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Analysis of 10 X-STRs in three population groups from Ecuador
Dear Editor,

X-chromosomal short tandem repeat (X-STR) loci provide a
useful tool for forensic purposes [1]. Due to a sex-based mode of
inheritance, the use of this genetic system has become extremely
valuable in paternity testing, especially in deficiency cases
involving female offspring [2].

Ecuador is a multi-ethnic country in which the admixed
population of Mestizos represents 72% of the population while
Native Americans account for 7% with Kichwa being the largest [3].
A second population deserving interest is the Waorani, the last
population of Native American hunter-gatherers in the Eastern
region of the nation. The population is composed of ~3000
individuals [4] and has been previously characterized as geneti-
cally unique [5] attributed to prolonged isolation, high inbreeding
and low population size. Previous studies focused on autosomal
and uniparentally inherited markers [6-11] have shown evidence
of the high diversity existing in the Ecuadorian population as a
result of its complex history and multi-ethnic richness. However,
current information on the variability of X-chromosome in
Ecuador is limited [5]. This study aimed to explore the genetic
structure and dynamics of Ecuadorian Waorani, Kichwa and
Mestizo populations from the perspective of the X chromosome
based on 10 X-STRs [12].

A population sample of 139 maternally unrelated individuals
born and living in Ecuador were selected: 32 Waoranis (17 males
and 15 females) and 65 Kichwas (27 males and 38 females) from
the Amazonian provinces; and 42 Mestizos (28 males and 14
females) from different regions of the country. All donors gave
their informed consent prior to their inclusion in the study.

DNA was extracted from saliva swab samples and blood stains
on FTA cards (Whatman Inc., Clifton, NJ) using the Chelex
extraction procedure [13]. X-STR amplification (DXS8378,
DXS9898, DXS7133, GATA31E08, GATA172D05, DXS7423,
DXS6809, DXS7132, DXS9902 and DXS6789) was performed
according to Gusmao et al. [12]. Alleles were separated and
detected using an ABI® Prism 3130 Genetic Analyzer (Applied
Biosystems, Foster City, CA). Allele frequencies were calculated
using the direct counting method. Gene diversities, Hardy-
Weinberg equilibrium (females), linkage disequilibrium (males)
and pairwise exact test of population differentiation were tested
using Arlequin software v3.0 [14]. Pairwise population compar-
isons between the Ecuadorian populations were performed at a
single locus level (exact test of population differentiation and Fst
genetic distance analysis) and for the 10 X-STRs (Fst genetic
distance analysis). Additionally, pairwise Fst genetic distances
were calculated between the populations from Ecuador and other
available populations with the same 10 X-STRs [15-20].

Unweighted pair group method with arithmetic mean was used
to build a phylogenetic tree based on Fst distances using the option
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neighbor and drawtree in the PHYLIP software package [21] and
visualized with the TREEVIEW software [22]. Statistical analysis
included the following forensic efficiency parameters: power of
discrimination in females (PDg) and males (PDy;), mean exclusion
chance in trios involving daughters (MECt) and father/daughter
duos (MECp) [23].

Allele frequencies obtained for the ten X-STR loci studied in the
three Ecuadorian population groups are shown in Table S1. Male
and female samples were pooled to calculate allelic frequencies
after the exact test of differentiation revealed no significant
differences. Genetic diversity values for loci were above 46%, and
the population of Mestizos showed a higher average of genetic
diversity (67% for all 10 X-STR markers) than Kichwa (61%) and
Waorani (59%). Therefore, the admixed population showed
evidence of a greater diversity than the two Native American, as
was expected, given the fact that the first group includes a more
geographically and culturally diverse subset of individuals.

Population genetic profiles are presented in Table S2. All male
haplotypes were unique, with the exception of one haplotype that
was shared by three Waorani individuals. There was no evidence of
departure from Hardy-Weinberg equilibrium in female samples,
after Bonferroni correction for multiple tests (p < 0.005).

Significant association was not determined for linkage disequi-
librium between loci in Kichwas and Mestizos after Bonferroni
correction (p <0.0011). This result suggests the absence of
significant associations due to genetic substructure. In contrast,
DXS6809-DXS7133 (p=0.0010) and DXS7423-DXS8378 (p =0)
showed significant results in Waorani population. These findings
could be a consequence of demographic factors (e.g. population
structure, endogamy or founder effects) [24] or sampling effects
[25].

Forensic efficiency statistical parameters are presented in Table
S4. The most polymorphic loci were DXS6789, DXS6809 and
DXS7132 in Waorani, Kichwa and Mestizo groups, respectively.
DXS8378 showed to be the least discriminative marker in all
populations. The overall values of PDy; and PDg were higher in
Mestizo (PDy =99.998551% and PDg=99.9999991%) than in
Kichwa (PDy; = 99.995006% and PDg =99.999991%) and Waorani
(PDp =99.986216% and PDg = 99.99995%) populations. The same
pattern was observed for combined MECt and MECp, as they were
higher in Mestizos (MECt = 99.9945% and MECp = 99.9728%) than
in Kichwas (MECy = 99.9797% and MECp = 99.6348%) and Waorani
(MECt =99.9442% and MECp = 99.1804%). The results obtained
support the potential of this decaplex system for forensic
identification and paternity testing, especially in the Mestizo
population.

When considering both methodologies used for population
comparisons between Ecuadorian groups at single locus level,
significant values were obtained for 6 markers after Bonferroni
correction (p < 0.005) (DXS6789, DXS6809, DXS7132, DXS7133,
GATA172D05 and GATA31E08) (Table S5). Significant pairwise Fst
genetic distances were determined (p < 0.005) between the three
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populations for the complete STR panel (Table S6). Therefore,
statistical analysis regarding Fst between Kichwas and Mestizos
were not in accordance with the expected admixture given their
coexistence and subsequent gene flow.

Pairwise genetic distance analysis (Table S6) carried out with
European, American and African sample sets revealed significant
genetic distances between the Ecuadorian groups and all popula-
tions (p < 0.005). The Waorani exhibited the highest distance from
the tested populations, whereas the Mestizo population was the
closest (Fig. S1). These results are consistent with the history of
these Ecuadorian groups. In this regard, the high Native American
component present in the Waorani and Kichwa, absent or minor in
the rest of the populations, could explain the observed distance.
Although the Native American ancestry component is still
predominant, the relative proximity of the Mestizo population
to other Latin American and European groups can be attributed to
the European contribution in its gene pool.

In conclusion, X-chromosome markers revealed significant
differences between the three ethnic groups studied from Ecuador,
suggesting that specific reference databases or correction factors
are required for forensic testing calculations when individuals
from these groups are involved.

This paper follows the guidelines for publication of population
data requested by the journal [26] and the International Society for
Forensic Genetics (ISFG), as well as abiding to ISFG recommenda-
tions on the analysis of DNA polymorphisms [27].

We would like to thank L. Roewer, J. Gonzalez-Soldrzano, O.
Vacas and S. Zweynert for the support in the fieldwork, and M.]J.
Illescas for the help with data analysis. This study is part of a
research initiative and network called EQGen Project, Ecuadorian
Ethnogenetics. JMA is supported by grant from the Basque
Government (Dpto. de Educacion, Universidades e Investigacion).

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.fsigen.2012.08.004.
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