
Abstract In this study, the effect of sample purification
on total signal intensities of samples amplified with gen-
RES MPX-2 (nine-locus multiplex) prior to capillary
electrophoretic analysis has been investigated. Sample pu-
rification with the Qiaquick PCR purification kit led to an
increase of the relative fluorescent signal intensity by a
factor of 3.8 ± 0.8. In contrast, the application of larger
sample volumes led to a decrease of signal intensities
from 20% to 80%, depending on whether the samples
were purified or not. In addition, increase of injection
time showed a linear increase of signal intensity between
3 s and 10 s. Increasing the number of PCR cycles from
30 to 33 also led to a significant increase of signal inten-
sities. Nevertheless, this increase greatly depended on the
fragment lengths and was sometimes accompanied by the
appearance of non-specific signals. In combination, opti-
misation of sample preparation and increase of injection
time may intensify signals up to 12-fold, thereby increas-
ing the overall sensitivity of the assay. This may be of
special interest for forensic analysis of microspecimens
containing limited amounts of DNA.
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Introduction

Due to reproducibility of fragment sizing, high sensitivity
and the possibility of considerable automatisation, capil-
lary electrophoresis (CE) is a widely used technique for
the sizing of PCR-amplified short tandem repeat (STR)

polymorphisms [1, 2, 4, 10]. Compared to slab-gel elec-
trophoresis, data obtained by CE show a somewhat higher
reproducibility in sizing precision [4, 8]. Unlike tradi-
tional gel electrophoresis, samples are introduced into the
sieving matrix by electrokinetic injection. Therefore, the
CE requires a smaller sample volume and the sample can
be automatically reinjected for re-running or method de-
velopment purposes [1, 11]. Nevertheless, analysis of mi-
crospecimens containing limited amounts of DNA may
lead to an overall low signal intensity or, even worse, non-
detection of alleles, complicating the correct interpreta-
tion of the results. Because it is well known that the con-
ductivity of applied samples greatly influences the elec-
trokinetic injection of fragments [3], it was obvious to
postulate that purification of samples might enhance the
efficiency of fragment injection.

While several methods, such as ultrafiltration and high
performance liquid chromatography (HPLC) have been
described to separate PCR-amplified products from salts,
unused dNTPs and unincorporated primers for direct se-
quencing of PCR samples [11], none of these purification
methods has been outlined to be an effective tool for the
optimisation of CE performance for multiplexed STR loci
in forensic casework. Therefore, in this study the influ-
ence of post-PCR sample purification has been systemati-
cally investigated with regard to signal intensities of sam-
ples containing confined DNA amounts.

Material and methods

DNA extraction

For extractions from bloodstains and buccal cell swabbings, the
Chelex 100 extraction method (Bio-Rad) was used [15]. Extraction
from fresh blood was done using a standard phenol-chloroform
method with ethanol precipitation. DNA solutions were diluted
with distilled water to a concentration of < 20 pg/µl. The DNA
amount contained in 5 µl was verified with the Quantiblot Human
DNA Quantitation Kit (Applied Biosystems).
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PCR amplification and sample purification

The multiplex PCR was performed using the genRES MPX-2 am-
plification kit (Serac, Bad Homburg, Germany). With this kit, the
loci vWA, SE33, TH01, D21S11, D8S1179, D3S1358, FGA,
D18S51 and the gender-specific amelogenin locus are simultane-
ously amplified. PCR was done with a 5 µl aliquot of sample DNA
(less than 100 pg) in a total volume of 25 µl using the following
parameters: hot start (12 min at 95°C), 30/33 cycles (1 min at 
93°C, 1 min at 59°C, 1 min 30 s at 72°C), final step (45 min at 
60°C). Two amplifications were performed in parallel for each
sample which were then pooled to give a total volume of 50 µl and
30 µl was purified using the QIAquick PCR purification kit 
(Qiagen) according to the manufacturer’s instructions (eluted vol-
ume 30 µl). Prior to electrophoresis samples were prepared as fol-
lows: 1–5 µl amplified DNA, 12 µl formamide and 0.5 µl of inter-
nal lane standard LS 500 ROX (Serac). Sample denaturation was
done at 95°C for 2–3 min. The detection of the signals was per-
formed with the ABI Prism 310 Genetic Analyzer according to the
manufacturer’s instructions (run module GS STR POP-4 F).

Results

Sample purification and applied volume

The effects of post-PCR sample purification of six multi-
plex-amplified DNA samples have been studied with re-
gard to the total signal intensity of the internal lane stan-
dard LS500 ROX as well as of allelic signals. From all of
the samples less than 100 pg was used for the amplifica-
tion reaction to simulate microspecimens containing lim-
ited DNA amounts. In all cases, partial non-detection of
allelic signals was observed using electrophoretic condi-
tions as recommended by the manufacturer.

After purification of the samples, signal intensities of
the internal standard fragments were increased by a factor

of 2.5 ± 0.8. A strong tendency to higher factors was ob-
served when higher volumes of the amplified sample were
applied to the capillary.

To check the influence of larger sample volumes, 1 µl,
3 µl and 5 µl of the amplified DNA fragments were used for
electrophoretic separation. Generally, increasing the sam-
ple volume had a negative effect on standard signal inten-
sities. Without purification, an increase of the sample vol-
ume from 1 µl to 3 µl and 1 µl to 5 µl led to a decrease of
the signal intensity of about 40% (factor 0.6 ± 0.2) and
80% (factor 0.2 ± 0.0), respectively (Fig.1A). This de-
crease was less pronounced after sample purification 
(Fig.1B). In this case, the factors were 0.8 ± 0.1 (3-fold
applied volume) and 0.4 ± 0.1 (5-fold applied volume).

For specific allelic signals, post-PCR sample purifica-
tion resulted in an increase of signal intensities by a factor
of 3.8 ± 0.5. As already seen for internal lane standard
signals, this factor depended slightly on the applied sam-
ple volume. The higher the volume, the higher was the
positive effect of sample purification. In contrast to obser-
vations with standard signals, larger applied volumes can
result in higher signals of sample-specific fragments. Never-
theless, this effect was only slightly pronounced. Increas-
ing the applied volume from 1 µl to 3 µl led to signal in-
tensities which were enhanced by a factor of 1.6 ± 0.3 for
purified samples and 1.3 ± 0.2 for non-purified ones. No
further effect was observed when even higher volumes 
(5 µl) were applied to the system, indicating that there is
no reason to apply more than 3 µl of amplified DNA.

In Fig.2, two identical samples are shown, one of which
was purified prior to electrophoretic analysis. As marked
by asterisks, 12 out of a total of 17 allele signals were not
detected by the analysis software (Fig.2 A). Of course,
some of these signals can still be distinguished from the
background noise and, therefore, may be considered as real
allele signals. Nevertheless, at least five of them were not
detected at all, whereas a strong dependence of the total
fragment length was observed. After sample purification,
the complete profile was detectable (Fig.2 B).
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Fig.1 Internal standard signal intensities (140 bp, 150 bp and 
160 bp) using different applied volumes of A non-purified and 
B purified samples (all electrophoretic runs were performed with
0.5 µl of LS500 ROX and an injection time of 3 s)

A B



Injection time

In this study, injection times of 1 s–10 s were tested. In
this range, a linear dependence between signal intensity
and injection time was observed for specific signals as
well as for the internal lane standard. This effect occurred
independently of sample purification and/or applied sam-
ple volume. Nevertheless, injection times longer than 10 s
may influence electrophoretic fragment separation and,
therefore, can lead to broad signals which may not be
sized correctly.

Number of PCR cycles

Theoretically, the addition of three cycles should lead to
an 8-fold increase of signal intensity. In practice, factors
from up to 10-fold were observed in this study, strongly
depending on the total fragment length. While intensities
of short fragments (< 200 bp) appeared to be about 3-fold
higher (3.0 ± 1.4) after three additional cycles, the factor
was only 1.8 ± 0.6 for fragments longer than 200 bp. Sig-
nals at the TH01 locus were enhanced by a factor of 7.5 ±
2.0.

In Fig.3, signals detected at the vWA locus are shown
for a highly diluted saliva sample of one person. Whereas
the allele signals showed a low signal intensity using the
non-purified sample (Fig.3A), both alleles of the het-
erozygous genotype were clearly detectable after sample
purification (Fig.3B). The heterozygous genotype could
also be typed when using 33 PCR cycles (Fig.3C). Nev-
ertheless, two additional signals appeared, one of which
matched with the allelic ladder and, therefore, may lead to
a misinterpretation of this sample.

Discussion

The analysis of microspecimens containing limited amounts
of potentially degraded DNA often results in non-detec-
tion of allelic signals. On the one hand, this effect can be
due to non-amplification during PCR (allelic drop-out),
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Fig.2 Electropherograms of
two identical blood samples, 
A a non-purified sample and 
B a purified sample. Non-de-
tected alleles (peak height
threshold: 50 relative fluores-
cent units) are marked with an
asterisk (Arrows depict non-
specific signals which may be
due to residual fluorescent dye
molecules. Runs were per-
formed with a sample volume
of 1 µl each and an injection
time of 3 s. Amplified loci are
indicated at the bottom)

Fig.3 Amplification products at the vWA locus (genotype 18/19)
of DNA extracted from a saliva sample using 30 PCR cycles 
A without and B with sample purification and C with 33 PCR cy-
cles for amplification (Arrows depict non-specific signals, signals
representing residual fluorescent dye molecules are marked with
an asterisk. Runs were performed with a sample volume of 1 µl
each and an injection time of 3 s)
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mostly occurring in longer amplicons. This well known
effect has recently been addressed by using PCR primers
which result in short fragment lengths of the amplified
loci [6, 16]. A significant increase in sensitivity has been
reported with these systems.

On the other hand, the presented results clearly show
that missing signals also can be the consequence of non-
detection during electrophoresis. Interestingly, the en-
hancement of signal intensities by post-PCR purification
was not coupled to the size of amplified fragments, indi-
cating another underlying mechanism. In fact, the reason
for a lack of detection can mainly be seen in the electroki-
netic injection of the amplified fragments, which is
greatly influenced by the ionic strength of the samples [3].
Optimal injection efficiency has been reported for a resid-
ual anion concentration of 3.5 mM or less [14]. Moreover,
small DNA fragments such as non-implemented primer
molecules compete with allelic fragments for sample in-
jection due to their low molecular weight. Especially
when using multiplex PCR systems, high amounts of
residual primer molecules are present in the amplification
mix and, therefore, may reduce the overall sensitivity of
the assay. In previously published results it has been
shown that sample preparation, buffer composition or pre-
cipitation methods may influence the efficiency of elec-
trokinetic injection in DNA sequencing [5]. In addition,
similar but weaker effects have recently been described
for samples amplified with the AmpFlSTR Profiler Plus™
and COfiler™ kits from Applied Biosystems [13].

A positive effect of sample purification has not only
been seen for allelic signals but also for the signal-to-
noise ratio. Unspecific signals, which have previously
been reported to be fluorescent dye molecules split off
primer fragments, which may interfere with allelic alloca-
tion ([9], see arrows in Fig.2A), could not be detected in
purified samples.

Whereas significant enhancing effects have been shown
for samples purified after the amplification reaction, the
studies revealed that in general, the increase of the applied
sample volume had only little or, even worse, a negative
effect on signal intensities. In the worst case, the applica-
tion of sample volumes larger than 3 µl may result in a
lack of correct standard allocation, as relative fluorescent
intensities fall below the detection limit of the system.
Therefore, applying larger sample volumes is not an ap-
propriate way to enhance the performance of CE. In addi-
tion, the concentration of formamide is decreased with
higher sample volumes, possibly resulting in poor denatu-
ration of the DNA strands and, therefore, leading to non-
satisfying electrophoretic fragment separation.

For samples containing high amounts of DNA, injec-
tion times up to 3 s are recommended to avoid the appear-
ance of off-scale signals (CE310 users manual, Applied
Biosystems). However, the analysis of microspecimens
often results in low signal intensities, suggesting an en-
hancing effect of longer injection times, which in fact has
been observed in this study. Nevertheless, using injection
times longer than 10 s can lead to broad signals. As a con-
sequence, the clear allocation of alleles is no longer guar-

anteed. Of course, this predominantly concerns allelic dif-
ferences of 1 bp such as 9/9.3 at the locus TH01 or
18.3/19 at the SE33 locus.

Allelic drop-out is a consequence of non-amplification
during the PCR. Therefore, the increase of PCR cycle
numbers is a widely used way to enhance signal intensi-
ties [7, 12]. Nevertheless, the enhancing effect appeared
to be strongly dependent on the amplicon length. A fur-
ther disadvantage of this procedure might be the occur-
rence of non-specific amplification products and the ac-
centuation of potential contamination.

Conclusion

The purification of multiplex-amplified samples prior to
capillary electrophoresis and concomitant increase of the
injection time may enhance the intensity of allelic signals
approximately 12-fold (11.9 ± 1.1). Compared to an in-
crease of PCR cycle numbers, this method leads to an at
least similar enhancement of the signal intensities, inde-
pendent of fragment length and without the risk of the ap-
pearance of non-specific signals and contamination which
may complicate the interpretation of analytical results.
Therefore this approach represents a simple possibility to
enhance sensitivity without the need of re-amplification
and further consumption of sample material.
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