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Abstract This work reports the allele frequencies for ten X-
STRs (DXS8378, DXS7132, DXS9898, DXS6809,
DXS9902, DXS6789, DXS7133, DXS7423, GATA172D05,
GATA31E08) in a sample of 800 individuals from Paraná,
Brazil. No deviations from the Hardy–Weinberg equilibrium
were observed. Linkage disequilibrium analysis did not reveal
association between the X-STRs. High overall power of dis-
crimination was obtained for female and male samples, and
high probability of exclusion was observed in father/mother/
daughter trios and father/daughter duos. Genetic comparisons
revealed significant differences between Paraná and other
Brazilian populations.
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Several X-STRs multiplex PCR systems have recently been
validated for forensic use [1–5], but few are common to
different works. Recently, a decaplex system was developed
and validated that was carried out by the Spanish and
Portuguese-Speaking Working Group of the International
Society For Forensic Genetics (GHEP-ISFG) working
group [6]. The present study aimed at the genetic character-
ization of the ten X-STRs standardized by the GHEP-ISFG
in Paraná, Brazil.

A total of 401 male and 399 female samples from unre-
lated subjects were selected from paternity cases performed
in Laboratório de Genética Molecular Forense of Polícia
Científica do Paraná. The samples were obtained by finger-
tip puncture, after signing of consent. This study was ap-
proved by the Research Ethics Committee of the Division of
Health Sciences, Federal University of Paraná. DNA extrac-
tion, PCR, analysis on an ABI310 genetic analyzer, and
statistical evaluation were performed as described before
[6, 7]. The allele frequencies and the results of the forensic
efficiency parameter calculations are given in Table S1 and
Table S2. For a significance level of 0.005 (after the Bon-
ferroni correction), no deviations from the Hardy–Weinberg
equilibrium were observed for any of the analyzed loci. An
allele not previously described was found in DXS6809 locus
with a size corresponding to 34.1 repeats. In our study,
GATA172D05 was the most informative marker and
DXS7133 was the least informative. Overall, the power of
discrimination was 0.99999999995 for females and
0.9999994 for males. The combined probability of exclusion
was 0.999997 for trios and 0.99987 for duos. For a signifi-
cance level of 0.001 (after the Bonferroni correction for 45
comparisons) in the linkage disequilibrium (LD) analysis, a
significant p value was obtained only for GATA172D05-
DXS7133 between alleles 13 and 8, respectively. Those loci
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occupied a physical distance of 4 Mb. However, LD does
not depend exclusively on the physical distance between
loci, but it may result from random genetic drift, founder
effects, recent interethnic admixture, population stratifi-
cation, and sampling effects [5, 8, 9]. Therefore, the
linkage disequilibrium that we detected might be spuri-
ous or due to sampling effects, corroborating the sugges-
tion by Martins et al. [8].

A pairwise population comparison between Paraná and
other Brazilian populations with available data for the same
markers studied in our sample [4–6, 8, 10] was performed at
a single locus level (FST genetic distance analysis). The
results (Supplementary Table S3) showed significant differ-
ences (p<0.05) for São Paulo (DXS8378, DXS6789 and
DXS7133), Rio de Janeiro (DXS7133), Belo Horizonte
(DXS7423 and DXS7133), Mato Grosso (GATA31E08),
Santa Catarina (DXS9902 and GATA31E08), Rio Grande
do Sul (DXS7423 and DXS9898), Belém (DXS9898,
DXS7133, GATA31E08), and Amazonas (DXS7133 and
GATA31E08) populations.

This study was pioneer in the analysis of X-STRs
decaplex (DXS8378, DXS9902, DXS7132, DXS9898,
DXS6809, DXS6789, DXS7133, GATA172D05,
GATA31E08 e DXS7423) in 800 unrelated individuals
among the population of the State of Paraná. The previ-
ously published studies for the same markers analyzed
Brazilian populations originating from different geo-
graphical regions in Brazil; it is important to highlight
that there are differences in the ethnic formation related
to these different regions as well as the expressively
lower sampling employed in these previous studies.
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