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ABSTRACT. Due to the miscegenation of the Brazilian population, the
central region of Brazil was colonized by internal migration of individuals
from different origins, who contributed to the genetic diversity existing
in this population. The purpose of this study was to estimate population
parameters based on the allele frequencies for 15 polymorphic autosomal
short-tandem repeat (STR) loci present in the population of the State of
Goias in the central region of Brazil, and to compare the results with those
of others from different Brazilian populations. DNA was obtained from
a sample of 986 unrelated individuals by a commercial reagent kit and
was quantified by spectrometry for later amplification in the thermocycler.
These loci, commonly used in forensics and paternity testing, reflected
Hardy-Weinberg equilibrium in this population. The D18S51 and Penta E
loci had the highest number of alleles, while the observed heterozygosity
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reached the highest rates in FGA (0.920), D7S820 (0.870), and vWA
(0.867) markers. Genetic diversity reached the highest levels in Penta
E (0.906), Penta D (0.873), and D18S51 (0.860) markers, and the
investigated forensic parameters showed high average values, with 93%
power of discrimination, polymorphism information content of 78%, gene
diversity of 79%, and observed heterozygosity of 79%. Similar to the other
populations of Brazil, the population of the Midwest is derived from the
admixture of 3 main parental groups: Amerindian, European, particularly
Portuguese, and Africans from sub-Saharan Africa. In this context, the
overall distribution of allele frequencies in the STR markers of various
Brazilian populations is quite similar to the data obtained in this study.
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INTRODUCTION

Analysis of allele frequencies using short-tandem repeat (STR) markers has been published
by several research groups in various Brazilian regions, including the Amazon region (Francez et al.,
2011), Northeast region (Ferreira da Silva et al., 2002), Southeast region (Silva et al., 2004; Gois et
al., 2006), South region (Leite et al., 2006) and even in the Midwest, such as in Mato Grosso do Sul
(Silva et al., 2004). Due to the miscegenation of Brazil, its central region was colonized by internal
migration, with the settling of Goias State initiated in the 19th century (Fausto, 2006). Thus, the
population of the Goias Captaincy, also referred as “Goyazes Mines”, was initially characterized by
a typical process of ethnic mixing, due to the various populations of European origin from the east
of Brazil that arrived as settlers and the Africans brought to the area as slaves (Gigonzac, 2002).

In this context, the main purpose of the present study was to estimate population pa-
rameters based on the allele frequencies of 15 polymorphic autosomal STR loci from a sample
of the Goias population. The results obtained were compared with those from the Midwest and
other regions of Brazil, to verify possible allelic frequency differences or similarities, which
could contribute to generating allelic frequency data for the Goias population.

MATERIAL AND METHODS

Whole blood samples were collected from 986 unrelated healthy individuals who live
in the State of Goias in Central Brazil. DNA was extracted from 5 mL peripheral blood by a
commercial reagent kit (GE Healthcare, Buckinghamshire, UK), and quantified by spectrometry
(GeneQuant, Amersham Biosciences, Amersham, UK). The amplification of D16S539, D3S1358,
Penta E, D21S11, D8S1179, Penta D, D7S820, CSF1PO, THO1, D13S317, vWA, TPOX, D18S51,
D5S818, and FGA loci was performed in multiplex reactions (PowerPlex 16, Promega Corporation,
Madison, WI, USA). The PCR primer sequences and DNA amplification conditions were previously
described by Rodrigues et al. (2007), using the thermocycler DNA 1Q 5 (Biorad, Hercules, CA,
USA). Genotyping was performed in an automated sequencer (MegaBace - GE Healthcare). Allele
frequencies, observed heterozygosity (), polymorphism information content (PIC), the power of
discrimination (PD), the power of exclusion (PE), and the probability of deviation from Hardy-
Weinberg equilibrium (HWE) were obtained using the Arlequin version 3.1 software and the
Genetix version 4.01 program (Schneider, 2000).
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RESULTS AND DISCUSSION

Allelic frequencies of the 15 STR loci tested in the Goias population are reported
in Table 1. The expected heterozygosity values were higher than the H  for all 15 STR loci,
reflecting HWE in this population. Significant deviations from HWE were corrected by Bon-
ferroni’s method.

Table 1. Allele frequencies and statistical parameters of 15 STR markers in 986 individuals.

Alleles TPOX DI16S539 D3S1358 FGA PentaE D21SI1  D8S1179 vWA PentaD DI8S51 THOl CSFIPO D7S820 DI13S317 DS5S818

4 - - - - - - - - - - - - - - -

5 - 0.001 0.001 - 0.068 - - - 0.026 - 0.017 - - - -

6 0.013 - - - 0004  0.001 - - 0.001 - 0.287 - 0.002 - -

7 0.001 - 0.001 - 0097 0.020 - - 0016 0001 0290 0020 0022 0001  0.022

8 0430 0.019 - - 0065 0013 0005 0002 0050 0002 0188 0012 0163 0083 0018

9 0120 0.170 - - 0048 0.031 0009 - 0.183 0015 0205 0028 0126  0.093  0.039

9.3 - - - - - - - - - - - - - - -
10 0076  0.082  0.001 - 0074 0239 0066 - 0.142 0013 0009 0250 0249 0052  0.065
11 0290 0300 0003 0003 0.117 0276 0068 0002 0162 0.033 - 0265 0227 0297 0329
12 0056 0270 0003 0001 0.165 0280  0.21 0003 0170 0.132 - 0280  0.174 0274 0345
13 0.008  0.130  0.004 - 0098 0067 0275 0010 0157 0.115 - 0067 0033 0123 0158
14 - 0030  0.097 - 0043 0.031 0274 0.092 0580 0135 0001 0033 0005 0061 0015
15 - 0.003 0335 0002 0067 0018 0143 0.139 0029 0.136 - 0.019 - 0.007  0.003
16 - 0.003 0240  0.003 0049 0009 0030 0260 0004 0.140 0.001  0.009 - 0.003  0.003
17 - 0.001 0202 0.002 0044 0009 0005 0236 0002 0.117 - 0.009 - 0.003  0.001
18 - 0002 0108 0016 0028 0005 0002 0.175 - 0.077 - 0.005 - 0.003  0.002
19 - - 0.006 0.072 0010  0.001 - 0067 - 0.035 - 0.001 - - -
20 - - - 0.134 0012  0.001 - 0013 - 0.024 - 0.001 - - -
21 0.001 - - 0.142  0.007 - - 0002 - 0.011 - 0.001 - - -
2 0.001 - - 0.170  0.003  0.001 - - 0.002  0.006 - - - - -
23 - - - 0.146  0.002 - - - - - - - - - -
24 0.002 - - 0137 - - - - - 0.003 - - - - -
25 - - - 0089 - - - - - - - - - - -
252 - - - - - - - - - - - - - - -
26 - - - 0062 - -
27 - - - 0018 - - 0.001 - - 0.003 - - - - -
28 - - - 0004 - - - - - 0.002 - - - - -
282 - - - - - - - - - - - - - - -
29 - - - 0001 - - - - - 0.001 - - - - -
30 - - - - - - - - - - - - - - -
302 - - - - - - - - - - - - - - -
312 - - - - - - - - - - - - - - -
322 - - - - - - - - - - - - - - -
332 - - - - - - - - - - - - - - -
34 - - - - - - - - - - - - - - -
342 - - - - - - - - - - - - - - -
442 - - - - - - - - - - - - - - -
462 - - - - - - - - - - - - - - -
H, 324 19.4 233 169 135 259 215 168 163 145 212 276 17.8 18.4 249
H, 676 80.6 767 831 865 741 785 832 837 855 788 724 822 81.6 75.1
PIC 0.6 0.76 073 086 091 0.75 078 079 084 088 077 075 079 0.77 0.70

PD 0.872 0.920 0.907  0.970  0.981 0.911 0933 0935 0960 0975 0930 0911 0.935 0.924 0.884
PE 0.392 0.609 0.539  0.658 0.724 0.495 0.572  0.660  0.720  0.705  0.578  0.466 0.640 0.630 0.512
HWE  0.0001  0.0001 0.0001  0.003  0.0001  0.0001 0.03 0.0001  0.0001  0.0001 0.0001 0.0001  0.05 0.0001  0.0001
N 920 979 974 980 862 986 983 984 964 981 950 972 982 974 977

H.O ='0b'ser\'/ed heterozygosity; H, = ey'(pected heterozygosity;'PIC = polymomhism information content; P]? = power of
discrimination; PE = power of exclusion; HWE = Hardy-Weinberg equilibrium exact test; N = number of individuals.
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The D18S51 and Penta E loci had the highest number of alleles, 20 and 19, respective-
ly, compared to the THO1 locus, which presented only 8 alleles. The forensic parameters that
we investigated showed high average values, with the PD = 93%, the PIC = 78%, the genetic
diversity value = 79% and, finally, the H; was 79%. The H values presented the highest rates
in FGA at 0.920, D7S820 at 0.870 and vWA at 0.867. Genetic diversity presented the highest
levels in Penta E at 0.906, Penta D at 0.873 and D18S51 at 0.860 (Table 2).

Table 2. Number of alleles, genetic diversity (D), observed heterozygosity (#,), polymorphism information
content (PIC), and power of exclusion (PE).

Markers No. of alleles D H, PIC PE
TPOX 11 0.7251 0.7838 0.660 0.392
D16S539 12 0.7929 0.8372 0.760 0.609
D3S1358 12 0.7803 0.7386 0.730 0.539
FGA 17 0.8583 0.9205 0.860 0.658
Penta E 19 0.9068 0.8592 0.910 0.724
D21S11 16 0.8704 0.8068 0.750 0.495
D8S1179 12 0.7782 0.7614 0.780 0.572
VWA 12 0.8207 0.8677 0.790 0.660
Penta D 14 0.8734 0.7558 0.840 0.720
DI18S51 20 0.8600 0.8523 0.880 0.705
THO1 8 0.8000 0.6951 0.770 0.578
CSF1PO 15 0.7675 0.6744 0.750 0.466
D7S820 9 0.8138 0.8706 0.790 0.640
D13S317 12 0.7971 0.8452 0.770 0.630
D5S818 12 0.7362 0.7442 0.700 0.512
Average 13 0.7866 0.7865 0.7826 0.5933

According to Ferreira da Silva et al. (2002), in the population of Northeast Brazil,
the highest allele frequency was observed in the allele 8 of the TPOX locus (0.4), which also
presented high values in the Goidnia population. No significant variation was observed for the
PIC (mean = 72.4%), PD (mean = 90%) and PE (mean = 53%) loci in the population of the
Northeast, compared to our results.

The indices obtained by Sao-Bento et al. (2008) for the population of Sdo Paulo
were also compared with the values of the allele frequencies of Goiania. The D21S11 marker
showed the greatest variation, followed by FGA. For other markers, the allele frequencies
showed 87% similarity. The D21S11 marker was the most polymorphic locus, which showed
15 alleles in the population of Sdo Paulo and 16 in the Goias population.

In the population of Rio de Janeiro, Silva et al. (2004) observed that the D3S1358
locus presented more variation in the gene frequencies between populations, with low rates
of heterozygosity and a lower power of exclusion (59.5%). The FGA marker showed a higher
number of alleles in the population of the Southeast and also in Goids population, with 18 and
17, respectively.

In the population of Mato Grosso do Sul (Silva et al., 2004), Penta E presented the
highest polymorphic values with 17 alleles, compared to 19 alleles in the Goias population.
No significant variation was detected in the H  values, with an average of 80.3%, as in the PD,
with an average of 92.5%, and in the power of exclusion with an average of 61.7%.

Finally, in the South population (Leite et al., 2006) the CSFIPO locus showed the
greatest variation in allele frequencies between populations, and the overall distribution of the
allelic frequencies was very similar among populations. The D21S11 locus showed the greatest
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variation with respect to the allele number, with 15 in the population of the Rio Grandense. We
observed similar values for the average gene divergence, with 80% in the population of the
south and an average of 78% in the Goias population.

In this context, one of the features of the Goias State is that its ethnic structure reflects
its cultural, social and economic evolution. Like other Brazilian populations, that of Midwestern
Brazil is derived from the admixture of 3 main parental groups: Amerindian, European, particu-
larly Portuguese, and Africans from sub-Saharan Africa. Thus, the overall distribution of the
allele frequencies in the STR markers in various Brazilian populations is quite similar to the data
obtained in this study (Ferreira da Silva et al, 2002; Silva et al., 2004; Whittle et al., 2004, Fer-
reira et al., 2005; Leite et al., 2006; Rodrigues et al., 2007; Sao-Bento et al., 2008). These data
could be incorporated to generate a regional molecular genetic population database for applica-
tions in forensic analysis, genetic linkage and population genetic studies. Therefore, this study is
important for understanding the genetic structure of the Goias State in Central Brazil.
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