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Abstract
Genetic evidence is consistent with the view that the Indo- 
European languages were propagated in Europe by the diffu
sion of early farmers. The existence of phylogenetic relation
ships between European populations speaking other languages 
has been proposed on linguistic and archaeological grounds, 
and is here tested by analyzing allele frequencies at ten poly
morphic protein and blood group loci. Genetic distances 
between speakers of Basque and Caucasian languages are com
pared with those between controls, i.e. contiguous populations 
speaking Indo-European and Altaic. Although some statistical 
tests show an excess of genetic similarity between Basque and 
South Caucasian speakers, most results do not support their 
common origin. If the Basques and the Caucasian-speaking 
populations share common ancestors, recent evolutionary 
phenomena must have caused divergence between them, so 
that their gene frequencies do not appear more similar now 
than those of random pairs of populations separated by the 
same geographic distance.
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Introduction their geographical neighbors [2-5], and both 
are considered to have evolved under demo
graphic pressures other than those prevailing 
in the rest of Europe. Basically, it seems that 
the Basque country [6] and the Caucasus [7] 
have only marginally been affected by the 
demie expansion that propagated in Europe

Europeans generally speak languages of the 
Indo-European family. Exceptions include 
the Basques and most inhabitants of the Cau
casus, the latter speaking Caucasian languages 
[1]. Both are genetically distinct from most of
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Presumably, the Caucasus mountains did not 
prove a favorable environment for the estab
lishment of agriculture, and therefore this 
area has been overlooked, totally or partly, by 
dispersing neolithic farmers [22], If so, the 
alleles propagated in Europe by the expanding 
neolithic groups should be rare among Cauca
sians as well as among Basques.

Linguistic relationships, if confirmed, 
would further imply that Caucasians and Bas
ques not only lack linguistic elements typical of 
contemporary European populations, but also 
had a cultural relationship, albeit distant. 
Should their gene frequencies also show some 
level of resemblance, their common ancestry 
could be reasonably envisaged. Caucasians 
and Basques could thus be regarded as descen
dants of a Mesolithic population, which was 
restricted in mountain regions by the diffusion 
of other, technologically superior, groups. 
Testing this model against the available genet
ic evidence is the purpose of this paper.

farming technologies [8], genes [8-10], and 
possibly languages [5, 11, 12] of Near Eastern 
origin.

A certain degree of linguistic resemblance 
between Basque and Caucasian was first de
scribed in the 1920s [13], and proposed again 
more recently [14, 15]. There is no consensus 
among linguists on whether all Caucasian lan
guages, or only some of them, may be related 
to Basque, nor is it clear if Caucasian and Bas
que may belong to an even larger linguistic 
unit, including other groups of Asia and 
America, defined as Dene-Caucasian [16]. 
Various independent kinds of evidence, how
ever, hint at the existence of evolutionary 
relationships between Basques and Cauca
sians (this term will hereafter indicate the 
inhabitants of the Caucasus area, and not the 
so-called Caucasian race, i.e. whites).

A model accounting for these relationships 
could be as follows. According to the hypothe
sis of demie diffusion [8, 9, 17], neolithic 
farmers dispersed in Europe from the Near 
East, about 10,000 years ago. They partly 
replaced old mesolithic occupants, and partly 
intermixed with them [8, 11], establishing 
large-scale gradients of allele frequencies [8, 
18]. Populations living in the western Pyre
nees may have resisted this [6], as well as sub
sequent [19] immigration waves introducing 
genetic and linguistic novelty, and may have 
retained specific genetic features. Indeed, 
Basques show the lowest frequency of the B 
and Rhesus-negative blood groups in Europe 
[2], and differ in many gene frequencies from 
their spatial neighbors [3,20,21], Present-day 
Basques, therefore, could be in phylogenetic 
continuity with the pre-Indo-European inhab
itants of Europe.

As for the Caucasus, few allele frequencies 
form gradients [7; Nasidze, unpubl. results], 
which does not correspond to the likely conse
quences of demie diffusion as originally envis
aged by Ammerman and Cavalli-Sforza [9],

Comparing Gene Frequencies in the 
Geographic Space

Allele frequency differences between 
groups depend not only on the populations’ 
histories, but also on geographical factors, like 
physical barriers, environmental gradients, 
and distance itself. Under drift and short- 
range gene flow (isolation by distance), the 
genetic relationships between distant localities 
cannot be predicted in general, but neighbor
ing localities tend to resemble each other ge
netically [23], and allele frequencies are spa
tially autocorrelated. Autocorrelation of data 
may affect statistical tests to the point that 
genetic differences among groups may appear 
to be significant when they are not [24]. Conse
quently, the effects of geography must some
how be taken into account when testing hy
potheses on historical population processes.
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Fig. 1. A map of Europe and Asia. In the areas indicated by boxes, all populations speaking 
languages other than Basque and Caucasian were included in the Peri-Basque and Peri-Cauca- 
sian groups. In the eastern box, the regions where northern and southern Caucasian languages 
are spoken are shaded in grey and black, respectively.

In a study of Jewish populations, Livshits 
et al. [25] solved this problem by pairwise 
comparisons of Jewish and non-Jewish sam
ples from the same country; all their compari
sons therefore took place at distance 0. In our 
case this was clearly impossible. The Le
gendre et al. [24] approximate analysis of 
variance for autocorrelated data did not seem 
suitable either, as here we were asking wheth
er two populations are more similar, rather 
than more different, than expected. We then 
tried to eliminate the effects of geography by 
comparing measures of genetic relatedness 
between Basques and Caucasians with values 
estimated from available controls.

To be suitable, pairs of control populations 
had to lie at approximately the same geogra
phical distance as Basques and Caucasians, so 
as to be subject to approximately equal effects 
of spatial distance. In addition, they had to be 
located in such a way as to minimize selective 
effects that could result in an increase or 
decrease of genetic similarity. Only the most 
obvious factors of adaptive significance for 
humans are known, but latitude is regarded as 
important [26]. Therefore, we defined two

rectangular areas of equal size at the same lati
tude around the Basque- and Caucasian
speaking regions; genetic distances were cal
culated between pairs of Indo-European- or 
Altaic-speaking populations (control groups) 
of these areas.

Materials and Methods

The Data
We analyzed allele frequencies at ten loci. The data 

came from three data bases, including allele frequen
cies of Eurasia [described in ref. 27, and updated by 
incorporating data from ref. 28], of the Iberian penin
sula [3, 4], and of the Caucasus [7], Samples were 
attributed to one of the following population groups 
(fig. 1): Basques (B), i.e. Basque-speaking populations 
of Spain and France; Caucasians (C), i.e. populations 
living in the Caucasus and speaking Caucasian lan
guages; Peri-Basques (PB); i.e. speakers of Indo-Euro
pean languages living in the region between 36 and 
50°N and between 9.5°W and 4.5°E; Peri-Caucasians 
(PC), i.e. populations in the area between 36 and 50°N 
and between 37 and 51°E, speaking Altaic and Indo- 
European languages.

In the statistical analysis, the Caucasian group was 
split into two linguistic subgroups, North (NC) and 
South Caucasian (SC), which are generally regarded as
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Table 1. Loci studied and 
number of samples considered NC SC PCChromosome B PBLocus

28 36 36 17ABO 9q34 45
18 18 19ACPI

DUFFY
2p23 16 15

llpl2
13ql4.ll

18 3 7 10 9
13 18ESD 17 15 17

4ql2 18 11 12 21 17GC
18 11 12 18 17

18 21
10 13

GLOl 6p21.2
16q22.1
7q33-q35
4q28-q31
Ip36.2-p34

19 16 19HP
21 3 12KEL

30 32 355 15MN
3352 28 20 8RH

Table 2. Mean genetic distances between groups 
(below diagonal) and SEs based on 10,000 bootstrap 
iterations (above diagonal)

loosely related subdivisions of a unique linguistic fami
ly (table 1) [1], The NC samples included speakers of 
ten languages, namely Abaza, Abkhaz, Adigh, Andi, 
Avar, Chechen, Ingush, Kabardian, Lak, and Lezgi. 
The SC language family comprises a unique language, 
Georgian [also referred to as Kartvelian in ref. 7].

PB NC SC PCB

0.0104 0.0199 0.0183 0.0197
0.0787 0.010 0.0096 0.0096
0.1202 0.0895 0.0126 0.0133
0.1143 0.0812 0.0767 0.0124
0.1149 0.0864 0.0776 0.0831

B
Statistical Methods
Two approaches were applied, namely comparison 

of genetic distances between groups, Basques-Cauca- 
sians versus controls, and evaluation of evolutionary 
trees.

PB
NC
SC
PC

The null hypothesis was that genetic differences 
between populations speaking Basque and Caucasian 
are the same as between control populations at the 
same geographic distance. The alternative hypothesis, 
common ancestry, was that Basques and Caucasians 
are genetically closer than controls. Under the alterna
tive hypothesis, Basques and Caucasians should also 
form a cluster in the evolutionary tree.

Average allele frequencies were calculated for each 
of the five groups at the ten loci considered. Prevosti’s 
genetic distance measures were computed between 
pairs of population groups [29], SEs of genetic dis
tances were estimated by bootstrapping [30], as sug
gested by Sanchez et al. [31]. Pseudogenetic distances 
were calculated by sampling with replacement from 
the ten loci; the procedure was repeated 10,000 times. 
A null distribution of the pseudogenetic distances was 
thus obtained, based on random assemblages of loci; 
SEs of the estimates were evaluated on the basis of that 
distribution.

In addition, the number of times the pseudodis
tances between B and SC, and between B and NC, were 
greater than the pseudodistances between controls 
were counted in the 10,000 iterations. These values are

an empirical estimate of the probability of the null 
hypothesis, namely that Basques and Caucasian speak
ers are evolutionarily independent.

Evolutionary trees (or dendrograms) were con
structed on the basis of the genetic distances calculated 
as described above. A rooted UPGMA tree [32] and 
unrooted neighbor-joining trees [33] were used. Once 
again, the significance of the branching was assessed by 
bootstrapping across loci.

Results

Estimates of genetic distances between 
groups are reported in table 2, along with their 
errors. The B group shows the highest dis
tances from the NC, SC, and PC groups. In 
10,000 bootstrap iterations, the distance be-
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scB
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67.02% 99.71%
58.88%

48.53%PB B NC

PC
NC 3

58.00%

SC
Fig. 2. UPGMA tree summarizing the genetic rela

tionships among the five population groups. Figures at 
the nodes of the tree indicate the frequency at which 
each clustering was observed in 10,000 bootstrap reali
zations of the tree.

Fig. 3. Unrooted neigbor-joining tree summarizing 
the genetic relationships among five population 
groups. For percent values, see legend to figure 2.

76.33%

PC

2

tween B and NC was higher than between 
controls in 9,902 cases, while it was less than 
expected (suggesting common origin) in less 
than 1% of cases (98/10,000). Similarly, the 
difference between B and SC was lower than 
between controls in only 3.82% of the itera
tions. Both results are fully compatible with 
the null hypothesis of no special genealogical 
relationships between the speakers of Basque 
and Caucasian languages.

The ten loci were also analyzed separately 
(data not given), using a different strategy. 
Genetic distances were computed and com
pared between individual populations, rather 
than between average frequencies within lan
guages. At three loci, ACPI, GLOl, and KEL, 
the observed distances between both NC and 
SC speakers on the one hand, and B speakers

on the other, were less than between PB and 
PC. The differences between the B and SC 
groups (but not B and NC) were smaller than 
expected for two more markers, ABO and HP. 
At the other five loci, however, the C and B 
groups differed more than control groups (PB 
and PC). Apparently, the latter loci are those 
most affecting the overall genetic distances, 
and determining the results described above.

The UPGMA dendrogram summarizing 
the overall levels of genetic relatedness be
tween groups showed mainly an effect of spa
tial distances, with B and PB populations 
clustering in one major branch of the tree, and 
NC, SC, and PC populations in the other 
(fig. 2). These relationships seem statistically 
robust, as the B-PB and the NC-SC-PC clus
terings are observed in the vast majority (67
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and 76%, respectively) of the bootstrapped 
trees. They are confirmed by the neighbor
joining tree (fig. 3), where the clustering of B 
and PB is observed in more than 99% of the 
bootstrap iterations. For a comparison, note 
that clusters B-NC and B-SC are observed in 
only 0.03 and 0.01% of the iterations, respec
tively.

simply because Basques and Caucasians, even 
if they had a common ancestor, separated ear
lier. There is no way to test this hypothesis 
using allele frequencies; only archaeological 
data can either confirm it, or lead to its rejec
tion

In the neighbor-joining tree (fig. 3), it is 
surprising to see that the branch connecting 
the western (B and PB) and the eastern (NC, 
SC, and PC) populations is very short, shorter 
indeed than the branches departing from it. 
This should suggest a certain caution, as it is 
unlikely that all these groups are tightly relat
ed evolutionarily. When heterogeneous popu
lations that live in distant locations do not 
appear differentiated, there is reason to sus
pect some degree of evolutionary conver
gence, due either to the common environmen
tal conditions, or, more likely, to chance. Cer
tainly, because of their small sizes, these pop
ulations must have been exposed to major 
random fluctuations in allele frequencies. It 
may then be that the genetic relationships 
described in this paper between the western 
(B and PB) and the eastern populations result 
mostly from phenomena that did not lead to a 
linear accumulation of genetic diversity with 
time.

Discussion

Allele frequencies of Basque and Cauca
sian speakers tend to fall at the extremes of 
the European range [see ref. 28 and 34], As a 
consequence, only for a few loci do the differ
ences between C and B correspond to the dif
ferences observed between other populations 
the same distance in space. For three markers 
(specifically, ACPI, GLOl, and KEL), speak
ers of Basque and Caucasian are genetically 
closer than expected, but in other cases they 
differ more than control populations.

The available genetic distance matrices do 
not provide an unequivocal picture. Some 
sets of data agree with the view that modem 
speakers of Basque and Caucasian have bio
logical ancestors in common, but the overall 
measures of Prevosti’s distances do not. Sta
tistical tests based on bootstrapping strongly 
support the view that the B, SC, and NC pop
ulations bear no special evolutionary relation
ship. All in all, therefore, comparisons of ob
served and expected genetic distances do not 
support common ancestry.

Our tests might have been exceedingly con
servative. Indo-European speakers may have 
shared common ancestors, living less than 
10,000 years ago, in the Neolithic era [5, 35]. 
If so, Indo-European speakers of different 
geographical areas, like those in the PB and 
PC samples, could appear more similar genet
ically than Basques and Caucasians not be
cause the latter evolved independently, but

In general, therefore, these results suggest 
that Basques and Caucasians do not share 
remote biological ancestors (not more than 
random pairs of populations at the same spa
tial distance, at any rate). Alternatively, traces 
of their common origin have been obliterated 
by factors acting after their separation.

If one Caucasian group has tighter evolu
tionary ties with Basques, it is probably South 
Caucasian, for which genetic distances at five 
loci agree with the predictions of a model of 
common ancestry. This would also be in 
agreement with the linguistic evidence [ 17]. Is 
there any good reason to maintain that the 
Basque and the South Caucasian populations 
may be evolutionarily related? Genetic popu-
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lation characteristics tend to be conserved if 
gene flow is limited and populations are large 
[36], In the conditions prevailing in the Cau
casus and in the Basque-speaking area, gene 
flow was presumably restricted (as suggested 
by simulation studies [37]) and populations 
could not be large [3,7]. Random fluctuations 
of allele frequencies across generations are 
then to be expected. In the long run (archae
ologists place the expansion of Neolithic 
farmers between 8,000 and 3,000 BC [11], 
this may have concealed the genetic affinities, 
if any, resulting from a common early evolu
tionary history. If a population ancestral to 
both Basque and South Caucasian speakers 
existed, the allele frequency similarity ob
served for ABO, ACP, GLO, HP and KEL 
would not result from random convergence, 
but would be a reminder of their ancient gene
alogical ties.

At the allele frequency level it is not possi
ble to speculate any further in the absence of 
reliable estimates of Nm, the product of popu
lation size and immigration rate, for the two 
compared groups [38], Only DNA data (fre
quencies of RFLP morphs, sequences, and 
mismatch distributions) [39] may help us re
construct the evolutionary processes on this 
time scale. Indeed, many of the correspon
dences observed between patterns of linguis

tic and genetic diversity seem due to compar
atively recent demographic processes, occur
ring in the last 2 millennia; hypotheses on ear
lier phenomena could simply be untestable 
using allele frequencies [40], Although this is 
not strictly true for all studies [5, 41], allele 
frequency data are certainly less stable than 
molecular data through long evolutionary pe
riods, such as the one considered here.

Should the linguistic relationships between 
Basques and Caucasians be confirmed, the 
view whereby the traces of their parallel evo
lution have been obliterated at the allele-fre
quency level would be more plausible, and an 
investigation of mtDNA diversity should be 
carried out. At present, however, this hypoth
esis does not find support in our analysis of 
gene frequencies.
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