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Abstract Population data of 15 short tandem repeat loci
of the AmpFlSTR® next generation multiplex (NGM)™
were obtained from a sample of 835 individuals. The loci
are the ten short tandem repeats (STRs) in the SGM Plus®
Kit plus the EDNAP- and ENSFI-recommended STRs
D10S1248, D22S1045, D2S441, D1S1656, and D12S391.
Allele frequency and other forensically relevant statistics

data were generated for the NGM loci into five current
country macroregions of Brazil (North, Northeast, Central
West, Southeast, and South). All the analyzed loci meet
Hardy–Weinberg equilibrium expectations and no linkage
disequilibrium in all pairs of loci. The observed and
expected heterozygosity, power of discrimination, poly-
morphic information content, and the other population–
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genetic indices were calculated. The overall power of
discrimination was greater than 0.99999999999999999996
and the combined power of exclusion was greater than
0.9999998 in all Brazilian populations. Comparative
analysis between populations from different Brazilian
macroregions as well as between Brazil and Caucasian,
African Americans, and Hispanic US populations are
presented.

Keywords Short tandem repeat loci . Next generation
multiplex . Allele frequencies . Brazil . Population data

Population

Brazil is a continental country that was colonized by the
Portuguese. The current population is about 190 million
inhabitants, according to the last National Survey
Inquiries in 2010 [1], and is divided into five macro-
regions: North (N), Northeast (NE), Central West, South-
east, and South (S). The admixture process occurred in
different manners among the macroregions of Brazil. In
NE, the African component is high and the Native
American contribution is low; in the N, the contribution
of Native Americans is pronounced, whereas in the S, the
Amerindian and African influence is reduced in compar-
ison with all the other macroregions. The Southeast and
Central West macroregions can be considered intermediate
[1]. Samples were obtained from 835 unrelated individuals,
after informed consent was obtained and made anonymous
before they were analyzed. The samples were collected
reflecting the Brazilian population distribution: North, 88
individuals; Northeast, 155 samples; Central–West, 91
individuals; Southeast, 244 samples; and South, 257 indi-
viduals (Fig. 1).

DNA extraction

Genomic DNA (gDNA) was extracted from whole blood
samples using QIAamp blood kit (Qiagen) following the
manufacturer’s instructions. Alternatively, gDNA was
extracted using Chelex method [2].

PCR amplification and typing

The extracted DNA was amplified using the AmpFlSTR®
next generation multiplex (NGM)™ polymerase chain
reaction (PCR) Amplification Kit (Applied Biosystems,
Foster City, CA, USA) in the GeneAmp 9700 PCR system
(Applied Biosystems, Foster City, CA, USA) according to
the manufacturer’s recommendations. The analysis of the
amplified PCR product was performed on the ABI 3130
or ABI 3130xl Genetic Analyzer (Applied Biosystems,
Foster City, USA). The data analysis and allele identifi-
cation were performed using GeneMapper® ID (version
3.2) and GeneMapper® ID-X (version 1.2) analysis
software.

Quality control

All laboratories participated on GEP/ISFG Collaborative
Study and/or Quality Control AICEF/GITAD.

Fig. 1 Map of Brazil showing all five macroregions (North,
Northeast, Central West, Southeast, and South) and the amount of
individuals analyzed (N)
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Analysis of data

Calculations of allele frequencies, power of discrimination,
and power of exclusion were carried out using PowerStats
version 1.2 [3]. Observed and expected heterozygosity and p
values of the Hardy–Weinberg equilibrium tests and coan-
cestry coefficient (Fst) values were assessed using GDA
Package version 1.0 [4]. Genetic distances (Fst, Table 1)
between the Brazilian data and US Caucasian, Hispanic, and
African American [5] population samples were calculated
from allelic frequencies using PowerMarker software [6].
TreeView software was used for graphic representation [7].
Multidimensional analysis was done using SPSS V.15 [8].

Results

Allele frequency distribution, statistical, and forensic
parameters, regarding the 15 NGM short tandem repeat
(STR) loci, were determined among 835 Brazilians indi-
viduals and the results are shown in Supplemental Table S1.
All loci were highly polymorphic in all five populations.
The observed heterozygosity varies between 0.716 for
D22S1045 and 0.905 for D18S51. The power of discrim-
ination was lowest for D22S1045, 0.890, and highest for
D1S1656, 0.978. The power of exclusion ranges from
0.454 for D22S1045 to 0.805 for D18S51. The overall PD
was greater than 0.99999999999999999996 and the overall
PE was greater than 0.9999998 in all Brazilian populations.
Coancestry (Fst) values for the 15 NGM STR loci were
estimated using the five Brazilian population groups
reported here (Table 2). The overall Fst of 0.0018 is well
below the both values of 0.01 and 0.03 recommended by
the National Research Council [9]. No evidence of
deviations from Hardy–Weinberg equilibrium was found,
when using a Bonferroni correction [10] (p<0.05/15=
0.0033), or the usual threshold of statistical significance at
0.05. There were no departures detected for the two

syntenic loci vWA and D12S319. The same unlinked
observation was on the work of Phillips et al. [11] and
Budowle et al. [5] and supports that for forensic identity
testing the “product rule” approach is justified for the loci
vWA and D12S391, although the use of Fst assumes that
departures from independence may occur. As pointed out
by Budowle et al. [5], the independence between these
syntenic loci, at the population level-based statistics, is
likely due to the result of the relatively high mutation rates
of STR loci. However, for family analyses, vWA and
D12S391 may be linked; these loci are located on
chromosome 12 at positions 6,093 and 12,340 kb, respec-
tively [5, 12]. Although the genetic distance is about 12 cm
between these two syntenic loci, physical map distances
may not necessarily correlate to the recombination rate due
to the presence of a recombinational hotspot. Three-
generation family analyses will be necessary to assess the

Table 1 Matrix of Reynolds’ genetic distances based on the allelic frequencies of five population Brazilian groups and US African Americans,
Caucasian, and Hispanic

Brazil –

Brazil—CW 0.0034 –

Brazil—NE 0.0027 0.0083 –

Brazil—N 0.0063 0.0103 0.0111 –

Brazil—SE 0.0009 0.0054 0.0036 0.0085 –

Brazil—S 0.0011 0.0042 0.0057 0.0068 0.0031 –

African American 0.0138 0.0217 0.0089 0.0238 0.0123 0.0194 –

Caucasian 0.0051 0.0090 0.0090 0.0124 0.0058 0.0047 0.0240 –

Hispanic 0.0025 0.0056 0.0069 0.0080 0.0037 0.0029 0.0187 0.0074 –

CW Central west, NE northeast, N north, SE southeast, S south

Locus Fst

D10S1248 0.00152

vWA 0.00081

D16S539 0.00317

D2S1338 0.00112

D8S1179 −0.00001
D21S11 −0.00018
D18S51 0.00074

D22S1045 0.00630

D19S433 0.00034

TH01 0.00538

FGA 0.00108

D2S441 0.00392

D3S1358 0.00274

D1S1656 0.00058

D12S391 0.00063

Avg 0.00180

Table 2 Fst values based on
five Brazilian population groups
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degree of linkage effect for these two loci (as reported by
Budowle et al. [5]). On the other hand, O’Connors et al.
[12] had stated that, for any forensic analyses, the genotype
probabilities for D12S391 and vWA should not be
multiplied to determine the match probability of an
autosomal STR profile. They recommended that the
observed diplotype combination of alleles should be used
for profile probability calculations, since the D12S391 and
vWA loci are not independent.

Others remarks

Based on gene frequencies for 15 NGM STRs, to which
data are available for US population samples [5], pairwise
genetic distances were calculated between populations
using the Reynolds’ formulas implemented in PowerMarker
software [6]. The analysis (Fig. 2a) showed a clear
separation between Caucasian, African Americans, and
Hispanic. All the Brazilian samples lie more closely to the
Hispanic group than to the African American populations
or to the Caucasian. Nevertheless, although the three
Brazilian populations from Central West, Southeast, and
South are grouped together, the remaining populations from
Northeast and North are quite distant from this group.
Among the Brazilian samples, the populations from Central
West, Southeast, and South are closer to the European
cluster. The Northeast group is less distant to the African
cluster than the remaining groups. The group showing the

highest differentiation was that from the North, most
probably due to a higher Native American contribution.
Our study, by comprising individuals from all federative
units of Brazil, provides additional information on the
genetic variation of the Brazilian population. However,
since the NJ tree imposes a bifurcating model onto a
distance matrix, which may be inadequate for closely
related populations, we performed a multidimentional
analysis (Fig. 2b), which resembles the same tree topology.
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