
Abstract Frequency data for nine short tandem repeat
(STR) loci were collected from 130 unrelated Caucasians
from North Bavaria using the AmpFlSTR Profiler multi-
plex system. The loci D3S1358, vWA, FGA, TH01, TPOX,
CSF1PO, D5S818, D13S317, D7S820 and the sex test
amelogenin were investigated. Allele frequencies, rates of
heterozygosity and the discrimination power of the com-
bined systems were calculated by statistical analysis. Ex-
cept for D5S818 all loci met Hardy-Weinberg expectations.
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Introduction

Short tandem repeat (STR) systems are the method of
choice for DNA analysis in forensic casework [4]. Since
the small amount of DNA frequently limits the extent of
forensic stain analysis, multiplex PCR is particularly use-
ful by investigating combined STR loci and therefore sav-
ing material [16]. Therefore various multiplex PCR sys-
tems detectable with laser fluorescence have been devel-
oped [9, 12, 23] and their use for forensic stain analysis
and paternity investigations has been demonstrated [8, 16,
19–21].

A system of nine STR loci which can be amplified si-
multaneously by PCR has been established [13] including
the loci D3S1358 [14], vWA [11], FGA [3, 15], TH01 [7,
17], TPOX [1], CFS1PO [8], D5S818, D13S317, D7S820
[10] and the sex test Amelogenin [22]. Labelled primers

enable automated laser fluorescence detection and allelic
ladders for each locus are provided in the AmpFlSTR Pro-
filer PCR amplification kit (Applied Biosystems).

The systems D3S1358, vWA and FGA have already
been validated for forensic application by the Technical
Working Group on DNA Analysis Methods (TWGDAM)
[24]. In order to obtain statistical data of the allele distrib-
ution in Northern Bavaria, a population study has been
performed using the AmpFlSTR Profiler PCR amplifica-
tion kit.

Material and methods

DNA was extracted from blood samples from 130 unrelated indi-
viduals from North Bavaria with the chelex method [25]. Multi-
plex PCR was carried out according to the manufacturers recom-
mendations (PE Applied Biosystems AmpFlSTR Profiler PCR Am-
plification Kit 1997 user’s manual) in a reaction volume of 50 µl
using a 9600 Perkin Elmer thermal cycler. Amplification products
(1.5 µl) were added to 24 µl formamide and 1 µl of an internal size
standard (Genescan-350 ROX, Applied Biosystems). The samples
were heat denatured at 95°C for 3 min and chilled for 5 min in an
ice water bath before starting capillary electrophoresis using an
ABI 310 automated sequencer (Applied Biosystems). Genescan
Analysis 2.1 software (Applied Biosystems) was employed to de-
termine fragment sizes using the Local Southern method. Geno-
type assignment was done by comparison with allelic ladders and
allele designation following the DNA recommendations report [2].

Statistical methods

Concordance with Hardy-Weinberg equilibrium was evaluated us-
ing the Markov chain method (exact p-values, Program Genepop
Version 3.1b) [18]. Comparison of allele frequencies was per-
formed by using the χ2-test for R*C contingency tables (Pearson
χ2-test and likelihood ratio test). In the contingency tables alleles
with frequencies below five were combined with the neighbouring
allele. The level of significance was 0.05 for all statistical tests
(two sided probability).

Results and discussion

Allele frequencies of the 9 short tandem repeat (STR) loci
as well as the expected and observed rates of heterozy-
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gosity determined from 130 unrelated individuals from
the area of North Bavaria are displayed in Table 1. Except
for the locus D5S818 (p value 0.0025) no deviations from
Hardy-Weinberg equilibrium were observed. Analysis of
the amelogenin system revealed the expected gender in all
cases.

The power of discrimination of the combined systems
for the most frequent genotype at each locus (except the
system D5S818, but including the amelogenin sex test)
was calculated to be 1 :8.4 × 106.

The analysis of microscopically small stains requires
especially effective DNA systems providing a maximum
of data by minimal use of material. Such requirements are
fulfilled by multiplex PCR systems which investigate
multiple STR loci in one run. Recently, a multiplex sys-
tem including nine STR loci and amelogenin has been es-
tablished [13].

In addition to an unambiguous differentiation of the
single STR loci, a forensic stain analysis requires that all
loci meet Hardy Weinberg expectations. In this study only
the system D5S818 did not fulfil this condition. The rea-
son could be due to a sampling effect [6] or a result of
population substructure [5].

The diagnostic value of a DNA system is determined
by the power of discrimination. The data obtained in our
series confirm that the system of the nine investigated
STR loci – with the exception of the system D5S818 – is
a highly discriminating method for forensic investiga-
tions.
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Table 1 Allele frequencies
and heterozygosity rates for 
the nine STR loci in a North
Bavarian population

6 0.304
7 0.142 0.004 0.027
8 0.119 0.562 0.008 0.004 0.15 0.135
9 0.142 0.104 0.065 0.065 0.062 0.162
9.3 0.292

10 0.046 0.338 0.085 0.065 0.258
11 0.246 0.258 0.296 0.281 0.231
12 0.004 0.038 0.269 0.362 0.292 0.138
13 0.012 0.004 0.004 0.046 0.177 0.096 0.035
14 0.104 0.054 0.012 0.012 0.054 0.015
15 0.254 0.112
16 0.273 0.196
17 0.223 0.292
18 0.131 0.235 0.015
19 0.004 0.092 0.054
20 0.012 0.177
21 0.196
21.2 0.012
22 0.192
22.2 0.023
23 0.108
23.2 0.004
24 0.112
24.2 0.004
25 0.065
26 0.035
29 0.004

Heterozy- 0.78 0.77 0.85 0.81 0.56 0.74 0.8 0.78 0.88
gosity
rate
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