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In this study, control DNA samples were spiked with various and excessive concentrations of
hematin, humic acid, melanin, and tannic acid, all of which have been shown to inhibit PCR
amplification in mock and real forensic samples (9, 10). These contaminated samples (at 10fold concentrations needed to inhibit the amplification of an STR profile) were then purified
using the QIAquick® and SCODA methods. STR profiles from purified products were generated
for each method and compared and evaluated by successful percentage allele recovery and
relative fluorescence unit (RFU) peak height averages. The degree of inhibition remaining in
each sample post-purification was measured using a real-time assay to determine cycle shifts
of the internal positive control (IPC). In addition, the effect of a bound inhibitor, collagen, was
visually observed during SCODA purification by taking real-time images of collagencontaminated DNA while migrating in the SCODA gel. This study presents the applicability of
the use of SCODA for forensic and medical diagnostic applications.

(b)

Quantifiler® IPC Shifts

(b)

(c)

Quantifiler® IPC Shifts
14

12

12

10

10

8

8
SCODA

6

QIAquick

# of Cycles

14

QIAquick
4

2

2

0

0
0.06mg

0.12mg

0.20mg

0.22mg

0.60mg
-2

Melanin

(a)
14

12

12

10

10

8

8

120

QIAquick

9000

Percentage Allele Recovery

8000
7000

80

SCODA

60

QIAquick
40

6000
SCODA

5000

QIAquick

4

4

2

2

0

0
0.30mg

0.60mg
Humic Acid

SCODA

6

1mg

0.7µmol (0.44mg)
-2

1.4µmol (0.89mg)

1.6µmol (1.01mg)

Hematin

(d)

Figure 5. Quantifiler® IPC Shifts. Real-time amplification using Quantifiler® for (a) melanin,
(b) tannic acid, (c) humic acid, and (d) hematin purified samples using SCODA and
QIAquick®. Inhibition is indicated for any IPC shift value >1 cycle number. IPC shifts >11
cycles indicate complete failure of IPC amplification. QIAquick® purification failed to
remove inhibitory activity from all concentrations of melanin and humic acid tested.
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Further investigations will be conducted to assess SCODA’s purification capabilities to clean
other types of challenged samples. Other samples which may contain inhibition such as
formalin-fixed biopsy tissues, FTA punches, and mock forensic samples will be tested using
SCODA. A validation study will be conducted to assess total DNA yield and DNA cleanup from
bone samples. The use of SCODA also will be investigated for the preparation of soil and other
samples, which may contain microbial communities for metagenomic analysis.
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Figure 1. The Aurora Nucleic Acid Purification System (Boreal
Genomics, Vancouver, BC) and QIAquick® PCR Purification Kit
(Qiagen, Valencia, CA). Displayed is the (a) Aurora System
instrument, (b) the SCODA sample cartridge (Used with
permission by Boreal Genomics), and (c) the column used in the
QIAquick® PCR Purification Kit (11).
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Figure 2. Identifiler® Plus allele recovery and average RFU values for SCODA and QIAquick®
purification. Successful DNA purification from maximum concentrations of melanin, tannic acid,
humic acid, and hematin was compared for SCODA and QIAquick® purification methods. (a)
Percentage allele recovery and (b) average RFU values were measured for purified DNA
amplified using the AmpFℓSTR® Identifiler® Plus PCR Amplification Kit. SCODA purification
yielded 100% allele recovery for each inhibitor and had higher RFU values than QIAquick®
purification. Complete allele dropout occurred for QIAquick® purified product containing 220µg
melanin or 1mg humic acid.

This study assessed the ability of the SCODA technology to purify DNA from inhibitors commonly
encountered in forensic biological specimens and medically-relevant samples. Compared with a
commercially available silica-membrane based purification method (QIAquick® PCR Purification
Kit), SCODA was able to purify hematin-, humic acid-, melanin-, and tannic acid-contaminated
samples better than the QIAquick® method. At the highest concentrations of melanin- and humic
acid, SCODA purification successfully cleaned these samples for downstream amplification
yielding full profiles whereas QIAquick® purified DNA failed to generate profiles. In the case of
hematin- and tannic acid-contaminated samples, both the SCODA and QIAquick® purification
methods produced full profiles for each sample at the maximum concentration tested; however,
average peak height RFUs for both hematin and tannic acid samples were higher when purified
using SCODA. It is important to note that for all concentrations tested, humic acid- and melanincontaminated samples purified by the QIAquick® method were still dark colored, whereas when
purified using SCODA these sample extracts were clear. Real-time PCR amplification (using
Quantifiler®) for these colored-samples showed complete failure of the IPC to amplify, thereby
demonstrating severe inhibitory effects remaining in these samples. This observation suggests
that severely contaminated samples may be cleansed of inhibitors more readily with SCODA than
with the QIAquick® method. This study also briefly investigated the mechanism of how DNAbound inhibitors, such as collagen, affect the mobility of nucleic acids in the SCODA gel. From the
images taken, the data suggest that the higher the amount of collagen is in the sample, the less
DNA that is able to migrate into the gel.
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Figure 4. Images of purified SCODA and QIAquick® products. (a) Post-SCODA purified DNA
originally spiked with 220µg melanin. All SCODA purified product for each inhibitor was
clear (i.e., no color). (b) Post-QIAquick® purified DNA originally spiked with 220µg melanin.
(c) Post-QIAquick® purified DNA originally spiked with 1mg humic acid.
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Analysis of some forensic samples can present problems due to the lack of quality and
quantity of DNA. Issues that may arise include inhibition, degradation, and recovery of limited
DNA template. Various molecular biology techniques and medical diagnostic applications
require relatively clean input DNA for analysis. The quality and amount of DNA extracted from
a biological sample is critical for the success of subsequent downstream applications. Different
substances, known to interfere with the polymerase chain reaction (PCR) and other
applications, can be co-extracted with DNA from a sample, commonly seen in forensic and
medically-relevant samples (1). Substances such as heme (found in blood), melanin (found in
pigmented tissue and hair), collagen and calcium phosphate (found in bone), and humic acid
(found in soil) are known to cause PCR inhibition (1, 2). In addition, substances found in
different types of clothing, such as tannins and indigo dyes, have been known to reduce the
efficiency of amplification of DNA (2).
Choice of extraction method and subsequent clean-up step are critical for the purity of
extracted DNA. Commonly used extraction methods are silica-membrane columns and phenolchloroform. However, inhibitors can still remain for some samples. Also, increased sample
manipulation using these methods can lead to loss of nucleic acids. The use of QIAquick®
columns (Qiagen, Valencia, CA), which is based on a silica-membrane spin column to capture,
clean, and concentrate DNA, has proven to be successful for purifying DNA for amplification (1,
3). This process has been able to yield partial to full profiles from challenging bone samples (4,
5). Even though silica-membrane based purification methods have proven to be successful for
removing inhibitors from many samples, not all inhibitors will be removed from more
challenging samples. Synchronous coefficient of drag alteration (SCODA) is a new technology,
part of the Aurora system (Boreal Genomics, Vancouver, BC), which uses rotating electric fields
to drive DNA into the center of an electrophoretic gel (6). While concentrating DNA into the
center extraction well of the gel, SCODA removes inhibitors from the nucleic acids (7). SCODA
purification has been shown to be successful for purifying DNA from contaminated forensic
samples (8).
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Contaminated Samples Tested: Hematin (Sigma-Aldrich, St. Louis, MO); humic acid (SigmaAldrich); melanin (Sigma-Aldrich); and tannic Acid (Sigma-Aldrich). Collagen (Sigma-Aldrich)
contaminated samples were only evaluated using SCODA. The human DNA was the human DNA
standard provided in the Quantifiler® Human DNA Quantification Kit (Life Technologies,
Carlsbad, CA). Purification Methods: Each contaminated sample was purified using SCODA,
utilized on the Aurora Nucleic Acid Purification System (Boreal Genomics, Vancouver, BC), per
manufacturer instructions, and the QIAquick® PCR Purification Kit (Qiagen) (Figure 1). Final
elution volumes for each method were brought up to 100μL with the appropriate elution
buffers from each manufacturer. STR Amplification and Profiling: STR amplification was
performed using the AmpFℓSTR® Identifiler® Plus PCR Amplification Kit (Life Technologies). To
provide equal comparison pre- and post-purification, 10µL of each purified product was
amplified. STR amplicons were separated and detected on the 3500xl Genetic Analyzer (Life
Technologies). Data were analyzed using GeneMapper® ID-X software (Life technologies).
Percentage allele recovery and average relative fluorescence unit (RFU) values were measured
for each purified product. Measured IPC Shifts: IPC shift was measured by amplification of
purified product using the Quantifiler® Human DNA Quantification Kit (Life Technologies). An
IPC shift of >1 cycle was indicative of inhibition. An IPC shift of >11 cycles was indicative of
complete amplification failure. Collagen Effect in SCODA Gel: Real-time images were taken of
400ng DNA and either 150μg or 15μg collagen containing 1X SYBR Gold during a typical SCODA
run.
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Purpose: Various types of biological samples present challenges for DNA extraction. Because
of the nature of the materials, methods will vary to obtain a “pure” DNA extract that is
compatible with downstream molecular biology applications. For example, biological forensic
samples may contain inhibitors that co-purify with the DNA and can interfere with DNA
amplification by polymerase chain reaction (PCR). In addition, whole blood samples can
present similar inhibition with DNA recovery due to the presence of heme. Synchronous
coefficient of drag alteration (SCODA) is a new technology that effectively removes all
inhibitors while simultaneously concentrating DNA. In this preliminary study, the purification
limit of SCODA was determined for various concentrations of forensic and medically-relevant
PCR inhibitors naturally found in tissue, hair, blood, plant and soil samples.
Methods: SCODA was used to purify DNA from contaminated samples with known
concentrations of hematin, humic acid, melanin, and tannic acid. SCODA purification was
compared with the QIAquick® PCR Purification Kit to determine which method was more
successful at purifying DNA from contaminated samples. The Quantifiler™ Human DNA
Quantification Kit was used to measure the performance of the internal positive control (IPC)
incorporated into each amplification reaction, to determine the level of inhibition in each
purified product. Short tandem repeat (STR) profiles were generated using the AmpFℓSTR®
Identifiler® Plus PCR Amplification Kit to determine the impact of each purification method
and infer quality of the extraction processes.
Results: SCODA purification yielded overall higher efficiency of purification of contaminated
samples. The IPC was delayed for humic acid and melanin purified products produced by
QIAquick® purification. SCODA products yielded no IPC shifts, suggesting successful
purification of the inhibitors. Allele percentage recovery and higher relative fluorescence unit
(RFU) values were greater for the SCODA method as compared with the QIAquick® purification
method for each inhibitor tested.
Conclusions: The SCODA technology provides an automated, minimal-step approach to
successfully remove inhibitors and concentrate DNA from challenged forensic samples and
medically-relevant tissue samples. The technology potentially provides a platform for the
extraction of nucleic acids from any tissue source or solid-support containing biological
materials and will accommodate different medical diagnostic applications.
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Figure 3. STR profile comparison of post-Scoda and post-QIAquick® DNA product originally
contaminated with 600µg humic acid . Electropherogram comparison depicting (a) post-SCODA
and (b) post-QIAquick® purified DNA amplified using the AmpFℓSTR® Identifiler® Plus PCR
Amplification Kit. Each purification method had an input of10ng DNA and 600µg humic acid.

Figure 6. Images of collagen interaction with DNA in SCODA gel . Real-time images were
taken to visualize the interaction between a known inhibitor that binds directly to DNA, as
opposed to inhibitors that have no covalent interaction with DNA. (a) Positive control400ng DNA, (b) 400ng DNA and 15µg collagen, (c) 400ng DNA and 150µg collagen. All
samples were stained in 1X final concentration SYBR Gold. A negative control also was run
to demonstrate lack of contamination (image not shown). The images show the effect
collagen has on DNA migration into the SCODA gel. The direct DNA interaction with
collagen is affecting DNA migration with an increased concentration of collagen.
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