
Abstract Validation studies were carried out using the com-
mercially available PCR multiplex system genRESMPX-2.
In addition to amelogenin, this system comprises the com-
plete set of eight STR systems which are components of
the German DNA database established in 1998 by the
Federal Criminal Office of Germany (BKA). The mini-
mum amount of template DNA which gave a complete
DNA pattern ranged between 100 pg and 200 pg. Mixed
samples could clearly be assigned from ratios between 1:5
(ACTBP2) and 1:20 (VWA, FGA). Experimental investi-
gations with different forensic materials, environmental
studies, reproducibility and precision data as well as prac-
tical casework analysis revealed that the genRESMPX-2
kit can be regarded as a sensitive, reliable and robust mul-
tiplex system even in the case of samples containing lim-
ited amounts or degraded DNA.
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Introduction

In the past a variety of different PCR multiplex systems
were established for forensic purposes, which allow the
simultaneous amplification of different STR (short tan-

dem repeat) loci and which are a powerful and rapid
method for individual identification (Cotton et al. 2000;
Lederer et al. 2000; Frank et al. 2001). Such systems al-
low the reduction of time, cost and material and, there-
fore, permit the maximization of the forensic expressive-
ness even in cases of limited evidential material (Kimpton
et al. 1993; Urquhart et al. 1995). The number of loci
which can be amplified in a single reaction has increased
up to 15 autosomal STR systems plus the sex-specific
amelogenin system (Oldroyd et al. 1995; Cotton et al.
2000; Finis 2001; Moretti et al. 2001). Most of the sys-
tems have been developed on the basis of fluorescence de-
tection (Lins et al. 1996; Moretti et al. 2001) and are con-
structed to fulfil the demands for usage in the Combined
DNA Indexing System (CODIS; Budowle et al. 1998)
representing the standard for forensic applications in the
USA (Budowle and Sprecher 2001).

Following the TWGDAM (Technical working group
on DNA analysis methods) guidelines (Budowle 1995),
validation studies were carried out with the genRESMPX-2
kit. This kit comprising the systems VWA, ACTBP2, TH01,
D21S11, D8S1179, D3S1358, FGA, D18S51 and amelo-
genin, includes all loci of the German DNA database es-
tablished in 1998 by the Federal Criminal Office of Ger-
many (BKA). Detailed information will be given concern-
ing sensitivity, specificity, reproducibility, robustness and
forensic applicability.

Materials and methods

Materials

Validation studies were carried out with blood and saliva samples
from paternity cases, micro-bloodstains, tissue samples, samples
of external trials of the German DNA profiling group (GEDNAP)
and casework samples.

DNA extraction and quantitation

DNA was extracted from blood samples using either Chelex 100
(Walsh et al. 1991) or the salting-out method according to Miller
et al. (1988). Extraction of saliva samples, blood and saliva stains
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was performed using Chelex 100 with additional proteinase K di-
gestion. With the exception of blood and saliva stains, DNA was
extracted from casework and tissue samples using the All-tissue
DNA kit (GEN-IAL, Troisdorf, Germany). DNA quantitation was
performed using the ACES 2.0 Human DNA Quantitation system
(GIBCO BRL, Life Technologies, Gaithersburg, MD).

Amplification

Depending on the different extraction methods the following amounts
of template DNA were used:

1. 1–5 µl out of 200 µl extract solution for the Chelex 100 method
2. 1–5 µl out of 50 µl for the GEN-IAL extraction method
3. 1–2 ng of spectrophotometrically quantified DNA.

PCR was performed as recommended by the manufacturer. Ampli-
fication was carried out in a TRIO-Thermoblock (Biometra, Göt-
tingen, Germany). Primer sequences are available on request from
Serac GmbH, Bad Homburg, Germany.

Electrophoresis

Electrophoresis was carried out on an ABI Prism 310 Genetic An-
alyzer (Applied Biosystems, Darmstadt, Germany) using a 47 cm×
50 µm ID capillary with the polymer POP4 or POP6. Electropho-
resis was done using the module GS STR POP6 A or GS STR
POP4 A, depending on the polymer used. From each sample 1–5 µl
was mixed with 12 µl HiDi-formamide (Applied Biosystems) and
0.5 µl of the internal standard genRES LS500ROX. After denatura-
tion (5 min, 95°C) the samples were cooled on ice and immediately
transferred to the autosampler. The data were collected using the ABI
Prism 310 collection software and analyzed with the 310 GeneScan
software (version 2.1).

Studies on fresh blood and saliva samples

The genotypes of 57 blood and 66 saliva samples were determined
using to the above mentioned extraction, amplification and analy-
sis parameters.

Sensitivity and mixture studies

Sensitivity studies were carried out with different amounts of
quantified human DNA samples ranging from 5 to 0.05 ng. For
mixture studies, 5–0.05 ng of one sample were added to a constant
amount (5 ng) of another sample resulting in mixture ratios of 1:1,
2:1, 5:1, 10:1, 20:1, 50:1 and 100:1.

External trials of the German DNA Profiling Group (GEDNAP)

The samples of the external trials 20, 21, 22 and 23 of the German
DNA Profiling Group (GEDNAP; Rand et al. 2002) were analysed.
Each trial consisted of dried blood samples on cotton from three
different individuals and four stains of various origins. The DNA
was extracted using the Chelex 100 method.

Studies on tissue samples

Fresh tissue samples from autopsies (n=3, muscle and liver), which
were frozen at –20°C prior to analysis were used. Extraction of ap-
proximately 100 mg of each sample was performed using the
GEN-IAL extraction kit according to the standard protocol. In a
first approach 1 µl of the extract was analysed and in a second ap-
proach the DNA extract was diluted 1:2, 1:10, 1:50 and 1:100.
Blood samples of the respective corpses were used for compar-
isons of the amplification patterns.

Environmental studies using different extraction methods

Human DNA from 8 blood stains on cotton, stored in dark and dry
place at room temperature and 37°C (drying chamber) for 6 years,
were extracted using Chelex100 and the GEN-IAL extraction kit,
2 µl of each extract was used for analysis.

Reproducibility studies

Intra-day reproducibility was tested by 10 re-injections of 1 sample
using a new capillary (0 injections) and a capillary with 250 injec-
tions. The inter-day reproducibility was tested by injection of one
freshly prepared DNA sample over a period of time using the same
capillary, but with an increasing number of injections (0–300 in-
jections). In addition, 1 ng of 1 DNA sample was amplified 10 times
using identical amplification and electrophoresis conditions. The
precision was calculated according to Frazier et al. (1996).

Non-human studies

DNA samples from the following non-human animals were analysed:
primates including gorilla (1 male, 1 female), chimpanzee (1 male,
1 female) and orangutan (1 male, 1 female) and non-primates in-
cluding tiger (n=3), dog, horse (n=2), cow, pig, condor (n=4) and
wild boar. The samples of the primates were kindly provided by
the Institute of Legal Medicine, Münster, Germany, and those of
the non-primates by BIOPSYTEC AG (Rheinbach, Germany).
Amplification of 2–5 ng of primate DNA and 1–50 ng of non-pri-
mate DNA was carried out according to the standard PCR proto-
col.

Stutter intensities and allele balance

Genotypes of 80 human individuals were determined as described
above. The stutter intensity was calculated from 42–65 genotypes
at each locus. In the case of heterozygous genotypes, alleles were
at least two repeat units apart (8 bp). Relative stutter peak heights
were calculated by dividing the peak height at the stutter position
by the height of the associated allele signal. Heterozygous allele
balance of 33–59 heterozygous genotypes was calculated by divid-
ing the height of the second peak by the height of the first allele
signal. The total signal height used for calculation was <4500 rel-
ative fluorescence units (rfu).

Casework samples

A total of 11 cases with 59 different samples were examined using
the genRESMPX-2 kit. These cases included fresh blood samples
(n=2), blood samples from corpses (n=3), fresh saliva samples on
buccal swabs (n=11), bloodstains on different matrices (n=16),
muscle (n=10), humerus (n=1), femur (n=1), saliva stains on tooth
brushes (n=3) on cigarettes (n=3) and on bottlenecks (n=3), hair
roots (n=3), epithelial cells of the skin (n=1) and remnants of a
meal (n=2). The age of the samples ranged from 16 days up to 
33 months.

Results and discussion

Blood and saliva samples

A total of 57 blood and 66 saliva samples were investi-
gated in order to obtain experience with amplification pat-
terns depending on the amount of template DNA used.
With the exception of ACTBP2, all loci showed homoge-
neous amplification for both types of samples. In a few
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Table 1 Sensitivity of the loci in the genRESMPX2 kit using different amounts of template DNA

Amount AMG VWA ACTBP2 TH01 D21S11 D8S1179 D3S1358 FGA D18S51
(ng)

5 ++ + + + + + + + +
2 ++ + + + + + + + +
1 ++ + + + + + + + +
0.5 ++ + + + + + + + +
0.2 ++ + + (+) PA + + + + +
0.1 ++ (+) (+) PA (+) (+) PA (+) (+) (+) LB (+) PA
0.05 ++ (+) (+) PA ((+)) AD (+) (+) AD (+) (+) LB ((+))

( ) Peak height below 200 rfu.
(( )) Peak height below 100 rfu.
PA Preferential amplification.

AD Allele drop-out.
LB Ladder bands.

Fig. 1 Electropherogram of
mixed samples analysed with
the genRESRMPX-2 kit. Only
the loci D3S1358, FGA and
D18S51 are shown. Under-
lined allele values represent
the genotype of the exceeding
sample (constant amount of 
5 ng). Arrows depict allele sig-
nals of less than 500 relative
fluorescence units (rfu)



cases, additional signals appeared within the allele range of
the ACTBP2-locus which did not occur using a singleplex
amplification of this locus (data not shown). These non-spe-
cific signals could be eliminated by further optimisation of
the buffer composition and without influencing the overall
performance of the assay. For this reason, the buffer origi-
nally used has been replaced by the improved one, which is
now an inherent part of the genRESMPX-2 kit.

Amplification of more than 5 ng of template DNA led
to non-specific peaks especially at loci with shorter am-
plicon length. In addition, fragment lengths of alleles could
not be accurately assigned as the detection system became
saturated. Artefacts such as incomplete 3’-adenosine addi-
tion, stutter and poor spectral and electrophoretic separation
were observed when conditions were applied (e.g. too much
template DNA) which resulted in peak heights greater than
4500 rfu.

Sensitivity and mixture studies

All alleles could be detected and assigned to the allelic
ladder down to 100 pg template DNA (Table 1). There-
fore, the overall sensitivity of the genRESMPX-2 kit was at
least as high as that of the PowerPlex 16 system (>250 pg,
Finis 2001), the AmpFlSTR Profiler Plus/AmpFlSTR Cofiler
multiplex system (>160 pg, LaFountain et al. 2001), the
AmpFlSTR Blue amplification kit (>250 pg, Wallin et al.
1998) and the MPX-1 multiplex kit (>125 pg, Lederer et

al. 2000). Nevertheless, preferential amplification and low
signal intensities of 100–150 rfu were partly observed ap-
plying DNA levels below 200 pg. Although these signals
could be clearly distinguished from the background and,
therefore, can be assigned as real alleles, these phenom-
ena should be kept in mind especially for the interpreta-
tion of forensic samples containing limited amounts of
DNA.

In studies with different mixture ratios the detection
limit of the minor component greatly depended on the lo-
cus. The ratio ranged from 1:5 (ACTBP2) to 1:20 (VWA
and FGA; Fig. 1) and was similar to that of other com-
mercial multiplex systems (PowerPlex16 1:10/AmpFlSTR
Blue 1:10–1:30/MPX-1 1:20).

GEDNAP trials

The examination of reference samples and the stain ma-
terial of several GEDNAP trials showed consistent and 
typable results (Fig. 2). Saliva stains on three cigarettes, one
buccal swab, one chewing gum and one stamp as well as
the bloodstains gave full and homogeneous DNA profiles.
The two cigarettes (one with 10 µl saliva and one smoked)
showed preferential amplification and allele drop-out for
the ACTBP2 system. Blood mixtures of two different per-
sons with mixture ratios of 3:1 and 4:1 were detected and
full DNA profiles could be obtained.
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Fig. 2A, B Analysis of the
stains 5 (A bloodstain on cot-
ton), 6 (B bloodstain on cotton
consisting of two components,
mixture ratio 4:1), 7 (C secre-
tion stain consisting of saliva
and sperm, mixture ratio 3:1)
and 8 (D saliva stain on a ciga-
rette filter) from GEDNAP 23.
For amplification of stains 5
and 6, 2 µl was used and 5 µl
was used for stains 7 and 8.
Only the loci TH01, D21S11
and D8S1179 are shown



Tissue samples

Studies were carried out on fresh muscle (n=3) and liver
(n=3) samples. With the exception of the ACTBP2 locus,
all loci showed a homogeneous allele pattern with bal-
anced peak heights over a broad range of template DNA.
Insufficient amplification was observed at the ACTBP2
locus resulting in low signal intensities, ladder bands or
extra bands. In order to get a clear pattern at this locus,
1:2, 1:50 and 1:100 dilutions of the extracts were prepared
and amplified. While none of the dilutions gave satisfac-
tory results with the multiplex system, amplification in a
singleplex PCR showed clear amplification products at
this locus.

Environmental studies and different extraction methods

Exposure of forensic specimens to different environmental
conditions can greatly affect the integrity of the DNA sam-
ples derived from this material. In addition, DNA purity
may additionally influence the sensitivity of the assay. For
this reason stains which were stored under different condi-
tions were analysed using two different extraction methods.

In all cases, storage at 37°C for 6 years followed by
Chelex100 extraction resulted in a complete drop-out of
all systems. When the same stains were extracted with the
All-tissue DNA extraction kit, allelic signals could be ob-
served. Nevertheless, peak heights only ranged between
100 and 700 rfu and, in addition, preferential amplifica-
tion, allelic drop-out and locus drop-out were observed
especially for STR systems with higher amplicon lengths.

The analysis of bloodstains stored at room temperature
for 6 years was successful for DNA extracted with the

All-tissue DNA extraction kit. Only one DNA sample ex-
tracted with this kit showed a locus drop-out at the
ACTBP2-locus. DNA samples extracted with Chelex100
showed one locus drop-out at each of the loci D21S11 and
D3S1358, two at D8S1179 and three at ACTBP2, FGA
and D18S51 (Fig. 3).

Reproducibility and precision

In Tables 2 and 3 reproducibility and precision data for
amplification and subsequent analysis are summarised.
The mean values of the standard deviation for calculated
fragment lengths ranged between 0.02 and 0.03 bp. Simi-
lar values have recently been determined by Finis (2001)
and LaFountain et al. (2001). The precision of the frag-
ment length calculation was always above 99.98% and in-
dependent of the fragment length itself. With the excep-
tion of ACTBP2 the average peak height ratio for each
system lay between 0.85 and 1.01. This demonstrates that
alleles were amplified to a similar extent and without sig-
nificant preference. Similar observations have recently been
reported for other multiplex systems (Frank et al. 2001;
LaFountain et al. 2001; Moretti et al. 2001). The relative
peak height ratios of the ACTBP2 locus indicate the oc-
currence of preferential amplification which may, at least
in part, be a consequence of heterozygous alleles which
differ greatly in size. The minimum and maximum preci-
sion value of the relative peak height ratios ranged be-
tween 88% and 99% indicating that heterozygous alleles
of one locus were amplified in a reliable manner. The rel-
ative peak heights between different loci were calculated in
order to get information about the homogeneity of simul-
taneous amplification of alleles of different pairs of loci.
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Fig. 3A, B Analysis of a 
6-year-old bloodstain stored at
room temperature. Only the
sex-specific system amelogenin
(AMG) and the STR loci VWA
and ACTBP2 are shown. Am-
plification pattern of the control
DNA K562 (A). Extraction was
carried out using Chelex 100
(B) and the All-tissue DNA 
kit (C), 2 µl of each extract 
was amplified using the 
genRESRMPX-2 kit



With the exception of the systems VWA/ACTBP2 all other
peak height ratios varied between 1.6 (TH01/D21S11) and
0.83 (D3S1358/D18S51). For the combination VWA/ACTBP2
the peak height ratios were determined to be 0.46 (allele 1)
and 0.38 (allele 2). This demonstrates that although the
VWA locus was not over-amplified (3000 rfu) the ACTBP2
alleles were amplified with comparatively less efficiency.

Species specificity

Non-human studies were carried out to evaluate the spe-
cies specificity of the genRES MPX-2 kit. No reproducible
signals were found using DNA amounts of 0.5–2 ng. Nev-
ertheless, using more than 15 ng of primate or non-primate
DNA, amplicons within the range of 100 bp–350 bp were
found for samples from pig, orang-utan, chimpanzee and
gorilla. However, only few of the detectable signals could
be assigned to the allelic ladder. In addition, amplicons
were confined to individual loci and, therefore, no charac-
teristic profiles could be obtained. Similar observations
have recently been described for several other multiplex
systems (Sparkes et al. 1996; Wallin et al. 1998; LaFoun-

tain et al. 2001; Levedakou et al. 2002). At least for pri-
mates, the appearance of these amplification products may
be attributed to a partial homology within the primer bind-
ing regions of the same loci (Wallin et al. 1998). As a con-
sequence, interpretation of samples which may contain
DNA of unknown species should be done carefully. Nev-
ertheless, the risk of wrong typing due to the existence of
non-human DNA seems to be unlikely for the following
reasons: firstly, DNA amounts of more than 15 ng, with
which additional signals exclusively appeared, are not
normally used for PCR amplification. Secondly, the re-
spective signals could not be regarded as characteristic
human profiles because of severe allelic imbalance and
occurrence at isolated loci.

Stutter intensity and allele balance

In Table 4 (left half) the relative intensities of stutter sig-
nals are shown for each of the amplified STR loci. The
lowest average percentage stutter was observed for the TH01
system (3.6±1.4%). The highest value was found at the
ACTBP2 locus (12.0±3.0%). For all loci an average stut-
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Table 2 Reproducibility of
calculated fragment lengths us-
ing the genRESMPX2 kit

SD Mean value of the standard
deviation.
P Precision of the calculated
fragment length.

Locus Allele Mean fragment SD (bp) Min. (bp) Max. (bp) P (%)
length (bp)

VWA 16 144.95 0.02 144.91 144.97 99.99
18 153.03 0.03 153.00 153.08 99.98

ACTBP2 19 255.37 0.02 255.35 255.42 99.99
28.2 291.49 0.03 291.45 291.52 99.99

TH01 9 137.36 0.02 137.31 137.37 99.99
9.3 140.34 0.03 140.3 140.36 99.98

D21S11 28 212.76 0.03 212.74 212.81 99.99
33.2 235.06 0.02 235.01 235.10 99.99

D8S1179 15 285.23 0.03 285.16 285.27 99.99
16 289.18 0.03 289.16 289.22 99.99

D3S1358 15 124.16 0.02 124.12 124.20 99.98
16 128.35 0.03 128.32 128.42 99.98

FGA 23 183.04 0.02 183.01 183.06 99.99
24 187.04 0.03 187.01 187.07 99.99

D18S51 15 274.91 0.03 274.87 274.95 99.99
17 282.80 0.02 282.78 282.83 99.99

Table 3 Reproducibility of
peak height ratios using the
genRESMPX2 kit

SD Mean value of the standard
deviation.
P Precision of the relative peak
height ratios.

Locus Allele Mean peak SD (bp) Min. (bp) Max. (bp) P (%)
height ratio

VWA 16/18 0.92 0.11 0.82 1.13 88.05

ACTBP2 19/28.2 0.76 0.04 0.73 0.84 94.85
14/30.2 0.48 0.00 0.47 0.48 99.12

TH01 9/9.3 1.01 0.09 0.91 1.15 91.10

D21S11 28/33.2 0.85 0.05 0.79 0.94 94.03

D8S1179 15/16 0.94 0.06 0.86 1.04 93.93

D3S1358 15/16 0.93 0.05 0.86 1.00 94.87

FGA 23/24 0.91 0.04 0.85 0.96 95.91

D18S51 15/17 1.00 0.07 0.88 1.08 93.46



ter of 9.4% was determined. Nevertheless, in individual
cases, relative intensities of up to about 19% (ACTBP2,
D21S11 and D3S1358) were detected. The average peak
balance is summarised in the right half of Table 4. The
values ranged from a low of 50.9% to a high of 138.8%,

both observed at the ACTBP2 locus. The average peak
height ratio for all loci was 90.2%.

The occurrence of stutter bands and unbalanced signal
intensities may complicate the interpretation of mixed
specimens containing DNA from more than one person.
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Table 4 Relative stutter inten-
sities (left half) and peak
height ratios (right half) of
STR loci analysed with the
genRESRMPX-2 amplification
kit

SD mean value of the standard
deviation.

Locus Stutter intensities (%) Peak height ratio (%)

Mean SD Min. Max. Mean SD Min. Max.

AMG – – – – 106.9 10.8 85.5 135.8
VWA 10.3 2.9 2.2 15.8 87.2 9.9 70.6 117.1
ACTBP2 12.0 3.0 5.9 10.5 79.0 20.0 50.9 138.8
TH01 3.6 1.4 1.5 7.0 100.4 14.8 72.1 131.0
D21S11 11.6 2.1 8.7 18.6 85.9 9.8 64.5 106.9
D8S1179 9.5 2.0 6.3 14.9 88.6 14.4 58.0 119.5
D3S1358 10.7 2.3 7.8 18.3 87.4 12.6 65.8 135.4
FGA 8.5 1.8 4.6 13.8 86.1 11.6 62.9 114.6
D18S51 8.6 2.2 5.0 15.2 90.5 13.9 61.2 130.5

Table 5   Casework samples analysed with the genRESRMPX-2 kit

Material Age Extraction
method

Number of
samples

Full
profile

Failed Comments

Blood samples Fresh Chelex 2 2 ACTBP2 partial extra bands

Bloodstains Not known Chelex 2 2
6 months Chelex 2 2
8 months Chelex 5 5
15–33 months Chelex 6 6

Blood from corpse Fresh Chelex 2 2
6 months Chelex 1 1 ACTBP2 partial extra bands

Saliva samples Fresh Chelex 10 10

Saliva on tooth brush Not known Chelex 1 1

Saliva on tooth brush Fresh Chelex 3 3

Saliva on cigarettes 6 months Chelex 3 3 Partial preferential amplification

Saliva on bottle necks 4 months Chelex 1 1
8 months Chelex 2 1 1
33 months Chelex 1 1

Tissue sample 6 months Genial 1 1 ACTBP2 partial extra bands

Muscle 15–40 days
drowned corpse

Genial 1 1

Muscle Cooked Genial 8 8 ACTBP2 partial extra bands

Muscle Decayed corpse Genial 1 1

Bone sample 4 years outside Genial 1 1 ACTBP2, D8, D18 ()–(())

Humerus 12 months outside Genial 1 1

Hair root Fresh Genial 2 2 Partial extra bands
33 months Genial 1 1

Epithelial cells Fresh (wet shaver) Genial 1 1 ACTBP2 partial extra bands + ()

Stomach contents Fresh Chelex 2 2

( ) Peak height below 200 rfu.
(( )) Peak height below 100 rfu.



Stutter peaks, which are 4 bp shorter than the attendant al-
lele peak, may concur with the main signal of any 4 bp
shorter allele of a minor component. Consequently, it might
not be possible to distinguish the respective allele peak
from the stutter peak at the same position. The average
relative stutter intensity of all loci tested in this study was
9.4±2.5%. Nevertheless, upper and lower range values
greatly varied between the different loci, which may be a
consequence of the individual sequence composition of
the repeat structures (Lazaruk et al. 2001). To facilitate
quantitative interpretation of stutter and minor mixture
components, a conservative threshold can be calculated
adding the average percentage stutter observed at a locus
and the 3-fold standard deviation. For the genRESMPX-2
amplified loci these limits would range from 7.8% for 
the TH01 locus to 21% for the ACTBP2 system. As a
consequence, although the detection of minor components
of as low as 5% is theoretically possible, the correct inter-
pretation depends on the analysed locus as well as the
number of contributors and alleles in stutter peak posi-
tions.

Not only the presence of more than two alleles per locus
but also a considerable difference in signal intensity may
indicate concomitance of more than one individual. Never-
theless, efficiency of the amplification of two heterozygous
alleles within one locus may differ substantially, thereby
complicating the interpretation of the results. On average,
the observed peak height ratio of the genRESMPX-2 sys-
tem was 90%, indicating that amplification of the second
(longer) allele is slightly worse than the first allele. This ef-
fect was especially pronounced at the ACTBP2 locus,
where heterozygous alleles may greatly differ in size. This
observation can mainly be seen as a consequence of prefer-
ential amplification as it has also been shown for other loci
spanning a long range of fragment sizes (Walsh et al. 1992,
1996). The minimal observed peak height ratio was 51% at
the ACTBP2 locus, whereas values of >58% appeared at
all other loci. Except for the ACTBP2 system, similar ra-
tios have recently been found for other multiplex PCR sys-
tems (Moretti et al. 2001; LaFountain et al. 2001). Because
peak height ratios may vary within individual amplification
reactions (Moretti et al. 2001) repeated analysis can be a
reasonable way to ensure reliable interpretation of the re-
sults particularly when samples containing limited amounts
of DNA have to be analysed. In these cases, stochastic ef-
fects during amplification have to be taken into account
(Budowle et al. 1995), possibly resulting in unbalanced
signal height or, even worse, allele drop-out.

Casework samples

A total of 11 cases with 59 different samples were
analysed using the genRESMPX-2 kit. The results are
summarised in Table 5. The profiles were closely in-
spected with respect to allele and/or locus drop out, non-
allelic peaks and stutter bands. Only the amplification of
one saliva stain on a bottleneck completely failed using
the genRESMPX-2 kit. Interpretation of the ACTBP2 am-

plification pattern in part was complicated by the occur-
rence of non-specific signals. However, these artefacts
could be eliminated with a new buffer system.
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