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Abstract Allele frequencies for the autosomal tetranucle-
otide short tandem repeat loci D4S2366, D6S474, D14S608,
D19S246, D20S480, D21S226 and D22S689 were investi-
gated in a sample of 189 unrelated German individuals using
a multiplex polymerase chain reaction approach. The loci
showed no significant deviations from Hardy-Weinberg
equilibrium except for D14S608. All genotyped alleles were
cloned and sequenced, and an allelic nomenclature con-
sistent with the ISFH recommendations was defined.
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Introduction

Polymorphic short tandem repeats (STR) are powerful
genetic markers to distinguish individuals and still pre-
ferred for forensic applications and paternity testing [1].
Evaluation of new STR markers or primer redesign for
conventional STR systems is a useful tool to obtain ad-
ditional information and to complement conventional STR
analysis [2, 3]. There is a growing interest in polymorphic
markers unlinked to the current CODIS loci [4]. Multiplex
polymerase chain reaction (PCR) based on tetranucleotide
STRs allows fast and reliable genotyping. Here we report
allele frequency data and the variable repeat sequence
motifs of seven autosomal loci which were analysed in a
German population using two multiplex PCR systems.

Materials and methods

Population samples were obtained from 189 unrelated
German Caucasians from the area around Dresden. DNA

from cell line 9,947 A was purchased from Coriell Cell
Repositories (Camden, NJ) as a control. DNAwas extracted
from buccal swabs using the NucleoSpin Tissue kit
(Macherey&Nagel, Düren, Germany). PCR was carried
out with a GeneAmp PCR System 9,700 Thermal Cycler
(Applied Biosystems, Foster City, CA) in a 25-μl reaction
volume containing 1–2 ng DNA, 50–150 nM primer,
200 μM of each dNTP, 3 mM MgCl2 and 1 U JumpStart
Taq DNA polymerase (Sigma, Taufkirchen, Germany). One
primer for each locus was labelled at the 5′-end with 6-
carboxyfluorescein (FAM), 4,7,2′,4′,5′,7′-hexachloro-6-car-
boxy-fluorescein (HEX) or NED (proprietary to Applied
Biosystems) for capillary gel electrophoresis. The PCR
protocol consisted of an initial denaturation step at 94°C for
4 min, 94°C for 30 s, 58°C for 90 s, 72°C for 75 s over 30
cycles and a terminal step at 68°C for 60 min. The PCR
products were analysed by capillary electrophoresis using an
ABI Prism 310 Genetic Analyzer with polymer POP-4
(Applied Biosystems). PCR products obtained with un-
labelled primers were cloned into Escherichia coli TOP10F′
(Invitrogen, Karlsruhe, Germany) using the plasmid pCR2.1-
TOPO and the TOPO TA Cloning kit (Invitrogen). Se-
quencing of both strands of the DNA inserts was performed
using the Big Dye Terminator Cycle Sequencing kit
(Applied Biosystems). The STR genotypes of the popula-
tion were statistically analysed by calculating the observed
heterozygosity (HET), the polymorphic information con-
tent (PIC) [5], the power of discrimination (PD) [6], the
mean exclusion chance (MEC) [7] and the deviation from the
Hardy-Weinberg equilibrium (HWE) based on χ2 test [8].

Results and discussion

Allele frequencies of unrelated individuals from the area
around Dresden were investigated in two screening multi-
plexes. A triplex assay for D4S2366, D6S474 and D19S246
was developed (Fig. 1a), whereas alleles for D14S608,
D20S480, D21S226 and D22S689 were amplified in a
quadruplex assay (Fig. 1b). DNA sequences and fluores-
cence dye labels for the PCR primers are given in Table 1.
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All different alleles found for the loci were cloned and
sequenced to establish an allelic nomenclature based on the
variable tandem repeat motifs and classified according to
the recommendations of the International Society for
Forensic Haemogenetics (ISFH) [9]. Repeats could be
divided into simple, compound and complex repeat se-
quences (Table 2) [9]. There was no evidence for incom-
plete repeat motifs. Conserved TGA and ATC motifs for
D6S474 and D20S480 were not considered for the allelic
nomenclature. D19S246 showed a complex repeat sequence
with variable and non-variable tetranucleotide repeats as
well as a conserved AT motif. If not stated otherwise, at
least two clones per allele were sequenced (Table 2).

The allele frequencies for all loci were determined, and
the population data were statistically analysed. The PD
values of the STR loci ranged from 0.78 for D21S226 to
0.951 for D19S246 (Table 3). A comparison of our German
population data with allele frequency data for Chinese
populations revealed significant differences with regard to
the observed alleles and allele frequencies of D4S2366
[10], D6S474 [11] and D22S689 [12]. In contrast to our
data Choi et al. [13] found only eight alleles for D14S608
in a Korean population. In the German population, we
typed for D14S608 the additional alleles 4, 6 and 7, the
latter of which revealed even the highest allele frequency of
0.288 (see Table 3). Furthermore, we found significant
deviation from HWE for this locus also after Bonferroni

correction. Deviations from HWE can point either to mis-
typing genotypes, sampling bias or natural selection. The
primer pair, which was used in PCR for D14S608, gave
amplicons shorter than 230 bp, and all peaks could be
clearly assigned in capillary electrophoresis. So far, we can
exclude mistyping errors. Due to high degrees of HET
(Table 3) and high discrimination power, most of the seven
STR markers except for D21S226 can be efficiently used
for kinship analyses or forensic purposes in German popu-
lations. All markers except for D21S226 and D19S246 are
located on different chromosomes than or separated by at
least 50 cM from STR loci, which are currently used in
STR databases. Consequently, these markers are probably
unlinked to common STRs and useful to obtain additional
information in STR analysis for forensic casework and
paternity testing. PCR with the established screening mul-
tiplexes allows fast and sensitive genotyping for these
seven autosomal markers. A detection limit of at least
100 pg DNA could be achieved for both multiplex assays.

Table 1 Loci, chromosomal location, GenBank accession number
and primer sequences

Locus Chromosomal
location

Accession
number

Primer sequence

D4S2366 4p16–15.2 G08339 fw: NED-TGCTTGCTT
TGTTTTGTGGTA
rv: GCTGATGGGAAC
GTAAAATGA

D6S474 6q21–22 G08540 fw: FAM-TGTACAAAAG
CCTATTTAGTCAGG
rv: TCATGTGAGCCAA
TTCCTCT

D14S608 14q11.1–11.2 G09052 fw: NED-TAAAGGTTTAT
CCATGCTGTAGC
rv: ACGTGGTACAGGTA
GATAAATGG

D19S246 19q13.3–q13.4 L13118 fw: HEX-AGAGTGAGA
TTCCACCTTTC
rv: GAAACACATCATT
TACCCAC

D20S480 20q G08049 fw: FAM-GTGGTGAACA
CCAATAAATGG
rv: AAGCAAATAAAA
CCAATAAACTCG

D21S226 21q22.1 M93147 fw: HEX-GGAAACCAC
TCTAAGACATA
rv: AGCTAAATGTCTG
TAGTTATT

D22S689 22q11.2–
22q12.1

G08087 fw: NED-CCCATCAC
CACCAGTCCTACT
rv: CAGGAAGTCAA
GGCTGTAGGG

fw forward, rv reverse (orientation according to sequence accession
number)

Fig. 1 PCR genotyping profiles of 1 ng DNA from cell line 9947A.
The STRs were amplified using a triplex PCR (a) and a quadruplex
PCR (b). Products were analysed on an ABI Prism 310 Genetic
Analyzer. Dye labels corresponding to the electropherograms are
shown in Table 1. The genotypes according the allelic nomenclature
are as follows: D6S474 (13;17), D19S246 (30;36), D4S2366
(11;13), D21S226 (10;10), D14S608 (7;11), D20S480 (15;16), and
D22S689 (16;18). (RFU relative fluorescence unit, bp base pair)
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Table 2 Sequencing data of
different alleles for all loci

Generally, at least two clones
per allele were sequenced except
for the loci indicated by
an asterisk (*)

Locus Allele Repeat structure

Simple repeats
D14S608 4–15 (TCTA)4–15
Simple repeats with sequence variants
D21S226 7,8,11 (TAAA)7,8,11
D21S226 9/10 (TAAA)8(TAGA)/(TAAA)9CAAA
Compound repeat sequences
D4S2366 9–15 (ATAG)5–11(ATTG)2–3(ATAG)1–2
D6S474 13–18 (TAGA)5TGA(TAGA)8–13
D20S480* 12–19 (TATC)10–17ATC(TATC)2
D22S689* 12–20 (TAGA)8–16(CAGA)3(TAGA)0–1
Complex repeat sequences
D19S246 27 (ATAG)4ATAC(ATAG)2TTAG(ATAG)2(ATAC)7

ACAGATAC(ATAG)3ACAG(ATAG)2AT(TAGA)2
30 (ATAG)4ATAC(ATAG)7(ATAC)8ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)2
32 (ATAG)4ATAC(ATAG)6(ATAC)11ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)2
33 (ATAG)4ATAC(ATAG)7(ATAC)11ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)2
34 (ATAG)4ATAC(ATAG)8(ATAC)11ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)2
35 (ATAG)4ATAC(ATAG)11(ATAC)8ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)3
36 (ATAG)4ATAC(ATAG)12(ATAC)8ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)3
37 (ATAG)4ATAC(ATAG)11ACAG(ATAC)9ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)3
38 (ATAG)4ATAC(ATAG)13(ATAC)9ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)3
39 (ATAG)4ATAC(ATAG)13(ATAC)10ACAGATAC(ATAG)3

ACAG(ATAG)2AT(TAGA)3

Table 3 Allele frequencies
of 189 unrelated German
Caucasians

Allele D4S2366 D6S474 D14S608 D19S246 D20S480 D21S226 D22S689

4 0.013
5
6 0.004
7 0.288 0.005
8 0.011 0.201
9 0.347 0.074 0.241
10 0.179 0.177 0.550
11 0.074 0.198 0.003
12 0.147 0.122 0.005 0.005
13 0.168 0.255 0.069 0.032 0.019
14 0.074 0.211 0.003 0.122 0.034
15 0.011 0.153 0.005 0.220 0.082
16 0.279 0.307 0.360
17 0.100 0.257 0.357
18 0.003 0.056 0.111
19 0.003 0.024
20 0.008
21
22
23
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Allele D4S2366 D6S474 D14S608 D19S246 D20S480 D21S226 D22S689

24
25
26
27 0.249
28 0.003
29
30 0.071
31
32 0.021
33 0.153
34 0.077
35 0.034
36 0.185
37 0.146
38 0.056
39 0.005
PIC 0.760 0.740 0.800 0.820 0.740 0.530 0.680
HET 0.795 0.737 0.820 0.857 0.815 0.492 0.735
PD 0.919 0.918 0.938 0.951 0.901 0.780 0.877
MEC 0.758 0.745 0.758 0.825 0.739 0.535 0.678
HWE (p value) 0.867 0.997 0.000 0.997 0.986 0.229 0.979

PIC Polymorphic information
content, HET heterozygosity,
PD power of discrimination,
MEC mean exclusion chance,
HWE Hardy-Weinberg
equilibrium

Table 3 (continued)
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