Autosomal STR Variation in a Basque Population: Vizcaya
Province
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Abstract We have characterized 68 unrelated Basque individuals from
Vizcaya, Spain, for 13 tetrameric short tandem repeat (STR) loci: CSFIPO,
D3§51358, D58818, D75820, DS8SI1179, DI138317, DI65539, DI8S51,
D2IS11, FGA, THOI, TPOX, and VWA, Interpopulational analyses were also
performed for 21 European and North African population data sets for nine
of the STRs typed in the Basque sample. Heterozygosity values for the Viz-
cayan Basques were found to be high, ranging from 0.662 to 0.882, and none
of the STR loci significantly deviated from Hardy-Weinberg equilibrium.
Based on the comparative population data set, the average Ggr score is 0.7%,
indicating a low degree of genetic differentiation. However, neighbor-joining
trees and multidimensional-scaling plots of D, genetic distances indicate that
the Vizcayan Basques are an outlier relative to both neighboring Iberians
and North African populations.

The Basques are a European population residing in the western portion of the
Pyrenees. They are considered by many anthropologists and linguists to represent
a relic or “living fossil” of ancestral Paleolithic Europeans (Cavalli-Storza et al.
1994). This long-held perception partly stems from the distinctiveness of the
Basque language, Euskera, which is a non-Indo-European isolate within the rela-
tively homogeneous Indo-European landscape of western Europe and whose lin-
guistic classification is yet to be resolved with any degree of certainty (Trask
1997). From the genetic perspective the Basques were first characterized for the
ABO blood system (Boyd and Boyd 1937), revealing an unusual pattern of a
high frequency of type O blood and the lowest frequency of type B in Europe.

'Department of Anthropology, University of Kansas, Lawrence, KS 66045,
’St. Louis County Police Crime Laboratory, St. Louis, MO 63105.

We are grateful to all the Basque donors for participating in the present study and to Arantza Apraiz for
the collection of the buccal samples. We thank Phil Melton, Alan Redd, and two anonymous reviewers for their
critical reading of the manuscript and helpful cntiques. This research was supported by the National Geographic
Society through grant 6935-00.

Human Biology, October 2006, v. 78, no. 5, pp. 599-618.
Copyright © 2006 Wayne State University Press, Detroit, Michigan 48201-1309

KEY WORDS: SHORT TANDEM REPEATS (STRs), CSFIPO, D3S§1358, D55818, D75520, D8S1179,
DI135317, DI65539, DISS51, D21S11. FGA, HUMTHOI, TPOX, VWA, BASQUE, VIZCAYA, GENETIC STRUC-
TURE, MEDITERRANEAN BASIN POPULATIONS.



600 / Z1LOJUTRO ET AL.

Subsequent studies of other classical polymorphisms also found atypical frequen-
cies of various alleles, which established the Basques as a genetic outlier within
the European gene pool (Etcheverry 1945; Chalmers et al. 1949; Vergnes et al.
980; Davrinche et al. 1981:; Aguirre et al. 1991 Bertranpetit and Cavalli-Sforza
1991: Manzano et al. 1993; Calafell and Bertranpetit 1994; Esparza et al. 1995;
riondo et al. 1996; Calderon et al. 1998).

However, recent molecular research involving mitochondrial and Y-chro-
mosome DNA has not supported the genetic uniqueness of the Basques. mtDNA
variability among Europeans displays low population substructuring (Richards et
al. 1996, 2000), with the Basques sharing common haplogroups with other Ibe-
rian populations that date to both the Neolithic and the Paleolithic periods. Tor-
roni et al. (1998) reported a high frequency (20%) of haplogroup V in the
Basques, which contrasts with its lower frequency in other European populations,
and argued that these results reflect a population expansion after the Last Glacial
Maximum from reduced gene pools located in southwestern France and Canta-
bria. But the findings of other mtDNA studies are not consistent with this model;
they report smaller frequencies of haplogroup V in the Basques [e.g.. 3% by
Corte-Real et al. (1996)] and moreover tail to 1dentity this particular lineage
among prehistoric Basque specimens (lzagirre and de la Raa 1999). Similarly.
for Y-chromosome markers, the Basques share with the rest of Europeans the
most common haplogroups and haplotypes and are not significantly differenti-
ated from neighboring populations (Alonso et al. 2005).

Basque genetic variability has also been characterized for autosomal micro-
satellites or short tandem repeats (STRs). Since their first description in the early
1990s (Edwards et al. 1991; Polymeropoulos et al. 1991), STRs have been ac-
tively used in elucidating the evolutionary history of human populations (Bow-
cock et al. 1994; Jorde et al. 1997). STRs are short sequences of DNA composed
of repeated motifs consisting of two to six nucleotides that are ubiquitously dis-
tributed in the genome. Commercial multiplex PCR kits and capillary sequencers
have allowed for rapid genotyping of multiple autosomal STR loci, producing
highly informative population data sets that are less influenced by stochastic evo-
utionary processes at any single locus. Moreover, genetic data based on auto-
somes are likely to reflect the demographic history and migratory patterns of
both sexes and thus produce an intermediate picture relative to data based solely
on mtDNA or Y-chromosome polymorphisms. Several studies characterizing
autosomal STR diversity in the Basques have been conducted to date, each vary-
ing with regard to the loci analyzed and the geographic location of the population
sample (Pérez-Lezaun et al. 1997; Bosch et al. 2000; Garcia et al. 2001; Pefia et
al. 2002: Iriondo et al. 2003). Consistent with earlier population genetic studies,
the Basques tend to differ from neighboring European populations based on STR
data.

In this paper we contribute to the growing body of genetic information on
the Basque people by characterizing allele-frequency distributions at 13 STR loci
for a Basque sample collected trom the Spanish province of Vizcaya, and we
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Figure 1.  Geographic locations of Bilbao and the provinces representing the Basque areas of
Spain and France.

perform interpopulational analyses with other European and North African
groups from the Mediterranean basin for nine of the selected STR loci to evaluate
the genetic distinctiveness of the Basques, if any.

Materials and Methods

Sampling.  Buccal swabs were collected from 68 unrelated Basque individuals
from the Basauri suburb of Bilbao, Spain. Appropriate informed consent was
obtained, and the participants were self-identified as being of Basque ancestry.
Figure 1 shows the Basque-speaking provinces of Spain and France and the loca-
tion of Bilbao, the capital of Vizcaya. The buccal samples were stored at —20°C,
DNA was extracted from the samples using a standard phenol-chloroform tech-
nique (Birren et al. 1997).

DNA Analysis. At the St. Louis County Crime Laboratory (St. Louis, Mis-
sourt), the DNA samples were analyzed for 13 STR loci: CSFIPO, D3S1358,
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Table 1. STR Information

Chromosome Repeat
STR Locus Location Sequence® Reference
CSFIPO 5¢g33.3-34 AGAT Hammond et al. (1994)
D3S1358 3p AGAT Lietal (1993)
D5SK18 5g21-31 AGAT Hudson et al. (1995)
D7S820 74 GATA Green et al. (1991)
D8S1179 8 TATC Oldroyd et al. (1995)
D13S317 13g22-31 TATC Hudson et al. (1995)
D168539 16q22-24 GATA Cooperative Human Linkage Center”
DI18S51 18g21.3 GAAA Urquhart et al. (1995)
D21S11 21 TCTA Sharma and Litt (1992)
FGA 4q28 CTIT Mills et al. (1992)
THOI [Ipl5-15.5 TCAT Edwards et al. (1992)
TPOX 2p23-pter AATG Anker et al. (1992)
VWA3IA [2p12-pter TCTA Kimpton et al. (1992)

a. Top strand (5" — 3").
b. Genebank accession number GO7925.

D55818, D75820, D8S1179, D1358317, D165539, D18551, D21S11, FGA, THOI,
TPOX, and VWA3IA. Table 1 provides the chromosome location of each STR
ocus, the repeat sequence motif, and the corresponding reference. The selected
oci are situated on 12 different chromosomes, with both CSF/PO and D55818
found on chromosome 5. Multiplex amplifications were accomplished using the
AmpFISTR Profiler Plus and COfiler kits (Applied Biosystems, Foster City, Cali-
fornia). PCR reactions were prepared according to the manufacturer’'s recom-
mended protocol and performed on a Perkin-Elmer GeneAmp PCR System 9700
thermal cycler. PCR products were separated by capillary electrophoresis using
the ABI Prism 310 Genetic Analyzer (Applied Biosystems). Output data were
compiled and analyzed using GeneScan and Genotyper accessory software, re-
sulting in export files containing allele tables for each STR marker.

Comparative Population Data.  Allele frequency data for nine of the STR
loci typed in the present study were obtained from the literature for 20 European
and North African populations (Table 2). This comparative data set includes an
additional Basque sample that was collected in several towns and villages within
the Basque province of Guipuzcoa (Pérez-Lezaun et al. 2000).

Statistical Analysis.  Allele frequencies for the Vizcayan sample were deter-
mined by a simple gene-counting method (Li 1976). Using Arlequin, version 2.0
(Schneider et al. 2000), we calculated observed and expected heterozygosities
for the 13 STR markers, and we evaluated deviations from Hardy-Weinberg equi-
librium using the exact test algorithm described by Guo and Thompson (1992).
The coefficient of gene differentiation, G¢, = (Hy — Hy)/Hy, was com-
puted for each locus in the comparative population data set using the computer
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Table 2. Populations Included in Interpopulational Analyses Based on Nine STR Loci

Population Abbreviation Sample Size (2n) Reference
Vizcaya VIZC 136 Present study

Guipuzcoa GUPZ 200 Pérez-Lezaun et al. (2000)
Cantabria CNTB 316 Zarrabeitia and Riancho (2001)
Catalonia CATL 200 Pérez-Lezaun et al. (2000)
Galicia GALC 244 Gusmao et al. (2000)
Valencia VALN 202 Tomas et al. (2001)
Murcia MURC 228 Torta et al. (2002)
Andalusia ANDL 394 Sanz et al. (2001)
Portugal PORT 854 Amorim et al. (2001)
Balearic Islands BLRC 226 Tomas et al. (2000)
Madeira MADR 200 Fernandes et al. (2002)
Canary Islands CNRY 276 Gamero et al. (2000)
Morocco MORC 372 Jauffrit et al. (2003)
Maghreb MGHB 236 Farfdn et al. (2001)
Tuscany TSCY 376 Ricci et al. (2002)

Greece GREC 286 Sanchez-Diz et al. (2002)
Turkey TURK 620 Asicioglu et al. (2002)
Egypt EGYP 282 Klintschar et al. (1999)
Germany GERM 310 Anslinger et al. (2001)
Austria AUST 388 Neuhuber et al. (1999)
Poland PLND 826 Pepinski et al. (2001)

program DISPAN (Ota 1993), where H7y is the gene diversity for the total popula-
tion (i.e., average allele frequencies for the entire data set) and Hy is the average
of the gene diversities computed for the individual (sub-) populations (Nei 1987).

D, genetic distances (Nei et al. 1983) were computed between populations
using the Phylip software package, version 3.6 (Felsenstein 1993). Relative to
other distance measures, D, 1s least affected by sample size and was found to
produce the most accurate phylogenetic trees under various evolutionary condi-
tions (Takezaki and Ne1 1996). A neighbor-joining tree was constructed using D,
distances (Saitou and Nei 1987), and its robustness was established using boot-
strap resampling procedures. Because a tree representation of genetic distances
can be misinterpreted as a succession of population splits, the D, matrix was
also projected in two-dimensional space by multidimensional scaling using the
NTSYS statistical software (Rohlf 2002).

To assess the gene flow experienced by these populations, the r; score (i.e.,
the genetic distance of a population from the centroid) was estimated by calculat-
ing the mean value for the following expression:

(Pf_ﬁ)z
LT -

where r; 1s the distance from the centroid for the ith population for a particular
allele, p; 1s the frequency of the allele within the ith population, and p is the mean
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allele frequency for the entire population data set. A regression model of the
mean population heterozygosities against the corresponding r; scores was pro-
duced using the program Minitab, version 12.0 (Minitab Inc., State College,
Pennsylvania). According to Harpending and Ward (1982), a linear relationship
is expected between heterozygosity and genetic distance, and deviations from
this simple relationship can be interpreted as evidence of either increased gene
flow or greater population isolation, depending on where a population lies with
respect to the theoretical regression line.

Results

Allele Frequency and Genomic Diversity Within the Basque Popula-
tion. The allele frequency distributions for the 13 STR loci are shown in Table
3. The majority follow a unimodal pattern, although six systems do exhibit vary-
ing degrees of multimodality. Observed heterozygosity scores range from 0.662
to 0.882, with the extreme values represented by THO/ and D15551, respectively.
None of the STR loci display significant deviation from Hardy-Weinberg equilib-
rium for the Vizcayan sample, suggesting random mating and absence of genetic
substructure involving these loci.

Genomic Diversity Between Populations.  To measure the degree of genetic
differentiation among the Basques and the selected comparative populations, we
calculated G¢, values (a measure of interpopulational variability) for nine STR
loci. The gene diversity results for each locus are presented in Table 4. The total
genomic diversity (Hy) among the populations is high, ranging from 0.726 for
D5S818 to 0.877 for DI8S51. However, most of the genomic diversity is ac-
counted by the variability between individuals within populations (Hs). The per-
centage of genomic diversity attributable to variability between populations
relative to the total genomic diversity (Ggy) ranges from a high of 1.0% for
DI13S317 to a low of 0.5% for VWA. For the entire data set, 0.7% of the total
senomic diversity is attributable to variability between populations.

Genomic Affinities Among Populations. The smallest pairwise D4 genetic
distances between the Vizcayan Basques and other reference populations from
the Mediterranean basin are with Murcia from southeastern Spain (0.0187), the
neighboring province of Cantabria (0.0203), and Portugal (0.0204). The largest
genetic distance is with the sample from Catalonia (0.0332). For the Basque
sample from Guipuzcoa the smallest pairwise genetic distances are with the Viz-
cayan Basques (0.0300) and the Cantabrians (0.0326). The D, matrix (not
shown) was used to construct a neighbor-joining tree (Figure 2) with bootstrap
values at the nodes representing 1,000 randomizations of the population fre-
quency data. The Vizcayans cluster with the Guipuzcoans at a robust 70%, al-
though they are separated by long phylogenetic branches that reflect the large D,
score for the two Basque samples. The Cantabrians cluster with the Basques in
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Figure 2.  Unrooted neighbor-joining tree constructed from D, genetic distances based on allele

frequencies for nine STR loci in European and North African populations (1,000 boot-
strap iterations). See Table 2 for population abbreviations.

60% of the bootstrapped trees. Situated at the opposing end of the neighbor-
joining tree are the North Africans, who exhibit relatively high bootstrap scores,
and populations from the eastern Mediterranean basin (Greeks and Anatolian
Turks). The remaining Iberian populations cluster among themselves and with
other European groups.

A multidimensional-scaling plot of the D, distance matrix is presented in
Figure 3. The stress value for the plot is 0.1851, which indicates a fair to poor
goodness-of-fit to the original distance matrix (Kruskal 1964). Against the first
dimension the Guipuzcoans are clearly differentiated from other comparative
populations. The Vizcayans are also removed from the other populations relative



Autosomal STR Variation in Basques | 609

Y s MORCe

1 — MGHB
EGYP @
@

GALC TURK
CNRY
TSCY
eGUPZ VAN \g| 4f 5C

4 = CNTBq '®¢p ® @GREC

VIZC @ ORT
MURCEERM. .o\ljriANDL ®
PLND/ MADR

AUST gy RC

2nd Dimension

Stress = 0.1851 CATLe®
| 1 | | |

-3 -2 -1 0 1

1st Dimension

Figure 3.  Multidimensional scaling applied to D, genetic distances based on allele frequencies for
nine STR loci in European and North African populations. See Table 2 for population
abbreviations,

to the first dimension, but to a lesser degree. Along the second axis the North
Africans are separated from the European groups. Overall, two population group-
ings are evident from the two-dimensional plot: a tight cluster of European popu-
lations and the more dispersed North Africans, with the Basque samples
appearing as outliers.

To provide a more detailed picture of the genetic relationships among west-
ern Mediterranean peoples, the Iberian groups within the comparative population
data set were analyzed separately. A neighbor-joining tree for this population
subset is displayed in Figure 4. Once again, the two Basque samples couple
together at a robust 88%, with the Guipuzcoans 1solated by a long phylogenetic
branch. The next closest population is the Cantabrians (70%), followed by Mur-
cia (70%). The multidimensional-scaling plot for the circumscribed data set 1s
presented in Figure 5. The Guipuzcoa sample was excluded trom this analysis 1n
order to focus on the relationship between the Vizcayan sample and the Iberian
groups. The stress score is (0.0589, indicating a good fit to the distance matrix.
Along the first dimension the Vizcayans are clearly difterentiated from other
Iberian populations. Against the second dimension the Andalusians and Murcians
represent the extreme positions along this axis. Overall, the Vizcayans appear to
be a genetic outlier among I[berians.
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Figure 4.  Unrooted neighbor-joining tree constructed from D, genetic distances based on allele
frequencies for nine STR loci in Iberian populations (1,000 bootstrap iterations). See
Tuable 2 for population abbreviations.

Gene Flow Among Populations. To determine the relative amount of gene
How experienced by each population analyzed in this study, we compared the
heterozygosity of each population against the genetic distance from the centroid
(r;;). The Guipuzcoa sample shows a lower than expected heterozygosity, relative
to the theoretical regression line, suggesting a greater degree of isolation for this
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Figure 5.  Multidimensional scaling applied to D, genetic distances based on allele frequencies
for nine STR loct in Iberian populations. See Table 2 for population abbreviations.

particular population. The Vizcayan Basques, on the other hand, are close to the
expected heterozygosity value predicted by the regression model. Most of the
comparative populations cluster around the theoretical regression line. The far-
thest removed populations are the Cantabrians, with a higher than expected heter-
ozygosity, which indicates substantial gene flow, and the Maghreb sample, with
a lower than expected value.

Discussion

In this study allele-frequency distributions of 13 STR loci are reported for
a Basque sample from the Spanish province of Vizcaya. The values are generally
within the range of those reported for other European populations (Pérez-Lezaun
et al. 2000; Pepinski et al. 2001; Marjanovic et al. 2004). Heterozygosities for
the individual loci are high (0.662-0.882) but are comparable to values of other
commonly used STR markers in global populations (Jorde et al. 1997). Gene
diversity analyses for nine of the selected STR loci reveal only a small proportion
of the total diversity that 1s attributable to variability between European and North
African populations, with an average Gg; score of only 0.7%. Interpopulational
genetic distances, however, indicate that the Vizcayans, along with the Basque
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sample from Guipuzcoa, are indeed genetic outliers relative to other neighboring
groups for these nine STR loci.

Many different hypotheses have been proposed to account for the genetic
distinctiveness of the Basque people. In particular, three models have been re-
cently mvestigated and discussed by molecular anthropologists: (1) The Basque
area was colonized by a long-distance migrating group of Neolithic agricultural-
1sts from the Caucasus region (Calderon et al. 1998); (2) the Basques have paleo—
North African origins (Arnaiz-Villena et al. 1999); and (3) the Basques are a
relict population stemming from Mesolithic peoples that inhabited the Iberian
peninsula (Bertranpetit and Cavalli-Sforza 1991). The first model has been sup-
ported by linguistic similarities between Euskera and North Caucasian languages
(Gamkrelidze and Ivanov 1990) and the presence of immunoglobulin (GM and
KM) allotypes with Central Asian affinities (Calderon et al. 1998, 2000). How-
ever, other genetic systems do not support this relationship (Bertorelle et al.
1995; Comas et al. 2000b; Semino et al. 2000; Sanchez-Velasco and Leyva-
Cobian 2001) and archeological evidence does not indicate a population replace-
ment in northern Spain during the Mesolithic-Neolithic transition (Zvelebil and
Rowley-Conwy 1986; Jackes et al. 1997).

The second model is based on several population studies of HLA polymor-
phisms; these studies have found genetic ties between the Basques and certain
North African groups (e.g., Algerians and Moroccans) (Martinez-Laso et al.
1995; Arnaiz-Villena et al. 1997). The results of the present study, however, fail
to show any evidence of common ancestry or significant gene flow between these
two regions. In the neighbor-joining tree based on pairwise D, distances (Figure
2), the Maghreb, Moroccan, and Egyptian samples cluster together, whereas the
Basques are positioned at the opposite end of the tree away from the North Afri-
cans with other European groups. The multidimensional-scaling plot (Figure 3)
maintains this genetic orientation, with the North Africans clearly separated from
the Europeans and Basques in two-dimensional space. Other studies based on
classical genetic loci, autosomal STRs, Alu insertion polymorphisms, and Y-
chromosome markers have corroborated this finding, underscoring the Gibraltar
Strait as a strong barrier to genetic exchange (Bosch et al. 1997, 2000; Comas et
al. 2000a; Flores et al. 2004).

In the neighbor-joining tree displayed in Figure 4 the two Basque samples
cluster together at a robust 88% and are separated from the other Iberian groups
by long phylogenetic branches. This pattern is also evident in the multidimen-
sional-scaling plot (Figure 3), as both samples are removed from the Europeans
and North Africans along the first dimension. The genetic differentiation of the
Basques has been described in other population genetic studies and i1s commonly
interpreted as evidence of a Basque ancestral relationship with Paleolithic and/or
Mesolithic Iberians that avoided significant gene flow from expanding Neolithic
agriculturalists throughout the Mediterranean basin (Cavalli-Sforza et al. 1994).
However, the actual contribution of Near Eastern genes to the contemporary Eu-
ropean and Iberian gene pools during the Neolithic transition has been a source
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Figure 6.  Regression plot of heterozygosity values and distances from the centroid for European
and North Alrican populations. See Table 2 for population abbreviations.

of much debate (Cavalli-Sforza and Minch 1997; Barbujani et al. 1998; Richards
et al. 2000; Dupanloup et al. 2004), and thus whether or not the Basque differen-
tiation identified 1n this study derives from a larger Paleolithic genetic component
relative to other Europeans 1s unclear.

Although the Vizcayan and Guipuzcoan samples cluster in the neighbor-
joining tree, the D, genetic distance between the two is substantial, suggesting
genetic heterogeneity within the Basque population. This is consistent with previ-
ous genetic studies that have identified significant population substructuring be-
tween Basque provinces and natural districts (Aguirre et al. 1991; Manzano et al.
1996, 2002; Irtondo et al. 2003). In the heterozygosity and centroid regression
(Figure 6), the low heterozygosity and high r;; value of the Guipuzcoans imply
that this Basque population may have differentiated from other European popula-
tions as a result of genetic isolation and stochastic processes. But because this
type of analysis does not provide information regarding the timing for periods of
population 1solation or gene flow, a clear explanation for this finding cannot be
given. Conversely, the Vizcayan Basques exhibit values close to those predicted
by the theoretical regression line, indicating a higher degree of gene flow and
possibly reflecting the more urban character of this particular sample (i.e., Bil-
bao). However, this does not preclude the possibility that sampling technique
may have played an important role in the low heterozygosity and high r; value
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of the Guipuzcoan sample. As noted by Alonso et al. (2005), stringent criteria
for selecting individuals of Basque ancestry can lead to reduced diversity and the
impression of genetic isolation. In conclusion, the results of the present study
reaffirm the genetic distinctiveness of the Basque population among both Europe-
ans and North Africans and provide some evidence of population substructuring
along provincial lines.
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