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Abstract In the course of routine genotyping of forensic
reference samples by multiplex PCR, an allelic drop-out
due to mutations in the primer binding regions of the
highly polymorphic STR marker ACTBP2 was observed
in 17 samples. The variation rate was estimated to be
0.0014 (95% confidence interval: 0.0006–0.003). The
most frequently found mutation was an G to A transition
in the reverse primer binding region which was present in
14 out of 17 cases. To overcome the problem we have
added a modified reverse primer to different multiplex kits
that led to the correct genotype.
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Introduction

ACTBP2 (SE33) is one of the eight STR systems of the
German DNA databank. It is one of the most informative
markers used in forensic genetics with the power of
discrimination ranging from 96.6% to 98.7% [1] and a
heterozygosity index of 0.94–0.966 [2, 3]. Here we report
on 17 samples which were apparently homozygous in
ACTBP2 when using a multiplex kit but were identified as
heterozygous by reanalysing these samples in a singleplex
PCR. Direct sequencing of the 17 affected alleles revealed
primer bindig mutations to be responsible for the
occurrence of apparent null alleles. Furthermore, we
have elaborated a method to correctly type samples
carrying the most frequent mutation even in a multiplex
PCR format.

Materials and methods

DNA from buccal swabs in routine cases was extracted
using the Chelex/proteinase K method [4]. The following
multiplex kits were used according to the manufacturers’
recommendations: PowerPlex ES-System (Promega, Man-
nheim, Germany), genRES MPX-2 (Serac, Bad Homburg,
Germany) [5], and AmpflSTR SEfiler (Applied Biosys-
tems, Darmstadt, Germany) [6]. ACTBP2 singleplex
amplification was carried out as described previously
[2]. For sequence analysis primers upstream of the forward
and downstream of the reverse primer were designed using
the GenBank sequence information (accession no:
NG_000840): ACTBP2_F_seq: 5’-acagtgagccgaggtcatgc-
3’ and ACTBP2_R_seq: 5’-gacaaggttctgtgctcgctg-3’
(Fig. 1). Sequence analysis was performed using the Big
Dye Terminator cycle sequencing kit and the ABI PRISM
310 Genetic Analyzer (Applied Biosystems). An addi-
tional reverse primer (ACTBP2_R*: 5’-aca tct ccc cta cTg
cta ta-3’) was designed to amplify alleles carrying the G to
A transition in the binding region of the reverse primer.
This primer was added to the multiplex mastermixes in
different amounts (1, 2, 5 and 8 pmol, respectively).

Results and discussion

In all 17 samples apparently homozygous at ACTBP2 we
were able to identify sequence variations in the primer
binding regions of the affected alleles. The most frequently
found mutation was a transition from G to A in the binding
region of the reverse primer (407A, nomenclature
according to NG_000840). This mutation was responsible
for allelic drop-out in 14 cases and was observed in alleles
14, 15, 16 and 18. Another mutation in the binding region
of the reverse primer is represented by a T to C transition
(403T; found in allele 17). A second G to A (142T)
mutation was found in the binding region of the forward
primer twice in allele 27.2 (all mutations are shown in
Fig. 2). Surprisingly, none of the mutations caused a
mismatch located at the ultimate 3’-end of a primer but
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were located at least 4 nucleotides from the 3’-end of a
primer. Nevertheless, these mutations led to a complete

failure of amplification and thereby to a false homozygote
result, at least in a multiplex reaction. A similar phenom-
enon is already known from mutations in the primer
binding regions of other STRs [7, 8, 9, 10, 11, 12].

The most frequent mutation in this study, 407A, as well
as 142T has been previously described by Hering et al.
[13]. Additionally, they described one mutation in the
forward primer binding region which was not observed in
our samples. The mutation 403T has not yet been
observed.

The allele distribution of the mutations (Table 1) shows
that the most frequently found transition (407A) seems to
be mainly associated with alleles 15 and 16 (11/14 cases).

The mutation 407A was found in 8 samples from
Germany, 3 from Iraq and 1 each from Ethiopia, Turkey
and Lebanon. The mutation 403C was found in 1 German
sample and the mutation 142Twas found in 1 sample from
Togo and Germany, respectively.

The frequency of these primer binding site mutations
was estimated for the systematically studied German
samples as follows: in a total of 2,154 samples (4,308
chromosomes) analysed for the German DNA databank
with SEfiler and PowerPlexES, 138 samples were
apparently homozygous at ACTBP2 and were retyped
by singleplex amplification. Out of these 138 samples 6
were in fact heterozygous. Thus, the variation rate is
0.0014 (95% confidence interval: 0.0006–0.003).

Our strategy to amplify alleles with the mutation 407A
was to include a redesigned reverse primer (R*) into the

Fig. 1 GenBank sequence for
ACTBP2 (NG_000840): the
commonly used PCR primers
published by Polymeropoulos et
al. [14] are shaded in black, the
new primer pair designed for
sequence analysis are shaded in
grey. The localisation of the
mutations found in the primer
binding regions are given in
capital letters

Fig. 2 Mutations found in the primer binding region of ACTBP2, a
transition G to A in the binding region of the forward primer (142T),
b transition G to A in the binding region of the reverse primer
(407A), c transition T to C in the binding region of the reverse
primer (403C). The wild-type sequences are given in the top line of
each sequence

Table 1 Alleles affected by
mutations in the primer binding
regions of ACTBP2

Sequences were submitted to
EMBL/GenBank/DDBJ as
AJ746166a, AJ746167band
AJ746168c.

Allele 407A 403C 142T

14 1a - -
15 7 - -
16 4 - -
17 - 1b -
18 2 - -
27.2 - - 2c
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multiplex mastermix. This primer carries a substitution C
to T located 7 nucleotides from the 3’ end. The admixture
of primer R* to the mastermix of the SEfiler kit resulted in
the amplification of both the mutated and the non-mutated
alleles (Fig. 3). Similar results were obtained by using the
PowerPlex ES and genRES MPX-2 kits (data not shown).

Additionally, we have tried to overcome the problem by
reducing the annealing temperature of the three multiplex
kits used in order to eliminate allelic drop-out of alleles
with mutations in the primer binding site. A reduction of
5°C below the manufacturers’ recommendations leads to
amplification of both alleles (data not shown).

The admixture of a modified reverse primer to the
multiplex mastermix is a simple and economical way to
overcome the problem in 82% of the apparent null alleles.
However, there are other mutations found in the ACTBP2
primer binding sites leading to a null allele and thus a false
homozygous finding. Therefore, it is still necessary to
check every apparent homozygous result obtained by
multiplex analysis, e.g. by performing a singleplex
analysis, preferably with a different primer pair.
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Fig. 3 Electropherogram
showing the results of admixture
of the modified primer R* in
different amounts to the
AmpflSTR SEfiler kit. Addition
of 2 pmol of primer R* is
sufficient for amplification of
allele 15 carrying the transition
G to A in the reverse primer
binding region
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