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Abstract A recent study reported that Basques do not
constitute a genetically distinct population, and that
Basques from Spanish and French provinces do not show
signiWcant genetic similarity. These conclusions disagree
with numerous previous studies, and are not consistent with
the historical and linguistic evidence that supports the dis-
tinctiveness of Basques. In order to further investigate this

controversy, we have genotyped 83 Spanish Basque indi-
viduals and used these data to infer population structure
based on more than 60,000 single nucleotide polymor-
phisms of several European populations. Here, we present
the Wrst high-throughput analysis including Basques from
Spanish and French provinces, and show that all Basques
constitute a homogeneous group that can be clearly diVer-
entiated from other European populations.
Basques are a linguistically isolated population who speak
the only non-Indo-European language in Western Europe.
They live in the West Pyrenees, across the French-Spanish
border (Fig. S1), and are considered one of the European
genetic outliers. The distinctiveness of Basques has been
deduced from the analysis of classical markers (i.e., HLA,
Rh and ABO) (Aguirre et al. 1991; Calafell and Bertranpe-
tit 1994; Cavalli-Sforza et al. 1994; Comas et al. 1998;
Manzano et al. 1996), of microsatellites data (Belle et al.
2006; Iriondo et al. 1997, 2003; Zlojutro et al. 2006), of
mitochondrial DNA (mtDNA) sequences (Achilli et al.
2004; Corte-Real et al. 1996) and Y-chromosome polymor-
phisms (Alonso et al. 2005; Hurles et al. 1999; Rosser et al.
2000). Yet, complementary analyses based on Alu inser-
tions as well as on mtDNA variation were not able to detect
diVerences between Basques and other European popula-
tions (Bertranpetit et al. 1995; Comas et al. 2000).

Livening up the debate on the genetic distinctiveness of
Basques, the respective analysis of 123 single nucleotide
polymorphisms (SNPs) located in a region of chromosome
22 typed individually, and of 280,862 SNPs typed on pools
of 30 individuals shows no diVerence between Basques
from Spain and other Spanish populations (Garagnani et al.
2009; Laayouni et al. 2010). Furthermore, a principal com-
ponent analysis (PCA) based on 109 SNPs typed individu-
ally reveals two clusters: one grouping Spanish Basques
with other Spanish regions and the other grouping French
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Basques with the remaining European populations included
in the study (Laayouni et al. 2010). These results lead the
authors to conclude that there is a “clear separation between
Basques from Spain and Basques from France” (Laayouni
et al. 2010), and to suggest that the assumed genetic
distinctiveness of Basques is due to the action of pathogen-
mediated natural selection on some classical polymor-
phisms (Garagnani et al. 2009; Laayouni et al. 2010).
Besides conXicting with some of the existing genetic data,
these Wndings strongly contradict historical and linguistic
evidence that supports the distinctiveness of Basques;
therefore, the necessity of testing these hypotheses with a
large number of SNPs typed individually becomes evident.

In an attempt to resolve the controversy surrounding the
genetic diVerentiation of Basques within the European popu-
lations and the relationships between Spanish and French
Basques, we generated a genome-wide high-density data-
set. Since no individual genotyping data was available for
Spanish Basques, we sampled 83 individuals from four
provinces (22 from Alava, 22 from Biscay, 22 from Gui-
puscoa and 17 from Navarre) with the following criteria:
(1) they are healthy on the basis of haematological and
physical examination, (2) they, their parents, grandparents
and great grandparents are born in the same province (gene-
alogies were studied based on parish and civil registries
data), (3) they are unrelated to each other by at least three
generations and (4) they are between 18 and 45 years old to
avoid generation overlapping. All participants gave
informed consent before any genealogy or blood extraction
was done, and the ethics committee of the Galdakao Hospi-
tal approved the sampling procedures. The samples are
available from the Basque Biobank for Research (http://
www.biobancovasco.org). Genotyping was carried out
using three diVerent technologies (Table S1), and SNPs
were selected according to several quality control criteria
(Table S2). Additionally, individual genotypes from eight
European populations (including French Basques) were
obtained from the Human Genome Diversity Project (http:/
/www.cephb.fr/en/hgdp/diversity.php/). After combining
our samples with the unrelated, non-atypical and unique
individuals described in Rosenberg (2006) for the eight
European populations (Table S3), there are 61,504 poly-
morphic SNPs in common that have no >10% of missing
data.

To determine whether our geography-based assignment
of samples to populations reXects the underlying genetic
structure, a Bayesian clustering approach (Falush et al.
2003) was used to examine the genetic ancestry of each of
the 240 studied European individuals (Fig. 1). This analysis
measures the contribution of each of the K potential ances-
tral populations to each individual without any prior assign-
ment of individuals to populations. Already at K = 3, a clear
diVerentiation of Basques, Sardinians and the rest of the

populations is depicted, a result that agrees with the identi-
Wcation of Basques and Sardinians as European genetic out-
liers using other polymorphisms (Cavalli-Sforza et al.
1994). DiVerences among the other European populations
become more noticeable at K = 5, when Russians, Adygei
and Orcadians are segregated from the rest.

PCA was performed to capture a major proportion of the
genetic variability. In the PCA, the eight European popula-
tions can be clearly separated (Fig. 2) and depict the exact
same distribution obtained by Li et al. (2008) using 10
times more SNPs. Notably, the Spanish and French
Basques are undistinguishable from each other, further sup-
porting the observations from the ancestry analysis and
strongly contradicting the results obtained by Laayouni
et al. (2010).

In order to put our Basque samples in the context of
other Iberian populations, and to test the substantial genetic
similarity of the Basques to other Spanish populations
found by Laayouni et al., we took advantage of 193 Basque
resident individuals available in our laboratory (L. I.,
unpublished data), whose only sampling criteria are that

Fig. 1 Population structure inferred by Bayesian clustering. Graphical
representation of the individual ancestry where each bar represents an
individual and each color, its inferred membership in each of the K
genetic clusters. Clustering was inferred with STRUCTURE v 2.2
(Falush et al. 2003) and based on 38,228 SNPs (owing to computing
limitations, only the SNPs that have 0% missing data and a
MAF > 0.05 were used). Analysis was performed without any prior
population assignment, based on the admixture model and a burn-in
period of 20,000 iterations followed by 40,000 iterations from which
estimates were obtained. For each value of K, ten replicate analyses
were performed and analyzed with CLUMPP (Jakobsson and Rosen-
berg 2007) to identify common modes as in Jakobsson et al. (2008).
Results were plotted using DISTRUCT (Rosenberg 2004)
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they are healthy and reside in Biscay. Given the immigra-
tion from other Spanish provinces to the Basque Country
during the second half of the twentieth century, this resi-
dent population is expected to be composed of individuals
of Basque, Spanish and mixed ancestry. As shown in
Fig. S2, the Basque resident individuals cover a spectrum
that goes from the Basque population to the center of the
plot, where continental Western European populations are
located (i.e., French and Italians). This suggests that the
genetic location of the Spanish population is close to other
Western European populations, as it has already been shown
with other genetic markers (Calafell and Bertranpetit 1994;
Cavalli-Sforza et al. 1994).

Our Wndings entirely Wt with those of Li et al. (2008), but
strongly disagree with the results obtained by Laayouni
et al. (2010), who concluded that there is a lack of geo-
graphic structure for genetic variation in Spain and, in par-
ticular, that Basques are not specially diVerentiated. This
may be due to the fact that their PCA was based on 280,862
SNPs genotyped for one pool of DNA per population, and
not for each individual. Although genotyping of pooled
samples has proved to be eYcient for assessing the genetic
ancestry of a population, this method only performs well
for SNPs displaying large allele diVerences across popula-
tions, and genome-wide genotyping of pooled DNA needs
to be followed by strict quality control Wltering to remove
poorly performing SNPs (Chiang et al. 2010). Additionally,
in another analysis based on 109 SNPs, Laayouni et al.
found a clear separation between Spanish Basques and

French Basques, the Wrst ones clustering with other Spanish
populations, and the second, with the remaining European
individuals. Except for the Spanish Basques, the European
individuals used by Laayouni et al. are the same as the ones
used here and in Li et al. For that reason, the surprising fact
that these 109 SNPs were not able to Wnd the clearly delin-
eated population structure found by us and by Li et al. sug-
gests that the SNP choice of Laayouni et al. may be biased.
Indeed, the 109 SNPs used to detect population structure
within Europe were selected on the basis of their contribu-
tion to the principal component factors in the initial analy-
sis of the pooled genotypes, which may be introducing a
bias since a panel of informative markers for a particular
question may not be eVective for diVerentiating other popu-
lations (Chiang et al. 2010).

Finally, to quantify genetic variation between popula-
tions, we calculated the FST distances among the eight popu-
lations from the allele frequencies across all studied SNPs
(Table 1, see also Table S4). Among the populations stud-
ied, French and Italians are the most similar to Basques,
with FST values ranging from 0.005 to 0.007. The values
obtained here for European populations (ranging from
0.002 to 0.020) are similar to the ones obtained from the
analysis of 377 microsatellites on a similar set of popula-
tions (Belle et al. 2006) and to the ones obtained using clas-
sical polymorphisms (Cavalli-Sforza et al. 1994).
Strikingly, the FST values obtained by Laayouni et al.
(2010) for the Spanish populations are much bigger on
average (ranging from 0.012 to 0.018) and comparable to

Fig. 2 Population stratiWcation 
of European populations. Graph-
ic representation of the two prin-
cipal components obtained using 
EIGENSOFT (Price et al. 2006) 
and based on 61,504 autosomal 
SNPs. The Wrst and second prin-
cipal components explain the 2.6 
and 2.1% of the variation, 
respectively. ‘Spanish Basque’ 
label (red open circles) desig-
nates individuals form Alava, 
Biscay, Guipuscoa and Navarre 
and ‘French Basque’ label 
(green open circles), individuals 
from the French Basque region
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the values we obtain for distant European populations.
Again, this may be an indicator of the inaccuracies a Xawed
genotyping strategy may introduce.

To summarize, our genetic analysis using a large number
of SNPs in European populations conWrms that Basques are
diVerentiated from other European populations and shows
that Spanish and French Basques are not genetically dis-
tinct from each other. These results are consistent with his-
torical and linguistic data of European populations and
settle the question of the genetic distinctiveness of Basques.
The inconsistencies found between our study and the one of
Laayouni et al. point out important marker selection and
methodological issues and suggest that deciphering the
structure of Spanish populations requires more in-depth
analysis of a large number of SNPs typed individually.
Finally, our results have an important impact in future epi-
demiological and evolutionary studies concerning Basques.
Indeed, the genetic isolation of this population calls for
additional analyses determining the haplotype block struc-
ture and exploring the portability of the European tag SNPs
to the Basque population, which shows some epidemiologi-
cal particularities such as the highest worldwide prevalence
of certain diseases (e.g. the limb-girdle muscular dystrophy
(Urtasun et al. 1998)).
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