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Abstract Haplotype and allele frequencies of 12 Y-
chromosome short tandem repeat (Y-STR) loci (DYSI19,
DYS3891, DYS38911, DYS390, DYS391, DYS392,
DYS393, DYS385 a/b, DYS437, DYS438 and DYS439)
included in the Powerplex® Y System were determined in
seven western Mediterranean populations from Valencia,
Majorca, Ibiza (eastern Spain), Sicily and three Calabrian
provinces (southern Italy). Amongst the 554 males included
in the study, 443 different haplotypes were observed of
which 372 were only observed once. The other haplotypes
were shared by two to seven men. The overall haplotype
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diversity was 0.9988+0.0002. These Y-STRs markers
showed a low capacity of discrimination (56.3%) in the
Ibiza population probably due to genetic drift. Comparisons
between the populations studied and other neighbouring
populations showed a clear genetic sub-structure in the
western Mediterranean area.
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Introduction

The analysis of Y-chromosome short tandem repeats (Y-
STRs) has become a very useful tool, both in evolutionary
studies and forensic casework. Two sets of Y-STR systems
called minimal and extended haplotypes have been widely
accepted by the forensic community and are currently used
in the worldwide database: “Y-STR haplotype reference
database” (YHRD; http://www.ystr.org) [38]. Here, we
present a population study carried out using the Power-
plex® Y System (Promega, Madison, W1, USA) containing
12 Y-STR loci (the nine Y-loci of the minimal haplotype, as
well as the DYS437, DYS438 and DY S439 loci).

The International Society of Forensic Genetics (ISFG)
recommended the use of regional Y-STR haplotype data-
bases and the verification that no population sub-structure
exists before pooling data from different regions [16]. It is
especially important to evaluate genetic sub-structure in the
western Mediterranean area, due to the existence of some
geographical and/or cultural isolates such as Balearic
populations [24, 37] and Calabrian populations [36]. We
studied the genetic constitution of seven western Mediterra-
nean populations (Valencia and two Balearic Islands, from
eastern Spain, Sicily and three provinces in the Calabria
region, southern Italy) with the aim of establishing a Y-STR
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haplotype regional database and to evaluate sub-structuring
of geographical sub-sets in this Mediterranean region.

Materials and methods
Population samples

Blood samples were obtained from 554 unrelated males
belonging to seven populations in the western Mediterra-
nean area (Figure shown in ESM 1)—three Spanish
populations: Valencia (eastern coast of the Iberian Penin-
sula; n=59), Majorca (n=91) and Ibiza (n=96) (Balearic
Islands) and four Italian populations: Sicily (n=115) and
three populations from the region of Calabria (southern
Italy), Reggio Calabria (n=97), Cosenza (n=37) and
Catanzaro (n=59). Protocols were approved by the Danish
local ethical committee (KF-01-037/03). DNA was
extracted by using QIAamp spin columns (Qiagen, Hilden,
Germany) following the manufacturer’s recommendations.

Y-STR typing

Amplification of the 12 Y-chromosome STRs loci DYS19,
DYS389 I/lI, DYS390, DYS391, DYS392, DYS393,
DYS385 a/b, DYS437, DYS438 and DYS439 was carried
out according to the kit Powerplex® Y System protocol,
from 2 ng DNA template in a 10-ul final reaction volume,
using a GeneAmp PCR system 2400 Thermal Cycler
(Perkin-Elmer, Waltham, MA, USA).

For genetic typing, an ABI PRISM® 3100 Genetic
Analyser along with GeneScan® 3.7 and Genotyper® v. 3.7
software (Applied Biosystems, Foster City, CA, USA) were
used. All samples were tested twice. Allelic designation was
based on comparison to the Powerplex® Y System allelic
ladder. Allele nomenclature was according to the ISFG
guidelines [16].

Sequence analysis

A new variant allele was sequenced on both strands. Briefly,
the samples were amplified using unlabelled primers [3],
amplicons were purified with a QIAquick PCR purification
kit (Qiagen) and the sequence was determined using the Big
Dye® Terminator Cycle Sequencing kit v. 3.1 (Applied
Biosystems) and an ABI PRISM® 3130 Genetic Analyser
(Applied Biosystems). Sequences were aligned using the
Bioedit program v. 7.0.5.3 [17].

Quality control

Proficiency testing of the Spanish and Portuguese Working
Group of the International Society for Forensic Genetics

@ Springer

(GEP-ISFG, http://www.gep-isfg.org/) was carried out as
quality control.

Statistical analysis

Allele and haplotype frequencies were estimated by gene
counting. Haplotype and gene diversities, population
differentiation parameters (Fsr and Rst) and analysis of
molecular variance (AMOVA) were calculated using
ARLEQUIN v. 3.01 [11]. Discrimination capacity was
calculated as the percentage of different haplotypes and
haplotype match probability as 1-haplotype diversity. All
statistical parameters were calculated for both minimal and
extended haplotypes.

In order to examine the relationship of the populations
studied with other neighbouring populations, Reynolds’
genetic distances [30], calculated using PHYLIP v. 3.67
[12], were used to generate the multi-dimensional scaling
(MDS) plot performed using the SPSS v. 15.0 (SPSS, Inc.,
Chicago, IL, USA).

Results and discussion

Allele frequencies and gene diversities of each Y-STR of the
populations under study are shown in the table in ESM 2.
DYS392 and DY S438 showed bimodal distribution of allele
frequencies. In DYS392, modality was shared by DYS392-
11 and DYS392-13 alleles, with DYS392-13 the most
common allele amongst the Spanish populations and
DYS392-11 the most frequent in southern Italy. These
results are consistent with previous studies showing a
longitudinal decrease of frequencies from the west to the
east of the European landscape for DYS392-13 and,
conversely, a decrease in the opposite direction for
DYS392-11. The Neolithic demic diffusion could explain
these two opposite patterns, with the DYS392-13 allele
present in the proto-European gene pool [27, 28]. The clinal
frequency pattern observed in the DYS438 system, with
DYS438-12 as the most frequent in the Spanish and Sicilian
populations and DYS438-10 the most frequent in Calabria,
could also be due to the same Neolithic effect.

Gene diversities ranged from around 0.85 (in DYS385)
to approximately 0.50 (in DYS392). Generally, Italian
populations had higher gene diversities than the Spanish
populations, following the same pattern found in bi-allelic
Y-chromosome markers, with an increasing diversity trend
from Spain to Greece, maybe due to the impact of the
arrival of haplotypes in Europe from the Middle East [13].
Ibiza showed especially low gene diversities for DYS389I],
DYS390, DYS391, DYS385, DYS438 and DYS439 loci.

Extra peaks were reproducibly obtained at DYS19 and
DYS385, representing the presence of duplicated regions in
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Table 1 Forensic parameters for the seven western Mediterranean populations studied using the minimal and the Powerplex® Y haplotypes

Ibiza Majorca Valencia Sicily Catanzaro Cosenza R. Calabria Total
(n=96) (n=91) (n=59) (n=115) (n=59) (n=37) (n=97) (n=554)
Minimal 9 Y-STR haplotype
Number of haplotypes 43 74 49 98 52 33 83 379
Unique haplotypes 19 53 37 72 37 23 58 299
Haplotype diversity + SD 0.9695+ 0.9927+ 0.9930+ 0.9968+ 0.9959+ 0.9925+ 0.9968+ 0.9968+
0.0061 0.0035 0.0047 0.0018 0.0039 0.0088 0.0020 0.0006
Discrimination capacity (%) 44.79 81.32 83.05 85.22 88.14 89.19 85.57 68.41
Match probability (%) 3.05 0.73 0.70 0.32 0.41 0.75 0.32 0.32
Powerplex 12 Y-STR haplotype
Number of haplotypes 54 82 56 103 54 33 85 443
Unique haplotypes 30 70 49 86 43 26 68 372
Haplotype diversity + SD 0.9807+ 0.9968+ 0.9982+ 0.9976+ 0.9971+ 0.9925+ 0.9972+ 0.9988+
0.0050 0.0025 0.0035 0.0017 0.0037 0.0088 0.0020 0.0002
Discrimination capacity (%) 56.25 90.11 94.92 89.57 91.53 89.19 87.63 79.96
Match probability (%) 1.93 0.32 0.18 0.24 0.29 0.75 0.28 0.12

the Y-chromosome (e.g. [2, 6, 19, 20, 32]). Duplications
were observed in six individuals: at locus DYS19, alleles
13 and 14 (once) and at loci DYS385, alleles 13—14-15
(once), 13—-17-18 (twice) and 13—-18-19 (twice).

Three alleles not included in the Powerplex® Y allelic
ladder were observed. DYS438-7 and DYS438-13 alleles
have been reported in other populations (e.g. [8, 23]), but to
our knowledge, DYS19-9 has not been reported before.
Sequence analysis (GenBank: FJ196286) confirmed the
number of repeats attributed: (TAGA);tagg(TAGA)s.

Amongst the 554 western Mediterranean males analysed,
443 different haplotypes were observed (Table in ESM 3), of
which 372 were only observed once. The other haplotypes
were shared by two to seven men. The most frequent
haplotypes were h314 (15-12-29-22-10-11-14-14,14-16—
10-12) and h356 (15-13-29-24-11-13-13-11,14-14-12—
13), both found in seven men from the Ibiza population but
absent from the other studied populations.

The haplotypes (without locus DY'S437, not included in the
YHR database) were searched against the haplotypes in the
YHRD (release 18), and 149 haplotypes were matched to at
least one YHRD sample. The most frequent haplotypes h314
and h356 matched with three and six samples of European
origin, respectively, in a worldwide database of 38,761
haplotypes. It is noteworthy that 46 of the other haplotypes
(almost all from Valencia, the Balearic Islands and Sicily)
matched with north African or African samples. This result is
concordant with other studies showing African influences in
these Mediterranean populations (e.g. [14, 15, 24, 35]).

Table 1 shows the forensic parameters for the 12-loci
Powerplex® Y System haplotypes compared with the
diversity values of haplotypes based on the nine-loci minimal
haplotype. The overall haplotype diversity only increased by
0.20% (ranging from 0% for Cosenza to 1.15% for Ibiza) by

using the 12-loci Powerplex® Y System instead of the
minimal haplotype.

The discrimination capacity ranged from 87.63% (Reggio
Calabria) to 94.92% (Valencia) except in the Ibizan
population (56.25%). Ibiza also showed a reduced genetic
diversity in previous genetic studies [24, 25, 37]. These
results are in accordance with the historical and demographic
data of the island population (an isolated, consanguineous
population with a reduced effective population size) [1, 22].
Therefore, the high haplotype match probability in Ibiza
(1.93%) must be taken into account in forensic practice.

AMOVA analysis of the seven Mediterranean popula-
tions showed a significant value (Fg7=0.0499, P<0.0001).
Pairwise analyses (Table in ESM 4) evidenced two
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Fig. 1 MDS plot based on Reynolds’ distances (Spain [23], Pyrenees
[21], Barcelona [33], Portugal [26], Italy [29], the Balkans [5], Tunisia
[9], Denmark [18], Majorca, Valencia, Ibiza, Catanzaro, Cosenza,
Reggio Calabria and Sicily (this study))
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significantly different sub-sets: one with the Spanish
populations (Valencia, Ibiza and Majorca) and another with
the Calabrian samples (Catanzaro, Cosenza and Reggio
Calabria). Sicily was closer to the Italian than to the
Spanish populations, although presented significant differ-
ences with Reggio Calabria (P<0.005). Significant differ-
ences between groups (Fcr=0.0603, P<0.0001) were
found with a three-hierarchical AMOVA performed group-
ing the populations according to pairwise analysis results
(Spanish populations, Sicily and Calabrian populations).

Figure 1 shows a multi-dimensional scaling plot where 15
populations have been included. The Tunisia population
showed a displaced position, in accordance with other studies
that have suggested that the Mediterranean Sea may have
acted as a relative north-to-south geographic barrier to gene
flow [4, 10, 28]. With the exception of Sicily and Ibiza, the
Spanish and Italian populations under study grouped together
with other Spanish and Italian samples, respectively. On the
one hand, Sicily presented an intermediate position between
Italian and Spanish populations. No consensus on the genetic
landscape of the Sicilian population has been established to
date. Whilst some authors claim the differentiation of the
Sicilian population from Italy and from the western Mediter-
ranean basin [7, 31], other studies indicate Sicily is closely
related to other Italian populations [13, 15, 34]. On the other
hand, Ibiza showed a large distance from the Spanish group,
in accordance with the fact that Ibiza has important historical
and genetic differences from other insular and continental
populations in the western Mediterranean area [24, 25, 37].

In conclusion, the results of the present study provide a
useful Y-STR haplotype dataset, for the western Mediter-
ranean region, where some geographical and/or cultural
isolates exist based on demographic, historical and genetic
data. A clear genetic sub-structure between population
groups (Spanish, Sicilian and Calabrian populations) was
observed. Therefore, local databases must be used in the
forensic field to correctly weigh the value of the evidence
of a Y profile match. Special care should be taken in male
identification in the Ibizan population, due to the very low
discrimination capacity found for the 12 Y-STR loci
included in the Powerplex® Y System.
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