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Abstract Basques are a cultural isolate, and, according to
mainly allele frequencies of classical polymorphisms, also a
genetic isolate. We investigated the diVerentiation of Spanish
Basques from the rest of Iberian populations by means of a
dense, genome-wide SNP array. We found that FST distances
between Spanish Basques and other populations were similar
to those between pairs of non-Basque populations. The same
result is found in a PCA of individuals, showing a general
distinction between Iberians and other South Europeans independently of being Basques. Pathogen-mediated natural
selection may be responsible for the high diVerentiation previously reported for Basques at very speciWc genes such as
ABO, RH, and HLA. Thus, Basques cannot be considered a
genetic outlier under a general genome scope and interpretations on their origin may have to be revised.

Introduction
The genetic distinctiveness of Basques has been assumed
since the classical seminal work of Mourant (Chalmers
et al. 1949). When analyzing a large set of classical genetic
markers (Bertranpetit and Cavalli-Sforza 1991; Calafell
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and Bertranpetit 1994a, b) their distinctiveness with surrounding populations was reported and they were shown as
a main population outlier in Western Europe. Results using
STR markers were not that clear as Basques were not found
to be diVerentiated from their surrounding populations,
even if they were interpreted in the same way (Zlojutro
et al. 2006). With the advancement of mtDNA and Y-chromosome analysis, results showed a much lower (if any)
diVerentiation of Basques in relation to neighboring populations. In the case of mtDNA (Bertranpetit et al. 1995;
Salas et al. 1998), diVerences are small, even if some of them
are quite conspicuous, such as a higher frequency of haplogroup H and a possible origin of haplogroup H3 (Achilli
et al. 2004). On the Y-chromosome, the most interesting
pattern is the lack of haplogroup E3b2, of North African
origin (Adams et al. 2008). A recent analysis using a
genome scan of 650,000 SNPs seemed to slightly diVerentiate
French Basques from other Western European populations
(Li et al. 2008); however, the worldwide samples analyzed
in that publication do not allow to place the Basques in a
narrower geographic and genetic context. Garagnani et al.
(2009) analyzed 144 SNPs in Basque samples from France
and Spain, as well as in samples from Northern and Southern
Spain, and North Africa, and did not Wnd genetic diVerences
between Basques and non-Basques. To date, this is the largest set of presumably neutral DNA markers analyzed in
Basques and in non-Basque surrounding populations.
We have undertaken a study of the genetic diVerentiation
of populations within Spain, including Basques, based on
an overall and ample view of the genome, in order to clarify
the genetic position of the Basques in relation to surrounding populations. The study has a two-step procedure. We
Wrst genotyped, using the 300K Illumina array, pools of
DNA of 30 individuals for each of the 10 populations,
including some replicates (regions within Spain, not
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Fig. 1 Multidimensional scaling plots from Fst distance matrix of ten
Spanish populations. Stress is smaller than 0.10

considering the Canary and Balearic Islands; see Fig. 1 in
Supplementary information for more detail); a total of
280,862 SNPs passed quality control criteria. For the second step, we selected and genotyped 120 SNPs with the
highest contribution to PC scores in the Wrst step. These
highly informative SNPs were selected using vectors
(scores) for each factor (SNP) obtained from the principal
component analysis (pcaMethods Package, implemented on
the R program; Stacklies et al. 2007). The SNP contributions to
the principal component factors were estimated using the single value determinant (SVD). All nine factors obtained
were used as the amount of variation (r2) explained by these
factors ranging from 14% for the Wrst PC to 6% for the
ninth. The SNPlexTM genotyping system was used and 238
individuals (all of them included in the Wrst-step pools)
were successfully genotyped for the 109 SNPs and passed
the quality control criteria (genotyping failure rate <0.05
and Hardy–Weinberg equilibrium with p > 0.05). Information on the selected SNPs is shown in Table S3.
For the pooled samples, allele frequencies were estimated
and normalized using the k-correction method described by
Pearson et al. (2007). We measured the level of genetic
diVerentiation between the populations using Wright’s F statistic (Weir and Cockerham 1984). The FST values obtained
had a low mean (0.026), with 95% of values <0.052 and a
skewed distribution: only 0.15% of the SNPs have an
FST > 0.1. Overall, this can be interpreted as a measure of
high genetic homogeneity among Spanish populations.
We computed the FST distances between each pair of
populations using all the available SNPs. The mean pairwise FST values (Table S1) ranged from 0.012 (Catalonia
vs. Galicia) to 0.018 (Cantabria_Asturias vs. Extremadura).
The mean FST value separating Basques from the rest of
populations is similar to that separating other Spanish
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non-insular populations and thus using a large, genome-wide
set of SNPs, Basques appear genetically as an ordinary
Iberian population.
The FST matrix was represented by means of multidimensional scaling (MDS, Fig. 1) and does not apparently
show any special separation of Basques or any other
expected genetic or geographic pattern. A Mantel test
between FST and geographical distances showed a nonsigniWcant negative correlation (r = ¡0.107, p = 0.314).
A barrier analysis (Bosch et al. 1997) identiWed Wrst the zone
of sharpest genetic change as that around Extremadura;
next came a barrier circling Valencia, and a genetic boundary around the Basque Country appeared only in third position. These tests show a general lack of geographic
structure for genetic variation in Spain, and, in particular,
that Basques are not specially diVerentiated. Results for
principal components analysis on estimated allele frequencies are very similar; nine factors were identiWed, with a
proportion of variation (r2) explained ranging from 14% for
the Wrst PC to 6% for the ninth.
With the second approach (109 highly informative SNPs
typed in 238 individuals from the Wrst approach), to detect
population structure between samples and individuals, we
performed a principal components analysis as implemented
in the Eigensoft package (Patterson et al. 2006). ANOVA
statistics for population diVerences along the eigenvectors
(Wrst eigenvector p = 0.16, second eigenvector p = 0.167),
as well as visual inspection of the distribution of the individuals along the Wrst two eigenvectors, revealed no detectable separation between Basque and the rest of Spanish
individuals. Moreover, PCA analysis taking into account
European populations from HGDP panel shows a clear
separation between Basques from Spain and Basques
from France (Fig. 2). Analogous Wgures were reported in
Novembre et al. (2008) and Lao et al. (2008), with individuals from Iberia separated from other European populations.
The most distinctive feature of these results is the substantial genetic similarity of the Basque population in relation to other Spanish Peninsular populations, observed both
at the population and at the individual levels. In the genetic
literature, Basques have been described as the most diVerentiated population in continental Western Europe based on
classical genetic polymorphisms. Calafell and Bertranpetit
(1994a, b) compiled and analyzed the data available on
allele frequencies in the Iberian Peninsula and France.
Their results showed a sharp peak in the Wrst PC in the
Basque area, which remained even when the geographic
scope was widened to include Western Europe. The genetic
polymorphisms used in that review included blood groups,
genes of the HLA system and some proteins and enzymes,
all of them biologically functional, implying that they may
have been targets for natural selection. Although they were
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in host–pathogen interactions, obvious targets for natural
selection in the ancestral populations even at a microgeographic scale. This is yet another example of the sound
insights in population genetics that can be achieved with a
dense map of genome-wide SNPs, even if only the simplest
statistical descriptor, namely, allele frequencies, is pressed
into service. Future data with hundreds of thousands of
SNPs typed individually in large samples will have to conWrm the present Wndings.

Fig. 2 Spanish and European populations from HGDP samples plotted for the Wrst two principal components obtained by PCA analysis
using 109 highly informative SNPs from genotyping data. (Spain:
Spanish non-Basque; Europe comprise individuals in HGDP from
various locations: French, Sardinian, North Italian, Orcadian, Adygei
and Russian)

the only genetic markers available at that time, they are not
the ideal neutral markers for tracing population history.
Eighteen out of 29 genes included in Calafell and Bertranpetit (1994b) are represented in our dataset (Table S2)
by at least one SNP within the gene, even if none is presumably functionally relevant. When FST values are computed considering Basques versus non-Basques, the mean
FST value obtained is slightly higher in this subset of genes
than in the rest (0.011 vs. 0.009; permutation test
p = 0.082). This marginal increase may explain, at least
partially, why this subset of markers shows more diVerentiation of the Basques versus non-Basques in Calafell and
Bertranpetit (1994b) and in other classical genetic markers.
The study of mtDNA sequences and Y-chromosome
polymorphisms in the Basque population did not show such
relatively intense diVerences, and located them at the
extreme of European-wide gradients in lineage frequencies
(Bertranpetit et al. 1995; Bosch et al. 2001; Rosser et al.
2000). Some Mendelian diseases were also found to have
increased or decreased incidences in Basques (Bauduer
et al. 2005). It is possible that the results were overinterpreted in some of these studies to emphasize the Basque
diVerentiation in light of the previous results on classical
genetic markers.
Our analysis showed that, when a genome-wide perspective is applied, Basques are not particularly diVerentiated
from other Iberian populations. The contradiction with previous reports that depicted Basques as genetic outliers can
be resolved if we consider that the polymorphisms accounting for most of this diVerentiation lie in genes such as ABO,
RH, and the HLA complex that are, given their involvement
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