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Abstract Individuals of Basque origin migrated in large
numbers to the Western USA in the second half of the
nineteenth century, and the flow continued with less intensity
during the last century. The European source population, that
of the Basque Country, has long been a cultural and
geographical isolate. Previous studies have demonstrated that
Y-STR frequencies of Basques are different from those of
other Spanish and European populations [1]. The Basque
diaspora in the Western USA is a recent migration, but the
founder effect and the incorporation of new American Y
chromosomes into the paternal genetic pool of the Basque
diaspora could have influenced its genetic structure and
could thus have practical implications for forensic genetics.
To check for genetic substructure among the European
source and Basque diaspora populations and determine the
most suitable population database for the Basque diaspora in
the Western USA, we have analysed the haplotype distribu-
tion of 17 Y-STRs in both populations. We have found that

the Basque diaspora in the Western USA largely conserve
the Y chromosome lineage characteristic of the autochtho-
nous European Basque population with no statistically
significant differences. This implies that a common 17 Y-
STR Basque population database could be used to calculate
identification or kinship parameters regardless of whether the
Basque individuals are from the European Basque Country
or from the Basque diaspora in the Western USA.
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Introduction

The autochthonous Basque population has a long history of
migration. The reasons that have led Basques to emigrate
are numerous and include the limited economic opportuni-
ties available at home, the Basque system of bequeathing
property to a single heir, overpopulation in rural areas, the
ravages of the First and Third Carlist Wars (fought in 1833–
1839 and 1872–1876), the liberalisation of the Spanish
economy in 1853 and finally the Spanish Civil War (1936–
1939) and the subsequent Franco dictatorship [2].

The Basque community in the Western USA is one of
the most representative examples of the Basque diaspora.
Emigration to this area peaked in the second half of the
nineteenth century, coinciding with the California gold
rush. Basques arriving in the Western USA gradually
settled in California, Nevada, Idaho, Utah, Oregon and
Wyoming, working mainly as sheep herders, livestock
keepers or park rangers. The flow of migrants continued
up to the early 1970s, albeit with a pause between the
1920s and the 1940s. The US civil authorities recognise the
Basques as one of the ethnic groups that comprise the
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American nation [3] (http://www.lehendakaritza.ejgv.
euskadi.net).

Although the Western US Basque diaspora is the result
of recent migrations, differences with its source population
could arise due to founder effects and the incorporation of
new American Y chromosomes into its paternal gene pool.
Such differences would influence the genetic structure of
this population and, therefore, have implications in forensic
practice. In this context, an assessment of the genetic
structure of the Basque diaspora in the Western USA is
important. To evaluate the influence of this migration on the
genetic structure of this population, we conducted a study of
17 Y-STRs (Y Chromosome Short Tandem Repeats). These
markers were selected because they are used worldwide in
forensic genetics and because there are no data available for
the haplotypes of these 17 Y-STR loci in the Basque source
population or in its diaspora in the Western USA. One
advantage of using markers with uniparental inheritance is
that they can be used as lineage markers, enabling inferences
to be drawn concerning the recent evolutionary history of
populations [4]. They are therefore eminently suitable for
assessing the effects of a recent migration such as the Basque
diaspora in the Western USA. Furthermore, assessing the
genetic structure will help to determine the most suitable Y
chromosome forensic database for the Basque diaspora
population in the Western USA.

Materials and methods

Populations studied

A total of 217 healthy, unrelated male individuals were
studied. All participants provided their written informed
consent, and the procedures followed were in accordance
with the ethical standards of the Helsinki Declaration of
1975, as revised in 2000.

The sample of autochthonous males from the Basque
Country (BAS, n=139) was selected according to criteria of
autochthony, established by requiring individuals to have
ancestors with surnames in the Basque language on both
sides of their families dating back four generations (Online
Resource 1) and all four grandparents born in the Basque
Country.

The population sample from the Basque diaspora in the
Western USA (BD, n=78) includes autochthonous Basque
emigrants and their descendents living in Boise (Idaho),
Chino (California) and Reno (Nevada).

Y chromosome analysis

The set of 17 Y-STRs was amplified using the AmpFlSTR
® YfilerTM kit (Applied Biosystems), following the

recommendations of the manufacturer. Capillary electro-
phoresis took place on an ABI Prism 3130 Genetic
Analyzer, and sizes were assigned to the different fragments
using GeneMapper® v4.0 software. All of the electrophero-
grams were checked by a second researcher. The nomen-
clature used is that of the latest recommendations by the
DNA Commission of the International Society of Forensic
Genetics [5], except for locus Y GATA H4, which was
named on the basis of the allelic ladder supplied with the
AmpFlSTR ® YfilerTM kit.

This paper follows the recently released guidelines for
publication of population data [6] and proficiency testing of
the GHEP-ISFG working group (http://www.gep-isfg.org).

Statistical analysis

Y-STR haplotypes with duplicated loci, null alleles or
microvariants were excluded from the statistical calcula-
tions. Loci DYS385a and DYS385b were treated as a single
haplotype in variability calculations and were excluded
from the rest of the calculations because it is impossible to
assign a specific allele to each of them. The locus
DYS389II was treated in all the analyses after subtracting
the value of DYS389I (DYS389b). Y-STR haplotype
frequencies, diversity, Fst, Rst and pairwise difference tests
were calculated with Arlequin v3.1 software [7]. RMP
(Random Match Probability) and PD (Power of Discrimi-
nation) were also calculated due to their forensic interest.
The phylogenetic relationships between the Y-STR haplo-
types of the European Basques and the Western US
diaspora were estimated by median-joining network using
NETWORK v 4.5.1.6 [8]. Greater phylogenetic weight was
allocated to the least variable loci, with the variance (VL) of
the Y-STRs being calculated by the method described in
[9]. The genetic distances based on Fst and Rst between
population pairs were plotted with PAST [10] in non-metric
multidimensional scaling (MDS) graphs using the Euclid-
ean similarity measure.

In an attempt to detect and quantify the contribution of
the American population to the gene pool of the Basque
diaspora in the Western USA, we carried out an admixture
calculation based on Y-STR haplotypes using ADMIX
v.2.0 [11].

Results

Y-STR haplotypes in the population of the Basque Country
and the Basque diaspora in the Western USA

The haplotypes of 17 Y-STR loci obtained for the 217 male
individuals from the autochthonous population of the
Basque Country (BAS) and from the Basque diaspora in
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the Western USA (BD) are available upon request and in
the YHRD database (http://www.yhrd.org) [12] under
accession numbers YA003672 (Alava), YA003673 (Biscay),
YA003674 (Guipuzcoa), YA003675 (California), YA003676
(Idaho) and YA003677 (Nevada). These are the first data from
Basque populations genotyped for 17 Y-STR loci.

A null allele was detected in locus DYS391 in one BAS
individual and an 18.3 microvariant in locus DYS635 in
one BD individual. These samples were confirmed by
reamplification.

Haplotype diversity values are shown in Table 1, along
with the forensic parameters RMP and PD for each
population sample. Pairwise difference tests show no
statistically significant differences in haplotype distribution
between the Basque diaspora in the Western USA (BD) and
the autochthonous population of the Basque Country (BAS)
(Online Resource 2). There is also no difference between
these Basque populations (BAS and BD) and the previously
reported 11-YSTR haplotypes of the European Basque
population [1] (Online Resource 3).

The phylogenetic relationship between the Y-STR
haplotypes from the European Basques and the diaspora is
shown in the median-joining network in Fig. 1. The core of
the network shows a star-like structure made up of
individuals from both populations studied with no line of
independent divergence. This lack of divergence between
populations, the lack of significant differences and the
maintenance of a high diversity of Y-STR haplotypes seem
to indicate that there are no founder haplotypes or
significant amounts of different American haplotypes
incorporated into the gene pool of the Basque diaspora.

Analysis of the contributions to the Y chromosome genetic
pool of the Basque diaspora in the Western USA

Basque diaspora individuals can be identified by their
Basque surnames (in the Basque language). We determined
the frequency of Basque surnames in the Western USA

Basque diaspora population sample and found that 86% had
a paternal Basque surname, while 14% had a non-Basque
paternal ancestry. To check for the origin of haplotypes
incorporated into the gene pool of the Basque diaspora in
the Western USA, we compared the Y-STR haplotypes of
the Basque diaspora with those in the Basque source
population and with subpopulations from the USA (Cau-
casians, Hispanics, Africans and Asians) [13].

First, we looked for shared haplotypes between the
populations. As expected, the highest proportion of shared
identical haplotypes was observed between the Basque
diaspora and its source population (15%), followed by
Caucasians (6%) and Hispanic Americans (1%). No shared
haplotypes were found between the Basque diaspora and
the African and Asian American subpopulations (Online
Resource 4).

We carried out admixture calculations based on Y-STR
haplotypes, conducted with the Basque source population
and various American subpopulations (Caucasian, Hispan-
ic, African and Asian) as possible parental populations for
the Basque diaspora. To that end, a molecular distance
matrix was constructed by adding up the total number of
mutational steps between each pair of different haplotypes.
The results show a contribution of 10–20% of Basque

Table 1 Parameters of forensic interest in populations from the
Basque Country and the Basque diaspora in the Western USA,
calculated with data from 17 Y-STR loci

Populations Basques Basque diaspora

Population sizea 138 77

Different haplotypes 116 76

Unique haplotypes 101 76

Haplotype diversity ± SD 0.9966±0.0016 0.9997±0.0022

Random match probability
(RMP)

0.0106 0.0133

Power of discrimination (PD) 0.9894 0.9867

a Individuals with intermediated, duplicated or null alleles were
excluded

Fig. 1 Median-joining network of 17 Y-STR haplotypes from the
Basque Country (white nodes) and the Basque diaspora in the Western
USA (black nodes)
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European Y chromosomes (BAS) to the Basque diaspora
(BD), according to the data obtained by the analyses of
shared haplotypes between BAS and BD populations. The
contribution of Y haplotypes from Caucasian and Hispanic
Americans was 80–90%, with no contribution from the
remaining American subpopulations. These results seem to
be an underestimate based on the data from Basque
surnames. This is probably due to the fact that the European
Basque population is a Caucasoid group, and Hispanic Y
chromosome haplotypes are also characterised by having a
high component of European Y chromosomes [14]. Perhaps
the admixture calculations are reflecting the common origin
of 80–90% of the Y chromosome in all the population
studied (Basques, Basque diaspora, European and Hispanic
Americans), with no capacity to discriminate between the
contributions of each one to the genetic pool of the Basque
diaspora in the Western USA.

Population comparisons

Finally, genetic distance calculations based on the Fst
statistic were performed to assess the genetic relationships
between the Basque founder population, its Western USA
diaspora and other populations from North America and
Europe [13, 15–23]. Only the populations with the same 17
Y-STR loci data were included in these calculations.
Genetic distances between populations were plotted in a
multidimensional scaling (MDS) graph (Fig. 2). The
Western USA Basque diaspora population sample (BD) is
located in quadrant III, very close to the European Basque
population (BAS). The next closest populations are Cauca-
sian Americans (CA-US) and Spaniards (NSP, SSP). This

agrees with the previous observation that there are few new
haplotypes incorporated in the Basque diaspora and that
most of them have a more than probable European ancestry.
In addition, the Caucasian American population is closest
to the Western European populations.

Hispanic Americans (HI-US) are also very close to
Caucasian Americans (CA-US), Spaniards (NSP, SSP) and
Western European populations, which is consistent with
their documented European paternal ancestry [14].

Genetic distances based on the Rst parameter, an
analogue of Fst which takes into account mutational steps,
did not produce clear results since the genetic distances
between some of the populations included in the analysis
were incongruent with the known relationship between
them (Online Resource 2; see “Discussion”).

Therefore, although a few new haplotypes seem to be
incorporated into the Y chromosome genetic pool of the
diaspora studied here, all of the results indicate a great
homogeneity between the Basque diaspora and its source
population, which suggests that it is possible to apply the
same Y-STR haplotype frequency database to calculate
probabilities for forensic purposes.

Discussion

The distribution and evolution of paternal lineages in the
Basque diaspora in the Western USA can be examined by
studying their Y-STRs haplotypes. With this aim, we
present here the first study of 17 Y-STR loci in autochtho-
nous European Basques and the Basque diaspora in the
Western USA.
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Fig. 2 Multidimensional scaling analysis based on Fst genetic
distances in the populations examined and other populations for
which data has been published (stress index 0.05). BAS Basque
Country, present study; BD Basque diaspora in the Western USA,
present study; NSP Northern Spain, data not published; SSP Southern

Spain [15]; CA-US Caucasian Americans [13]; HI-US Hispanic
Americans [13]; AS-US Asian Americans [13]; AF-US African
Americans [13]; POR Portugal [16]; ITA Italy [17]; AUS Austria
[18]; GER Germany [19]; POL Poland [19]; ROM Romania [20]; GRE
Greece [21]; SER Serbia [22]; CRO Croatia [23]

296 Int J Legal Med (2012) 126:293–298



Our results demonstrate a very high-level of conserva-
tion of the Y chromosome haplotypes characteristic of the
European autochthonous Basque population among indi-
viduals of the Basque diaspora in the Western USA. No
signs of founder haplotypes have been found, probably
because the number of European Basque male individuals
who have settled in the Western USA has been large
enough for a similar Y-haplotype frequency distribution to
be reached between the source and the emigrant popula-
tions. Neither geographical separation from their original
homeland nor contact with the American population seems
to have resulted in significant differentiation.

Basque surnames have proven their advantage in the
Basque diaspora for the identification of paternal lineages
with Basque ancestry. This is of great interest for
identifying individuals with Basque ancestry, for then
applying the proper Basque Y chromosome forensic
database and even for identifying the most suitable
individuals for the construction of specific Y-STR databases
for the Basque diaspora.

Additionally, Basque surnames have enabled us to
estimate the paternal admixture proportion in the actual
Basque diaspora gene pool, revealing that only approxi-
mately 14% of the Y chromosomes are not consistent with
autochthonous Basque origins. On the other hand, it should
be noted that admixture calculations based on Y-STR
haplotypes between genetically similar populations may
result in an underestimation of admixture [24], as shown in
our results, so in the actual case of the Basque diaspora, the
identification of paternal Basque ancestry based on the first
surname is an extraordinary and valuable peculiarity.

Comparisons between the Basque founder population, its
Western USA diaspora and other populations from North
America and Europe reveal that the most likely ancestry of
the new Y-STR haplotypes incorporated into the genetic
pool of the Basque diaspora is Caucasian American, with
the genetic structure closest to Western Europe populations.
The inclusion in the comparison analyses of populations
from both Western and Eastern Europe was necessary since
it has been demonstrated that Caucasian Americans from
different geographical areas of the USA are substructured
due to a non-random form of migration [25, 26].

Another result worth mentioning is the incongruent
genetic distances obtained using the statistical parameter
Rst, which reveals unexpectedly large distances between
populations with known relationships (Online Resource 2).
The use of the statistical parameter Rst is recommended to
assess genetic differentiation among populations with
microsatellites because it takes into account mutational
steps; however, it seems to be appropriate only when the
mutation rate is higher than the migration rate. In the case
of the recent migration of the Basque diaspora, Fst has
proved to be more efficient [27–29].

To sum up, the Basque diaspora in the Western USA
maintains the characteristics of its European source popu-
lation in its paternal lineages, so the use of Y-STR
haplotype frequencies from the European Basque popula-
tion is recommended over the use of Caucasian American,
Western European or Spanish Y-STR databases to calculate
parameters of forensic interest for males of the Basque
diaspora. Basque surnames could be used for the identifi-
cation of individuals with Basque ancestry, which is of
special interest for a proper construction and forensic
application of Y chromosome databases. Moreover, our
findings indicate that the Basque diaspora in the Western
USA is beginning to incorporate new haplotypes in a non-
random way, with the preferential inclusion of Caucasian
American haplotypes whose ancestry is most closely linked
to Western Europe.
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