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ABSTRACT: The AutoMate Express� Forensic DNA Extraction System was developed for automatic isolation of DNA from a variety of
forensic biological samples. The performance of the system was investigated using a wide range of biological samples. Depending on the sample
type, either PrepFiler� lysis buffer or PrepFiler BTA� lysis buffer was used to lyse the samples. After lysis and removal of the substrate using
LySep� column, the lysate in the sample tubes were loaded onto AutoMate Express� instrument and DNA was extracted using one of the two
instrument extraction protocols. Our study showed that DNA was recovered from as little as 0.025 lL of blood. DNA extracted from casework-type
samples was free of detectable PCR inhibitors and the short tandem repeat profiles were complete, conclusive, and devoid of any PCR artifacts. The
system also showed consistent performance from day-to-day operation.
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As the initial reports on DNA fingerprinting (1,2) more than two
decades ago, DNA genotyping technology has undergone a remark-
ably rapid evolution (3–5). Short tandem repeat (STR) analysis has
become an indispensable tool in forensic investigation. Forensic
evidence poses unique challenges to the DNA extraction technolo-
gies undertaken as the first step in the STR profiling process. One
such challenge is the broad and sometimes unpredictable nature of
evidence sample types. Besides the inherent PCR inhibitors found
in biological samples, PCR inhibitors may also arise from the sub-
strate on which the biological samples are deposited and the envi-
ronment in which the samples are exposed to. The forensic DNA
extraction technology should be effective at removing a broad
range of PCR inhibitors and have high DNA recovery efficiency so
that successful STR profiles can be obtained. To improve forensic
laboratories’ ability to handle the ever growing number of forensic
samples, the desirable DNA extraction technology should also be
automated, easy to use, require minimal hands-on operation and be
able to process multiple forensic samples simultaneously. Automa-
tion of DNA extraction also provides the benefits of minimizing
contamination and producing more consistent DNA recovery.

A wide variety of methods based on different principles are
available for the extraction of DNA for forensic applications. The

phenol ⁄chloroform extraction approach (6) is a sensitive method
for the recovery of DNA from a wide variety of forensic samples.
However, this procedure requires the use of large volumes of toxic
phenol and chloroform solutions and is also tedious and time-con-
suming to perform. Chelex� 100 resin (7) (Bio-Rad Laboratories,
Hercules, CA) extraction methods are popular in the forensic sci-
ence community because they save time, reduce costs, simplify
extractions, reduce safety risks, and minimize potential for contami-
nation. However, because the Chelex� procedure does not include
a purification step, inhibitors may not be effectively removed. Fur-
ther, DNA gets degraded as a result of exposure to high tempera-
tures during the extraction process. Therefore, if samples contain
inhibitors or contaminants by increasing the sample size, one also
increases the concentration of these substances in the DNA extract
that can inhibit PCR. There are also concerns of potential degrada-
tion for long-term storage of isolated DNA samples.

Bench-top automated systems that enable isolation of DNA from
sample lysate have gained importance in recent years. Biorobot
EZ1 (Qiagen, Valencia, CA), Maxwell� 16 (Promega, Madison,
WI), and iPrep (Invitrogen, Carlsbad, CA) are being used in foren-
sic laboratories. These systems provide the advantages of low
throughput, hands-free operation, and clean processing of evidence
samples. It is important to note that the chemistry for extraction of
DNA plays a key role in the quality and quantity of DNA obtained.
Bench-top systems are a means of automating the liquid handling
steps for various DNA extraction methods. The PrepFiler� Foren-
sic DNA Extraction Kit (Applied Biosystems, Foster City, CA)
enables the isolation of DNA from a variety of biological samples
that contain small quantities of biological material in such a way
that substances that interfere with PCR are removed. Additionally,
the DNA extract is of sufficiently high concentration that the

1Life Technologies Corporation, 850 Lincoln Centre Drive, Foster City,
CA 94404.

*Presented in part at the 62nd Annual Scientific Meeting of the American
Academy of Forensic Sciences, February 22-27, 2010, Seattle WA. Some of
the data is also presented in the PrepFiler Express� and PrepFiler Express
BTA� Forensic DNA Extraction Kit User Manual.

Received 7 Dec. 2010; and in revised form 10 May 2011; accepted 10
June 2011.

J Forensic Sci, July 2012, Vol. 57, No. 4
doi: 10.1111/j.1556-4029.2012.02084.x

Available online at: onlinelibrary.wiley.com

2012 American Academy of Forensic Sciences
1022 Published 2012. This article is a U.S. Government work and is in the public domain in the U.S.A.



volume of extract used for downstream analysis is minimal (8).
The Prepfiler� Kit is based on a unique chemistry wherein DNA
from the lysate binds to the magnetic particles by formation of a
complex that remains stable during the washing steps for effective
removal of inhibitors and is ultimately dissociated in the elution
buffer conditions. The PrepFiler� Kit was designed specifically to
support both manual and automated extraction of DNA from foren-
sic samples (8,9).

The AutoMate Express� Forensic DNA Extraction System
(Applied Biosystems) described here is developed for automated
extraction of DNA from forensic-type samples. The Instrument uses
Patented Magtration� (magnetic filtration) technology, which traps
magnetic particles against the sidewall of the pipetting tip. A sim-
ple bind-wash-elute procedure eliminates filtration and centrifuga-
tion steps from the DNA isolation process. The tip and tube rack is
designed for stable mounting of elution tubes. All liquid handling
operations are performed away from the sample and elution tubes
to reduce the risk of contamination. By automating the PrepFiler�
chemistry on the AutoMate Express�, the system enables consis-
tent recovery of DNA in high yields from forensic samples while
effectively removing the most commonly encountered potent inhibi-
tors of PCR. In addition, we have developed the PrepFiler Express
BTA� kit for the extraction of DNA from bones, teeth, and adhe-
sive containing substrates. In this article, we report on the valida-
tion studies performed during the development of the AutoMate
Express� Forensic DNA Extraction System for the extraction of
genomic DNA from biological samples.

Materials and Methods

Biological samples, such as blood and semen, were obtained
from the Serological Research Institute (Richmond, CA). The Ep-
pendorf Thermomixers were purchased from VWR Scientific Prod-
ucts (Batavia, IL). Indigo, hematin, and humic acid were obtained
from Sigma-Aldrich (St. Louis, MO). Urban dust is a standard ref-
erence material (SRM 1649a) obtained from the National Institute
for Standards and Technology (Gaithersburg, MD). The Quantifil-
er� Duo DNA Quantification Kit, AmpF‘STR � Identifiler�, Iden-
tifiler� Plus and MiniFiler� PCR Amplification Kits, 7500 Real-
Time PCR System, 3130xl Genetic Analyzer and associated soft-
ware were from Applied Biosystems. All other chemicals used in
this study were of analytical grade.

The Operation of LySep� Column Assembly for Sample Lysis

A typical forensic DNA extraction workflow consists of lysing
biological sample, separating lysate from substrate and purifying
DNA from lysate. One of the common practices for separating
lysate from substrate involves the use of a spin basket device.
However, the manual transfer of lysate and substrate into spin bas-
ket is not only tedious; it could also result in spilling, sample loss,
and contamination. To overcome these issues, we developed Prep-
Filer LySep� column, an apparatus which allows sample lysis and
substrate separation to occur in a single tube. Before use, the Ly-
Sep� column (Fig. 1a) was inserted inside a sample tube (Fig. 1b)
to make a LySep� column assembly (Fig. 1c). Sample and lysis
buffer were then added sequentially to the LySep� column assem-
bly. The lysis reaction was carried out on a thermal mixer. The frit
and membrane mounted at the bottom of the LySep� column held
the lysis buffer and sample in the top portion. After lysis, the Ly-
Sep� column assembly was centrifuged. The membrane at the bot-
tom of the LySep� column deformed during centrifugation and
allowed the lysate to pass into the sample tube while the frit

trapped the substrate in the LySep� column. The LySep� column
and substrate was then removed and discarded and the sample tube
containing lysate was now ready for DNA extraction on the Auto-
Mate Express� instrument.

Extraction of DNA

The DNA from anonymous donor samples (blood, saliva, and
semen, either liquid or stains, and buccal swabs) was extracted
using the PrepFiler Express� Forensic DNA Extraction Kit. The
DNA from bone, tooth, chewing gum, and cigarette butt samples
was extracted using the PrepFiler Express BTA� Forensic DNA
Extraction Kit. Cell lysis using the PrepFiler Express� Kit was
performed by adding 500 lL of the PrepFiler lysis solution to the
biological sample in a LySep� column assembly. The PrepFiler
lysis solution is prepared by mixing 500 lL of PrepFiler lysis buf-
fer and 5 lL of 1.0 M freshly prepared dithiothreitol (DTT). The
lysis mixture was incubated at 70�C for 40 min with shaking at
about 750 rpm using an Eppendorf Thermomixer. Following lysis,
the LySep� column assembly was centrifuged for 2 min at
10,000 · g to transfer the lysate to the sample tube. The lysate in
the sample tube was processed on the Automate Express Forensic
DNA extraction instrument using the PrepFiler Express� instru-
ment protocol.

Cell lysis for bone and tooth samples was performed in the Prep-
Filer� Bone and Tooth Lysate Tube by adding 220 lL PrepFiler
BTA� Lysis Buffer, 3 lL freshly prepared 1.0 M DTT and 7 lL
Proteinase K (20 mg ⁄ mL) to 50 mg bone or 5 mg of tooth powder
(unless specified). The lysis mixture was incubated at 56�C for 2 h
with shaking at about 1100 rpm using the Eppendorf Thermomixer.
After lysis, the tube containing the bone or tooth lysate was centri-
fuged for 2 min at 10,000 · g, and then the supernatant was trans-
ferred to a PrepFiler� Sample Tube. Cell lysis for chewing gum
and cigarette butt samples was performed in a LySep� col-
umn ⁄ sample tube assembly by adding 220 lL PrepFiler BTA�
Lysis Buffer, 3 lL freshly prepared 1.0 M DTT and 7 lL Protein-
ase K (20 mg ⁄ mL). The lysis mixture was incubated at 56�C for
40 min with shaking at about 750 rpm using the Eppendorf Ther-
momixer. After lysis, the LySep� column assembly was centri-
fuged for 2 min at 10,000 · g to transfer the lysate to the sample

FIG. 1—(a) LySep� column; (b) sample tube; (c) LySep� column
assembly.
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tube. The lysate generated using PrepFiler BTA� Lysis Buffer
was purified on the Automate Express Forensic DNA extraction
instrument using the PrepFiler Express BTA instrument protocol.

The DNA from the biological samples was also extracted, when-
ever mentioned, using the DNA IQ� Casework Sample Kit for
Maxwell� 16 and the EZ1 DNA Investigator Kit. The procedure
recommended by the manufacturers for the respective extraction kit
was followed. The elution volume in all cases was 50 lL.

The DNA extracts obtained were stored at 4�C and )20�C for
short- and long-term storage, respectively.

Quantitation of DNA

Extracted DNA was quantified using the Quantifiler� Duo DNA
Quantification Kit (10) on an Applied Biosystems 7500 Real-Time
PCR System according to manufacturer recommended procedures.
Samples of the same type were grouped together in the same qPCR
plate to avoid introducing run-to-run variation. The quantitation
results were analyzed using SDS Software v1.2.3 (Applied
Biosystems).

STR Analysis

Quantified DNA was processed for STR profiling using the
AmpF‘STR� Identifiler� PCR Amplification Kit (11) according to
manufacturer recommended procedures. Some samples were also
processed for STR profiling using the Identifiler� Plus (12) or
Minifiler� (13) Kits following the protocols recommended by the
manufacturer and are described in respective studies. A total of
1 ng of human DNA or up to a maximum of 10 lL of extracted
DNA was used for STR PCR amplification. Samples were ampli-
fied on a GeneAmp� 9700 thermal cycler, electrophoresed on
3130xl Genetic Analyzers, and analyzed using GeneMapper� ID-X
Software v1.0 according to manufacturer recommended procedures
(Applied Biosystems).

Extraction of Blanks

Extraction blanks were processed following the protocol used for
biological samples. They were extracted as described earlier and
two aliquots of 2 lL each from the 50 lL eluate were used for
quantification. A 10 lL aliquot of the eluate was used for STR
analysis as described earlier.

Sensitivity Studies

DNA from 0.025, 0.1, 0.25, 1.0, and 5.0 lL of liquid blood was
extracted using the PrepFiler Express� Kit. For the liquid blood
samples with input amount of <1 lL, the liquid blood was first
diluted in 1· PBS in such way that 5 lL of diluted blood was
equivalent to the required amount. All samples were extracted in
four replicates along with one extraction reagent blank (XB)
included for each instrument run. The DNA was quantified and
processed for STR analysis as described earlier.

Reproducibility Studies

Five microliter epithelial cell suspension on swab, 1 lL semen
on cotton cloth, and 2 lL bloodstain on cotton cloth samples were
processed using the PrepFiler Express� Kit. Fifty milligram pul-
verized bone powder and 5 mg pulverized tooth powder were pro-
cessed using the PrepFiler Express BTA� Kit. Four replicate DNA
extractions were performed on each of the five sample types with

one extraction blank included in each extraction run. Each sample
set was extracted three times (one per day on three different days).
The DNA was quantified and processed for STR analysis as
described earlier.

Stability Studies

One microliter blood on blue denim (Canyon River) and 1 lL
blood on cotton with inhibitor mix (12.5 mM indigo, 0.5 mM
hematin, 2.5 mg ⁄ mL humic acid, and 300 mg ⁄mL urban dust)
were processed using the PrepFiler Express� Kit. Ten milligram
pulverized tooth powder (aged approximately 6 months, exposed to
environment ⁄ light for 3 days) and 50 mg pulverized bone powder
were processed using the PrepFiler Express BTA� Kit. Three rep-
licate DNA extractions were performed on each of the four sample
types along with one extraction blank included in each extraction
run. Each sample set was extracted once, then quantified and pro-
cessed for STR analysis as described earlier.

Case-Type Samples

DNA from the following samples was extracted with the Prep-
Filer Express� Kit in triplicate: (i) 2 lL dried blood on acetate
fabric, (ii) 1 lL blood on 5-mm black leather punch, (iii) 2 lL
blood on rayon fabric, (iv) 2 lL blood on silk fabric, (v) 2 lL
blood on wool fabric, (vi) 3 lL diluted blood (1:10) on cotton
cloth, (vii) hair root, (viii) blood mixture: 1 lL from men and
9 lL from women, (ix) 50 lL saliva stain on cotton, (x) 5 lL sal-
iva on 5-mm FTA� punch (Whatman, Inc., Clifton, NJ), (xi) epi-
thelial cell fractions of a mock sexual assault sample, and (xii)
sperm fractions of a mock sexual assault sample. The mock sexual
assault samples were prepared by mixing 2 lL sperm positive
semen with 50 lL vaginal epithelial cell suspension. Epithelial cell
fractions (DE-e fraction) and sperm fractions (DE-s fraction) were
generated from the mock sexual assault samples using the proce-
dure described by Gill et al. (14). Following lysis, 50 lL of DE-e
fraction was added to 450 lL of PrepFiler� Lysis Buffer, then
processed for extraction using the PrepFiler Express� protocol on
the AutoMate Express� instrument. The DE-s fraction (sperm pel-
let) was processed according to the PrepFiler Express� Forensic
DNA Extraction Kit for semen samples. DNA from the following
samples was extracted using the PrepFiler Express BTA� Kit in
triplicate: (13) Airwave gum (chewed for 30 min, 1 ⁄8 of one piece)
and (14) Marlboro Light cigarette butt (approximately � cm cut-
ting of filter paper). One extraction blank was included in each
extraction run. Each sample set was extracted once, then quantified
and processed for STR analysis as described earlier.

Contamination Study

Two independent contamination studies were conducted more
than 12 months apart on the same AutoMate Express� instrument.
Extraction blanks and blood samples were arranged in an alternat-
ing pattern in the AutoMate Express� tip and tube rack in each
run in both contamination studies. In the first contamination study,
there were twenty 10 lL blood samples and 19 extraction blanks.
In the second contamination studies, there were 65 blood samples
and 65 extraction blanks; the input volume of the blood samples
were 20, 25, 30, 35, and 40 lL (13 samples for each blood input
volume). All 84 extraction blanks from the two sets of contamina-
tion studies were processed for STR profiling with the Identifiler�

Kit. Any extraction blank that exhibited peaks above 50 RFU were
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additionally processed for STR profiling in triplicate with the Mini-
Filer� Kit.

Correlation Studies

DNA from the following samples was extracted using the Auto-
Mate Express�, Maxwell� 16, and EZ1� Advanced XL instru-
ments and corresponding reagent kits from each instrument
platform: (i) 0.3 lL blood on cotton cloth, (ii) 2 lL blood on 5-
mm cotton cloth, (iii) 2 lL blood on FTA� paper, (iv) 50 lL epi-
thelial cell suspension on swab, (v) 1 lL semen on 5-mm cotton
cloth, (vi) 1 lL bloodstain on 5-mm blue denim, and (vii) 50-mg
pulverized bone powder. With the AutoMate Express� System,
bone samples were processed using the PrepFiler Express BTA�
Kit. All other sample types were processed with the PrepFiler
Express� Kit. With the EZ1� Advanced XL instrument, samples
were prepared and extracted using reagents in the EZ1� DNA
Investigator Kit from Qiagen according to the manufacturer’s rec-
ommendations (15). Bone samples were incubated with 400 lL of
0.5 M EDTA at 37�C for 40 h, then for 3 h with proteinase K.
One microliter of carrier RNA solution (1 lg) was added to each
lysate prior to DNA extraction on the instrument. With the Max-
well� 16 instrument, samples were prepared and extracted using
reagents in the DNA IQ� casework sample kit from Promega
according to the manufacturer’s recommendations (16,17), with the
exception that the bone protocol was modified to accommodate a
50 mg input of bone powder sample. The following protocol was
used to prepare bone samples for DNA extraction on the instru-
ment: (i) Prepare a proteinase K digestion solution by mixing
9.44 mL of bone incubation buffer with 560 lL of stock proteinase
K solution. (ii) Add 500 lL of freshly prepared proteinase k diges-
tion solution to the sample. (iii) Incubate the sample tube at 56�C
for 1 h. (iv) Centrifuge the sample tube at 10,000 · g for 5 min to
separate the remaining bone substrate. (v) Transfer the solution to a
new 1.5-mL tube. (vi) Add 400 lL of lysis buffer to the solution,
then vortex briefly.

For each method, DNA extractions were performed on six repli-
cates of the bone sample and 12 replicates of each of the first six
sample types. One extraction blank was included in each extraction
run. Extracted DNA was set up for qPCR prepared on the HID
EVOlution�—qPCR ⁄STR Setup System using the Quantifiler�

Duo DNA Quantitation Kit (18). Each extracted sample was quan-
tified once. After quantitation, samples were normalized and set up
for amplification using the HID EVOlution�—qPCR ⁄ PCR Setup
System with the Identifiler� Kit (18).

Results and Discussion

The AutoMate Express� Forensic DNA Extraction System
(AutoMate Express� System) is designed specifically for the
extraction of DNA from forensic samples. The system consists of
the PrepFiler Express� and PrepFiler Express BTA� Forensic
DNA Extraction Kits and the AutoMate Express� instrument. The
PrepFiler Express� and PrepFiler Express BTA� Forensic DNA
Extraction Kits contain disposable reagent cartridges and other nec-
essary reagents and plasticware for lysis of cells, generation of a
clear lysate and hands-free purification of DNA from the lysate.
The developmental validation studies were performed following the
revised validation guidelines provided by the Scientific Working
Group on DNA Analysis Methods Guidelines (19). These guide-
lines describe the quality assurance requirements that a laboratory
should follow to ensure the quality and integrity of the data and
the competency of the laboratory. The experiments focus on kit

performance parameters relevant to the intended use of the kits as
the extraction of genomic DNA is a part of the forensic DNA
genotyping procedure. By testing the procedure with samples com-
monly encountered in forensic and parentage laboratories, the vali-
dation process clarifies attributes and limitations that are critical for
sound data interpretation in casework.

Sensitivity Studies

Sensitivity studies were performed to determine the range of bio-
logical sample amounts that can be reliably processed for the
extraction of genomic DNA using the AutoMate Express� System.
Table 1 shows the average DNA yield for each replicate set. The
DNA yield increased proportionately with increasing sample vol-
umes. DNA was effectively recovered from the smallest sample
amount tested (0.025 lL liquid blood). The efficiency of genomic
DNA extraction remained linear up to the maximum volume of
blood tested (5 lL) with R2 value of 0.9996.

The ability to remove PCR inhibitors from a sample by the Prep-
Filer Express� system was monitored by the CT values for the
internal PCR control (IPC) in the Quantifiler� Duo DNA quantifi-
cation Kit (10). If the DNA extract contains PCR inhibitors, one
would typically expect an upward shift of >1 IPC CT value for the
sample compared with the IPC CT value for the nontemplate con-
trol (NTC). The average IPC CT values for the blood samples of
all five input amounts is 29.7 with a standard deviation of 0.09 and
29.4 for NTCs with a standard deviation of 0.08. The difference
between the IPC CT of a sample and that of NTCs is within €1 CT

unit, indicating that PCR inhibitors were effectively removed during
extraction. The IPC CT values for the extraction blanks and NTCs
were also within €1 CT unit, indicating that the PrepFiler Express�
Kit reagents did not introduce PCR inhibitors into the extracted
DNA.

The quality of the DNA extract obtained from the AutoMate
Express� System was further evaluated by examining the STR
profiles. Representative STR profiles are shown in Fig. 2. Full, con-
clusive STR profiles were obtained from all samples in the sensitiv-
ity study.

Reproducibility Studies

Studies were performed to assess the reproducibility of the quan-
tity and quality (as judged by the presence of PCR inhibitors) of
DNA obtained from replicate extractions of biological samples.
The average DNA yield for the reproducibility study samples are
shown in Fig. 3. The insert in Fig. 3 is the enlarged view of the
DNA yield for bone samples. Consistent DNA concentrations were
obtained for each sample types except for tooth samples. The varia-
tion in concentrations from 5 mg of tooth powder samples is likely
due to the sample amount variation originated either from nonuni-
formity of the sample or from measuring very small amount of
tooth powder. Average IPC CT values for the samples and NTCs

TABLE 1—Sensitivity study: average DNA yield.

Blood Sample Volume (lL)
Average DNA

Yield, ng (n = 4) SD

5 144.89 21.7
1 26.03 2.7
0.25 (5 lL of a 1:20 dilution) 6.39 1.1
0.1 (5 lL of a 1:50 dilution) 2.68 0.7
0.025 (5 lL of a 1:200 dilution) 0.65 0.3
Extraction blank 0
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were within €1 CT unit, indicating that PCR inhibitors present in
all tested sample types were effectively removed during the extrac-
tion of DNA using the AutoMate Express� System.

The quality of the DNA extracts obtained from the AutoMate
Express� System was further evaluated by examining the STR
profiles. Full and balanced STR profiles were obtained from all
samples with the exception of the bone samples, which did not
return full profiles owing to sample degradation (data not shown).

Stability Studies

Stability studies were performed to determine the ability of the
AutoMate Express� System to extract DNA and remove PCR
inhibitors from samples subjected to environmental and chemical
insults. A wide variety of compounds which may inhibit PCR have
been reported, for example, hematin, humic acid, dyes, etc. The
physicochemical properties of some of these compounds are similar
to that of DNA and are co-extracted with the DNA. It is important
to remove such PCR inhibitors during isolation of DNA. Further, it
is critical that the extraction reagents themselves do not introduce
PCR inhibitors in the sample. The sample types used in the

stability study were specifically selected as each one puts forth dif-
ferent challenges. Blood samples spiked with an inhibitor mix
tested the ability of the system to remove PCR inhibitors. The
blood stain on denim contained inhibitory dyes that may be co-
extracted with the DNA. Samples exposed to the environment may
face other environmental insults such as UV light and heat.

The average DNA concentration and yield for the stability study
samples are shown in Table 2. The variation in concentrations
between sample types of 1 lL blood on blue denim and 1 lL blood
on cotton with inhibitor mix is within the expected variation intro-
duced through the extraction and quantitation procedures. Thus, the
PrepFiler Express� Kit is capable of efficiently extracting the geno-
mic DNA from samples that are exposed to environmental and
chemical insults. Average IPC CT values for the samples and NTCs
were within €1 CT unit, indicating that PCR inhibitors present in all
tested sample types were effectively removed during the extraction
of DNA using the AutoMate Express� System.

The quality of the DNA extract obtained from the AutoMate
Express� System was further evaluated by examining the STR
profiles. Representative STR profiles are shown in Figs 4 and 5.
Full and balanced STR profiles were obtained from blood on blue
denim and blood on cotton with inhibitor mix samples (Fig. 4). A
ski slope effect was observed for both tooth and bone samples

FIG. 2—Sensitivity studies: representative Identifiler� short tandem repeat profiles of DNA extracted from different input amount of liquid blood.

FIG. 3—Reproducibility studies: average DNA yield from different mock
forensic samples processed on three consecutive days. Four replicate DNA
extractions were performed on each of the five sample types.

TABLE 2—Stability study: DNA concentration and total yield.

Sample type

Average DNA
Concentration,
ng ⁄ lL (n = 3)

Average
Total Yield,
ng (n = 3) SD

1 lL blood on blue denim 0.51 26.85 6.39
1 lL blood on cotton
with inhibitor mix

0.46 23.76 4.92

10 mg tooth powder
exposed to
environment ⁄ light

0.16 8.36 7.04

50 mg aged bone
powder

0.01 0.49 0.15

Extraction blank 0 0
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(Fig. 4). Allelic drop-out was also observed for the larger loci of
the bone samples. The ski slope effect and allelic drop-out were
still observed after analyzing the bone and tooth samples with the
Identifiler� Plus Kit, which provides a high level of tolerance for
known PCR inhibitors introduced by forensic samples (12) (Fig. 5).
Therefore, these effects are likely due to sample degradation.

Case-Type Samples

This experiment was performed to evaluate the extraction of
genomic DNA from different sample types that are commonly pro-
cessed in a forensic laboratory using the PrepFiler Express� Kit.
Forensic-type samples were prepared using different substrates and
human biological fluids (saliva, blood, and semen) as described in
Materials and Methods. The average DNA yield for case-type sam-
ples is shown in Fig. 6. Variation in DNA yield may occur due to
cells that are entrapped and ⁄ or bound within the substrate and are
inaccessible to the lysis buffer. Variation in DNA concentrations
between samples was expected because of the variation in the
amount of biological material present in different samples from dif-
ferent donors and different body fluids. All sample types provided
DNA in sufficient quantities for downstream applications. The IPC
CT values for the samples and NTCs were within €1 CT unit, indi-
cating that PCR inhibitors present in all tested sample types were

effectively removed during the extraction of DNA using the Auto-
Mate Express� System. Conclusive STR profiles were obtained
from all samples and profiles for subset of the samples are shown
in Fig. 7.

Contamination Studies

Two contamination studies were performed more than 12 months
apart to assess the capability of the AutoMate Express� instrument
liquid handling system against cross-contamination. In the first con-
tamination study, twenty 10-lL blood samples and 19 extraction
blanks were arranged in three sets of AutoMate Express� tip and
tube racks in an alternating pattern and processed for extraction.
The extract from extraction blanks were analyzed using
AmpFlSTR� Identifiler� PCR Amplification Kit. One of the 19
extraction blank samples exhibited a single peak with a height of
70 RFU at the vWA locus (data not shown). The sample was then
processed for STR profiling in triplicate with the highly sensitive
MiniFiler� Kit. The vWA peak could not be reproduced, because
of the absence of this locus in the MiniFiler Kit. However, the
STR profiles generated with the MiniFiler Kit did not exhibit any
alleles, so the peak was determined to be spurious. In the second
contamination study, which was conducted a year later, total 65
extraction blanks and 65 blood samples were processed on 10

FIG. 4—Stability studies: representative Identifiler� short tandem repeat profiles of challenging mock forensic samples.

FIG. 5—Identifiler� Plus short tandem repeat profiles from DNA extracted from tooth and bone sample in stability studies.
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extraction runs with each extraction blank located next to a liquid
blood sample. Blood input volumes were 20, 25, 30, 35, and
40 lL (13 samples for each input volume). After DNA extraction,
the extracts from extraction blanks were analyzed using
AmpFlSTR� Identifiler� PCR Amplification Kit. None of the 65
extraction blank samples exhibited peaks above 50 RFU. The
results from both contamination studies indicates that the liquid
handling system of the AutoMate Express� instrument did not

introduce any detectable DNA contamination during its operation
over time.

Correlation Studies

Correlation studies were performed to evaluate the quality (as
judged by the presence of PCR inhibitors) and quantity of DNA
obtained using the AutoMate Express� System as compared to

FIG. 6—Case-type sample studies: average DNA yield from case-type samples. Three replicate DNA extractions were performed on each sample types.

FIG. 7—Case-type sample studies: representative Identifiler� short tandem repeat profiles from 2 lL dried blood on acetate fabric, 1 lL blood on 5-mm
black leather punch, 2 lL blood on rayon fabric, 2 lL blood on silk fabric, and 2 lL blood on wool fabric.

FIG. 8—Correlation studies: average DNA yield from different mock forensic samples processed on three DNA extraction platforms. DNA extractions were
performed on six replicates of the bone sample and 12 replicates of each of the other six sample types.
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the DNA extract obtained using other commercially available
methods.

The quantitation results for each extraction method were com-
pared (Fig. 8). For all sample types investigated, the AutoMate
Express� System DNA yield and concentration was comparable
with or higher than that of the other extraction methodologies. The
IPC CT values obtained using the AutoMate Express� System and
two other methods are all within 1 CT of the extraction blank, indi-
cating that PCR inhibitors present in all tested sample types were
effectively removed. The AutoMate Express� System obtained
STR profiles with intracolor balance comparable with or better than
the profiles obtained with Maxwell� 16 and EZ1� Advanced XL
system and recovered more alleles for aged bone sample (Fig. 9).

Conclusions

The PrepFiler Express� and PrepFiler Express BTA� Forensic
DNA Extraction Kits and the AutoMate Express� DNA Extraction
instrument have been developed to extract genomic DNA from bio-
logical samples that are commonly observed in the forensic DNA
laboratory. The system is capable of automatically processing 13
samples simultaneously. Validation studies demonstrate that the
AutoMate Express� System provides robust and reliable results in
obtaining genomic DNA from forensic biological samples for
downstream applications such as real-time quantitative PCR and
PCR for STR profiling. The AutoMate Express� System provides
reliable results at different DNA input amounts and is effective in
maximizing the amount of DNA obtained from samples that con-
tain both small and large quantities of biological material. The util-
ity of the extraction method in forensic DNA analysis was
demonstrated using forensic-type samples. The DNA that was
extracted was free of PCR inhibitors as determined by the IPC CT

values using the Quantifiler� Duo DNA Quantification Kit. The
reagents and operations of the AutoMate Express� System exhib-
ited clean operations and did not introduce any detectable cross-
contamination of human DNA.
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