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4. Equipment and Materials

=  DNAIQ™ System (Promega Corp., Madison, W1, USA); 100 samples, Cat.#
DC6701), which includes:
o 0.9mL Resin
o 40mL Lysis Buffer
o 30mL 2X Wash Buffer
o 15mL Elution Buffer
= TNE buffer (10mM Tris, 100mM NaCl, 1mM EDTA, pH 8.0)
MagneSphere® Magnetic Separation Stand, 12-position (Cat.# Z5342) (Promega
Corp., Madison, WI, USA)

= DNAIQ™ Spin Baskets (Cat.# V1221) (Promega Corp., Madison, WI, USA)

= Microtube 1.5mL (Cat.# V1231) (Promega Corp., Madison, Wi, USA)

= 95-100% ethanol

= |sopropy! alcohol

= 1M DTT (Sigma-Aldrich, St. Louis, MO, USA)

= Proteinase K (20mg/mL) (Sigma-Aldrich, St. Louis, MO, USA)

= 20% SDS (Biorad, Hercules, CA, USA)

= 0.9% saline solution (Baxter Healthcare, Old Toongabbie, NSW, Australia)

= ThermoMixer Comfort (Eppendorf, Hamburg, Germany)

= Vortex mixer

= Bench top centrifuge

= Cytobrush® Plus Cell Collector (Cooper Surgical, Inc., Trumbull, CT, USA)

= FTA® Classic Cards (Whatman plc, Maidstone, Kent, UK)

= Rayon (155C) and cotton (164C) plain dry swabs (Copan ltalia S.p.A., Brescia,
Italy)

= Vacuette® K2EDTA blood collection tubes (Greiner Bio-One GmbH,
Frickenhausen, Germany)

= Sticky tape (BDF tesa tape Australia Pty Ltd)

= Tannic acid CssHs,046 FW1701.25 (Selby’s BDH, Lab Reagent >~90%)

= Urea NH,CONH, FW60.06 (BDH, Molecular Biology Grade ~99.5%)

= Indigo carmine CigHgN,Na,0sS, FW466.35 PN 131164-100G (Sigma-Aldrich, St.

Louis, MO, USA)
Humic acid sodium salt PN H167520-100G (Sigma-Aldrich, St. Louis, MO, USA)
= Used car motor oil, SW20/SAES0 (Caltex)
=  Various clothing materials, including:
o Best & Less Pacific Cliff, White cotton shirt, XXL
Big W Classic Denim, Men's Blue denim jeans, 112
Private Encounters, off-white nylon cami, size 14
Clan Laird, blue 100% wool kilt
Millers Essentials, blue 100% polyester camisole, size 10
Unknown, teal green 100% lycra swimwear
Leather Belt, brown

O O OO0 0O

5. Methods

5.1 Cell and blood collection

Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). Four donors were chosen. Each donor was asked to brush the inside
of one cheek for one minute. Then, with another Cytobrush®, the other cheek was also
sampled. The cells collected on the brush where then resuspended in 2mL of 0.9% saline
solution. Multiple collections were taken on different days. — ,] 4
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create a total of five replicates. Samples were dried using a ThermoMixer set at 56°C over
2 hours in a Class Il biohazard cabinet.

5.4 Inhibition challenge

Quartered cotton swabs in sterile 1.5mL tubes were spotted with 30pL of neat cell
suspension and were dried after each addition ona ixer as gescribed previously.
Neat blood samples were also created using the same method. ;

All the inhibitors except for the motor oil were obtained in powder form. Before making any
liquid solution of the powdered inhibitors, research was conducted to determine the likely

level of each inhibitor normally encountered in the environment (Hlinka et al., 2007). Each
solution was made at concentrations based on the information obtained (Table 2).

Table 2. Concentrations of various inhibitors used in the inhibition study.

Inhibitor Excess/Neat Mass Volume H,O Final inhibitor
Solution concentration
Tannic acid Excess 600mg 500uL 0.705M
Neat 200mg 500pL 0.235M
Humic acid Excess 1g 5mL 20% (wiv)
Neat 0.1g SmL 2% (wiv)
Indigo carmine Excess 0.47g 10mL 100mM
Neat 0.047g 10mL 10mM
Urea Excess 0.06g imL ™
Neat 0.021g 1mL 0.33M

A total of 30uL of each solution containing specified concentrations of various inhibitors
was applied to the buccal cell and blood swabs prepared above. The only exception was
motor oil, where only 15uL was added to the cell and blood swabs respectively. Each
inhibitor sample was replicated in quadruplicate and left to dry overnight in a Class I
biohazard cabinet.

To another set of prepared cell and blood swabs, an excess of each inhibitor was applied in
quadruplicate for each inhibitor and allowed to dry overnight. This process was achieved by
applying another solution of inhibitor exceeding the normal level (Hlinka ef al., 2007).

5.5 Substrates

Swabs
Four cotton and four rayon swab quarters in sterile 1.5mL tubes were loaded with 30uL of
neat c@ll or blood sample and were extracted once the sample had dried on the sWab.

onors were sampled using the tape most commonly used within the laboratory (BDF
ape). Strips of tape were firmly applied to the inside of the fore arm and lifted off.
This process was then repeated until the tape was no longer adhesive. The tape was
wrapped around sticky-side-in, forming a cylinder shape, and placed in a sterile 1.5mL
tube. These samples were created in quadruplicate. Tape was not used as a substrate in
the blood validation.

Fabric
The material types tested included:
e Denim jeans;
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5.7 Substrate size

Various sizes of material were cut from a white cotton shirt:
e 0.5cm x 0.5cm,
e 1cmx1cm,
e 2cmx2cm.

Each piece of material was stored in individual, sterile 1.5mL tubes and 30pL of cell sample
was added to the material and allowed to dry on a ThermoMixer. The same process was
followed for blood samples. Five replicates were made for each sample type.

5.8 Extraction using the DNA IQ™ System (Promega Corp.)

The manual DNA IQ™ method used was based on an automated protocol developed
by the Centre of Forensic Sciences (CFS) in Toronto, Ontario (PerkinEimer, 2004). A
Proteinase K — SDS Extraction Buffer was made as per the recommended protocol.
The 1x Extraction Buffer for one sample consisted of:

277.5uL TNE buffer o S S
15uL Proteinase K (20mg/mL) ? ™
7.5uL 20% SDS

The TNE buffer consisted of:

1.211g Tris (10mM Tris)
2mL 0.5M EDTA (1mM EDTA)
5.844g NaCl (100mM NaCl)

The adapted manual DNA IQ™ protocol is described below:
1. Set one ThermoMixer at 37°C and another at 65°C.

2. Ensure that appropriately sized samples are contained in a sterile 1.5mL
tube. For every sample, prepare three set of labelled tubes: spin baskets
(for every tube except the extraction control), 2mL SSI tubes and Nunc™
tubes.

3. Prepare Extraction Buffer and add 300pL to each tube. Close the lid and
vortex before incubating the tubes at 37°C on the ThermoMixer at
1000rpm for 45 minutes. "

4. Remove the tubes from the ThermoMixer and transfer the substrate to a
DNA IQ™ Spin Basket seated in a labelled 1.5mL Microtube using
autoclaved twirling sticks. Then transfer the liquid to a labelled 2mL SSI
sterile screw cap tube.

5. Centrifuge the spin basket on a benchtop centrifuge at room temperature
for 2 minutes at its maximum speed. Once completed, remove the spin
basket and collect the remaining solution and pool with the original
extract in the 2mL SSi sterile screw cap tube, then vortex.

6. Add 550 pL of Lysis Buffer to each tube.
—_—
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21. Repeat step 17 to 20, transferring the supernatant to the appropriate
Nunc™ tube. The final volume after the second elution should be
approximately 95pL.

Note: DNA can be stored at 4°C for short-term storage or at -20 or -70°C
for long-term storage.

5.9 DNA quantitation

All DNA extracts were quantified using the Quantifiler™ Human DNA Quantitation kit
(Applied Biosystems, Foster City, CA, USA) as per QIS 19977. Reaction setup was
performed on the MulthROBE® I PLUS HT EX (PerkinElmer) pre-PCR platform.

5.10 PCR amplification

DNA extracts were amplified using the AmpFESTR® Profiler Plus® kit (Applied Biosystems,
Foster City, CA, USA) as per QIS 19976. Reaction setup was performed on the
MultiPROBE® Il PLUS HT Ex (PerkinElmer) pre-PCR platform.

5.11 Capillary electrophoresis and fragment analysis

PCR product was prepared for capillary electrophoresis using the manual 9+1 protocol
(refer to Project 15 and QIS 19978). Capillary electrophoresis was performed on an ABI
Prism® 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) under the
following conditions: 3kV injection voltage, 10 sec injection time, 15kV run voltage, 100pA
run current, and 45min run time. Data Collection Software version 1.1 was used to collect
raw data from the ABI Prism® 3100 Genetic Analyzer. Fragment size analysis was
performed using GeneScan 3.7.1. Allele designation was performed using Genotyper 3.7,
with thresholds for heterozygous and homozygous peaks at 150 and 300 RFU respectlvely
The allelic imbalance threshold is 70%.
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Sensitivity results for cell and blood samples (DNA yield)

80D

BCells Rayon Swabs
BCslls Collon Swabs
DBlood Rayon Swabs
BBload Cotlon Swabs

1/1000 r1
1/1000 r2
111000 13
1/1000 r4
111000 1S

Figure 2. DNA yields (ng) observed for the sensitivity study. As expected, neat samples provided the
highest yields. Yields were obtained down to 1/1000 for blood samples and 1/100 for cell samples.

Sensitivity results for cell and blood samples (DNA yield)

for 1/1000 dilutions
OBlood Rayon Swabs
BBlood Collon Swabs

4.5 1=

Replicate 1 Replicate 2 Replicate 3 Replicate 4 Replicate 5
4/1000 Dilution Replicate Number

Figure 3. DNA yields (ng) observed for the sensitivity study, at the 1/1000 dilution.
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6.3 Inhibition

Forensic samples that are commonly submitted for DNA analysis often contain inhibitors.
These inhibitors may inhibit or significantly reduce the efficiency of a DNA extraction
system, either by interfering with cell lysis or interfering by nucleic acid degradation or
capture, therefore manifesting as extraction inhibitors (Butler, 2005). Inhibitors can also co-
extract with the DNA and inhibit downstream PCR amplification processes, therefore acting
as PCR inhibitors (Butler, 2005). For example, inhibitors such as hemoglobin and indigo
dye likely bind in the active site of the Taqg DNA polymerase and prevent its proper
functioning during PCR amplification.

For the inhibition study, five substances were chosen for their known ability to inhibit PCR
and their likelihood of appearing in routine casework samples:

= |ndigo carmine: a component of the blue-dye encountered in denim jeans (Shutler,
et al., 1999).

“ = Tannic acid: a chemical used in the leather tanning process.
\.y = Urea: a component of urine (Mahony et al., 1998).
AN =  Humic acid: a component found in soil and soil products (Tsai and Olson, 1992).
INAN = Motor oil: contains various hydrocarbons and ethanolic compounds that can inhibit
J_,\ PCR.
The effects of inhibition on quant value, IPC CT and number of alleles called
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Figure 5. Effects of various inhibitors on quant value, IPC CT and number of resolved alleles.
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6.4 Substrates

The substrate types examined included: swabs (cotton and rayon), tapelifts, fabric {denim,
cotton, wool, lycra, nylon, polyester, leather), gum, cigarette butts, and FTA® paper. Cell
and blood materials were spotted on to the substrates and extracted using DNA IQ™. The
results for the two different sample types are presented in Figures 6 and 7 below.
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Figure 6. Number of reportable alleles and qfantitation results for different substrate types containing
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For blood samples:

= All substrate types generated full DNA profiles.

= On average, the DNA quantitation results for all blood samples was greater than
those resulted from cell samples. This is as per expected and was observed
previously (see Project 9 report), because the concentration of nucleated cells in
the blood samples were hypothesised to be higher than the concentration of buccal
cell samples.

= Because of processing error, data was not available for the following samples:
Cotton Swab 4, FTA Donor B 1 and FTA Donor B 2.

The results above are initial amplification results that do not take into account any
reworking options.

We found that samples on tapelift substrates performed the worst; however this was
probably due to the sampling method devised for this experiment, which did not adequately
sample a sufficient number of cells.

6.5 Mixture studies )
A mixture study was performed as part of the validation, however the results are not M a
presented in this document because the mixture ratio was found to be inaccurate because

cell counts were not performed on the saliva samples. Therefore, little information could be

deduced from these results.

6.6 Substrate size

Blood on cotton swabs produced fuli DNA profiles for all sample sizes, ranging from 0.5 x
0.5cm to 2.0 x 2.0cm (Figure 8). Cells on cotton swabs did not perform as well (Figure 8),
possibly due to the nature of the cells and difficulties in obtaining full DNA profiles from cell
samples as observed in previous experiments.

Although the same starting amount of sample was used, it was observed that the 0.5 x
0.5cm samples generated higher quantitation results (therefore, also higher yields)
compared to the 2.0 x 2.0cm samples (Figure 8). It appears that extraction efficiency
decreases as the substrate surface area increases. This may be due to insufficient mixing
and distribution of the lysis buffer over a larger substrate surface area, causing insufficient
lysis of cellular material. This observation is in line with other reports that the DNA IQ™
system works more efficiently with smaller samples (Promega, 2006). The resulting IPC CT
fell within the narrow range of 27.91 — 28.43 (mean = 28.10), indicating that both small and
larger samples resulted in DNA extracts of similar quality, but the overall yield was lower for
larger substrates (Figure 8 & 9).
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7. Summary and Recommendations
Based on the findings of this validation report, we recommend:

1. To enable processing of cell and blood samples using the validated manual DNA
IQ™ protocol, except for samples on tapelift substrates.

2. To design and verify an automated protocol of the validated DNA IQ™ method for
use on the MultiPROBE?® Il PLUS HT Ex platforms, for processing blood and cell
samples.
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