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ABSTRACT: Allele frequencies for three tetrameric short tandem
repeat (STR) loci D3S1358, HUMVWA, and HUMFGA were de-
termined in a Slovene Caucasian population sample. DNA samples
from a total of 221 Slovenes were amplified by multiplex PCR us-
ing the commercial kit AmpFISTR Blue (Perkin-Elmer). Separation
and detection of the amplified STR fragments were carried out us-
ing a 377 automated genetic analyzer (Applied Biosystem Divi-
sion/Perkin Elmer). Seven alleles at the D3S1358 locus, 8 alleles at
the HUMVWA31A locus, and 13 alleles at the HUMFGA locus
were observed. A deviation from Hardy-Weinberg equilibrium was
observed, only at the HUMVWA31A locus ( p 5 0.045, exact test).
The departure at this locus was not significant after Bonferroni cor-
rection. There were no detectable departures between pairwise com-
parisons of the loci. The combined power of discrimination for all
three loci is 0.9998, and the power of exclusion is 0.9526. The ob-
served allele frequencies for the loci D3S1358, HUMVWA31A,
and HUMFGA are similar to those in European and U.S. Caucasian
populations.
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Microsatellites, or short tandem repeat (STR) loci, are poly-
morphic regions found throughout the human genome, are based
on 2 to 7 base pair repeat motifs, and are amenable to amplifica-
tion by PCR (1–3). The polymorphism at a STR locus is the re-
sult of variation in the number of tandemly repeated units. The
tetranucleotide repeat STR loci have been studied and widely
used for forensic purposes (4–6). Detection of amplified STR
products can be achieved by the use of fluorescence detection
technology using an automated instrument, such as the ABI
PRISM 377 DNA genetic analyzer (7). Amplification of three
loci D3S1358 (8), HUMVWA31A (9,10), and HUMFGA (11)
can be achieved using a commercially available kit. In order to

apply these three STR loci to DNA profiling in forensic identifi-
cation testing cases in Slovenia, allele frequencies in a Slovene
sample population were determined.

Materials and Methods

Sample Preparation

Samples from 221 unrelated individuals residing in Slovenia
were collected and processed as described previously (12). The
quantity of recovered DNA was determined by slot blot hybridiza-
tion using the Quantiblot kit (Perkin-Elmer, Foster City, CA).

PCR Amplification and Typing

PCR multiplex amplification was performed using the Amp-
FISTR Blue kit (Perkin Elmer, Foster City, CA) according to the
manufacturer’s recommendations. One to 2 ng of template DNA
were used in each PCR. The amplifications were carried out in a
Perkin Elmer, GeneAmp 9600 thermal cycler. Electrophoresis
was carried out in an ABI PRISM 377 automatic genetic analyzer
(Perkin Elmer, Foster City, CA) in accordance with the manufac-
turer’s instructions. Allele designation was achieved by compari-
son with an allelic ladder corresponding to each STR system.

Statistical Analysis

The frequency of each allele for each locus was calculated from
the numbers of each genotype in the sample set (i.e., the gene count
method). Unbiased estimates of expected heterozygosity were
computed as described by Edwards et al. (5). Possible divergence
from Hardy-Weinberg equilibrium (HWE) was tested by calculat-
ing the unbiased estimate of the expected homozygote/heterozy-
gote frequencies (13–15) and the exact test (16), based on 2000
shuffling experiments. An interclass correlation criterion (17) for
two-locus associations was used for detecting disequilibrium be-
tween the loci.

The power of discrimination (PD) was calculated from the geno-
type data on the basis of an equation derived by Fisher (PD 5 1
2∑Pj

2, where Pj is the frequency of each genotype) (18). These
analyses were facilitated using a software package kindly provided
by Dr. R. Chakraborty (Houston, TX).
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Results and Discussion

The allelic frequencies observed for each of the three STR loci
in the Slovene population sample are shown in Table 1. Seven al-
leles and 21 genotypes were detected for locus D3S1358 and allele
frequencies ranged from 0.045 (allele 13) to 0.2670 (alleles 15).
The most frequent alleles were 15, 16, and 17. There were eight al-
leles and 27 genotypes observed at the HUMVWA locus, with al-
lele frequencies ranging from 0.0091 (allele 13) to 0.3100 (allele
17). The most common alleles were 16, 17, and 18. The HUMFGA
locus had a greater number of detected alleles and genotypes com-
pared with the D3S1358 and HUMVWA loci. Thirteen different al-
leles and 49 genotypes were observed. The observed heterozygos-
ity for the loci D3S1358, HUMVWA, and HUMFGA was 80.5,
72.9, and 86.0%, respectively (Table 2).

All loci except HUMVWA ( p 5 0.045) meet HWE (Table 2).
After employing the Bonferroni correction (19) for the number of
loci analyzed (i.e., three loci per database), this borderline signifi-
cant departure was no longer significant. The PD and PE for the
three STR loci are displayed in Table 2. The most informative lo-
cus is HUMFGA (PD 5 0.9644). The overall power of discrimina-
tion (PD) was 0.9998.

An interclass correlation test analysis did not detect any depar-
tures from independence in the three pairwise comparisons of the

three STR loci. The data demonstrate that the expectation of ga-
metic phase equilibrium holds for these STR loci.

The allele frequencies at the three STR loci in the Slovene pop-
ulation generally are similar to those reported for other Caucasian
populations (20–30). Thus, a three locus profile frequency com-
prised of D3S1358, HUMVWA, and HUMFGA would be similar
for any reported Caucasian population groups.

Conclusions

A Slovene population database has been established for three
STR loci: D3S1358, HUMVWA, and HUMFGA. The genotype
data at the three STR loci meet HWE. Thus, the allele frequencies
can be used to estimate the frequency of a multiple locus DNA pro-
file in the Slovene population. The data demonstrate that the power
of discrimination for all three loci together is highly informative for
characterization of forensic stains or person analysis in Slovenia.
Two of the loci (HUMVWA and HUMFGA) are part of the estab-
lished common loci determined by the European Network of
Forensic Science Institutes (ENFSI), and all three STR loci are part
of the core STR loci of CODIS.
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DROBNIČ AND BUDOWLE • SLOVENE POPULATION DATA 895


