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Genetic polymorphism of 22 autosomal STR
markers in Paraguay

Dear Editor,

Autosomal Short Tandem Repeats markers (aSTRs) are widely
used for human identification, paternity, crime scene caseworks
and for population genetics studies [1–3]. Typically 15 aSTR were
included in commercial formats for years, but more recently
additional markers have been added to new validated kits gaining
valuable information of forensic interest [4,5].

In this letter we report the results of 22 autosomal STR markers
included in the Powerplex1 Fusion kit in a sample of 548
individuals of admixed population from the most populated
geographical regions of Republic of Paraguay.

Information on aSTR markers in Paraguayan population has
been scarce; to the best of our knowledge there only exists one
scientific publication presenting frequencies of 15 aSTR analyzed in
168 individuals [6].

Paraguay has a population about of 6,500,000 inhabitants
according to the population census of 2012 projecting a population
about of 6,850,000 inhabitants by 2016 [7]. Most of the population
resides in urban areas (61% urban against 39% rural) [7]. Paraguay
has two official languages spoken by most of the population:
Spanish and Guaraní, according to the strong legacy of Guaraní
culture in the country [8].

Paraguay borders Bolivia at North, Brazil at East and Argentina
at south. The country is politically distributed in 18 departments.
The population distribution along the country is very uneven; ten
of the 18 departments account for 80% of the population and are
located to the East of the country, where Asunción, the Capital city,
is located [7].

To the West of the country there is the lowest population
density with less than 3% of the population distributed in 60% of
the whole territory (Supplementary Fig. 1) [7]. The admixed
population represents more than 95% of general population,
having a minor proportion of people who self-identify as Native
American ethnic groups representing less than 3% of population
[7,8].

Peripheral blood samples from 548 of volunteer donors, 540
males and 8 females, were collected from 10 eastern departments
where more than 80% of the Paraguayan population is located.
Samples gathered from the different departments were distributed
as follows: 218 from Alto Paraná (region 1), 31 from Asunción
(region 2), 61 from Central (region 3), 113 de Guairá, Caaguazú and
Amambay (region 4), 79 from Itapuá (region 5), 38 from Paraguarí,
Misiones and Cordillera (region 6) (Supplementary Fig. 2).

This study followed the ethical principles of the 2000 Helsinki
Declaration of the World Medical Association (http://www.uma.
http://dx.doi.org/10.1016/j.fsigen.2016.08.002
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net/e/policy/b3.htm) and written informed consent was obtained
from participants for cooperation under strictly confidential
conditions.

DNA was extracted by silica based method. All samples were
amplified for 22 autosomal STR markers plus DYS391 locus
presented in the PowerPlex1 Fusion Kit (Promega Corp, Madison,
Wisconsin) following manufacturer’s instructions.

Forensic parameters (i.e. Typical Paternity Index (TPI), Power of
Discrimination (PD) and Power of Exclusion (PE)) were calculated
using an in home modified version of the Powerstats Version 1.2
software package (Promega, Madison, WI, USA) [9].

Exact tests for Hardy–Weinberg equilibrium were performed
with Arlequin Version 3.5 [10], as well as the inter-population
comparisons. A significance level of 0.05 was used for all the
statistical tests. Bonferroni’s correction was used for Hardy–
Weinberg equilibrium and linkage disequilibrium tests between
pairs of loci, which assume that a 0.05 significance level obtained
for 22 tests (one per locus) yields an actual significance threshold
of 0.0023 [11,12].

Two samples showed a tri-allele pattern (0.36%) as follows: one
sample showed alleles 11,12,13 in Penta D locus, although no tri-
allele nor peak imbalance was found in D21S11. The other sample
presented alleles 8,10,11 in TPOX locus. Both samples were re-
extracted, re-amplified and their genotypes were replicated (data
not shown).

The allele frequencies and statistical parameters of forensic
interest for the 22 autosomal markers are shown in Supplementary
Table 1. The most polymorphic system was Penta E (PIC = 0.8879)
whereas the less one was D22S1045 (PIC = 0.6003). The PD ranged
from 0.9798 (Penta E) to 0.8219 (D22S1045) with PE values
spanning from 0.7715 (Penta E) to 0.3305 (D22S1045). The He
extended from 0.8544 (D2S1338) to 0.6543 (TPOX). No departures
from HWE were observed in all loci after Bonferroni’s correction
for multiple testing (0.05/22 = 0.0023), (Supplementary Table 1).

The combined Power of Exclusion (PE) and Combined Power of
Discrimination (PD) for the 22 aSTR set were 0.9999999993 and
0,999999999999999999999999993 respectively.

Tests for sample differentiation among the 6 sampled Para-
guayan regions (region 1 to region 6) showed no differentiation for
the global test. Thus, the differentiation tests showed that the
regions sampled are homogeneous among them for these 22 aSTR
set.

Test of differentiation (Supplementary Table 2) shows the
results of single locus comparisons for the 22 aSTR markers
included in the PowerPlex1 Fusion System with published data
from other relevant populations of America, Europe and Asia [13–
19]. Low differentiation with Argentina, south of Brazil and
Hispanic American was found as expected.

This paper shows that the population studied in the most
populated departments of Paraguay does not present significant
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population substructure among the different geographical loca-
tions sampled, allowing the use of these genetic frequencies for
forensic genetics purposes in Paraguay. Furthermore, information
on 22 aSTR presented in this study increases the resolution in
database searching, it is useful for resolution of deficient paternity
cases or paternity cases with inconsistencies, increasing both, the
Power of Discrimination and the Power of Exclusion.

This paper follows the guidelines for publication of population
genetics data requested by the journal [20].

Proficiency testing of the GHEP-ISFG WG (Spanish–Portuguese
Speaking Working Group of International Society for Forensic
Genetics) (http://www.gep-isfg.org) and the proficiency testing of
the Argentine Society for Forensic Genetics (SAGF) (http://www.
sagf.org.ar) are regularly carried out.

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.2016.08.002.
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