded by non-Turkic speakers, and Ar-
menians speak an Indo-European language but are sur-
rounded by non-Indo-European speakers. Previous mtDNA
analyses have shown that both Azerbaijanians and Arme-
nians are more closely related genetically to other Cauca-
sus groups than to their respective linguistic neighbors
(Nasidze and Stoneking 2001), which indicates that the
Azerbaijanian and Armenian languages were introduced
via language replacements. We have hypothesized that
these language replacements have occurred via elite dom-
inance (Renfrew 1991) in which a resident population
adopts the language of a small group of migrants either by
force or because speaking the language confers social
prestige. If such were the case, and the migrants were pri-
marily male, then Y-DNA analyses may more closely re-
flect the linguistic relationships of Azerbaijanians and Ar-
menians than have mtDNA analyses.

Indeed, the Y-SNP haplogroups give similar results. The
Turkic-speaking Azerbaijanians are genetically closer to
their geographic neighbors in the Caucasus (average
Fst=0.047) than to other Turkic-speaking groups (average
Fst=0.105; t -test, P <0.001). Similarly, Indo-European-speak-
ing Armenians are genetically closer to other Caucasus groups
(average F st = 0.053) than to other Indo-European-speaking
groups (average F st =0.146; t -test, P <0.001). This conclu-
sion is also supported by the MDS plot and neighbor-joining
tree (Fig. 3A, B), in which Armenians and Azerbaijanians
both cluster with other Caucasian populations.

Thus, in agreement with previous studies of mtDNA
diversity and Alu insertion polymorphisms (Nasidze and
Stoneking 2001; Nasidze et al. 2001), Y-chromosome haplo-
groups indicate that Indo-European-speaking Armenians
and Turkic-speaking Azerbaijanians are genetically more
closely related to their geographic neighbors in the Cau-
casus than to their linguistic neighbors elsewhere. A sim-
ilar observation has been reported recently in a study of 
Y-chromosomal markers in Armenian populations (Weale
et al. 2001). Thus, all of the genetic evidence agrees that
the Armenian and Azerbaijanian languages reflect lan-
guage replacements, which occurred without any detectable
genetic contribution of the original Indo-European and
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Turkic groups, respectively. This may still reflect an “elite
dominance” scenario, as presumably the original Indo-Eu-
ropean/Turkic migrant groups were very small and/or did
not mix extensively with the resident groups. In any
event, the migrant groups had a negligible genetic impact

on the resident groups. Currently, there are approximately
8 million Azerbaijanians and 3.5 million Armenians, at-
testing to the remarkable rapidity of these language shifts;
such large-scale shifts would have to be accomplished by
cultural rather than merely biological means.
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Fig. 3A, B The phylogenetic
relationship of Y-chromosome
haplogroups, based on 10 
Y-SNPs and the YAP marker. 
A MDS plot based on pairwise
Fst values, showing relation-
ships among the Caucasus, Eu-
ropean, Near Eastern, and Cen-
tral Asian populations (open
stars with boldface italic popu-
lation names Caucasus groups,
closed circles European popu-
lations, open squares Central
Asian groups, closed diamonds
Near Eastern populations). The
stress value for the MDS plot
is 0.134. B Neighbor-joining
tree based on pairwise Fst val-
ues for the same populations
(boldface Caucasus groups)



However, the Y-haplogroups contrast sharply with the
previous mtDNA and Alu insertion polymorphism studies
(Nasidze and Stoneking 2001; Nasidze et al. 2001) in
terms of the overall relationships of Caucasus popula-
tions. For the Y-chromosome, the Caucasus populations
are more closely related to Near Eastern populations than
to European populations. Evidence for this is provided by
the higher diversity values and by the pairwise Fst values
and MDS plot. In particular, the Caucasus appears to be a
“break zone” in the Y-chromosome genetic landscape of
Eurasia; haplogroups such as R1a1* are at a high fre-
quency in East Europe but at low frequency in the Cauca-
sus and the Near East, whereas haplogroups such as F*
and J2* are common in the Caucasus and the Near East,
but rare in Europe (Table 2, Fig. 1). By contrast, both
mtDNA and Alu insertion polymorphisms group Cauca-
sus populations with Europe rather than the Near East.

How can these contrasting views on the relationship of
Caucasus populations be reconciled? A possible explana-
tion is that the Y-chromosome results reflect repeated “in-
vading” migrations from the Near East, migrations that
probably involved mostly males. Various Near Eastern
groups invaded the Caucasus numerous times during the
last two millennia including the occupation of Georgia by
Arab caliphs after 654 AD (Muskhelishvili 1977), the
Seljuc Turks invasion of the South Caucasus in the 11 th

century (Muskhelishvili 1977), and repeated invasions by
Turks and Persians (Muskhelishvili 1977 and references
therein). Indeed, strong Y-chromosomal gene flow from
the Near East to the Caucasus has been clearly demon-
strated for the interpolated maps of admixture proportions
in a recent study of Central Asian populations (Zerjal et al.
2002). Although these male-mediated invasions from the
Near East might possibly explain why the Caucasian Y-hap-
logroups are of Near Eastern origin, they do not explain
why mtDNA and Alu insertion polymorphisms group the
Caucasus with Europe. A possible explanation for this lat-
ter result would be a common ancestry of Caucasian and
European populations. This hypothesized common ances-
try could date back to pre-Neolithic times, as suggested by
Renfrew (1992) who considers Caucasian languages to re-
flect human dispersal before 15,000 years ago. On the
other hand, it could reflect a route for Neolithic farmers
from the Near East to Europe via the Caucasus; there are
several securely dated Neolithic sites in the Caucasus that
are 6,000–7,000 years old (Masson and Merpert 1982;
Muskhelishvili 1977). Analyses of additional autosomal
markers are needed to verify this hypothesized common
ancestry of Caucasian and European populations.
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