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Abstract Haplotype and allele frequencies of 12 X-STRs
included in the Investigator Argus X-12 kit are reported for
255 individuals, representing four Western Mediterranean
populations: Valencia (eastern mainland Spain) and the
Balearic Islands (Majorca, Minorca, and Ibiza). Ibiza shows
the lowest intra-population variability and the highest level of
linkage disequilibrium together with an important genetic
distance with regard to the geographically close populations,
which is consistent with the historical evidence for long-term
demographic isolation and its different matrilineal
background.
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The Balearic archipelago (Majorca, Minorca, and Ibiza
islands, in the Western Mediterranean Sea) has been inhabited
for 5,500 years, and different people—especially the Romans
(third century BC) and Catalans (early thirteenth century)—
contributed to the genetic pool of the current population, but
no remarkable additional contribution of foreign genes was

received until recently because of immigration. Genetic studies
[1, 2] show differences between the three islands and a remark-
able differentiation of Ibiza compared to other Western Mediter-
ranean populations, probably because of the Phoenician–Cartha-
ginian origin of the first settlers and the effect of genetic drift.
Few data regarding X-chromosome short tandem repeats (STRs)
have been reported in Western Mediterranean populations [3, 4]
and there are no available data in the Balearic Islands. It is
essential to give more insight into the genetic substructure in this
area, focusing on known isolates such as the Ibiza population. In
this work, we studied the genetic diversity, geographic distribu-
tion, and population structure of three insular populations from
the Balearic Archipelago and Valencia (eastern coast of the
Iberian Peninsula), as a mainland Spanish reference.

Mouthwash samples were obtained from 255 unrelated in-
dividuals (160 males and 95 females), after informed consent.
DNA was extracted by standard phenol-chloroform method.
PCR amplification, capillary electrophoresis, data analysis and
calculation of allele frequencies, and additional relevant popu-
lation and forensic statistical parameters were performed as
previously described [4]. To examine the relationship of these
populations with neighboring populations, FST genetic dis-
tances, calculated using POPTREE2.69 [5], were performed
to generate the multi-dimensional scaling (MDS) plot conduct-
ed with SPSS v.15.0 (SPSS, Inc., Chicago, IL, USA).

Allele frequencies are shown in Supplementary Table 1.
The highest variability was found in DXS10135, as described
elsewhere [6], with 27 alleles and observed heterozygosities
ranging between 0.864 and 0.950. The lowest heterozygosity
(0.480) was observed for the DXS7423 system in Minorca.
No deviations from HWE were observed after Bonferroni
correction. Typing of the 160 males from the Western Medi-
terranean region resulted in 160 different haplotypes when all
12 X-STRs were included. Linkage groups 1–4 revealed 135,
98, 93, and 103 haplotypes, respectively (Table 1). Among all
the observed haplotypes, 96.4 % showed frequencies <0.020
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and the three most common haplotypes were observed in eight
individuals each, displaying a frequency of 0.050. In these
populations, linkage group 1 proved to be the most polymor-
phic group and linkage group 3 the least, in accordance with
other studies [6]. The Valencia population showed greater
haplotype diversity than Balearic Island populations, with a
higher percentage of unique haplotypes in the four linkage
groups. Supplementary Table 2 shows haplotype frequencies
for each population. The Ibiza population showed the lowest
haplotype diversity (HD) values—with a low percentage of
unique haplotypes (between 46.3 and 56.1%) compared to the
other populations studied (64.1–94.9 %)—and the highest
level of linkage disequilibrium (LD) in most of the loci pairs
inside each linkage group, although after Bonferroni correc-
tion only one significant p value was observed for DXS10148-
DXS10135 pair of loci (p=0.000) (Supplementary Table 3).
LD does not depend exclusively on the physical distance
between loci, but may result from random genetic drift, foun-
der effect, mutations, selection, and population admixture or
stratification [7]; therefore, the greater LD found in Ibiza
could result from the founder effect and genetic drift related
to the demographic and historical features of this population
(an isolated, consanguineous population with a reduced effec-
tive population size), supporting the previous genetic studies
[1]. When Balearic Island populations were pooled, signifi-
cant LDwas observed inside each linkage group. Although no
significant differences in allelic frequency were observed in
the Balearic populations for the 12 X-STRs studied, different
studies emphasize the importance of investigating these pop-
ulations and attempt to describe their roots and genetic sub-
structure [2, 8]; therefore, these LD values could result from
the heterogeneous distribution of the haplotypes among the
islands. Forensic parameters of interest were calculated for
each X-STR and population (Supplementary Table 1). The
combined power of discrimination (PD) in females ranged
from 1 in 4.74 E+14 (in Ibiza) to 1 in 1.80 E+15 (in Mallorca
and Valencia). Combined PDmales values ranged from 1 in
5.33 E+08 (in Ibiza) to 1 in 1.04 E+09 (in Valencia). A high
combined MEC was also obtained for father–daughter duos
and father–girl–mother trios (>0.99999 in all cases). Although
values differed slightly between populations, the set of loci in
the Argus X-12 kit was highly informative in all the Western
Mediterranean populations studied. A comparison between
the Western Mediterranean population and 12 other European
and African (mainly North African) populations with avail-
able data for the same set of X-STRS markers was performed.
Supplementary Fig. 1 shows a multi-dimensional scaling plot
based on pair wise FST genetic distances. Along the X-axis,
the distribution of the populations ranging from Northeast
Africa to Northern Europe—with the Mediterranean popula-
tions showing an intermediate position—can be observed, as
found in X-chromosome SNPs studies [9]. However, Ma-
llorca, Menorca, and Valencia are closer to other EuropeanT
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populations than to North Africans, in accordance with other
studies that suggest the existence of a relative north–south gene
flow barrier in theWestern part of theMediterranean area [2, 10].
Ibiza and Sahrawi populations show a remote position versus
their geographic neighboring populations, which may be due to
historical and cultural background in the Sahrawi case. Regarding
Ibiza, its differentiation versus other European populations was
also evidenced by mtDNA analysis, but not by Y-chromosome
markers, indicating a sex-biased contribution to the genetic pool
of Ibiza [1]. Indeed, as two thirds of the X-chromosomes descend
frommaternal origin, X-chromosomepolymorphismswill mostly
behave as matrilineal markers showing similar results to those
obtained from mtDNA data. Therefore, the observed displaced
plot of Ibiza based on X-STR results may reflect the differential
matrilineal background of this population, probably accentuated
by the effect of genetic drift. In conclusion, the results of the
present study provide a useful X-STR database for the Western
Mediterranean region. It is important to highlight that a local
haplotype database must be used especially in Ibiza due to the
matrilineal genetic features of this population.
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