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Abstract

Automation in forensic DNA analysis is crucial for ana-
lysts to reduce time, improve results, and decrease risk of
contamination. With the variety of commercially available
automated DNA extraction systems, comes the need for
end-users to be informed of what they provide and what
they might lack. Thus, this study aimed to evaluate the
efficiency of two semi-automated DNA extraction systems
used for forensic DNA analysis: Automate Express™ and
Hamilton Microlab STAR™ system, for four parameters;
reproducibility, stability, sensitivity and contamination.
Overall, the results indicated that both semi-automated
systems performed similarly in providing robust and re-
producible DNA results while maintaining good capability
to overcome PCR inhibition with low risk of contamina-
tion. The two semi-automated systems showed higher
DNA recovery than organic extraction using phenol-chlo-
roform by 22% for semen and 7% for blood samples. In
addition, three sample types, blood, saliva, semen were
tested to compare the two systems (total samples n=100).
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Comparative Study of Two Semi-automated Forensic DNA Extraction Methods [lksil

Overall, the data showed the average DNA recovery for
Hamilton was higher than the DNA recovery by Automate
Express™ for the blood and semen sample types indicat-
ing better performance of the Hamilton Microlab STAR™
in terms of recovery and sensitivity level.

Hamilton Mi- alaj dhalgs gosidll aesdl 8sleiwl huwsis ol
ool passdl olsiwl bhwgia (o el crolab STAR™ system
ol Jludly pdll wilize! Automate Express™ sl dhlgs
Hamilton Microlab STAR™ system aUsj ol o Jl o lao

Al ssiung ool (aasl) Bsleiwl Cus o Jadl

1. Introduction

Successful DNA profiling relies on the efficien-
cy of DNA isolation, purification, and extraction [1].
Nowadays, DNA extraction methods have evolved
from using traditional labor-intensive manual ex-
traction methods, such as organic extraction using
Phenol-chloroform, to more sophisticated types of
automated bench-top instrumentation. Nonetheless,
the widespread availability of different commercial
automated DNA extraction systems demands a need
from users to study their benefits and limitations. Fo-
rensic DNA analysts seek DNA extraction methods
that effectively produce good yield and high recovery
of allelic information [1, 2, 3]. Different studies pub-
lished in the literature demonstrate the performance
of manual extractions such as organic phenol-ex-
traction [4, 5], and semi-automated extractions such
as Automate Express™ [2, 6, 7], and Hamilton Mi-
crolab STAR™ System [8, 9]. In a crime scene, the
amount of biological samples present may be limited
[6]. Therefore, ideally, automation for DNA extraction
should be sensitive to lower amounts of biological
samples and be able to produce high DNA yield at
low quantities [1,2]. Furthermore, a challenge com-
monly encountered in crime scene samples is the
presence of PCR inhibitors that can disrupt the DNA
amplification process [2]. Some known PCR inhibi-
tors include heme from hemoglobin in blood, fabric
dyes such as indigo dye in denim, melanin in hair
and humic acid found in soil [2]. Hence, the ability of
automation to overcome PCR inhibition is critical for
successful downstream DNA analysis [2]. Another
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important factor is the ability to carry out analysis in
such instrumentation without the risk of contamina-
tion or carry-over between samples as resampling
is almost never possible in forensic biological sam-
pling. Finally, a critical feature of automated DNA
extraction systems is their robustness and ability to
reproduce results to lend validity to the method per-
formed in courtrooms. Examples of DNA extraction
systems used in forensic facilities are the Automate
Express™ and Hamilton Microlab STAR™ systems.
Automate Express™ is a small benchtop DNA ex-
traction instrument that serves as a liquid handler
with ready-to-use cartridges that allow the purifica-
tion and extraction of DNA in a short amount of time
[2, 6, 7,10]. One of its limitations is the number of
samples it can handle; only 13 samples per run, but
it remains a favorable option for smaller and urgent
casework. The Hamilton Microlab STAR™ system is
a larger highly sophisticated instrument with a built-
in centrifuge, thermal cycler, shaker and liquid han-
dling apparatus can take up to 96 samples per run
[8, 9, 11]; however, with longer run times compared
to the Automate Express™. Both systems operate
using the Applied Biosystems™ Prepfiler™ Foren-
sic DNA Extraction Kits chemistries (Prepfiler™ and
Prepfiler Express™) which rely on the same basic
principle for DNA extraction employing the use of
magnetic particles and multicomponent surface
chemistry to extract, purify, and elute DNA efficiently
[1, 6, 12, 13]. In this study, our focus is comparing
two semi-automated DNA extraction systems, Au-
tomate Express™ and Hamilton Microlab STAR™
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System, by evaluating different parameters includ-
ing: 1-reproducibility, 2-sensitivity, 3- stability and 4-
contamination.

2. Materials and Methods

Sample details are mentioned later in each crite-
rion being investigated. All biological samples used
in this study were obtained using informed consent
and with the approval of the General Department
of Forensic Science and Criminology, Dubai police.
The extraction reagents, settings and details are
mentioned for each method below:

2.1 Automate Express™ DNA Extraction System

Following the manufacturer’s recommendation
[10], the swab cuttings were placed into labelled Au-
tomate Express™ LySep column assembly for ex-
traction. After sample preparation, 500 ul of PrepFiler
Lysis buffer and 5 ul of DTT were added to the sam-
ples and were set for incubation at 70.0°C for 40 min-
utes at 750 rpm in a thermocycler. After that, the sam-
ples were centrifuged at 10,000 xg for 2 minutes in a
LySep column that was subsequently removed and
the sample tube containing the centrifuged sample
was loaded into the instrument with the appropriate
consumables required for the run. The investigator
card, PrepFiler Express™ Forensic DNA Extraction
Kit and its protocol, were used with a final elution vol-
ume of 50ul. The eluted purified DNA extract is trans-
ferred to an elution tube at the end of the run.

2.2 Hamilton Microlab STAR™ extraction System

Similarly, the samples prepared for the Hamilton
Microlab STAR™ extraction were cut into appropri-
ately labelled tubes following the manufacturer’s
recommendations [11]. Prior to extraction, incuba-
tion was done on the Hamilton Microlab STARlet™
system. The PrepFiler™ Forensic DNA Extraction
Kit (Applied Biosystems™) was used. The amounts

of reagent were determined by the instrument and
the default incubation settings were applied, pro-
ducing lysate in a 24-deep-well plate.

This process is followed up by a purification/ex-
traction process on the Hamilton Microlab STAR™
System. The final DNA extract is transferred to a
96-well PCR plate at the end of the run.

2.3 Organic Extraction

Organic Extraction [4, 5, 14] was performed
manually by adding 450 pl of stain extraction buffer
(SEB) and 20ul of DTT (Dithiothreitol) and 20 ul of
proteinase K to a labelled Eppendorf tube contain-
ing the sample swab/cutting. The samples were in-
cubated at 56.0°C and mixed at 350 rpm overnight.
The purification and the concentration steps were
followed using phenol-chloroform and Microcon®
Centrifugal Filters. The final elution volume was 50
ul using TE buffer (Tris-EDTA Buffer).

2.4 Realtime PCR

Realtime PCR setup for both extraction sys-
tems was performed using the QIAgility pipetting
robot by QIAGEN with the Investigator Quantiplex
Pro Kit [15,16]. Important features of this kit are the
ability to quantify DNA amounts, determine mixture
proportions, and detect both degradation and PCR
inhibition [15, 16]. Both Realtime PCR 7500 instru-
ment and Quantstudio5 were used.

2.5 PCR and Capillary Electrophoresis (CE)

PCR was performed for selective samples using the
GlobalFiler™ PCR Amplification Kit (Applied Biosyste-
ms™) [17, 18] followed by electrophoresis using 3500
Genetic Analyzer. In the CE parameter, a 5-seconds
injection time and 1.2 kV were used during the run.
Profiles were analyzed using Genemapper IDX 1.6v
software and analytical threshold was set to 85 RFU.

AJFSFM 2023; Volume 5 Issue (2)
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Figure 1 - Results of concordance study: quantitation results across three DNA extraction methods for

0.3ul blood, 1ul blood, and 1ul semen

3. Results and Discussion:

3.1 Benchmarking

As a first step, benchmarking of the automated
DNA extraction method was done against organic
manual extraction method by organic phenol-chlo-
roform [4, 5, 14]. A concordance was done with
the three DNA extraction methods: the Automate
Express™ and Hamilton Microlab STAR™ System
(semi-automated), and a manual extraction meth-
od using organic extraction (phenol-chloroform).
Samples tested were liquid human blood, 2ul, and
human semen, 1ul, used in triplicate each. The
volumes of each sample type were directly pipet-
ted onto a cotton swab, in triplicate, for each of the
three extraction methods. The DNA extract was
quantified using Quantiplex Pro kit on Realtime
PCR 7500 instrument (Applied Biosystems™) by
using the QIAgility pipetting robot by QIAGEN (Fig-
1 shows the results of concordance study quanti-
tation results across three DNA extraction methods
for 0.3yl blood, 1yl blood, and 1ul semen).

AJFSFM 2023; Volume 5 Issue (2)

Downstream DNA profiles were obtained using
Globafiler™ PCR amplification kit followed by cap-
illary electrophoresis using 3500 Genetic Analyzer.
The average percentage of alleles recovered for the
three triplicates were calculated for DNA profiles ob-
tained in each DNA extraction method. It was shown
that both semi-automated DNA extraction systems
were able to achieve nearly 100% allelic informa-
tion recovery, for both sample types, human blood
and human semen. In contrast, for the case of or-
ganic extraction, DNA profiles revealed a reduced
average recovery for human semen at 78% alleles
recovered. In conclusion, the two semi-automated
extraction methods showed high recovery of allelic
information for both sample types, human and blood,
even surpassing organic extraction by phenol-chlo-
roform for human semen by 22% (Fig-2 summariz-
es the downstream DNA results of the concordance
study by plotting average percentage of alleles re-
covered using Globalfiler™ PCR kit for two sample
types across the three extraction methods). Howev-
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Benchmarking Results
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Figure 2 - Downstream DNA analysis results as average percentage of alleles recovered using
Globalfiler PCR kit for 2 ul blood and 1ul semen for Automate Express, Hamilton Microlab STAR,

and organic (Phenol-chloroform) extraction

er, the Hamilton Microlab STAR™ performed slight-
ly better than the Automate Express™ with no drop
out and higher DNA extract recovery as observed in
Fig 2; while both performed collectively better than
organic phenol-chloroform extraction. Similar results
were observed in the literature where automated
extraction methods have shown equal or better re-
sults for DNA yield than organic phenol-chloroform
extraction with faster, lesser-intervention and safer

approach [6, 19].

3. 2 Reproducibility

To test the reproducibility of the Automate Ex-
press™ samples of human blood and human semen
of both 1ul and 2ul each from four donors, were an-
alyzed in triplicate, separately over two days. A total
of 96 samples were analyzed and quantified using
Investigator Quantiplex Pro Kit. The results of both
human blood quantities (1ul and 2ul) from both do-
nors were well above our validated in-house quan-
titative DNA threshold of 0.0035 ng/ul for Investiga-
tor Quantiplex Pro Kit by approximately 35-fold or

greater. For the human semen quantities (1ul and
2ul) from both donors, higher DNA recovery was ob-
served with a minimum DNA quantity 343-fold great-
er. These quantities are plotted for visual represen-
tation in Fig 3 (Fig 3 displays average DNA quantities
from day 1 and day 2 on both Automate Express™
and Hamilton Microlab STAR™ for both blood and
semen in different volumes). These samples were
then processed downstream for DNA analysis using
Globalfiler™ PCR chemistry. The results showed
100% allele recovery of all concentrations of human
blood and human semen for all 96 samples using
both semi-automated systems, the Hamilton Micro-
lab STAR™ as well as the Automate Express™.

3.3 Sensitivity

A sensitivity study was carried out on the two
semi-automated DNA extraction platforms. Serial di-
lution was performed starting with 1p1 of input volume
for human blood and human semen samples directly
dispensed onto a cotton swab. The initial buccal cell
sample was prepared by collecting a buccal swab

AJFSFM 2023; Volume 5 Issue (2)
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Figure 3 - Reproducibility results displayed as mean DNA quantities from day 1 and day 2 on both Automate Express and
Hamilton Microlab STAR for both blood and semen of different volumes

which was subsequently agitated in 180ul of dis-
tilled water. Different volumes of human blood and
human semen were analyzed in triplicates on both
systems. In addition, buccal samples were analyzed
in quadruplets. (Total number of samples amounts
to 100). A dilution series of the three sample types
was prepared with the following volumes: 1ul, 0.5ul,
0.25ul, 0.125 pl and 0.0625u1. Quantitation was done
using Investigator Quantiplex Pro Kit on Quantsu-
dio5. A student t-test was performed on the results
using the Excel built-in function to find whether there
was a significant difference in the means (Table 1-
shows the average DNA quantities, in ng/ul, for two
automated extraction systems for each sample type
and t-test of the means). A two-tailed distribution was
used, and the data was assumed to be homoscedas-
tic - assuming equal variances. Results are visually
summarized in Fig 4 (Fig 4- plots the average DNA
quantities, in ng/ul, for two automated extraction sys-
tems for each sample type for five different volumes,
A- Semen, B-Blood, C-Buccal. Error bars represent
the standard deviation from the mean). For human
semen extraction, average DNA recovery of all vol-
umes was higher in Hamilton than Automate Express.
In all except one volume, 0.125ul, the results were

AJFSFM 2023; Volume 5 Issue (2)

significantly higher for Hamilton than Automate Ex-
press. As for blood extraction, average DNA recovery
by Hamilton was higher than Automate Express in
all except one volume, 0.125 pl. A notably high stan-
dard deviation from the mean of the extracted DNA
by Automate Express at 0.125ul was observed and
the result was not significantly different than Hamil-
ton. The DNA quantities recovered by Hamilton were
significantly higher for the larger volumes (1ul and
0.5pl) than Automate Express. Furthermore, for buc-
cal samples extraction, t-test indicates no significant
difference between the DNA quantification results
except at 0.0625ul and 0.25ul. Overall, the total av-
erage DNA quantities recovered from Hamilton Mi-
crolab STAR™ were more than those from Automate
Express™. Notably, DNA from semen recovered by
Hamilton had a high statistical strength. In general,
sensitivity of Hamilton Microlab STAR™ to recover
DNA material was relatively better than Automate
Express™ for semen and blood samples and slightly
better for buccal cells.

3.4 Stability
In this study, DNA extraction of human blood and
two PCR inhibitors were tested on both Automate




186 FNEMinRCERA

Table 1 — Sensitivity data as average DNA quantities for Automate Express and Hamilton Microlab STAR extraction sys-

tems for each sample with student-t test P-values

Sensitivity Quantitation Results

Average DNA Quantity (ng/p) Average DNA Quantity
Sample type Volume of Sample t-test (pvalue)
for Automate Express (ng/p) for Hamilton
Human Semen 1pl 1.60 5.05 0.023
(n=3each)
0.5 pl 117 2.72 0.002
0.25 pl 0.44 1.58 0.012
0.125 pl 0.54 0.80 0.271
0.0625 pl 0.18 0.47 0.022
Uuman Blood (n=3 1pl 0.39 0.76 0.015
each)
0.5l 0.14 0.30 0.021
0.25 pl 0.10 0.14 0.084
0.125 p.l 0.13 0.11 0.874
0.0625 pl 0.02 0.04 0.256
Buccal (n=4 each) 1l 0.0178 0.0317 0.220
0.5pul 0.0032 0.0301 0.136
0.25 pl 0.0014 0.0071 0.014
0.125 pl 0.0018 0.0023 0.726
0.0625 |J.1 0.0012 0.0002 0.007

Express™ DNA extraction system and the Hamil-
ton Microlab STAR™ System. A blood sample of 1pl
was used with humic acid 2.5mg/ul (1ul) only, with
denim material as a substrate and with both humic
acid on denim. These tests were performed in trip-
licate as follows: blood on denim, blood on cotton
swab with the addition of humic acid, and blood on
denim with the addition of humic acid. Quantitation
was done the 7500 Realtime-PCR using the Inves-
tigator Quantiplex Pro Kit (Fig 5 shows quantitation
results for two automated DNA extraction systems
with 3 different combinations of PCR inhibitors). In
addition to quantitation, the Investigator Quantiplex
Pro Kit has quality indicators including an inhibi-
tion index that can detect potential PCR inhibition
[12,18]. For all samples on both systems, the inhi-

bition index was ‘below the threshold’; hence, no
PCR inhibition was detected. DNA extraction effi-
ciency for both systems was high as they were able
to extract quantifiable amounts of DNA irrespective
of the presence of different inhibitors. Even with the
addition of humic acid and the use of denim sub-
strate, the average amounts of DNA yield exceed
our validated in-house quantitative DNA threshold
of 0.0035 ng/ul and are therefore considered suffi-
cient for DNA profiling purposes.

3.5 Contamination

To identify the possibility of contamination within
both semi-automated extraction systems, different
volumes of blood samples were used on the instru-
ment with blanks in between.

AJFSFM 2023; Volume 5 Issue (2)
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Figure 4- Sensitivity data plotted as average DNA quantities, in ng/ul, for two auto-
mated extraction systems for each sample volume — A-Blood B-Semen C-Buccal,
Error bars are the standard deviation from the mean

The layout of the Automate Express™ instru- For the Hamilton Microlab STAR™ system, which
ment, which uses 13 samples per run, was done in uses 24 samples per deep-well incubation plate in
alteration. No DNA was detected in all blanks and a 4 by 6 grid layout, the samples were placed al-
the instrument reagents blank for the Automate Ex- ternatingly in a checkerboard pattern. However,
press™. No contamination was detected. minor amounts of DNA were detected in the Real-

AJFSFM 2023; Volume 5 Issue (2)
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Figure 5- Stability results for two automated DNA extraction systems with different PCR inhibitors

time PCR results for only one of the Hamilton Mi-
cro STAR™ incubation plate blanks; 0.000206 ng/
ul and the instrument reagent blank 0.000117 ng/ul,
well below our DNA quantitation threshold of 0.0035
ng/ul. Nevertheless, these samples were amplified
and analyzed to check for detectable peaks in the
EPG. The results showed no detectable peaks at
the analytical threshold of 85 RFU.

4. Conclusion

In this study, the goal was to compare two differ-
ent automated extraction methods in terms of repro-
ducibility, sensitivity, contamination, and capability
to overcome inhibitors in casework samples. Bench-
marking with organic phenol chloroform showed
that automation was better in achieving allelic in-
formation for DNA profiles with Hamilton Microlab
STAR™ ranking top of the three extraction methods
for three different volumes of human blood.

For the performance evaluation of the two
semi-automated forensic DNA extraction methods,
mock samples of human blood, human semen, and

human buccal cell samples in known amounts were

prepared in the laboratory for use in the experiments
carried out in this study. However, some potential
limitations of the sampling method may arise when
handling real-life casework samples in forensic in-
vestigations. Factors not considered in this study
include but are not limited to: environmental circum-
stances at the crime scene such as heat, indoor
or outdoor location of the biological samples, and
the effect of other PCR inhibitors not discussed in
this paper. These factors may or may not have any
bearing on the results. Furthermore, it should be
noted that the sampling method used was deemed
appropriate for this study for the purpose of overall
performance evaluation.

Reproducibility between Hamilton Microlab
STAR™ and Automate Express™ was assessed
using human blood and human semen in different
volumes from different donors analyzed, in tripli-
cate, separately over two days and quantified us-
ing Realtime-PCR with Investigator Quantiplex Pro
Kit, totaling 96 samples analyzed. Globalfiler PCR
and subsequent CE analysis indicate 100% allelic
data recovery in all EPGs for both systems, estab-

AJFSFM 2023; Volume 5 Issue (2)
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lishing equal reproducible DNA profiling capability
of the two automated DNA extraction systems for
the given sample dataset. These results support the
reliability of using Automate Express and Hamilton
Microlab STAR™ systems to extract DNA from hu-
man blood and human semen, typical forensic bio-
logical samples encountered in physical and sexual
assault cases in any crime laboratory.

Moreover, sensitivity was studied using a dilution
series of three sample types of varying concentra-
tions for both semi-automated extraction methods.
In general, results reveal higher sensitivity in DNA
extraction for semen and blood types by the Ham-
ilton Microlab STAR™ ™ system versus Automate
Express™ with t-test result supporting significantly
higher DNA quantities extracted as per the Real-
time-PCR results.

For stability, PCR inhibition of DNA was tested us-
ing human blood and known PCR inhibitors, such as
humic acid and denim substrate as well as blood with
a combination of humic acid and denim. Using Inves-
tigator Quantiplex Pro Realtime-PCR, quantifiable
DNA amounts, well above the inhouse DNA quantity
threshold, were successfully detected on both sys-
tems. Furthermore, Investigator Quantiplex Pro uses
a quality indicator, inhibition index, to detect potential
PCR inhibition. In this stability parameter dataset, no
sign of PCR inhibition was detected. This indicates
high efficiency for isolation and purification of DNA
using both automated DNA extraction systems.

Finally, contamination risk of both systems was
assessed using blanks. During the contamination
study, low amounts of DNA were detected in two
blanks from the Hamilton™ extraction, but no peaks
were present in the EPG of these samples as the
amount of DNA found was negligible. Thus, it was
deemed that contamination does not pose an issue
for the Hamilton™ Microlab STAR™ system.

AJFSFM 2023; Volume 5 Issue (2)

Overall, both instruments showed highly repro-
ducible, stable, and sensitive results with low risk of
contamination suitable for use in forensic casework
analysis. Although, Hamilton Microlab STAR™ plat-
form performed slightly better than the Automate
express in term of sensitivity to DNA extract recov-
ered. Overall, automated systems are more reliable
as they reduce the incidence of human errors. In
addition, the automated system is more efficient
and saves time and effort.
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