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Notice number: 6.001

COMMISSION OF INQUIRY INTO DNA PROJECT 13

Section 5(1)(d) of the Commissions of Inquiry Act 1950
STATEMENT OF GENEROSA LUNDIE

I, Generosa Lundie, care of Queensland Health Forensic and Scientific Service, Forensic
Scientist, do solemnly and sincerely declare that:

1. On 19 October 2023, I was requested to provide a statement responding to Notice 6.001
“Requirement to Give Information in a Written Statement”.

Identification
Question 1(a) - State your full name:

2 My full name is Generosa Lundie.

Question 1(b) - State your qualifications, skills or experience relevant to forensic science
and DNA:

3. I graduated from Perpetual Help College of Medicine in the Philippines with a Bachelor
of Science — Medical Technology in 1991.

4. I graduated from Griffith University with a Bachelor of Biomedical Sciences in 2005.
S Annexed and marked Exhibit GL-01 is a copy of my CV.

Question 1(c) - State the period(s) of time you have been or were employed by or otherwise
engaged with Queensland Health, Queensland Health Forensic and Scientific Services
(QHFSS) and/or Forensic Science Queensland, and in what roles and when.

6. I commenced working as a Laboratory Assistant at Queensland Health Forensic and
Scientific Services — DNA Analysis between March and June 2006. This is now known
as Forensic Science Queensland. Since then, [ have been engaged in various roles with
QHFSS and/or Forensic Science Queensland as set out below.

Automation Project Team — June 2006 to late-2008

G Between approximately June 2006 to the end of 2008, I worked in the Automation Project
Team as a newly graduated scientist and I was supervised by Thomas Nurthen who was
the Project Manager for the team.

8. The members of the Automation Project Team were:
(a) Thomas Nurthen;

(b)  Cecilia lannuzzi;

(c) Iman Muharam;
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(d)  Vojtech Hlinka; and
(e)  Breanna Gallagher.

9. Breanna and I were junior members of the team. The more senior scientists in the team
were Thomas, Cecilia, Iman and Vojtech.

10.  While in the Automation Project Team, my duties as a newly graduated scientist
involved:

(a) being trained in manual DNA extraction by Cecilia (Breanna was also trained at
the same time with me);

(b)  assisting in the preparation of mock samples to be used in the Project 9 and Project
11 discussed below;

(c) undertaking manual DNA extraction; and

(d)  undertaking other tasks as instructed by Tom who was as the Project Manager of
the Automation Project Team and the more senior scientists, being Cecilia, Iman
and Vojtech.

11. T understood the purpose of the Automation Project Team was to explore opportunities to
use automation in the DNA extraction process. I recall there was a plan to incorporate an
automated robotic platform so that both new manual and automated DNA extraction

methods could be introduced.

Project 9

12.  Inthe early part of my time in the Automation Project Team, I recall assisting the senior
scientists (Cecilia, Iman and Vojtech) and Breanna with Project 9.

13. At the time I joined the Automation Project Team, the wider Forensic Team was using a
DNA extraction solution called Chelex. At the time, if [ recall correctly, there was a plan
to stop using Chelex as a liquid agent to extract DNA because it took longer to process
and apparently it could be harmful to scientists.

14. A DNA extraction kit is a small box that contains liquid agent solutions necessary for the
DNA extraction process.

15.  Based on my recent review of the Project 9 report, I believe Project 9 involved the
evaluation of various commercial DNA extraction kits, which included:

(a) trialling six DNA extraction kits (including Chelex, DNA IQ and four others),
using mock samples to identify which performed best; and

(b)  performing manual DNA extraction processes with the different DNA extraction
kits.

16. DNA IQ was one of the five new extraction kits that was trialled.

17.  Based on my recent review of the Project 9 report, I believe that the related purpose of

Project 9 was to identify the best extraction kitSMr trialled in an
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automated procedure using an automated robotic platform, being the Multiprobe II
platform. The Multiprobe II platform is a robot that automated the DNA extraction
process. When I joined the Automation Project Team, there was one or two Multiprobe
II platforms being trialled as part of Automation Project Team's work, but [ was not
involved in that work.

18. My involvement in Project 9 occurred a long time ago now, and I only remember bits and
pieces such as assisting in the preparation of mock samples and performing laboratory
work. I was not trained at that time in DNA analytical processes other than manual
extraction. I was not involved in any analysis, evaluation or interpretation of results as I
was still new and had limited experience in Forensics.

19. I am aware a report was prepared about Project 9.

20. I'was not involved in interpreting the results or writing the report. I do not know who
wrote the Project 9 report. My name is on page 1 of the Project 9 report along with all
other members of the Automation Project Team and Vanessa Ientile. I believe all
members of the team were named on the report to recognise we all made some wider
contribution and to recognise the collective assistance with the work which supported the
project.

21.  Annexed and marked Exhibit GL-02 is the Project 9 report I found on our digital
storage system.

Project 11
22.  Irecall assisting Breanna and the senior scientists with Project 11.

23.  Based on my recent review of the Project 11 report, I believe this project was about
validating that DNA IQ kit (which was identified through Project 9) was the best to use
when extracting DNA manually. Again, this took place a long time ago, and I can only
recall bits and pieces. I was not involved in any analysis of the results. I assisted in
laboratory duties as instructed by the senior scientists.

24. 1 am aware a report was prepared about Project 11. 1 may have had a brief look at the
report before it was finalised, but I do not have a deep knowledge of the data presented in
it. As mentioned, [ was new to the team with limited experience in Forensics. I do not
know who wrote the Project 11 report. I did not have any involvement in drafting the
Project 11 report. I believe my name appears on the report to recognise all members of
the Project Automation Team made some contribution to the work which supported the
project.

25.  Annexed and marked Exhibit GL-03 is the Project 11 report I found on our digital
storage system.

26.  As a career development task, I asked Tom if I could attend the Australian and New
Zealand Forensic and Scientifics Services Symposium in 2008. I asked Tom if I could
develop a poster about the outcome of Project 11 for the symposium. Tom agreed, and
the poster I developed was approved by Tom and Iman. I displayed the poster at the
symposium. After the symposium, the poster was made available to Forensic and
Scientific Services staff to inform them about what was presented at the symposium.

Generosa Lundie Witness
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Annexed and marked Exhibit GL-04 is a copy of this poster I found on our digital
storage system.

Project 13

27. 1 am aware there was a Project 13. I do not recall being involved with this project
because between 2006 and 2008 if I recall correctly, I was heavily involved in manual
DNA extraction processes. I think Project 13 occurred after Projects 9 and 11 were
completed, but some work may have occurred simultaneously.

28.  I1do not recall reviewing or reading any version of the Project 13 report until I was
provided with a copy in relation to this Inquiry. I do not know who wrote the Project 13
report. I did not have any involvement in drafting the Project 13 report. I believe my
name appears on the report to recognise all members of the Project Automation Team
made some contribution to the work which supported the project.

29.  When I heard in early October 2023 that the Project 13 report was going to be the subject
of this Commission of Inquiry, I looked at the report briefly, I did not read it in detail. I
saw on pages 8 and 9 that there were highlighted sections and question marks, and this
indicated to me that I was looking at a draft report.

30.  Annexed and marked Exhibit GL-05 is the Project 13 report I looked at for this
purpose, with my markings.

Analytical Team — Late-2008 to August 2023

31.  Ithink in late-2008 or early 2009, the Project Automation Team work finished and I was
moved to the Analytical Team, where I remained until August 2023.

32.  Ireported to Allan McNeven and my work involved:
(a) General laboratory duties;
(b) Automated DNA extraction tasks;
(c) Manual DNA extraction tasks;
(d) Pre-PCR tasks;
(e) Capillary Electrophoresis tasks; and
H Non-laboratory tasks.
Evidence Recovery Team — August 2023 to present

33.  In August 2023, I moved to the Evidence Recovery Team. The work in this team
involves examination of items, examination of sexual assault kits currently called
(FMEKSs) and performing presumptive testing on samples under supervision before they
are sent to the Analytical section for further testing.

Manual and Automated DNA Extraction Methods

Question 2 — In relation to the report being the “Project 13. Report on the Verification of
an Au ' 1 using the Multiprobe ILPLUS HT EX with Gripper

.........................................................
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Integration Platform”, Nurthen, T., Hlinka, V., Muharam, 1., Gallagher, B., Lundie, G.,
Iannuzzi, C., Ientile, V. Automation/LIMS Implementation Project, DNA Analysis FSS
(August 2008) (2008 Report)1 and the abstract and introduction therein which state:

1. Abstract

A manual method for extracting DNA from forensic samples using the DNA 1Q™ system
(Promega Corp., Madison, W, USA) was validated for routine use in DNA Analysis (FSS)
We have verified an automated DNA 1Q™ protocol in 96-weil format for use on the
MultiPROBE® Il PLUS Hr EX Forensic Workstation platforms {PerkinElmer, Downers Grove,
IL, USA). Data indicate that results from the automated procedure are comparable o those
from the manual procedure. Contamination checks ‘were performed using samples
prepared in checkerboard and zebra-stripe format, and resuits were as expected. We
recommend the use of the MultiPROBE® Il PLUS HT Ex platforms to perform automated
DNA extraclion using the DNA IQ™ system.

2. Introduction

The MultiPROBE® || PLUS HT Ex FORENSIC WORKSTATION platforms (PerkinElmer. Downers
Grove. IL, USA) are equipped (o perform automated DNA extractions. as they include a
DPC shaker and individual heat controliers to enable on-board lysis and incubation steps
Currently in DNA Analysis, the MuliPROBE® platforms allow walk-away operation of PCR
setup protocols for DNA quantitation and amplification

The DNA Q™ protocol has been verified or validated by various laboratories for use on the
MuliPROBE® || PLUS piatform. The laboratornes that perform an automated DNA IQ™
protocol include PathWest (Western Australia). Forensic Science South Australia (South
Australia) and Centre of Forensic Sciences in Toronto (Ontario). The MultiPROBE® Il PLUS
instrument comes pre-loaded with an automated DNA IQ™ protocol. Unlike the other
labaratories, however, we did not validate the included protocol, but instead validated a
manual DNA IQ™ protocol which was based on the CFS automated protocol (PerkinElmer,
2004), followed by verification of an automated protocol based on the validated manual
method.

The verified automated DNA 1Q ™ protocol is identical to the validated manual pretocol
used in-house: there are no differences in reagents or volumes. The adopted DNA Q™
protocol differs slightly, however, from the manufacturer’s protocol, as it inciudes a lysis
step using Extraction Buffer (10mM Tris. 1mM EDTA. 100mM NaCl. 20% w/v SDS) in the
presence of Proleinase K, before incubating in the DNA IQ™ Lysis Buffer. Furthermore. the
lysis incubation conditions were lowered from 70°C to 37°C in order to accommodate
extraction of DNA from heat labile materials such as nylon and poiyester. In addition, the
automated protacol ulilises the SlicPrep™ $6 Device (Promega Corp.. Madison, Wi, USA)
for simultaneous pracessing of samples in a 96-well format

Manual Method

Question 2(a) describe, with precision, the “manual method” for extracting DNA from
forensic samples using the DNA IQ™ system referred to in the first line of the Abstract to
the 2008 Report (Manual Method), including whether the Manual Method:

() was devised within the QFSS Forensic DNA Analysis laboratory
(Laberatory); or

(ii)  was otherwise a modification of an existing manual method (and if so which
method),

34.  The DNA IQ system came in a kit or box containing different chemical liquid solutions
used for extracting DNA. T am not able to describe the method with precision without
referring to the manual extraction instructions outlined in the relevant written standard
operating procedure which we followed at the time. It has been at least 10 years since |
performed the procedure for manual extraction using DNA IQ. I can only remember bit
and pieces.

35.  AsIrecall, the manual method for extracting DNA using DNA IQ involved the following
steps:

(a)  Step 1 — A scientist would receive from the Evidence Recovery Team a tube
containing a piece of substrate (which might be a piece of cotton or fabric
collected by police from a crime scene) which might contain a DNA sample. The

1d add a volume of solution 1 (called the extraction buffer) using a

................................................................

Generosa [Lundie Witness

Page 5

ME_214821843 8



(b)

(c)

(d)

(e

LAY.010.007.0006

pipette. The scientist would then incubate the tube to heat the solution which
opens the cell membrane.

Step 2 — The scientist would then remove the tube from incubation and add
solution 2 (which is a lysis buffer) and solution 3 (which is a resin containing
paramagnetic beads). These solutions were mixed to break down the cells and
isolate the DNA. After mixing, the scientist would remove all liquid from the tube
using a pipette so the DNA is left attached to the paramagnetic resin beads.

Step 3 — The scientist would then add a volume of solution 4 (which is called the
wash buffer) to the tube and mixed it. The scientist then removed all liquid from
the tube using a pipette. The DNA which had bound to the resin would remain in
the tube. This washing process would be repeated three times so all remaining
contaminants or impurities from the DNA were removed and ideally only pure
DNA would remain.

Step 4 — The tube containing the DNA was then opened and left to dry inside a
extraction cabinet fume hood for a period of time to remove inhibitors such as
alcohol.

Step 5 — The scientist would then add solution 5 (which is an elution buffer) to the
tube to release DNA from the paramagnetic resin beads. The scientist collected
the solution containing the DNA using a pipette and transferred it to another tube.
The scientist repeated this process (i.e. solution 5 was added again, and the DNA
was collected again). The tube containing the extracted DNA was stored and was
then ready for the next stages of processing.

36.  After the manual extraction process was complete, another member of the Analytical
Team would perform the next stages of processing being:

(1) DNA quantification.
(1)  DNA amplification; and
(i1)  Capillary electrophoresis,

to produce a DNA profile result which would then be reviewed by the case
scientist for DNA comparison.

37. I do not know where this manual method was devised.

38. I do not know whether it modified an existing manual method.

39. I 'was trained in the manual extraction process by Cecilia between 2006 and 2007 when I
commenced in the Automation Project Team. This training involved me:

(a)
(b)
(©)

Generosa Lundie

ME 214821843 8

observing Cecilia performing the manual extraction process three times;
performing the manual extraction process three times under Celia's supervision;

discussing my competence with Cecilia;
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(d)  completing a training module, answering both oral and written questions within
module;

(e)  being signed-off by Cecilia as competent to perform manual extraction procedure
using DNA 1Q.

Question 2(b) describe, with precision, the method by which the Manual Method’s “routine
use” in DNA Analysis (FSS) was validated

40.  Based on my recent review of the Project 11 report, [ understand that Project 11 involved
validation of the use of DNA IQ, but my involvement in that project as I recall was
limited to performing laboratory duties which was manual extraction processes only.

41. I was not involved in the overall validation or the collection and assessment of the
outcome of results.

Question 2(c¢) state whether, and if so how, the Manual Method differed from or otherwise
modified the DNA IQ™ protocol that was “verified or validated by various laboratories for
use on the Multiprobe® II PLUS platform” (as stated in the second line of the second
paragraph of the Introduction to the 2008 Report)

42.  1do not know the answer to this question. I do not recall being specifically involved in
any modified version of using DNA IQ nor do I recall being involved in any verification
of the Multiprobe® II PLUS platform.

Question 2(d) state when the Manual Method was so devised

43.  Ido not know when the manual method was devised. I was only instructed to undertake
manual DNA extractions to assist my team members.

Question 2(e) identify those within the Laboratory responsible for devising the Manual
Method

44.  1do not know who was responsible for devising the manual method.

Question 2(f) state the reason(s) why the Laboratory chose to devise and to implement the
Manual Method

45. I do not know.

CFS Automated Protocol

Question 2(g) describe, with precision, the “CFS automated protocol (PerkinElmer, 2004)”
(CFS Automated Protocol) referred to in the seventh line of the second paragraph of the
Introduction to the 2008 Report

46.  1do not know what this is referring to.
Manual DNA IQ™ Protocol

Question 2(h) describe, with precision, the “manual DNA IQ™ protocol” (Manual DNA
IQ™ Protocol)” referred to in the seventh line of the second paragraph of the Introduction
to the 2008 rt. including whether it:

Generosa [Lundie Witness
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(i) was developed or otherwise supplied by the manufacturer of the
MultiPROBE® II PLUS HT EX FORENSIC WORKSTATION platform;

(ii)  was devised within the Laboratory; or

(ili)  was otherwise a modification of an existing Manual DNA 1Q™ protocol (and
if so which method)

47.  See above at paragraphs [35] to [39].

Question 2(i) describe, with precision, the method by which the Manual DNA IQ™
Protocol was validated

48.  1do not know how the manual method using DNA 1Q was validated.

Question 2(j) state whether, and if so how, the Manual DNA 1Q™ Protocol differed from
or otherwise modified the DNA IQ™ protocol that was “verified or validated by various
laboratories for use on the Multiprobe® IT PLUS platform” (as stated in the second line of
the second paragraph of the Introduction to the 2008 Report)

49. I do not know.

Question 2(k) state when the Manual DNA IQ™ Protocol was so devised

50.  Ido not know when the manual method using DNA IQ was devised.

Question 2(l) identify those within the Laboratory responsible for devising the Manual
DNA IQ™ Protocol

Siks. I do not know.

Question 2(m) state the reason(s) why the Laboratory chose to devise Manual DNA IQ™
Protocol

52.  Idonot know.
Automated DNA IQ™ Protocol

Question 2(n) state whether the “automated DNA IQ™ protocol” referred to in the first
line of the third paragraph of the Introduction to the 2008 Report (Automated DNA IQ™
Protocol) is the same as the automated protocol the subject of the 2008 Report. If it is not,
then state the reasons why and describe any differences

S5 I do not know.

Question 2(0) state whether, and if so how, the Automated DNA IQ™ Protocol differed
from or otherwise modified:

(i) the Manual Method;

Generosa Lundie
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(i)  the DNA IQ™ protocol that was “verified or validated by various
laboratories for use on the Multiprobe® II PLUS platform” (as stated in the
second line of the second paragraph of the Introduction to the 2008 Report);

(iii) the CFS Automated Protocol; and
(iv) the Manual DNA IQ™ Protocol

54. I do not know.

Question 2(p) state when the Automated DNA IQ™ Protocol was so devised

55x I do not know.

Question 2(q) identify those within the Laboratory responsible for devising the Automated
DNA IQ™ Protocol

56. I do not know.

Question 2(r) state the reason(s) why the Laboratory chose to devise the Automated DNA
IQ™ Protocol rather than use the manufacturer method

5% I do not know.

Multiprobe II PLUS HT EX with Gripper Integration Platform (Multiprobe Il Device)

Question 3 - State when the Laboratory received the Multiprobe II Device

58. I do not know when the laboratory received the Multiprobe II Device.

59.  The Multiprobe II Device if I recall correctly was in the laboratory when I commenced in
June 2006.

Question 4 - For each of the Manual DNA 1Q™ Protocol and the Automated DNA 1Q™
Protocol, describe, with precision and completeness, what, if anything was done to the
device to modify it, including whether any of the manufacturer’s factory settings were
changed, and if so which ones and how (including but not limited to temperature settings,

reagents and volumes)

60. Idonot know. Again, my task was very specific and limited to just assisting in
laboratory work.

Question 5 - State when the modifications were made

61. I do not know.

Question 6 - Identify those within the Laboratory responsible for the modifications

62. I do not know.

Question 72 why the modifications were mad

Generosa Lumndie Witness

Page 9

ME_214821843 8



LAY.010.007.0010

63. I do not know.
2008 Report

Question 8 - Describe your role in the preparation of the 2008 Report

64. 1did not have any role.

Question 9 - Describe the directions you received in relation to the preparation of the 2008
Report, and identify the person or persons from whom you received those directions.

65.  1did not receive any directions.

Question 10 - State the substance of the communications (including discussions) that
occurred between you, any other authors of the 2008 Report and/or any supervisor or
person in a position of management concerning the purpose(s) or intended purpose(s) of
the 2008 Report, including by identifying with whom those communications took place and

when.

66.  Ido not recall having any communications about the 2008 Report.

Question 11 - Identify the persons to whom was the 2008 Report was distributed.

67. 1do not know.
Question 12 - In relation to the matters stated in the 2008 Report, state:

Question 12(a) - how the conclusion on page 1 of the 2008 Report that “Data indicate that
results from the automated procedure are comparable to those from the manual
procedure” was reached, including:

(i) any discussions or communications between any of the named authors of the
2008 Report and any supervisor or person in a position of management in
relation to that conclusion or the referenced data; and

(ii)  how that conclusion can be reconciled with the data and figures outlined in
part 6.4 of the 2008 Report.

68.  Idonot know. I do not recall being involved in the 2008 Report.

Question 12(b) - how the recommendations summarised on page 18 of the 2008 Report
were decided, including by identifying:

(i) your role in the decision;

(i)  with whom and when you communicated (including by way of discussion)
with any other person in connection with the recommendations and the
decision to make them

69.  Idonot know. I do not recall being involved in the 2008 Report.
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All the facts and circumstances declared in my statement, are within my own knowledge and
belief, except for the facts and circumstances declared from information only, and where

applicable, my means of knowledge and sources of information are contained in this statement.

I make this solemn declaration conscientiously believing the same to be true and by virtue of the

provisions of the Oaths Act 1867.

TAKEN AND DECLARED before me at Brisbane on 24 October 2023

Witness
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EXHIBITS INDEX

Exhibits Index — Generosa Lundie Statement

“Question | Exhibit | Document Title L
| 1(b) GL-01 GENEROSA Jenny LUNDIE - CV
\
1(b) GL-02 Project 9: Report on the Evaluation of Commercial
| DNA Extraction Chemistries 2007
1(b) GL-03 ] ﬁoject 11: Report on Validation of a manual method |
for Extraction DNA using the DNA 1Q System,
August 2008
1(b) GL-04 Chemical Validation of a Manual DNA Extraction

Method using the DNA IQ System

1(b) | GL-05 Project 13. Report on the Verification of an
‘ | Automated DNA 1Q Protocol using the MultiPROBE
II Plus HT ES with Gripper Integration Platform.

.............................
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GN-01

GENEROSA Jenny LUNDIE

mobite: |

Career Goals

Currently employed as a Scientist within the Evidence Recovery section of Forensic Biology at Forensic Science
Queensland my goal is to continue utilising my scientific skills and experience in a team environment where
Forensic DNA examination is the field of expertise.

To continue develop and advance my knowledge, understanding and contribute to the overall goals of the
organisation.

Professional Experience

Scientist August 2003- Current
Evidence Recovery Section

Forensic Biology - Forensic Science Queensland

Responsibilities

« Perform and record in accurate, concise, and contemporaneous manner, the examination of items
submitted to Forensic Biology of items, in-tube items, and Forensic Medical Examination kits according to
standard operating procedure.

«  Entry and review of results examination into laboratory information system.

« Participate in internal and external proficiency testing as required.

« Maintain QIS event, participate in training and complete training modules.

« Provide training to scientists, technician or other staff as directed by the senior scientist.

« Maintenance of scientific knowledge and awareness of new/emerging technologies.

Scientist 2008-2003
Analytical Section

Forensic DNA Analysis- Forensic and Scientific Services Health Support Queensland

Responsibilities

« Perform DNA extraction of casework and reference samples both automated and manual procedures using
DNA 1Q System and casework Pro kit for Maxwell 16.

« Perform DNA Quantification of extracted DNA using the Quant Studio Real-Time PCR System.

« Amplification of DNA extracts using PowerPlex21 on the Proflex thermal cyclers.

« Perform plate preparation of PCR products for capillary electrophoresis using 3500x| Genetic Analyzer.

« Interpretation of DNA profiies and CE Quality checking using Gene Mapper —IDX software for PowerPlex21.

« Import/upload results of reference and casework through Forensic Register.

« To ensure consistent production of quality results and assist in the maintenance of quality systems, monitor
and update quality systems for example (raising of OQ!’s).

« Review, manage and validate results of samples and order rework strategy to obtain the best DNA profiles.

« Assistin the evaluation, verification and validation of new reagents, instruments, and equipment.

e Assistin the training of new staff member, when necessary, in analytical section.

« Perform maintenance and calibration of laboratory equipment and instrument such Q/ASymphony and
Hamilton STARIlet liquid handlers.

« Participate in a moot court training session

e To participate in staff and team meetings and take part in Performance Appraisal Development.

« Perform post-extraction processing of DNA extracts inciuding Microcon, Nucleospin clean-ups, dilutions, and
transfers and pooling.
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e  Make standards for quantification of DNA extracts and testing of Quantifiler kits as well.

« Carry out weekly stock take and monthly environmental cleaning as well as general maintenance and
cleaning of laboratory.

« Maintaining and updating relevant SOP’s and all training requirements are up to date.

« Assist other team member in analytical area if needed, provided all the work required for the day has been
completed.

« Ensure there’s sufficient batches prepared both manual and automated procedures. Daily recording of Key
Performance Index (KP!) for rostered area.

« Keep up to date of laboratory activities and changes by accessing meeting minutes, reading e-mail, Forensic
Register Notification, AUSLAB system messages and newsletters.

Scientist 2006- 2008
Automation

Forensic DNA Analysis- Forensic and Scientific Services Health Support Queensland

Responsibilities

» Assist in the evaluation and validation of new DNA extraction kits for manual DNA extraction.

e Assistin the preparation of mock samples to be use in the validation of DNA extraction kits

« Perform operational procedures on the MP Il Plus robotic platform including maintenance, gravimetric
analysis, deck calibrations and setting-up for extraction processes.

« Use AUSLAB to register and batch functionality.

« Train and supervise staff in the operation of MPII Plus robotic platform using DNA I1Q ™ system.

« Participate in team meetings.

Laboratory Assistant March-June 2006
Operational Team

Forensic DNA Analysis- Forensic and Scientific Services Health Support Queensland

Responsibilities

o  Perform FTA punching & washing to purify and amplify reference DNA samples.

« Perform blood clothing from reference and evidence sample received in the laboratory.

«  Utilised AUSLAB for registration, storing, transfer of samples and batch functionality.

« Access QIS (Quality Information System) for updated protocols, QIS notifications and OQI (Opportunity for
Quality Improvements).

« Assist in the environmental sampling and cleaning.

« To participate in staff and team meetings and take part in Performance Appraisal Development.

EDUCATIONAL QUALIFICATION

Bachelor of Biomedical Science
January 2003 - December 2005
Griffith University

Key Subjects

« Cell and Molecular Biology
*  Biochemistry

« Laboratory Biotechniques
« Chemistry

« Biological Chemistry
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Bachelor of Science in Medical Technology

June 1985 - March 1991

Perpetual Help College of Medicine (Philippines)
Key subjects

« Anatomy and Physiology

« Serology

« Hematology

« Parasitology

»  Microbiology and Virology

+ Immunology

Trainings

» Completion of the Perkin Elmer Users training for MPIl Robotic Platform Workstation including (hardware
overview, basic WinPREP Software, applications, specific training, customer preventive maintenance and
good liquid handling.)

+ Completed the training module in Interpretation and Acceptance of Results using AmpFISTR Profiler and
COfiler System™.

« Completed the training of Automated DNA 1Q™ Method of Extracting DNA from Reference and Casework
Samples.

« Completed the training in “Court Training” and Attendance at both Supreme and Magistrate Court.

« Processing FTA Paper™ using Profiler Plus.

e  AUSLAB Functionality (Laboratory Information and Management System).

+ Real Time PCR Quantification of Human DNA using Quantifiler Human DNA Quantification Kit.

«  PCR Amplification using Profiler Plus and COfiler System™.

« Competent to Train in the following modules (Operation, Maintenance and Gravimetric Analysis of the MP!|
Plus and Automated DNA |Q Method of Extracting DNA from Reference and Casework Samples using DNA 1Q
Kit.

SKILLS and ATTRIBUTES

Scientific knowledge and skills
Gained through the completion of two medical science degrees, employment as a Scientist in Forensic DNA
Analysis and as Medical Technician at Perpetual Hospital.)

Problem solving/trouble shooting
Developed through my involvement in various projects in ONA Analysis for which | participated/assisted in the
validation to develop a new method of improving existing working practices.

Effective oral and written communications
Developed through regular interaction, meetings, and seminars attendance both internal and external. Assist in
writing reports and updating Standard Operating Procedures.

Excellent teamwork skills
Through participation in team meetings, share information, contribute to all activities, and work co-operatively
with team members to improve and achieve team performance and objectives.

LAY.010.007.0015



LAY.010.007.0016

GN-01



LAY.010.007.0017

GN-02

CaS$s | Forensic . |

Queensland Government :

Queensiand Health :




Queensland Government
Queensland Heallh

GN-02

SS | Forensic and Scientific Services

A CLINICAL AND STATEW

Project 9. Report on the Evaluation of Commercial DNA
Extraction Chemistries

* These authors contribuled equally.
Automation/LIMS Implementation Profect, DNA Analysis FSS (June 2007)

1. Abstract

chemistries In order to compare. their overali performance (quallg/ yr" '
and the ablhty to automate) against the current in-house Chelex

2N s
the-evaluation-and-provides a discussion of the results observed. For | 'manu Q™
validation report, see Project 11. Verification of an automated DNA 0’?‘ i

in Project 13.

2. Introduction

procedure (Walsh et al., 1991) became a quick and easy altemative to th
technically-demanding phenol/chlomform protocol and was more compatit
samples from forensic exhibits, although the resulting DNA extract is still ¢ i
unpurified because inhibitors are not removed from the solution. As the dem’é
extracting trace DNA samples has increased within the last 10 years to allow lhfggoga(lon, :
of luw voupy number forensic samples, coupled with the increase in the need tm N
difficult samples such as touched objects and degraded bone material, new DN
technologles that are designed specifically for forensic sampies have increased m
availability.

The new DNA extraction chemistries on the market aim to overcome problems encountezél
in forensic DNA samples as they are-designed to:
= Improve removal of inhibitors present in the sample that can affect DNA: extracno
(e.g. hemoglobin, fextile dyes) or prevent successful PCR ampiification (e.g.
hematin, melanin, polysaccharides, bile salts, humic compounds);
= Maximise recovery of DNA in frace (low copy number) samples by using speciaf:
buffers that promote cell lysis and integrating a DNA capture system that allows s
efficient binding and elution of sample DNA, therefore increéasing total yields;
» Increase the overall quality and purity of recovereéd DNA by using special elution é,ly'&"
storage buffers, therefore enhancing DNA stability for long-term storage, ensuring’
reliability and consistency in the sample DNA for reworks and future use.

DNA Analysis FSS obtained various commercial forensic DNA extraction kits (Table 1) in
order to evaluate their performance against the in-| house Chelex® protocol (see QIS 17171
for detailed information and literature on the Chelex® system).

LAY.010.007.0018
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Table 1. Extraction kits that were evaluated by Forensic Blology FSS.

DNA extraction kit and manufacturer Technology type 1
DNA IQ“‘ (Promega Corp., Madison, WI, USA) Novel paramagnetic beads ‘
QlAamp® DNA Micro (Qiagen GmbH, Hilden, Germany) Silica-based membrane :
ChargeSwitch® (Invitrogen, Carlsbad, CA, USA) Magnetic beads :
forens:cGEM“" (ZyGEM, Hamilton, NZ) Thermophllic proteinase incuba

G 7

NucleoSpm 8 Trace (Macherey-Nagel, Diren, Germany) Silica-based membrane .

Magnetic bead technology is based on the use of magnetic resin that hdsithe’e;
bind DNA when subjected to a particular environmental pH or lonic stre bgth There
using buffers with different pH values or dlfferent ienic components, th' { Ind»ng and

complex can be washed usmg an alconol-contammg buffer in orde A
and residual proteins. A magnetic force is applied during the washl‘,’@procedure 6 4
immobilise the resin-DNA complex and ensure no DNA is lost during; ashlng Membrane

) ngilic

enzyme digest method does not incorporate any washing steps, however
inhibitors are not removed from solution.

3. Aim

sultable kct for manual validation and automated verification.

4. Equipment and Materials

Chelex®-100, P/N 143-2832 (Biorad, Hercules, CA, USA)
DNA lQ“" System, P/N.DC6701 (Promega Corp., Madison, WI, USA)
QlAamp® DNA Micro Kit, P/N 56304 (Qiagen GmbH, Hliden, Germany)
ChargeSwitch® Forensic DNA Purification Kit, P/N CS11200 (invitrogen, Carlsbaa :
CA, USA)

*  forensicGEM™ (ZyGEM, Hamilton, N2)

«  NucleoSpin® 8 Trace, P/N 740 722.1 (Macherey-Nagel, Diren, Germany)

is relevant for that kit.

5. Methods

5.1 Mock sample creation

Refer to document “Mock sample creation for cell and blood samples” (Gallagher et al,,
2007) for the detailed protocol.

Queensland Government
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5.2 DNA extraction kit protocols

The following section provides the principle and Brotocol for each DNA extraction kit as .
recommended by the manufacturer. The Chelex” method was as per QIS 17171.

5.21. Chelex®-100 (BioRad)
Principle
Chelex®is a chelating resin composed of styrene dnvmylbanzeng t?"l—ymer S
which have a high affinity for polyvalent metal ions. The coponym Aitain
iminodiacetate ions acting as chelating groups which chelate.. tal i ions, ﬁcl
some that-degrade DNA while boiling the sample to obtain el ted DNA. Che‘)’ 3
the current Forensic Biology FSS standard in-house extractl pre 5

Equipment and Materlals
o 20% Chelex® solution (w/v)
Waterbath
o Magnetic stirrer plate
o 1.5mL sterile tubes
Q
o

Spin baskets
Auteclaved nanopure water
o Vortex.
o Centrfuge
o Twiring sticks
o P'otelnase K (10mg/mL)
o . FTA® Classic Card, P/N WB120205 (Whatman Plc)

Preparation of reagents
+  20% Chelex®-100
On balance to a beaker containing a magnetic stirrer”
of Chelex®-100 resin. To this, add 10mL of au(oclavedﬁ
to make a 20% wi/v solution and cover with parafilm. To‘e
the Chelex® is evenly dispersed, place beaker onto a magn
plate before pipetting.

Methods (see QIS 17171R9) ;
1. Label sterite 1.5mL screw-capped tubes which contain sample as well as~ TRy
new elution tubes including extraction controls.

2. Pipette 1mL of autoclaved nanopure water into each tube, vortex gently

3. Incubate at-room temperature for 30 minutes. ;

The following steps are determined by sample type.

For Cells

4. For buccal FTA® punches, place tubes on multitube vortex for Smin at
12,000rpm.

5. For cell and/or fabric samples, twirl the substrate with a sterile twirling stfck
for 2min.

Note: Vortex FTA® punches samples then go to "For all sample lypes.”
p

6. Transfer swab/fabric into spin baskets.
7. Spin tubes with spin basket for 30s at maximum speed (~15,800g or the
applicable centrifuge's maximum setting). Discard spin basket with swab.

Queenstand Government
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8. Vaortex supernatant, then pour back into original extract tube.

For all sample types
9. Vortex, then spin in centrifuge for 3min at maximum speed (~15,80

the applicable centrifuge’s maximum setting).
10. Carefully remove all but 50pL of supernatant. Leave substrat

pellet. ;
11. Add 150pL of 20% Chelex® to each tube and vortex.

Note: When pipetting Chelex, the resin beads must be di i
solution. Use magnetic stirrer in beaker of Chelex and wi

Z“ %4 :

12. Add 4L of Proteinase K (10mg/mL) to cells and mnx en %ﬁb&@gn
13. Incubate in 56°C water bath for 30min for blood arf ell samples.
14. Vortex until mixed, then incubate in boiling water bath!for 8min.
15. Vortex until mixed, then centrifuge for 3min at maxug k- _.e d"’ ~q1

or the applicable cemnfuge s maximum setting). :
16. Transfer supernatant to new labelled 1.5mL screw-

Chelex® beads behind.
17. Samples are stored at -20°C.

5.2.2. DNA IQ™ System (Promega Corp.)
Principle e 58
The Promega DNA IQ™ system for small casework samples i ‘?" rates/ o™
distinct steps. The first step provides an easy, rapid, efficient andi@imost universal; 5
cell lysis method to extract biological materials off stains on solidisiipports i f

second step utilised a specific paramagnetic resin that purifies D Wi Q’éy -
;él'descgned

extensive washing to remove the lysis reagent. The DNA Q™ E»"
ta purify DNA samples approximately 100ng or less, and is more e G nt with
samples containing iess than 10ng of DNA.

Equipment and Materials
o DNA Q™ System (100 samples, Cat.# DC6701) containing:

o 0.9mL Resin

o 40mL Lysis Buffer

o 30mL 2X Wash Buffer

o 15mL Elution Buffer &
MagneSphere Magnetic Separation Stand, 12-position (Cat.# 25342) ¥
DNA IQ™ Spin Baskets (Cat# V1221)
Microtube 1.5mL (Cat.# V1231)
95-100% ethanol
Isopropy! alcohol
MMDTT
65°C heat block
70°C heat biock
Vortex mixer

000 O0O0DO0COOO0

Preparation of Buffers
e Preparing 1X Wash Buffer
i. For DC6701 (100 samples), add 15mL of 95-100% ethano! and
15mL of isopropyl alcohol to. 2X Wash Buffer.
ii. Replace cap and thoroughly mix by inversion.

Queensland Government
ueensiand Health



LAY.010.007.0022

GN-02

| Forensic and Scientific Services

Mark label to record addition of alcohols.

iv. Label bottle as “1X Wash Buffer".

v. Store bottle at room temperature with lid closed tightly to pre
evaporation.

o Preparing Lysis Buffer
i. Determine the total amount of Lysis Buffer to be;i 's

Material Lysis Buffer' .
Liquid blood 100pL ¢
Coﬂon swab 250ul i
1/4" CEP swab 250pL ’
18- 50mm S&S 803 paper 150pL
3-30mm* FTA® paper t50pL
Cloth up to 25mm 150pL

For use in Step 2; * For use in Step 9.

ii. Mix by inversion.
ili. Mark and date label to record additiory of D
iv. Seal tube.and store solution at room temperat

month if required.

Method

1. Place sample ina 1.5mL \Alcrotube The recommended, nt f'eSI

can capture a maximum of ~100ng DNA, therefore cons@‘g this w #
determining amount of sampie to add.

2. Add 250yl of prepared Lysis Buffer (Table 2). Close lid an
70°C heat block for 30min.

3. Remove tube from heat block and transfer the Lysis Buffer a
DNA IQ™ Spin Basket.

4, Centrifuge at room temperature for 2min at maximum speed. RemMo!
basket.

5. Vortex the stock Resin for 10s until it is thoroughly mixed. Add 7yt Resn""»
to the sample. Keep the Resin resuspended while dispensing to obtain

* uniform results.

8. Vortex sample / Lysis Buffer / Resin mix for 3s. Incubate at room

temperature 'or Smin.

Stand, Sepa'auon will'occur instantly.

8. Carefully remove and discard all of the solution without disturbing the
Resin on the side of the tube.

9. Add 100pL of prepared Lysis Buffer. Remove the tube from the
MagneSphere® Magnetic Separation Stand and vortex for 2 seconds.

10. Return tube to the MagneSphere® Magnetic Separation Stand and discar
all Lysis Buffer, without disturbing the resin on the side of the tube.

11. Add 100pL pre spared 1X Wash Buffer. Remove tube from the i
MagneSphere™ Magnetic Separa(:on Stand and vortex for 2s. %S i

12. Return tube to the MagneSphere® Magnetic Separation Stand and discard ~ ¥aEs
all Wash Buffer, without disturbing the resin on the side of the tube. ;

13. Repeat steps 11 and 12 once for a total of 2 washes. Make sure that all of
the solution has been removed after the last wash.

Queensland Government
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14, With lid open, air-dry the Resin in the MagneSpheres Magnetic Separation
Stand for 5min to 15min.

15. Add 25-100pL Elution Buffer, depending on how much biological matenal
was used. A lower elution volume ensures a higher final concentration:c
DNA.

16. Close the lid, vortex the tube for 2s and incubate at 65°C for Smlp)

17. Remove the tube from the heat block and vortex for 2s. Im dia el
on the MagneSphere Magnetic Separation Stand. ; b2

18. Transfer the solution to a fresh tube.

19. Store the DNA extract at 4°C for short-term storage or.
long term storage.

5.2.3. QlAamp® DNA Micro (Qiagen)

Principle
The QIAamp DNA Micro kit combines selective blndma}p S
based membrane with flexible elution volumes that is sdjtab, e;fe £d ) [derange
of sample materials such as small volumes of blood, blobd-é’ards all tissue
samples and forensic samples. The basic procedure coné'ls s*of’4,~; eps:

= Lysns the sampie is Iysed 7‘7&

A
o

MlnElute column;
= Wash: the membrane is washed;
= Elute: DNA is eiuted from the membrane.

Equipment and Materlals
o QlAamp® DNA Micro kit containing:
o QIAampo MinElute Columns;
o collection tubes (2mL);
o Buffer ATL;
o Buffer AL;
o Buffer AW1 (concentrate);
o Buffer AW2 (concentrate);
o Buffer AE;
o carrier RNA (red cap);
Proteinase K.
Ethanoi (96-100%)
1.5mL or 2mL microcentrifuge tubes (for lysis steps)
1.5mL microcentrifuge tubes (for elution steps)
Pipette tips
Thermomixer
Micrecentrifuge with rotor for 2mL tubes
Scissors ‘
Blood collection cards or FTA® card
Sterile cotton swabs
DTT
Important points before starting :
* Perform all centrifugation steps at room temperature (15-
25°C).
= Check whether carrier RNA is required; for purification of DNA
from very small-amounts of sample, such as low volumes of
blood (<10uL) or forensic samples, it is recommended to add

©C 00 00

00 0 O
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carrier RNA to Buffer AL. For samples containing larger
amounts of DNA, addition of carrier RNA is optional,

Steps to peiform before starting :
= Equilibrate Buffer AE or distilled water for elution o, roR

temperature (15-25°C). S
» Set a thermomixer or heated orbital mcubatort“‘ 6
instep 2, and a second thermomixer or heated

baths can be used instead. s
= |f Buffer AL or Buffer ATL contains prect éfes"_; "sggllv "by"
heating t6 70°C with gentle agitation. R
* If processing semen stains, hair, or na( é

aqueous 1M DTT (dithiothreitol) stock 2 S
at -20°C. Thaw immediately before us o
= Ensure that Buffers AWT and AW2 have
according to the instructions.

Wt

Preparation of Buffers

» Preparing Buffer ATL
Before starting the procedure, check whether prec:p%tage h?s
Buffer ATL. If necessary, dissolve by heating to 70° Cwi
agitation. )

s Preparing Buffer AL
Before starting the procedure, check whether precipitate
Buffer AL. If necessary, dissolve by heating to 70°C v
agitation.

» Preparing Buffer AW1 }
Add 25mL etharol (96 100%) to the bottle contammg 19

ethanol has been added Reconstituted Buffer AW1 can be stew at
room temperature (15-25°C} for up to 1 year. Note: before start
procedure, mix the reconstituted Buffer AW1 by shaking.

s Preparing Buffer AW2
Add 30mL ethanoi (96-100%) to the bottie containing 13mL Buffer
AW2 concentrate. Reconstituted Buffer AW2 can be stored at room :
temperature (15-25%) for up to 1 year. Note: before starting the

procedure, mix the reconstituted Buffer AW2 by shaking.

Method SR
1, Lysing material stained with blood or saliva: cut out up to 0.5cm? of stainé gd2e

material and then cut into smaller pieces. Transfer the pieces to a 2mL @

microcentrifuge tube. Add 300pL buffer ATL, and 20uL Proteinase K. Clo ;
the lid and mix by puise-vortexing for 10s. Continue this procedure from

step 2.

2. Place the tube in a thermomixer or heated orbital incubator, and incubate
at 56°C with shaking at 900rpm for at least 1hr. in general, hair is lysed in
1hr, If necessary, increase the incubation time to ensure complete lysis.

3. Briefly centrifuge the tube to remove droplets from the inside of the lid.

4. Add 300pL Buffer AL, close the lid, and mix by puise vortexing for 10s. To
ensure efficient lysis, it is essential that the sample and buffer AL are

Queensland Government
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form when Buffer AL is added to buffer ATL. The precipitate does not

interfere with the QlAamp® procedure and will dissolve during Incubation:

step 5. Note: if carrier RNA is required, add 1ug dissolved carrier RNA:
300uL buffer AL.

5. Place the tube in the thermomixer or heated orbital incubator, an
at 70°C with shaking at 900rpm for 10min. !f using a heating b
bath, vortex the tube for 10s every 3min to improve lysis

6. Centrifuge the tube at full speed on a bench top centnfuge
14,000rpm) for 1min. &

7. Carefully transfer the supernatant from step 6 to the QA 2l
column without wetting the rim. Close the lid, and ce ts,gge at 6,00
(8,000rpm) for 1min. Place the QlAamp® MinElute ot fﬂ,‘ lean 2mL§:L
collection tube, and discard the collection fube con(a ling (ffé%%ﬁi@ug !

8. Iflysate has not completely passed through the me rane after * 3
centnfugatnon centrifuge again at a higher speed u l QlAamp 'VImEiute
column is empty.

.

1min. Place the QlAamp MinElute column in a clean
and discard the collection tube containing the flow-through
10. Carefully open the QlAamp MinElute column and add 500pE:Bu
without wetting the rim. Close the lid and centnfuge at 6,0008%(8:000rpm)
for 1min. Place the QtAamp® MinElute column in a clean“@nL coﬁféat 4
tube, and discard the collect»on tube contalning the ‘Io ‘

avoided. Some centrifuge rotors may vibrate upon deoel‘ (on resu ng
the flow (hrough which contains ethanol, coming into cogg‘ct with the
QlAamp® MinElute column. Take care when removing the"QIAamp)
MinEJute column and collection tube from the rotor, so tha,
does not come into contact with the QlAamp MinElute col
11. Centrifuge at full speed (20,000g; 14,000rpm) for 3min to dry
membrane compietely. Thas step Is necessary, since ethanol
the eluate may mterfere with some downstream applicati ons.

and discard the cohectlon tube containing the flow through. Carefully ope
the Ild of the QIAamp® MinElute column and apply 45uL Buffer AE

compiete elution of bound DNA. QIAamp’D MinElute columns provide
fiexibility [n the cholce of elution volume.

13. Close the lid and incubate at room temperature (15-25°C) for 1min.
Centnfu%e at full speed (20,000g; 14,000rpm) for 1min. Incubating the
QlAamp~ MinElute columns loaded with Buffer AE or water for Smin at
room temperature before centrifugation generally increases DNA yield.

5.2.4. ChargeSwitch® (Invitrogen)

Principle
ChargeSwitch® uses a novel magnetlc bead-based technology known as
ChargeSwitch Technology® (CST®). CST® provides a switchable surface charge,
which Is switched on and off by changing the pH. With a low pH buffer, the
negatively charged DNA backbone binds to the positively charged beads and with
a high pH buffer, DNA Is eluted by neutralising the charge on the beads.

Queernsiand Government
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ChargeSwitch® uses a universal lysis step for all forensic sample types and has
been designed to elute DNA from small sample volumes.

ChargeSwitch® uses a basic 4 step principle:
1. Lyse sample;
2. Negatively charged DNA binds to positively charged beads in,
with a pH < 6 so charge is switched on;
3. Ata pH of 7, charge is still on while beads and bound D,
removing any contaminants;
4. In a buffer with a oH of 8.5, charge is switched off anq
from the beads.

Equipment and Materials g
o ChargeSwitch® Forensic DNA Purification kit (5t
temperature) mcIudes (for 100 preps):

o ChargeSwrtch Lysis Buffer (L13) — 100m

o ChargeSwitch® Magretic Beads (storage

5.0, 10mM NaCl, 0.1% Tween 20) -2 x

o Proteinase K (20mg/mi in 50mM Tris-HCl,

50% glycerol stcred at 4 C)—1mL

O 0 0
o
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15mL
o MagnaRack™, P/N CS15000 (Invitrogen)
o Sterile, 1.5mL microcentrifuge tubes

o Vortex mixer
o Waterbath set at 55°C
Method
1. Set water bath at 55°C and prepare Lysis master mix in

i

tube using the foltowing formula: n x (1mL ChargeSwitch
10uL Proteinase K) where n is the number of samples. 3
2. To tube add 1mL of ChargeSwitch® Lysis Buffer (L13) and |mmer Q&
forens:c sample in mix.

for 1hr. lncunatlon can be shor‘ened to 30min if sample is vortexed or
inverted during this step.

4. Remove sample or transfer lysate to clean tube using 1mL pipette tips a
pipette.

5. Vortex ChargeSwutchc Magnetic Beads to resuspend evenly in storage
buffer. s

8. Add 200uL of ChargeSwnchQD Purification Buffer (N5) to lysate and mix 3
gently by pipetting up and down 2k

ensure that no bubbles fcrm -

&
8. Incubate for 1-5min at room temperature to ailow the DNA to bind and theg‘ <57

place sample tube in MagnaRack™ until a tight pellet has formed. Once
this has occurred, aspirate supernatant from tube whilst still in rack and
discard, ensuring that the pellet is not disturbed.

9. When supernatant has been completely discarded, remove tube from rack
and add 500uL ChargeSwutch Wash Buffer (W12). Mix gently by pipetting
up and down to resuspend the pellet.

Queensland Government
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10. Allow beads to form a tight pellet by placing tube in MagnaRack™ and
remove supernatant completely, without removing from rack or disturbin
the pellet and discard.

11. Repeat steps 9 and 10 again.

12. Remove tube from rack, ensuring thal supernatant has been complete

13. At room temperature, incubate for1 -5min then resuspend pev ,t*‘ e ;

iike In step 12. S
14. Place tube in MagnaRack™ for 1min or until a tight pelr f'orﬁ;s. ithout

removing tube from rack, asplrate DNA supernatant aﬁ ’place in aﬂsfean !

stenle 1 5mL microcentrifuge tube, ensuring that the llet is not dléﬁt ed

15. Discard beads once extraction process is finished .' ‘e eithe ualft
immediately or store at -20°C.

5.2.5. forensicGEM™ (ZyGEM)
Pnnciple

e

released It is a simple closed tube forensic DNA extraction meth .j i
thermostable proteinase. o

Protocols are available for blood and cell samples.

Equipment and Matenals
o forens:cGEM M buffor

o forensn;GEM
o Heat block or water bath set at 75°C and 85°C '
o 20pL sterile Aerosol Resistant Tips 3
o 0.5-10uL pipettor
o 300uL sterile Aerosol Resistant Tips I
o 20-200yL pipettor
o 1mk sterile Aerosol Resistant Tips
o 50uL-1mL pipettor

Method

DNA extraction from buccal swabs using forensicGEM™
1. Add buccal swab to tube.
Note: 1/4 head of swab specmed but can utilise up to whole swab.
2. Add 200yl of forensicGEM™ buffer.
Note: if more than 1/4 head of buccal swab Is used need to add more
forens:cGEM  buffer. Moss e al. (2003) added 200uL more of the
forensicGEM™ buffer for trace samples.
3. Add 2uL of forenSICGEM
Note: forensicGEM™ buffer and forensicGEM™ can be added as a
mastermix.
Incubate at 75°C for 15min.
Incubate at 95°C for Smin.
Remove supernatant to a new tube for storage.

oo s

DNA extractiori-from FTA® containing blood or salive using forensicGEM™
1. UV irradiate plasticware for Smin.

G Queensland Government
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2. Add FTA® punches to each well of a 96-well plate.
Note: Larger punches can be added but not scalable SOP. PCR tubes ca
also be used for processing.

Add 100pL Hz0 and leave at room temperature for 15min,
Dacoant water (remove bx ’eipe«_ing),

Add 100pL forensicGEM™ buffer and 2yt of forensicGEM™.
Note: The method is not listed as scalable. i
Incubate at 75°C for 15min.

Incubate at 85°C for 5Smin.

Remove supernatant to a new tube for storage.

S ol

© o

NucleoSpin® 8 Trace (Macherey-Nagel)

Principle e ;
With the NucieoSpin" 8 Trace method, genomic DNA is prepared from forens
samples. Lysls is achieved by incubation of samples in a séltition containing:v:
chaotropic ions in the presence of proteinase K at room tempe; yﬁgprg‘pﬁate
conditions for binding of DNA to the silica membrane in the N& coSpinzgPrace
Binding Strips are created by addition of isopropanol to the lysa"tz‘» Df\é"
process is reversible and specific to nucleic acids. Inhibitors areife
two washing steps with ethanalic buffer. Pure genomic DNA is final}
low ionic strength conditions in a slightly alkaline elution buffer.

Equipment and Materials
o NucleoSpin® 8 Trace kit, containing:
o Buffer FLB
Buffer BS (concentrate)
Proteinase K (lyophilised)
Proteinase Buffer
Buffer BE
NucleoSpin® Trace Binding Strips
MN Wash Plate
MN Square-well Blocks
MN Tube Strips
Cap Strips
o Self-adhering PE Foil
o NucleoSpin® 8 Trace Starter Set A containing Column Holders A and
Dummy Strips
o PVM vacuum manifold (from MultiPROBE® Il PLUS HT X platform)

©C000O0C0O0OO0O0

Preparation of Buffers
s Proteinase K
Add 3mL Proteinase Buffér per vial to dissolve the lyophylised
proteinase K and store at -20°C.

« Buffer B5
Add 160mL ethanol to 40mL Buffer BS.
» Store ali other components of the kit at room temperature. Storage at
lower temperatures may cause precipitation of saits. If a salt precipitate *
is observed, incubate the bottie at 30-40°C for a few minutes and mix
well until all precipitation is redissolved.

Ueensiand Health
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Method
1. Premix 25pL Proteinase K and at least 125uL buffer FLB and add to
sample. Incubate the sample at room temperature for 3 hours. ;

2. Insert spacers "MTP/Multi 96 plate” into the vacuum manifold. Place th
waste container inside the vacuum manifold and insert a MN Wash Pz
into the notches of the spacers: Close the manifotd with the lid.
3. Place a NucleoSpin® Trace Binding Strips inserted in Column
the rubber seal of the vacuum manifold's lid and apply thi% )

wells of the plate.
4, Add 1 volume isopropanal to 2 volumes of lysate, mix tﬁre
transfer to NucleoSpme’ Trace Binding Strips.
5. Bind genomic DNA by applying vacuum untit ali lysag S
through the columns (-200mbar 2min; -600mbar 10 )z
vacuum mannfold :

NucleoSpin® Trace Binding Stnps Apply vacuum ; -00mbar 1
buffer has passed through the columns. Ventilate thxzac
7. Repeat the wash procedure once. "

ndlng Stnps

q‘ S ﬁ‘{" ft tissue

10. § iidnd restigck _

with MN Tube Strips on spacers. insert Column Holder A Wi N 't)’&l‘eoSpin® i
Trace Binding Stiips into manifold lid. Pipette 100uL Buffer; ! ;
the bottom of each welt and incubate for Smin at room tempé_-:

vacuumi (-400mbar 2min).

5.3 DNA guantitation
All DNA extracts were quantified using the Quantifiler™ Human DNA Quantitation kit
(Applied Biosystems, Foster City, CA, USA) as per QIS 19877. Reaction setup was
performed on the MultiPROBE® Il PLUS HT EX (PerkinElmer) pre-PCR platform.

. . oot ":.'/ ] o G A
54 PCR amplification and fragment analysis S8 i ,@-‘3—5&&&-

DNA extracts were amplified using the AmpFISTR® Profiter Plus® kit (Applied Biosys(em%’, 3%
Foster City, CA, USA) as per QIS 18976. Reaction setup was performed on the
MultiPROBE?® Il PLUS HT EX (PerkinElmer) pre-PCR platform.

5.5 Capillary electrophoresis and fragment analysis

PCR product was prepared for capillary electrophoresis using the manua! 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 collec
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raw data from the ABI Prism® 3100 Genetic Analyzer. Fragment size analysis was
performed using GeneScan 3.7. Allele designation was performed using Genotyper 3.7, i
with thresholds for heterozygous and homozygous peaks at 150 and 300 RFU respechve’l‘y

The allelic imbalance threshold is 70%.

6. Results and Discussion

6.1 Criteria for acceptance “"‘w

Various commercial DNA extraction kits (as per Table 1) were evaluatlad in order to
compare their performance against the current in-house Chelex° prefoco
chosen because they were designed specifically for forensic sampl@ tiv
the DNA capture technologies that were out on the market. Further e these kits' \ﬁ"{r'
manufactured by leaders in the field of DNA extraction technologxe&@llth a track record
performance in supplying the forensic market with new and reliable# ;

We assessed both magnetic bead and silica-based membrane techri i
automated MultiPROBE® Il platforms on which these systems will ultifiz y
on are fully compatible with both systems. The criteria against which the u\ ent kits were
assessed on include: i

1. Total DNA yield; the kit must yield sufficient DNA to perform Wrastre
tests such as DNA quantification and PCR ampilification. R
2. Quality of the resulting DNA profiles; the kit should be able to iﬁate DNA«:;Y'
suitable quality for PCR amplification of STR loci, in order to g§ﬁ§?’§’t§ BNA
profiles that are suitable for forensic and human identification ;3“0 0Ses. b
3. Ability to remove inhibitors; the kit must be able to remove commidn inhibjtors™
present in mock forensic sampies (e.g. hemoglobin) using the b@ s1g
manufacturer's procedure without the use of organic solvents.
Usability; the kit (and the manufacturer's recommended protocol) must.be user. .
friendly. The necessary.steps to prevent cross-contamination should’
described in the protocol. The extraction process should be able to be '*’o:qgleted
in a reasonable amount of time, comparabie to the current procedure. ~r
5. Availability of validated forensic protocols; the kit, including the manufacturer
protocol, must be validated for forensic use, either by the manufacturer or by a
forensic laboratory, as determined from statements in the manufacturer’'s
protocol or availability of publications in peer-reviewed journais. &
6. Availability of a validated MultiPROBE® |f PLL:S test file; the kit should have a
validated MPT file for use on the MultiPROBE® Il PLUS KT EX platform. g

N

Assessment of points 1, 2 and 3 was performed through experimentation. Point 4 was % .,
assessed based on operator feedback. This report provides results for points 1, 2, 3 and#2&a)
A more extensive assessment of Point 3 was performed on the kit that was found to :
provide the best results for points 1, 2, 3 and 4 and is reported in Project 11. For points
and 6, the availability of validated protocols for all kits evaluated is outlined in Table 3.

The acceptance criteria were strictly adhered to in order to objectively evaluate the different
systems. Out of all five DNA extraction technclogies, there only existed a validated
MuitiPROBE® 1l PLUS test file for the DNA IQ™ system (Table 3). Although this was
considered an advantage for DNA IQ™, we did not prematurely dismiss any of the other
Kits prior to evaluation. We decided that if a kit significantly outperformed the rest, and did
not have a validated MPT file already created, that we would create a novel program file
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with the kit manufacturer's assistance. This, however, would only be decided at the
conclusion of the evaluation process.

were: eva!uated by Fererisic Biology FSS.
Kit Availability of valldated
forenslc protocol

DNA IQ™ ¥ -
QlAamp® DNA Micro v ;
ChargeSwitch® v -
forens:cGEM“‘ v

v

NucleoSp!n 8 Trace

results for celt and blood samples respectively. Yield calculations for ¢
assume a final elution volume of 150pL.

6.2 Evaluation of DNA |Q™
The. DNA IQWl system uses a novel paramagnetzc resin for DNA |so[at|o

to bmd DNA, which allows washing of the resin-DNA complex while the #
by a magnetic force, in order to-remove the lysis reagent and inhibitors |

ata tlme The time to process a batch of 12 samples using the DNA Q™ gy
about 3 hours, including 30 minutes of incubation time.

Three controls were run with-each extraction batch: (1) a negative extraction contr
tube); (2) a positive extraction control (QC dot saliva or blood depending on the extract Vf_
and (3) a substrate blank (the substrate with only saline). ;

Samples were extracted using the DNA IQ™ method as described in the Methods sectio ng SR
and eluted using 100uL Elution Buffer. Due to volume loss during pipetting, the final eluti ﬁfgb( i

volume is actually around 95uL. The same set of samples was also extracted using the i 1,. :
house Chelex® protocol for comparison. Tables 4 and 5 display the DNA concentration
(ng/pL) and yield (ng) for all celi and blood samples, compared to.the results generated t
Chelex®.
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Table 4. Quantitation values for cell samples on different substrates after extraction by Chelex® and the evaluated DNA extraction kits.

GN-02

Catls samplos Chalex DNA I Qlaamp DNA Micro ChargeSwiteh forunsicGEM
[ Vislg Yieu Yiaid Tuld
Sample s Sutsiraa ype npul ng nglul g aglul ng gl ng nglul
FS {4, neat) FTA 0.058500 11877600 0.026700 2870000 0,006030 0271260 0,022900 545005 0025700
5 (cofton) (4UL. meal] Comonswsd  0.007410 1.441500 0.098000 9,800000 0.025800 1.151000 0.09€700 14505000 0.083300
C5 (4ul. nest) Cotwon con 0001480 0222000 0.050700 §,070000 0.004880 0219600 0.014909 2233000 0.037400
DS (4ol naat) Dnien dtoth 0.002360 0354000 0.028200 2.820000 0.002180 0097200 Dﬁﬂiﬂ 0487500
Ria Neatdul Rayon swab 0.001620 0243000 0.010000 1000000 0.000000 0.000000 0.011800 1.770000 1180000
RA5_Neat4ul Rayon swab 0001580 0237000 0.018400 1.840000 0.005050 0227250 0.015100 2.715000 71500000
R16_Neatdul Rayon swad  0.000000 0.000000 0.015500 1550000 0.008670 0297450 0.027400 4.110000 5740000
RI7_Neataul Rayonowab  0,000000 0.000000 0.011200 1.120000 00073W 0328950 0.003910 0.806500 2.99000)
Rayon mesn (Noat} 2,000800 0.120900 0.014028 1402507 0.004743 0213413 0.018802 2370376 4052300
Rayon STD (Neay 0.00092¢ 0.138566 0.004297 0.420137 Q003300 0145450 G.009735 2.965338
Fd (4ul, 174 diiution) FTA 0010300 2.080600 0.005790 0.579000 0.005270 0237150 0,001250 9.571000
S4 (cotton) (4UL, 1/4 dsstion)  CoRon swad  0.000756 9.113400 0,019000 1,800000 0.001480 0.068600 0.03%800 9.550000
CA (40l 114 ciution) Coronco™  0.000541 a.081150 0.015200 1,520000 0.040200 1.840500 0.000000 7% 0011600 890008
D4 (4uL, 114 auzen) Owimded  0,000000 0.000000 0.045600 4580000 0,041800 1.881000 0.001720 100008
RI0_M4 4ul. Rayon éwb 0.000558 0,053700 0.005740 asrec 0.001800 0,651000 0.002860 0875000
RUY_V44ul Rayon swid  0,000000 0.000000 0,00256¢ 0.256000 0.001300 0.058500 0.008150 0.122000
RIZ_V4 40l Rayoa pwab 0,000830 0.134700 0,009750 0975000 0.005570 0250850 008560 -.020000
RII_Vé qul Rayon sead 0000433 0.064350 0,000000 0.600000 0.001550 0059750 0.001350 E00000
Reyon mesn (14) 0.000472 0.070838 00045713 adsizso 0.002685 0114975 0.004230 CBs450C
Reyon S1D (/4 2.0003771 0.055667 0.004208 0.420766 0.002020 Qoeee1s 6.002536 L819564
F3 (4w, V& diution) FTA 0.008170 1650340 0.008410 0.541000 0.000000 0.000000 0.000000 0.000000 C.00000C
S3 (oction) (4ul, 1/8 dtioe).  CoMonswab 0093710 0.556500 0.012180 1.2108600 0.001680 0075600 0.009130 1368500 9014500 L49000C
C3 (4w, /8 diwian) Cotioa ciolh  0.002600 0.390000 0.010400 1.040000 0.000800 0.000000 0.000355 0053260 0.006570
D3 4ul., 118 dikition) Osimdoth 0080739 0110880 0,007630 0.763000 0015100 0.679500 0.000000 0.000009
AE_178 Ak Rayopswab  0.000000 0000090 0.001010 0101000 0.000000 0.000000 0.000697 0104550
RT_18 4wl Rayosswab  0.000000 0.000000 0.000982 0.096200 0,000000 0.000000 0000000 0,000080
RE_118 4wl Rayon swab  0.000000 0.000000 0001540 0154000 0.900000 0.000000 0.005380 0.508500
LTRITS Rayoagwab 0000739 0.910850 Q.003050 0.305000 0.000000 0.000060 0.003360 0.506000
Ruyon maewn (118) 0000788 0027713 0.001646 0.164550 0.000000 0.000000 0.001862 2279203
Rayon STD (1/8) Q000370 0.035425 0.000971 0.097088 Q.000000 0.000000 0.001770 0,765562
F2 (Sul. Y18 dlulon) FTA 0.000000 0.000000 6.000935 0093500 0.003340 0477300 £.000000 2.000000
52 (coion) 4L, 1/16 diluton)  Coton ewsb  0.000000 0.000000 0.002900 0.260000 0000900 0.000000 0.001520 0225000
C2 (4ul, W18 diucon) Cotion doth 0.000000 0.000000 0.005010 0501000 0.001870 0084150 0.000000 0.000000
D2 (aul, V18 dhtion) Donlm com 0000000 0.000000 0.002870 0287000 0.000227 0.10215%0 Q000000 0.000000
R2_1116 4l Rayon swab  0.000000 0.000000 0.000717 0.071700 0,000000 0.000000 0.000000 9.000000
R3_ 1116 qul Ruyonswab  0.000000 0000000 0.000000 0.000000 0.000000 0.000000 0.000000 ©.000000
RA_IE Qut Rayon swab 0000720 0.108000 0002230 6.223000 0.000000 0.000000 0.003640 0545000
RS_1716 &ul Rayon swab 0.000200 0000000 0.000000 0.000000 0.000000 0.000000 0.00000¢ 0.000000
Royon mean (1/16) 0,000180 0.627000 0.000737 Q073675 0,000000 0.000000 0.000910 0.195500
Rayon STO (118} 0.000360 0.05400 0.001051 0.105131 Q000000 0.000000 0.001820 0.273009
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Table 5. Quantitation values for blood samples on rayon swab substrates after extraction by Chelex® and the evaiuated DNA extraction kits.

: )
Blood samples Chelex e DNA IQ QlAamp DNA Micro ) ' 'ChargoSwilch ﬂﬁg@?p&n 8 Trace
Concentration Yiald* Concentration Yield .Concentration Yield Concentration Yield Yield

- Sample 1D ngful. ng nglul ng ng/ul. ng nghl. i ng
R14 (Neat) 237 3585.5 0.482 482 231 103.9% 0751 116
R15 (Neat) 1.42 213 0.078 7.8 358 161.1 0.754 261 |
R16 (Neat) 0.512 768 0.356 356 ) 332 149.4 0529 181
R17 (Neat) 0.934 140.4 0.467 46.7 248 110.7 0.816 218
Moan (Neat) 1.3090 196.3500 0.3458 34.5750 2.9175 131.2875 0.8376 189.0000
STD {Neat) 0.7987 119.8085 0.1871 18.7137 0.68270 28.2137 0.0982 53.6082
R10 (1/4) 0.219 32.85 0.238" 238 0.227 10.215 0219 61.1
R11(1/4) 0.0845 12.675 0.198 19.8 1.72 774 0.101 30
R12 (1/4) 0.216 324 0.195 195 . 459 ° 206.55 00673 251
R13 (1/4) 0.165 2475 0.136 136 0857 29.565 0.0787 27
Mean (1/4) 0.1711 25.6688 0.1918 19.1750 1.7985 80.9325 0.1165 34.7250
STD (1/4) 0.0628 9.4262 0.0420 4.2019 1.5639 '88.3776 0.0698 17.8438
RE (1/8) 6:88 “1032 0.0554 5.54 0.0938 4292 0.094 15.4
R7 (1/8) 0.164. 246 0.114 11.4 0175 7.875 0.0735 148
R8 (1/8) 0.286 429 ' 0.145 14.5 0.123 6.535 0.0521 0:73328 178,
R9 (1/8) 0.513 76.95 0128 125 0.0151 0.6795 0.0039 0.33734 8.19
Maan (1/8) 1.9608 294.1125 0.1088 10.9860 0.1017 4.5754 0.0784 14.0475
STD (1/8) 3.2827 492.4030 0.0385 3.8501 0.0668 3.0066 0.0200 4.1145
R2 (1/1€) 0.0406 £.075 0.0792 7.82 0.0345 1.5705 0.0347 7.66
R3 (1/18) 0.0104 1.66 0.0566 5.66 0.0454 2043 0.027 9.23
R4 (116) 0.0337 5.055 ' 0.0847 8.47 0.0386 1.737 0.0197 5.88
RS (1/16) 0.0323 4.845 0.10% 109 0.0276 1.242 0.021 ar.4
Meoan (1/16) 0.0292 4.3838 0.0824 8,2375 o.‘osss 1.6481 0.0256 27.5425
STD (1/16) 0.0131 1.9577 0.0215 2.1515 0.0074 0.3341 0.0068 39,9285
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Comparison of quantitation results for cell samples
Refer to Table 4 for observed data. Using DNA IQ™, neat cell samples displayed highe
quantitation results for both cotton and rayon swabs and also for co’tton and denim clot

dilutions, DNA 1Q™ results were higher than Chelex® results. For 1/8 dllutrons, both i
protocols showed similar resuns for most sample types Rayon swabs produced

yielded quantitation results.

Only.three dilution samples extracted by DNA 1Q™ gave zero quantita
contrast, fourteen Chelex® samples gave zero quantitation results. Thj
DNA IQ™ samptle recovery rate s 111% greater than that of the C|
samples.

—rvn

Comparison of quantitation results for blood samples
Refer to Table 5 for observed data. For this experiment, only rayon sdt
quadruplicate) were tested Neat blood samples showed higher concaat
extracted using Chelex®. The 1/4 dilutions showed similar resuits for b ethods. The 1/8
dilutions showed better resuits for Chelex®, but this was primarily due tFandutlier resuit for :
one of the rephcates (highlighted red in Table 4\ that resulted in a concen 2 ;

S

Cf‘elex resuits.

QOverall, samples that were extracted using DNA 1Q™ showed quantltatlo
similar to or better than sampies that were extracted using Chelex®. For ce]
44% of Chelex® samples gave zerd quantitation results, compared to only 9!
samples. All blood substrates generated quantitation resuits that were similaifor poth :
methods. Furthermore, DNA Q™ generated results that were more sensitive, eé&sLstemf

and reproducub'e across multiple replicates.

Comparison of DNA profiles
Cell samples that were extracted using the DNA 1Q™ method gave DNA profiles with m
alleles compared to extractions perforrned using Chelex (Table 6). Overall, DNA QM

by Cnelex or in other words samples extracted usmg DNA IQ'M generated 2‘1 6% more:
reportable aHeIes compared to samples extracted using Chelex®. For neat cell substrates %
DNA IQ™.samples generated full profiles in all instances except 2: an X,X+14 for the
substrate and an X,X+16 for-a rayon swab replicate. All rayon samples extracted by
Chelex® did not produce any profiles at all, in contrast to the full profile resuits using DN
Q™. DNA IQ™ also gave more reportable alleles for the lower dilutions compared to
Chelex®. Addmonaliy DNA IQ™ was able to yield full profiles from denim substrates,
compared to Chelex® which ylelded no profiles at all. This abservation indlcates the
superiority of the DNA 1Q™ system for removing and overcoming inhibition due to denim
dye. Only ene occurrence of allelic imbalance (68% at D13S317) was encountered in all 64
samples.
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Table 6. Comparison of DNA profiles for cell substrate samples extracted using either Chelex® or DNA IQ™ ... 7

Queensland Government
% Queensiand Health

3
. Rent
CEULS Melhod: Chelax CELLS Mathod: DNA IQ % b
¥
Catton Catton I S
OUution FTA swabs | Rayon swabs Cotfon Denlm Dfiution FTA swabs _|Rayon swabs i, Cotfort . [ Danl
Profils Profte Sampiod __ [Profie Profils P rofile Profle Proflie Sampied__[Profils_ «:ic2]rofpe: . 7]
Noal +18 IXX+18 14 NSO 8 INRNED Noat X X+14 X418 R14 X XBSTEPEXH! 3
R16 NRINSD R{5 ]
R16 NSO R18 4L
R17 NSD
D3 174 (418 . 143 0 NSO 1 031 1/4 Xe17 418 +18 +18
Ri1 NSO
R12 NSO 3
R13__ INSD = 5
Di 13 XX 1T X X3 RE NSD Re3 __|NRNSD Di {18 X X8 T 7 +47
RY NSO
R& NSD x
RY NSD 3
01 1/18 ISD NSD R2 NSD NSD NSO D1 116 INSD XX44 1% NFRUNSD SO
R3 NSO
{ Ré NSO
RS NSO

For blood samples, only rayon substrates were extracted using the DNA'
these were deemed sufficient for observing the effects of heme inhibition

number of reportable alleles for matching purposes (Table 7). For neat san| ol
Chelex no proﬂles were resulted from the FTA®, cotton swab or demm sa|

blood samples on rayon swabs were more likely (32%) to exhlbnt allelic imbal
Amelogenin when extracted using the DNA IQ™ system. 3

Table 7. Comparison of DNA profiles for biocd substrate samples extracted using either Cne"] X

sLooD Method: Chetex Malhod: DNAIQ
Cotton
Difulion FTA Iwabs Reyon swabs Catton Danim Rayon swabs
Profile Profile |Semplo# Profile
Neat NSD NSD R4 X, Y+18
RiS
R18
{ R17
Dli 1/4 X, Y+13 X Y415 R10
Ri1
R12
R13
Dil 18 X, Y418 X.Y+18 1RE
R7
RS
Dl 146 Y+18 Y18
R3
R¢
R5
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We found the DNA IQ™ system-yielded results that were either comparable or better than
results generated by samples exiracted using the in-house Chelex® protocol, both in term
of quantitation values and DNA profile quality and completeness.

6.3 Evaluation of QiAamp® DNA Micro

The QlAamp® DNA Micro kit was designed for the purification of genomic and ;
DNA from small sample volumes or sizes, as often-encountered in foren i

. Lys:s Small samples are-lysed under highly denaturmg cop ihons at ele
temperatures under the presence of Proteinase K. : :

» Binding — Using Buffer AL and ethanol, DNA Is adsorbed in
membrane of the column by centrifugation or application of &
formulated so that proteins and other components are not re
membrane i

batch included a positive and negatrve control, and alsc a substrate blank>__
in 45uL volume. L

Comparison of quantitation results for cell samples
Refer to Table 4 for observed data. Twelve samples extracted by QIAamp gave
quantitation values, compared to fourteen samples by Chelex®. Despite the low elut
volume of 45pL in the Qi Aamp® protocol that serves to concentrate the purified DNA,
quantitation results for all samples were comparable for both DNA extraction methods.

Comparison of quantitation results for biood samples

Refer to Table 5 for observed data. Blood on rayon swab samples displayed wide variation®
between replicates. For neat samples, the total yield is comparable to Chelex®, howeve &
lower dilutions (1/8 — 1/16) suffer from inconsistencies. One of the 1/4 dilution replicates &
displayed an unexpectedly high quantitation value that was more than 3x greater than {
Chelex® average yield, but this can be attributed to inaccurate pipetting, or pipetting of a
non-uniform sample mixture, during mock sample creation.

A possible reason as to why the quantitation resuits for both cell and blood samples were
inconsistent is because the QlAame DNA Micro protocol uses five sets of collection tubes
for supernatant transfer, therefore possibly causing sample lost during multiple sample
transfers from one tube to another.
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Comparison of DNA profiles
Cell samples that were extracted using the QIAamp® protocol showed profile resuits that
were either comparable or worse than samples thatwere extracted using the Chelex

protocol (Table 8). Out of 32 samples, only one QlAamp® sample resulted in a full profile
(X, X+18). QtAamp® samples failed to produce full profiles for all but one (n = 8) of the: neat

effectrvely overcome inhibition caused by the denim dye as observed froxﬁ the resullmg
profiles. Eﬁ;&f i

DNA Mlcro

CELLS Method: Chelsx CELLS Mothod: QlAsmp
Comon T 1
[wn FTA swabs —lnﬂ/onsmby | cotton | Donim Difution FTA Cotton Denim |
[Protie Profile [Sampled Profie Profie [Proflls [Prole Profile Proflie
[Nuet__ xx+18 +18 R14 NSD X X8 INR/INSD Noat XX+12 NRNR+2 _ [NRINSD
{ R15 KRANSD
R16 NSO
Ri7 NSO |
o) 114 418 XN+ 10 NSD NRH  INRNSD Ol 114 X X414 X XS . NRNR+3  [NRINSD
Ri1____INsD
R12 NSD
R13 NSD
oIl 178 +17 +3 NED XNR+3 on 118 NSD+2 XNR4E REZZ _INSO NRANSO " DINRST
L RY NSD uz:w NSoR: 5
R8 NSO T RE? - {NsD
i R9 NSD 3
01 118 [NSO . R2 NSD INSD - - ) 118 NR/INSD RINSD WIE NSO /™ b |
G NSD R3 Y.
R4 NSD R4 s
Rs NSD RS

Table 3. Comparison of DNA profiles for blood substrate samples extracted using either Cha‘ % of
QIAamp® DNA Micro. :

BLCOD Mathod; Chelex Method: QIAamp ONA Micro

Cotton
Dllytion FTA Swabs Rayon swabs Cotton Denim Reyon swabs

Profile
Neal . X.Y+18
= 3 1 X,Y+18
X.Y+18
NR,Y+15
X.Y+18
XY+17
X.Y*+18
- 0 e 5 o A : XY+18
Dil 1/8 3 . X, Y+18
G ; & X,Y+18
X.Y+18
X.Y+18
X.Y+18(AI@D8,018)
XY+18
XY+18

X Y+18
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For blood samples on rayon swabs, 87.5% of QiAamp® sampiés resulted in full profiles,
compared to 81.25% of Chelex® samples (Table 8). Out of all QIAamp® rayon swab

samples, only one of the 1/16 replicates displayed allelic imbalance (in D8S1179 and
D18S51).

environment to facilitate DNA isolation from smail forensic samples. |
the ChargeSwitch® beads have a positive charge that allows negati
bind. In this environment, proteins and other contaminants are not bedad.and can be
washed away. By using a low salt elution buffer at pH 8.5, the charﬁjﬁ@ﬁ! 5
is neutralised and DNA can be eluted for Inmediate use in downstréam forensi
applications. &

The ChargeSwitch® Elution Buffer (E5) that is supplied with the kiti 5,4
environment with a pH of 8.5 that promotes dissociation ef bound D}
beads and therefore efficient elution of purified DNA. However, TE bu
between 8.5~ 9.0 can also be used for elution. TE buffer outside of th
not be used. The use of water for elution is also not recommended.

The manufacturer's method required the use of the MagnaRack™ two-p
separation rack that consists of two components: a magnetic base statio ?%
tube rack: The tube rack holds up to 24 microcentrifuge tubes and fits onte
base station in two different positions associating the row of 12 neodymi
single row of 12 tubes for simple 'on the magnet' and 'off the magnet’ prége
to process a batch of 12 samples using the ChargeSwitch° system takes:d
including 30 minutes of incubation time. Each extraction batch included a p@si
negative control, and also a substrate blank. Purified DNA samples were e
Elution Buffer (E5). '

Comparison of quantitation results for cell samples )
Refer to Table 4 for observed data. For cells samples, ChargeSwitché performed ;
moderately better compared to the current in-house Chelex” methed. When comparing th
quantitiation values, ChargeSwitch® produced higher quantitation values for cotton and 33
rayon swabs over all dilutions as well as the neat samples of cotton shirt and denim jean
For other cell samples, ChargeSwitch® performance was comparable to the Chelex
results.

Comparison of quantitation results for blood samples 3
Refer to Table 5 for observed data. ChargeSwitchG> quantitation results for blood sample
on rayon swabs were lower but more consistent than Chelex® resuits.

Comparison of DNA profiles
Cell samples that were extracted using the ChargeSwitch® system showed profile results
that were comparable to samples that were extracted using the Chelex® protocol (Table
10). Overall, Charges,witch‘” resulted in 138 reportable alleles compared to 89 alleles
resoived by Chelex®. ChargeSwitch® performance for cell samples on F TA® cards was poor
for any samples less than the neat dilution. Profiles for both cotton swab and cotton cloth
samples were slightly better for ChargeSwitchs, and results for neat samples on rayon
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ueensiand Health r

LAY.010.007.0038

26



—

| W |

oty

\ 3

LAY.010.007.0039

GN-02

CAQC

CaSs Forens and Scientific Services

swabs outperformed Chelex®. However, the ChargeSwitch® system was unable to
overcome inhibition in denim samples, and did not yleld any DNA profiles at all, despite s
displaying quantitation results for the neat and 1/4 dilution. ) gL

2 i
3 g 3 (’
Table 10. Comparison of DNA profiles for cell substrate samples extracted using either Chelex o ’ ’
ChargeSwitch™. o3 j
: ¢
CELLS Method: Chelex CELLS Method: cnwo_:s;&)_“" i
Caton [ Coton ] z:d o }
'cnw.m FTA swads | Reyon swabs Colton Denim FTA swabs |:{iRayon swablss Cottan Denfm H
Protis Profiio Sempist |Profils PO Profils Protio Profla % ProNa . P Profile
Neat 218 [X.X+18 Ri4 MSD X X48 NRANSD Neot X C+17 XX+ 18205 IR14 X, %08 %% - X X114 NSD i
R16 NRANSD R15 X X418 ;
i R18 NSD {807 PXe16 &
R17 NSD R F T :
DU14_ IXKe18 NR$3 _ [R10 NED 41 SD DIvA_ IXX+3 XX R10 XOGRREY, 42 NSD
R11 NSO R11 NR/NSD
R12 NSO k R12 X.NR¢2 .. .
R13 NSD R13 X-NR4NSD.
o113  -DOG7  [XXe3 " RS NSD NR+3 ol 118 NANSD XX RS2 NSO [NRNSD  [NSD
: R NSO g
Ra NSO RB 0
R3 SD | E
07 118 NSD NSD R2 SD NSD NSD o8 118 SD * SMAINRNSD  INSD 1
- GE] NSO c, |NSD
R¢ NED
RS NSD T
R i
1\:‘:%
For biood samples on rayon swab substrates, all ChargeSwitch® samp! nsistently
yielded full profites for ail dilutions and therefore outperformed Chelex® (able 111 Two
replicates of the lower, 1/16 dilutions displayed allelic imbalance at two différent loci: . :
D3S1358 and D7S820, possibly due to stochastic effects that arise from’ amphfymg Jow R A
concentrations of DNA. i i
h e 3
Table 11. Com @panson of DNA profiles for blood substrate samples extracted using either,Chelex or J
ChargeSwitch™. of
BLOOD Method: Chelex Mathod: Char;,uswm:s 57 .
. Catlon 'J
Dilution FTA swabs Rayon swabs Cotton Denlm | Rayon swabs
Profile Profila {Sample# Profila Profilo Profile S ledt Profila
[Neat NsD  [nso R14 X, Y+18 X.Y+18 NSD R14 X.Y+18
R16 X,Y+18 R16 X.Y+18
R16 X Y+18 R16 X.Y+18
R17 NR/NSD R17 X,Y+18
DIl 174 Y+8 X.Y+15 R10 NotUploadadX.Y#18  [X,Y+18 R{0 X,Y+18
Ri1 X,Y+18 R11 X.Y+18
Ri2 X,Y+18 R12 X,Y+18
| R{3 X.Y+18 R13 X.Y+18
|ou 18 X Y+18(AI@dX, Y+18 R6 X.Y+18 X,Y+18 X.Y+18 R6 X.Y+18
RY X,Y318 R7 X.Y+18
R3 NR/NSO R8 X,Y+18
RO X.Y+18 R9 X.Y+18
[oi 1116 X,Y+18 X.Y+18 R2 X.Y+18 X Y+18 X,Y+18 R2 X.Y+18
R3 X.Y+18 R3 X.Y+18
R4 X.Y+18 Ré X.Y+18(AI@03)
RS X, Y+18 RS X.Y+18(Al@D7}
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6.5 Evaluation of forensicGEM™

forensicGEM™ is a novel thermostable proteinase developed as a rapid, cheap and
effective single-tube DNA extraction selution for forensic laboratories that was recently,
released. At the time of testing, the forensicGEM™ system was not yet widely used i
field of forensics, however the system has had exposure at various conferences an i
symposiums, such as the. 18" International Symposium on the Forensic Soiengogis s 9
(Fremantle, WA, 2-7 April 2006). :

Unlike the other kits that were evaluated, forensicGEM™ does not inco -
magnetic-bead-or sifica-membrane technologies, but instead works on: AF in

of a thermostable proteinase in an optimised buffer solution. forensic EKA is ba
the work of Moss et al. (2003) who developed the use of EA1 proteis
extraction of forensic samples EA1 proteznase comes from the th

below 5mM and EDTA below 2mM (Moss et al. 2003). For EDTA
buffer needs to be supplemented to a fi nal concentrauon of 200uM

sample-and the proteinase-hydrolyses nucleases. At 95°C the protei

inactivated so that an active form will not be carried over into PCR whe
Taq DNA polymerase.

samples.

Comparison of quantitation results for cell samples
Refer to Table 4 for observed data. For cells samples, forensicGEM™ prodqc;‘
quantitation results compared to Chelex® across all dilutions. forensicGEMMAISO
generated the highest yield for all samples, including the 1/16 dilutions. fore
yielded quantitation results for denim samples (neat and 1/4 dilutions).

pa—

Comparison of quantitation resuits for blood samples
Refer to Table 5 for observed data. forensicGEM™ performed very poorly for blood
samples on rayon swabs, resulting In the lowest observed yield across all kits that were
evaluated. The average yield for ali four neat replicates processed using forensicGEM™
was 0.6% of the average yield for all Chelex® replicates. The best average yield results |
were observed for 1/16 dilution samples, where the average forensicGEM™ yield was

around 25% that of Chelex®. This suggests that the forensicGEM™ system is prone to

heme inhibition if a neat sample is processed, but can slightly ovarcome the inhibitory e
if the blood sample is diluted prior to extraction.

Comparison of DNA prof' fes
forensicGEM™ resulted in 209 reportable alleles for cell samples compared to 89 aileles
resulting from Chelex® extracts (Table 12). forensicGEM™ was able to overcome inhibition
in denim samples, producing full profiles (X, X+18) for neat and 1/4 dilutions, accurately

reflecting the quantitation results. A partial profile (X,NR+7).was obtamed for the 1/8 dilution
on denim. forensicGEM™ resuits were also superior than Chelex® for celis on cotton swab
down to the 1/8 dilution, but FTA® results were conslderably poor.
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Table 12, Comparison of DNA profiles for cell substrate sampies exiracted using either Chelex® or

forensicGEM®, i
CELLS Melhod; Chelox CEWLS Mathod: forenalcGEM
© Celfton
0lfution FTA Swabs Rayon swabs Cotton Denim
|Prufils IProfie Sumplo¥ __{Profile lProfil Profis
lodt X X018 X Xe18 R14 NSD IXX+8 NRAISD
J R16 NRNSD
R16 INSD
Ri7 NSD
O 174 18 [XNR+3  [R10 NSD INR#1 *INRINSD
i R1t NSD
R{2 NSD
Ri3 INSD
D1 118 XX T (XX+3 RS NSO XNR+3 SO
RY NSD
RB NSD
RS NSO
D% 1116 INSD NSD R NSO INSD 0.
R3 NSO
R4 NSO
RS NSD

For blood samples on rayon swabs, only the 1/16 dilutions generated pfofll
13). This is indicatory of potential inhibition for higher blood sample dilutiép

by the quantitation data.

Table 13. Com
forensicGEM®.

Method: forensl=Gl

B

o

parison of DNA profiles for blood substrate samples extracted usin either

BLOCD Method: Chsfax
[ Cotfon
Dliution FTA awabs Rayon swabs Cotton Danirs Rayon swabs
Profls Proffte Sample8  [Picsla Profils Profls Sample#__ [Prosh
N=ai NSO NSD R14 XY+18 Y*18 NSO R4 NSO
. RIS X Y418 R16 NSO
R16 XY+18 R16 NSD
R1T INRANED R17 NSD
0l 174 X Y+18 Y+16 R10 Not Uplea Y418 Y+8 10 NSD
Ri{ XY+18 taxk} NSD
R12 X Y+18 R12 NSO
R13 X Y418 R13 JNSe
(ousn Y41 XY+ {8 RE IXY+18 X Y+18 Yeie RS INSD
R7 XY+418 R7 NSD
RS INRNSD R8
RS X Y412 R3 INSD
DR 116 Aaall X.Y#18 IXY*18 Y+18 X.Y+18 R2 }X Y4 15(AR013]
R3 PLy+18 R3 X NR¢3
R4 IXY+18 4 NA NR+S
RS X Y+18 RS [NANR*2

6.6 NucleoSpin® 8 Trace

The NucleoSpin® 8 Trace kit is designed for extraction of genomic DNA from forensic
samples. Cell lysis is achieved by incubating samples in a solution containing chaotropic

ions in the presence of proteinase K at room temperature. Adding isopropanol fo the lysate;

?ﬁlls (Table
predicted

creates the appropriate conditions for binding of DNA to the silica membrane, a process
that is reversible and specific to nucleic acids. Inhibitors are removed by washing steps

using an alcohol-containing buffer. Pure genomic DNA is eluted in a slightly alkaline elution

buffer.

The evaluation of this kit was performed with slight alterations in the manual method fo
incorporate the use of the MultiPROBE® Il PLUS PVM vacuum manifold, together with the

ueensiand Government
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NucleoSpin” 8 Trace Starter Set A containing Column Holdérs A and Dummy Strips to
enable use of the vacuum manifold.

’ The time to process a batch of 12 samples using the NucleoSpin® 8 Trace system take
about 5 hours, including a 3 hour incubation step. Each extraclion batch Included 2
and negative control, and also a substrate blank. Purified DNA was eluted In a ﬁgag Vol
of 100pL. S

Comparison of quantitation results for cell samples

pp—

| Comparison of quantitation results for biood samples
~ Refer to Table 5 for observed data. Mean biood quantutatlon valuesy
using NucleoSpin® 8 Trace were comparable to Chelex® results. Yl§'f
comparable to Chelex™,

Comparison of DNA profiles
NucleoSpin® 8 Trace overall yielded higher allele counts compared to Ch
J 202 reportable alleles in contrast to the 89 alleles from Chelex®-extracte
14). NucleoSpin® 8 Trace was able to yield profiles for cell samples on deni

) dilution, but performed poorly with FTA@ samples, resulting only in a part
; for the neat cell sample. NucleoSpm 8 Trace performed better for cells o1

Table 14. Companson of DNA profiles for cell substrate samples extracted using eith%

NucleoSpin® 8 Trace. %
CELLY Mathod: Chelex CELLS Mathed: NucleeSpin's E
', &
. [ Cotlon = Cotron 11
Olution FTA swads | Rayon swabs Cotton Deatm FTA e i
|Profi Profis Semplsd_ [Profle Peofils Profls Proks Protle £
1 Kol 018 Jxxeis _ R14 : Noat XX [XXHB i
R1S 1
i R16 !
- R17 k
ot 174 XXe18 NReS IR0 EE 418 f
REY
Ri2 [
R13 £
03 118 XX$17 X X$3 R§ 02 18 NSO XX+ 17 §
X ?
< {
RS [
D18 NSO NSD R2 Diii8 NSO NSD i
= 4
R¢ i
L RS

For b'ood samples on rayon swabs, NucleoSpin® 8 Trace profiles were comparable to
Chelex®, with several partial profiles being observed in the neat and 1/8 dilutions (Table
15).
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Table 15. Comparison of DNA profiles for blood substrate samples extracted-using either A8
Chelex® or Nuch’eoSpin’> 8 Trace. P iy H

8LOOD Method: Chelex Mothod: NucleoSpin 8 Tracoe iz}

=) 5
Cotton
B Dilution. FTA _ swabs Rayon swabs Caofton _Denlm Rayon swabs o i
{ Profile Proflie {Semple# Profile Profile Profile Sample# Pl o "3_‘ L
| |Neat INSD- NSD . Rid4_ Xy+18 _ {xysis _ INSD R14 61,80 18R
R1S X,Y+18 R15 32
. R16. X.Y+18 2
1 R17 NRINSD !
Ol 1/4 “IXys18 - IXy»i5 - ‘[R10 Not UploadedX,Y+18 - [XY#18 . §
J R11 X.Y+18 Szt X,Y 18 ;
R R12 X, YH6 x S,
i R13 X,Y+18 2 X, Y+18"
Cil 1/8 XY+1BAI@YX.Y+18 R8 X.Y+18 X.Y+18 Y418 R X,Y+18
J R7 X.Y+18 Y+i5
R8 INR/NSD R&Y
. ‘ RY X.Y+18 s
|Dit1416___ IX.Y+18 X.Y+18 R2. XYs18 DY+ . [Xv+18 RV
R3 X.Y+18 R3 GIRES
R4 X.Y+18 R4 Vi
RS X,Y+18 RS
] ,
6.7 Summary P

Findings from the evaluation of various forensic DNA extraction kits, corr_‘n\ )

1 house Chelex® protocol, is summarised in Table 16. i
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Table-16. Summary of findings from the evaluation of five forensic DNA extraction chemistries.

and Scientific Services

® P
Chelex DRAIQ™ QiAamp™ DNA Charge: NucleoSpin® 8
Micro Trace
Processing time for 12 samples 2hr 3hr Shr Shr
Washing steps included to remove inhibitors No Yes Yes
N - 100 for FYA, 200 for
~150 0O .

Final extract volume (pL} S 100 other samples 100

% zero quanttation values for cells 43.750 9375 9.375 24,140

% zero quantitation values for blood 0.000 0.000 0.006 0.000
Cell substrate displaying highest quant value for.neat cell samnples FTA Cotion swab Cctton swab Cotton cloth
Total number of reportable alleles for cells (max 576) 89 282 zusv 202
Total.number of reportable alleles for blood {max 288) 234 252 264
Tolal number of autasomal loci exhibiting ailelic imbalance (max 432) 1 1t [
Neat cell samples on denim showed inhibition (no profile) Yes No No
Neat blood samples on rayon swabs showed inhibition (no profile) No No: No
Amenable to automation No Yes Yes
Validated MultiPROBE !l PLUS automated protocol No Yes No

* Five occurrences of allelic imbalance were observed in Amelogenin.

* One occumrence of allelic imbalance was observed in Amelogenin,

Page 27 of 34.
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not incorporate washing steps for the removal of inhibitors and. residual proteins. This is
because in these protocols, the DNA is free in solution and not immobilised on to a cap(tfﬁ* _- '
device such as magnetlc beads, and therefore washing of the sample cannot be perf d
Washing steps result in high quality, purified DNA extracts. As such, Chelex® and
forensicGEM™ extracts are considered to be crude DNA extracts of suboptimal guaiit
may not yield the best DNA profiles due fo the presence of inhibitors that can.g‘ff t%
amplification of multiple STR loci. Although the dye in denim material did )
result in inhibition for forensicGEM™ samples, only 25/288 alleles (8.7 %)
samples could be resolved by this extraction method.

4ul NeatAverage Quant I |

Avg Yl (ng)

Avg Viedd o)

LY e~

L]

I 1/8 DUution Avarage Quant 178 Dliution Aversge ﬂvld

Avg Quint (sgh)
Averege Yield (ag)

QA Cwmbetdy bawkODd  MckeSil
Ther

L]

|

[ - | | K

‘queensland Government
ey Queens| and Health

Figure 1. Average quantitation values (ng/uL) and yields { sg) for cell samples extracted using the
various extraction chemistrles tested, compared to Chelex™.
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incorporate washing steps, the DNA IQ™ system exhibited the best result for zero

(44%) of Chelex® cell extracts failed to yield quantatat(on resuits. The next worse
quantitation results were ubsewed for QiAamp® DNA MICfO (87.5% had zero results:

different substrate tyg)es tested average quanmauon values were comparab‘
IQ“1 ChargeSwstch {2

using the evaluated kits dusplayed higher average quanhtahon results that were ub
times h|gher than Chelex resulls Chelex® and NucleoSpln 8 Trace’ﬁére the only

neat samples, whlch were on average double the y|eld generated b!
all experiments, forensicGEM™ resulted in the highest quantltatnon\

discussed in lhe previous paragraph this kit produced the Ieast nu

to highest percentage of zero quantitation results, and also the most to f
resolved alleles, is outlined in Table 17.

Rank % zero quantitation values Total alleles for cells
1 DNA Q™ & lorens/ GEM™ DNA 1Q™
2 NucleoSpin® 8Trace forens:cGEM"‘
3 Char%eSwntcr NucleoSpin® B’race
4 Qlaamp™ DNA Micro ChargeSwitch®
5 Chelex® Che!ex‘
6 QlAamp® DNA Micro

for both cell and blocd samples (see also Figures 2 and 3). For blood samples on rayon

swabs, DNA IQ™ received a lower ranking due to 2 outlier results for neat dilutions as
discussed above‘6 but overall was considered to produce the best resuit for all ditutions. It
contrast, Chelex™ had the lowest rating as it was found to result in the least number of
repartable alleles for both cell and blood samples. forensicGEM™ also outperformed th
other kits for cell samples but performed very poorly for neat blood samples, indicating 4f ik ’
|nhxbnory effect due to dissolved heme, although PCR amplification performance was
improved in extracts of dlluted blcod samples {Figure 3). In contrast, QlAamp DNA Micr
worked well for blood samples, but performed the worst for cell samples. ChargeSwltch0
the alternative magnetic bead system to DNA IQ™, also performed better for blood :
samples than cell samples. The NucleoSpin® 8 Trace system another membrane-based

technology, performed moderately well and was ranked 3“ for the total number of allsles
resolved for both cell and blood samples. Our resuits did not clearly indicate as to which
technology, i.e. magnetic bead or silica membrane, was overall a better DNA extraction

technology for forensic samples. However, DNA IQ™ worked the best in our hands as a
complete "out-of-the-box" soiution for extracting both ceil and bload samples on various
types of substrates.
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DNA profiling results for cell on various
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Figure 2. Total number of reportable alleles generated for cell samples on varlougisubstratésitiiat

were exiracted using the various extraction chemistries tested, compared to Chqﬁ)’(o. The kl%
displaying the most number of full bars (i.e. most full profiles) was found to be DINEQ™  indlca i
the superior performance of this kit over the other kits tested. The current in-houseiGhelsx P metho
did not perform as well as several of the tested kits. 34

DNA profiling results for blood samples on rayon swabs
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1 SRS
=15
2u
=1
12
2
§ul
X 94
i
Ml
3 ¢ !
I — X
i, . —
2440 — r! i
1l = nal
] . 3
EELUENBERZEEERSEFARN
] a a 2 I3
EEERRREERRRRRRRREERR
S 2 3
! FEEEE]
e

Flgure 3. Total number of reportable alleles generated for blood samples on rayon swabs that were
extracted using the various extraction chemistries tested, compared to Chelex™. All kits were able to
resoive profiles from most dilutions, excep! forensicGEM™ which could only resolve alieles from the
1/18 dilution, indicating an inhibitory effect of heme on the forensicGEM™ system,
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Qut of a total of 432 loci amplified in the assessment of each kit, only one occurrence of
allelic |mbaIance (Al; where peak height ratio is <70%) was detected in each of the
Chelex®, DNA 1Q™ and forensicGEM™ kits (Table 16). QlAamp® DNA Micro and
‘ChargeSwnchs each showed 3 and 5 occurrences of Al respectively, and NucleoSpun
Trace showed the most Al at 6 occurrences observed (Table 16). 2

suggest any (ncreased hkellhood in obsetving Al in either cell or b(oad say
9 AmpFiSTR Profiler Plus loci interrogated Al was only encountered

cell samples extracted using NucleoSpin® 8 Trace. Six additional
observed in Amelogenin, with all Al events 260% (data not shown

Kit Number of autosomal Al Profiler Plus locl exhibiting alleli&in
Cell Blood 0351358 FGA D138317
Chalex 0 1 1
ONA IQ 1
QiAamp DNA Micro 1 2
ChargeSwilch 2 3 1 1 2
forensicGEM 1 1
NucieoSpin 8 Trace 5 1 2 1 2
Total 9 8 4 2 6
17 23.53% 11.76% 35.29%

mhtbltlon for denim dye it would show inhibition for heme or vice versa Onfy the DNA™
Q™ and NucleoSpm 8 Trace systems did not indicate inhibition for either inhibitor. Therg!
did not appear to be a link between the presence or absence of |nh1bmon and the
observation of allelic imbalance, although DNA Q™ and NucleoSpin® 8 Trace generate
the most number of total reportable alleles (534 and 466 alleles respectively). These resi
suggest that the ability to remove inhibitors (such as encountered in the DNA IQ™ and |
NucleoSpm 8 Trace protocols) can result in an increase in the number of resolvable
alleles, therefore successfully obtaining more DNA profile resuits more often.

Cotton substrates (e.g. cotton swabs and cotton cloth) make up a large percentage of
samples processed in DNA Analysis FSS. For example, cotton swabs make up around
45% of the total number of sample types analysed for DNA analysis (Figure 4). It was
therefore considered important that the DNA extraction kits evaluated could process
samples and stains on cotton matrices. it was found that the neat cell samples that
displayed the highest quantitation values across all extraction kits originated from cotton
swab substrates, except for Chelex® results where the best result came from FTA (Table
16).
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All of the forensic DNA extractian kits evaluated are amenable to automation, and
automated protocols already exist for several kits. However, only the DNA iQ™ kit has

been validated for use on the MultiPROBE° Il PLUS HT EX platform and a validated prot
was developed by PerkinElmer (PerkinElmer, 2004).

Sample types recelved by DNA Analysls FSS b 2006 - 2007

| WTapeif
Tapelt B5vals
10.23% Olher

Figure 4. Pie.chart of various sample types recelved by DNA Analysis FSS between 2
Around 45% of samples received for DNA analysis are swab substrates. Data was oblalfie
AUSLAB on 14 November 2007. Y

Some of the concerns raised regarding some of the kits tested include:

. CIIAampm DNA Micro involved multiple tube transfers that increased the risk of
cross-contamination and also increased processing time to 5 hours for 12 samp

= Anincreased risk of contamination was aiso prevalent in the rwlucleoSpins 8 Tra
method when coupled with the PVC vacuum manifold, because of the need to fi
multiple adapters to ensure seals are maintained for a proper vacuum environmel
If the plates and adapters were not assembled correctly, the vacuum environment
would fail and possibly cause cross-contamination and, more alarmingly, ioss of‘_;
sample. Furthermore, even when assembled correctly, bichazardous contaminant:
(e:g. blood) are drawn down the manifold through the vacuum tubing and into the
collection containers. Decontamination of the tubing and containers raises serious™g
heaith and safety concerns.

=« The forensicGEM™ system was the quickest protocol to perform and yielded crude
DNA extracts that produced high allele counts for cell samples. However, the
system could not deal with blood sampies (and heme inhibition) effectively,
therefore causing very low allele counts for blood samples.

. ChargeSwitchﬂ was the alternative magnetic bead system to DNA Q™. However,
ChargeSwitch® did not produce results that were comparabie or better than DNA |
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IQ™. For example, more ChargeSwitch® samples did not yield quantitation results
compared to DNA IQ™ and resulted in a fower total allele count. ChargeSwitch®
also did not appear to be able to effectively deal with Inhibition from the dye in 2
denim material,

IQN
= |s quick to perform — the amount of time taken to complete the D,
protocol is comparable to the in-house Chelex® method;
= |ncludes washing steps to remove inhibitors — washing of th

enables purified DNA template to be eluted;
*  Produced DNA quantitation values for most (>90%) samples C
samples that did not yield a quantitation result was one of- the owe {'for DN
*  Generated the highest number of totai reportable alleles — gr
DNA IQ™ produced 65% more resolved alleles compared {86
« Exhibited minimal allelic imbalance — the occurrence of Al i
was comparable to Chelex®, aithough increased Al in Amel@
* Was not inhibited by heme in blood samples;
«  Was not inhibited by the dye In denim materlal;
»  Has been validated for use on the MultiPROBE® Il PLUS HTEX P

7. Recommendations

Based on the results from evaiuating various commercial DNA extractior

designed specifically for forensic use, and comparing results from-eac

house Chelex® protocol, we have found DNA Q™ to be the. most suitables

cell and blood samples that are analysed in DNA Analysis FSS. We ther
that further studies be performed on the DNA |Q™ system in order to:

1. Validate a manuai DNA |IQ™ protecol for extracting various DNA A‘&' ySIs FSS

substrate types;

2. . Verify an automated DNA IQ™ extraction program on the MuthROBEG

£X platforms for automated DNA extraction of various DNA Analysis F

types.
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Project 11. Report on the Validation of a Manual Method
for Extracting DNA using the DNA IQ™ System

Nurthen, T., Hlinka, V., Muharam, |., Gallagher, B., Lundie, G, lannuzzi, C., lentiie, V ST~ y
Automation/LIMS Implementation Project, DNA Analysis FSS (August 2008) 2N =%
1. Abstract

The DNA IQ™ system was found to be the most suitable kit for extracting cell and blood
samples that are analysed in DNA Analysis FSS (refer to Project 9). This DNA extraction
system, based on magnetic bead technology, was found to generate results that were
comparable or better than the current Chelex®-100 protocol. We have validated a manual
DNA IQ™ method for extracting DNA from forensic samples, and incorporated studies on
sensitivity and consistency, inhibition, substrate type, substrate size, and mixture studies.
This manual DNA IQ™ method is suitable for verification on the automated MultiPROBE® |1
PLUS HT EX extraction platforms.

2. Introduction

A previous evaluation of various DNA extraction systems that were deelgned specifically for
forensic samples was performed in order to select a suitable extraction technology for
extracting various sample types that are processed in DNA Analysis FSS. DNA IQ™ was
identified as a suitable k|t for extracting forensic samples, and was found to outperform
both the current Chelex 100 protocol and also all the other Kits evaluated.

rte slect ONGallagher et al., 2007a).

DNA purification with silica matrices, either in. membrane- or bead-form, commonly uses

the affinity of DNA for silica without the need for hazardous organic reagents. However,

these systems tend to require extensive washing to remove the guanidium-based lysis =
buffer. The DNA IQ™ system uses a nove! paramagnetic resin for DNA isolation (Promega
Corp., 2006). The DNA IQ™ System's basic chemistry is similar to other silica-based DNA ~
isolation technologies, except that the specific nature of the paramagnetic resin, coupled

with the formulation of the lysis buffer, is unique. In the DNA IQ™ System, negatively-
charged DNA molecules have a high affinity for the positively-charged paramagnetic resin
under high salt conditions supplied by the lysis buffer. Once DNA is bound to the magnetic
resin, and the resin is immobilised by a magnet, the sample can be washed using an
alcohol/aqueous buffer mixture. The high alcohol content of the wash buffer aids to

maintain the DNA-resin complex in low-salt conditions, while the aqueous component
functions to wash away residual lysis buffer and any inhibitors or non-DNA contaminants

such as cellular debris and protein residues. DNA is released from the resin by using a low
ionic strength elution buffer, and the purified DNA can be used directly in downstream
applications such as PCR.

For samples that are in excess (e.g. reference samples), DNA IQ™ resin will only isolate
up to a total of approximately 100ng of DNA due to bead saturation (Huston, 2002).

3. Aim

To validate a manual method for DNA extraction of blood and cell stains on forensic
samples using the DNA 1Q™ system (Promega Corp., Madison, WI, USA)
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4. Equipment and Materials
* DNA IQ™ System (Promega Corp., Madison, WI, 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)
DNA Q™ Spin Baskets (Cat.# V1221) (Promega Corp., Madison, WI, USA)
Microtube 1.5mL (Cat.# V1231) (Promega Corp., Madison, WI, USA)
95-100% ethanol
Isopropyl 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 Italia 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 C;5Hs;045 FW1701.25 (Selby’'s BDH, Lab Reagent >~90%)
Urea NH,CONH, FW60.06 (BDH, Molecular Biology Grade ~39.5%)
Indigo carmine CysHsN,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

0O 0000O0

5. Methods

5.1 Cell and blood collection

Buccal cells were collected using a modified Cytobrush® protocoi (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 aiso
sampled. The cells collected on the brush where then resuspended in 2mL of 0.9% saline
solution. Multiple collections were taken on different days.
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Whole blood was collected from three donors by a phlebotomist as per standard collection
procedures in EDTA tubes. Blood sampies were refrigerated until spotting onto substrate
and cell-counting step.

Table 1 lists the donor sample ID's.

Table 1. List of donor samples used
for validating a manual DNA iIQ™
method.

Donor ID
Cell samples

D2

03

D4
Blood sampies

D1

D2

D3

5.2 Cell counting

Buccal cell suspensions were diluted using 0.9% saline solution to create a 1/10 dilution of
the original sample prior to submitting for cell counting. All counts were performed by the
Cytology Department, RBWH (QIS 15393).

Blood cell counting was performed on a 1mL aliquot of the original sample also by the
Cytology Department, RBWH (QIS 15393)

53 Sensitivity, Reproducibility (Linearity) and Yield .
Sensitivity and reproducibility of the DNA IQ™ kit was assessed using dilutions of cell and
blood samples.

For cell samples, dilutions were made using a sample from donor 4, diluted in 0.9% saline
solution. The dilutions used were:
e Neat

For blood samples, dilutions were made using a sampie from donor 2, diluted in 0.9%
saline solution. The dilutions used were:

o Neat
1

ot l10

- 1/100
1

L /1000

Mock samples were created from rayon and cotton swabs using the above dilutions. The
swab heads were removed from the shaft using sterilised scalpel and tweezers. Swab
heads were then cut into quarters and each quarter was then added to separate sterile
1.5mL tubes. To each quarter swab, 30ut of each neat sample or dilution was added to
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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 [l biohazard cabinet.

54 Inhibition challenge

Quartered cofton swabs in sterile 1.5mL tubes were spotted with 30uL of neat cell
suspension and were dried after each addition on a ThermoMixer as described 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;0 Final inhibitor
Solution concentration
Tannic acid Excess 600mg 500uL 0.705M
Neat 200mg 500pL 0.235M
Humic acid Excess 1g 5mlL 20% (wiv)
Neat 0.1g S5mL 2% (wiv)
Indigo carmine Excess 0.479 10mL 100mM
Neat 0.047g 10mL 10mM
Urea Excess 0.06g imL M
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 et al., 2007).

5.5 Substrates

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

Tapelifts

Two donors were sampled using the tape most commonly used within the laboratory (BDF
tesa tape). 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:
* Denim jeans;
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White 100% cotton shirt;

Blue 100% wool kilt:

Teal green 100% lycra swimwear;
White 100% nylon camisole; 5
Blue 100% polyester camisole; and e
Brown 100% woven leather belt.

All material types except leather were sampied and ten 2.5cm x 2.5cm pieces were cut
from each material and washed in 10% bleach following an in-house washing method to
remove any contaminating DNA from outside the laboratory (Gallagher et a/., 2007b). "As
for the leather, one strand of the leather weave was cut from the beit and washed following
the same method. Once dry, the material was then cut into 0.5cm x 0.5¢cm pieces using
sterile techniques, placed in 1.5mL tubes and 30uL of both cell sample and blood was
applied to separate pieces. Each substrate sample was created in quadruplicate and dried
on a ThermoMixer set at 56°C over 2 hours in a Class |l biohazard cabinet.

Gum

Two types of chewing gum were chosen: (1) Wriggley's Extra White (peppermint flavour)
and (2) Wriggley's Extra Green (spearmint flavour). The donor was-asked to chew the gum
for 30 minutes and dispose of the gum into a clip-seal plastic bag. The gum was then air
dried in a Falcon tube overnight before it was frozen for roughly an hour before cutting into
3mm x 3mm x 3mm pieces and placed into sterile 1.5mL tubes. Gum substrates were not
assessed for blood samples.

Cigarette butts

Two brands of cigarettes were smoked all the way through and then the butts collected.
The filter paper of the butt was cut into 0.5mm? pieces and placed into sterile 1.5mL tubes.
Cigarette bulls were not assessed for blood sampies.

FTAY Classic Card punches

Eight sterile 1.5mL tubes, each containing four 3.2mm FTA® Classi¢ Card punches, were,
spotted with 30pL of ceils or blood before being dried on a ThermoMixer. Four replicates
contained sample from one donor, the other remaining four replicate tubes had a different  +
donor sampie added.

56 Mixture studies

Buccal cells and whale blood were obtained from a male and female donor. Dilutions were
made using 0.9% saline solution to ensure that the cell concentration was equal. Dilutions
were then performed on the male sample to obtain the correct ratios.

Mock samples were created using the following ratios of female to male

e 11,

o 12,

. 1:10.

o 1:25

» 1:50 and
« 1:100.

A total of 30pL of the female component was spotted first on to a quarter of a cotton swab
in a sterile 1.5mL tube and dried on a ThermoMixer before adding another 30uL of the male
component. Samples were created in quadruplicate for all ratios, for both cell and blood
samples
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57 Substrate size

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

Each piece of material was stored in individual, sterile 1.5mL tubes and 30uL 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 {PerkinElmer, 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
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. Setone 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 iabelled tubes: spin baskets
(for every tube except the extraction control), 2mL SSI tubes and Nunc™
tubes.

3. Prepare Extraction Buffer and add 300ptL 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 L of Lysis Buffer to each tube.
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7. Dispense 50uL of DNA IQ™ Resin — Lysis Buffer sclution (7uL Resin in
43uL Lysis Buffer) to each tube. Invert the resin tube regularly to keep
the beads suspended while dispensing to obtain uniform results.

8. Vortex each tube for 3 seconds at high speed then place in a multitube
shaker set at 1200rpm to incubate at room temperature for 5 minutes.

9. Vortex each tube for 2 seconds at high speed before placing the tubes in
the magnetic stand. Separation wili occur instantly. : ‘

Note: If resin does not form a distinct pellet on the side of the tube, or if
the pellet has accidentally mixed with the solution while in the stand,
vortex the tube and quickly place back in the stand.

10. Carefully remove and discard all of the solution without disturbing the
resin pellet on the side of the tube. f some resin is drawn up in tip, gently
expel resin back into tube to allow re-separation.

11. Remove the tube from the magnetic stand; add 125uL of prepared Lysis
Buffer and vortex for 2 seconds at high speed.

12. Return tube to the magnetic stand, allow for separation and then remove
and discard the Lysis Buffer

13. Remove tube from the magnetic stand; add 100pL of prepared 1X Wash
Buffer and vortex for 2 seconds at high speed.

14 Return tube to the magnetic stand, allow for separation and then remove
and discard all Wash Buffer

15. Repeat Steps 13 to 14 two more times for a total of three washes. Be
suie lhal all of the solution has been removed after the last wash. -

16. In a biohazard cabinet, place the lids of the tubes upside down on a
Kimwipe, in their respective order, and the tubes into a plastic rack, and
air-dry the resin for 5-15 minutes at room temperature. Do not dry for
more than 20 minutes, as this may inhibit removal of DNA. Once dry,
screw on the lids.

17. To each samples then add 50puL of Elution Buffer very gently on the top
of the magnetic pellet. Do not mix.

18. Close the lid and then incubate the tubes in the ThermoMixer at 65°C for
3 minutes with no shaking and another 3 minutes shaking at 1100 rom.

19. Remove the tubes and vortex for 2 seconds at high speed. immediately
place the tube in the magnetic stand. Tubes must remain hot until placed
in the magnetic stand or yield will decrease.

20. Carefully transfer the supernatant containing the DNA to the respective
labelled Nunc™ tubes.
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I

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 MutiPROBE® || PLUS HT Ex (PerkinElmer) pre-PCR platform.

5.10 PCR amplification

DNA extracts were amplified using the AmpFISTR® Profiler Plus® kit (Applied Biosystems,
Foster City, CA, USA) as per QIS 19976. Reaction setup was performed on the
MultiPROBE® It PLUS HT £x (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 respectively.
The ailelic imbalance threshold is 70%
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6. Results and Discussion

6.1 Donor sample cell counts

Aliquots of buccal cell samples were counted at Cytology Department (RBWH) to

determine the concentration of viable cells, in order to better estimate the number of cells at
any particular dilytion. A white cell count was not performed on all the blood samples, and
therefore an estimate on the number of nucleated celis could not be determined.

6.2 Sensitivity, consistency and yield

To ensure the reliability and integrity of results for samples containing small amounts of
DNA, a sensitivity study was conducted to determine the lowest concentration of DNA that
provides reliable results. A consistency study was combined into the sensitivity experiment
to determine the maximum acceptable difference between the results obtained. All
samples were extracted in identical conditions by the same operator at the same time to
minimise variability.

The cell sample used for the experiments was from donor sample 4A, which was counted
to be around 3,680 nucleated cells (x 10°/L). The blood samgle used was from donor 6A,
which was counted to be around 2,540 nucleated cells (x 10°/L). The estimated amount of
DNA present in each dilution is outlined in Table 3.

Table 3. Amount of DNA in each dijution, as calculated from the cell count.

Sample type Ditution Number of cells gDNA Theoretical totat
factor (/pL) (ng/pL) ONA onswab (ng)
Neat 3880 23.552 706.56000
Ceils 1710 368 2.3552 70.65600
- 17100 36.8 0.23552 7 DR5A0 3
o - /1000 3.68 0.023552 0.07656
Neat 2540 16.256 487.68000 - o~
Blood 110 254 1.6256 48 76800
1/100 254 0.16256 4.87680
1/1000 2.54 0.016256 0.48768

The DNA yields resulted from extracting the above cell dilutions using the DNA IQ™
System is outlined in Table 4. Blood samples produced higher yields compared to cell
samples. On average, biood samples on cotton swabs generated the highest yields. Cell
samples on rayon and cotton swabs generated similar yields. All blood dilutions down to
1/1000 produced quantitation results, but cell samples only produced reliable quantitation
results down to 1/100 dilution, possibly due to the effects of cell clumping.
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Table 4. DNA quantitation data for diluted cell and blood samples on rayon and cotton substrates.

Sample Dilution Theoretical Rayon swab Alleles Cotton swab Alleles Rayon average Rayon Recovery Rayon Cotton average Cotton Recovery Cotton
type factor InputONA(ng}  yield(ng) ~~ yield{ng} ) yield (ng) Std Dev % leld (n: Std Dev (%)
110.0000 18 117.0000 18
130 0000 18 124.0000 18
Neat 706.56000 160.0000 18 45.8000 18 134.5400 41.30 19.04 95,2800 32.69 13.48
83 7000 7 76.6000 18
____189.0000 17 112 0000 18 e e 4 R e R
10.1000 18 12.8000 18
12.7000 18 6.3100 18
1/10 70 65600 9.5500 18 11,5000 18 10.4520 1.44 14.79 10.4820 252 14.84
9.0100 18 10.1000 18
10.9000 18 11.7000 18
Colts e 0.6350 [) 00000 0
0.4930 0 0.0000 0
1/100 7 06560 1.4000 5 02770 0 0.9254 0.64 1310 0.1270 018 1.80
1.7900 14 0 3580 0
- 0.3090 0 0.0000 0 R L
0.0000 0 0.2630 )
0.0000 0 0 0000 0
1/1000 0.7656 0.0000 0 0.0000 0 0.0166 004 217 0.0726 0.16 9.48
0.0831 0 0.0000 0
0.0000 0 00000 0O o
216.0000 18 718.0000 18
447.0000 18 297.0000 18
Neat 48768000 215.0000 18 596.0000 18 317.0000 102.38 85.00 447.0000 196.46 9166
383.0000 7 326 0000 18
.. 324.0000 18 2900000 18 .
113.0000 18 126.0000 18
107.0000 18 91,9000 18
110 48.76800 145 0000 18 75.4000 18 124.7800 28.10 255.86 97.6600 2166 200.25
95.9000 18 81.0000 18
163.0000 18 114.0000 18
E "714.3000 18 15.9000 8
12.5000 13 12 1000 18
1/100 4.87680 13.2000 18 20.8000 18 12.4800 1.62 255,91 16.7600 4589 34367
9.5000 18 22 4000 18
12,5000 18 12.6000 18
0.7300 18 2,3700 18
06990 18 3,1300 18
111000 0 48768 1.1800 18 36300 18 08894 0.20 182.37 3.0200 0.85 619.26
0.8570 18 1.9700 18
0.9710 18 4.0000 18
Page 10 of 21
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The average yield observed within cell and blood samples on either rayon or cotton swabs =
were comparable (Figure 1). Some inconsistencies were present in cell samples at the xf‘b—
lower dilutions of 1/100 and 1/1000 due to unreliable quantitation data at these low %
dilutions. Blood samples were found to generate higher average yields than cell samples &

and gave unexpectedly higher recovery values, despite the fact that the input DNA a%

was 2-fold higher for celis compared to blood samples (Table 4). This discrepancy m
have arisen from inconsistcncies in cell suspension uniformity during dllutlonsoT
originat cell or blood sample, resulting in inaccurate estimates for average ¢ cBiI
concentrations.

-
¥
: <
’ 2 asd »
Average yields for diluted cell and blood samples .
on rayon and cotton swab substrates

1000200

100000 &

1.0000 §

00100 - - a8 L =
Neat 110 1120 11000 S :.T

Sample dilution

Figure 1. Average yields as observed in the sensitivity study. The yields for cell and blood samples, & '
on two different swab types, were comparable as indicated by overlapping lines on the graph.

The dilution factor was, however, accurately reflected in the average yield for the various
dilutions as displayed in Table 4 and Figure 2. An exception to this was the average yields

for the neat dilutions (Figure 2). DNA 1Q™ isolates a maximum of 100ng DNA as the resin

is present in excess, and the system becomes more efficient with samples containing less

than 50ng of DNA. Because the amount of DNA was in excess in neat samples, the -
observed yields varied from sample-to-sample. According to the manufacturer, the DNA Jl‘

Q™ Database Protocol should be used for samples containing more than 100ng DNA to

result in more consistent concentrations between the samples (Huston, 2002). “ ok

All five replicates for each neat dilution displayed the highest yields for each dilution series,
as expected (Figure 2). For biood samples on rayon and cotton swabs, yields were still
around 1ng for samples at the 1/1000 dilution (Figure 3).
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Sensitivity resuits for cell and blood samples (DNA yield) e | g o -

2 e e

O Cells Rayon Swabs | &y
B Cells Colion Swabs
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i i . " AN
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Figure 2. DNA yields (ng) observed for the sensitivity study. As expected, neat samiﬁes b'révided 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

[OBoad Rayon Swabs |

OB8iocd Cotion Swabs |
e

I VT.

Replicawe 1 Replicate 2 Repticale 3 Rephcate ¢ Replicate 5
1/1000 Dilution Replicate Number

Figure 3. DNA yields (ng) observed for the sensitivity study, at the 1/1000 dilution.
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When amplified using a 9-locus STR system, all neat samples produced the expected full =
DNA profile (18/18 alleles), although one outlier was encountered for a cell rayon sample
which produced a 7/18 partial profile (Table 4). For cell samples, full profiles could be y
obtained for samples that were diluted down to 1/10, with partial profiles generated from
samples diluted to 1/100. For blood samples, full profiles were generally obtained fro S
dilutions down to 1/1000. Although two partial profiles were encountered in blood o 93 A
on rayon swabs, all blood cotton swabs produced full profiles at all dilulions. .

The apparent discrepancy between the results for cell and blood samples é be attributed
to inaccurate cell counts or non-uniform sample suspensions when creating t dllutlgﬁs
as caused by cell clumping or cellular breakdown and precipitation. ,’; Y
For five replicates of each dilution, consistency was observed to va p nding on lhe
ditution (Figure 4). Consistency, as an indication of reproducibility, s ca uﬁeﬂaséhe
percentage of the yield standard deviation over five replicates divided by the mean yi

all five replicates (%[SD,.« / mean,.]). A value closer to 0% mdlcat'éé minimal samp!é -to-
sample variation and therefore the results are highly consistent. The mean combine
reproducibility for all neat, 1/10, 1/100 and 1/1000 dilutions were 35. 31'%&0 63’2@2 14%
and 124.32% respectively (Flgure 4), indicating that there was high reprodumbslﬁy between
the neat and 1/10 dilutions across the four sample types, and reduced reproducibility at the
lower 1/100 and 1/1000 dilutions. Overall, the blood samples on rayon and cotton both
exhibited high reproducibility across all dilutions at an average of 30.54% éﬁdzz 45%
respectively (Figure 5). The cell rayon and cotton samples were more vanéble across all
dilutions, producing lower reproducibility at an average of 84.23% and 105.,1 9% s
respectively (Figure 5). The poor performance of the cell samples can be attributed to
inconsistencies in quantitation data observed at the lower 1/100 and 1/1000 dilutions.

Percentage of S0 .., /Mean ., 10 deduce consistency

Sample dilution

Figure 4. Reproducibility between replicates for cell and blood samples diluted down to 1/1000.
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6.3 I[nhibition

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 aiso co-
extract with the DNA and inhibit downstream PCR amplification processes, therefore acting
as PCR inhibitors (Butler, 2005). For example, inhibitors such as hemogiobin and indigo
dye likely bind in the active site of the Tag DNA polymerase and prevent its proper
functioning during PCR ampilification.

For the inhibition study, five substances were chosen for their known ability to inhibit PCR
and their likelihood of appearing in routine casework samples:
= Indigo 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.
» Urea: a component of urine (Mahony et al., 1998).
= Humic acid: a component found in soil and soil products (Tsai and Oison, 1992).
* Motor oil: contains various hydrocarbons and ethanolic compounds that can inhibit
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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The observed effects of these inhibitors at neat and excess concentrations on the abiiity to
extract, quantify and amplify various DNA samples are graphed in Figure 5. Samples were
quantified using the Quantifiler™ Human DNA Quantitation Kit (Applied Biosystems) as this
kit includes a built-in inhibition detector. Reaction efficiency and the presence of inhibitors
can be assessed based on the performance of the internal positive contral (JPC), whlch ls
known to be detected in this laboratory at around 28 cycles.

- ~

The observations that were made include: ,
» Samples that were spiked with motor oil, urea and indigo carmine dye did not show
inhibition as determined by the IPC, and resulted in quantifiable DNA templates

after extraction using DNA 1Q™. The average DNA concentration observed for all
samples was around 1ng/pL. The majority of samples yielded full DNA profiles,
with the exception of several cell samples that were treated with urea (both at
excess and neat concentrations).

= Blood and cell samples that were spiked with tannic acid did not show inhibition in
Quantifiler™, as the IPC performed as expected. However, almost no amplifiable
template DNA could be quantified and the majority of samples did not produce
DNA profiles. This suggests that the original template DNA was degraded by
application of tannic acid to the sample. It should be mentioned at this point that
the tannic acid used was in the form of a yeliow-brown paste substance that was
applied directly to the sample swabs. The tannic acid paste, even at the neat
concentration, may have been strong enough to severely fragment DNA to result in
non-amplifiable templates. It was observed that three blood samples (1 with.tannic
acid in excess and 2 with tannic acid at neat concentration) yielded partial profiies
(between 4-16 reportable alleles). and none of the cell samples produced
reportable alleles. This may be caused by: (1) the concentration of viable cells in
the buccal cell samples was lower than blood samples; (2) the drying of the blood
stain on the substrate may have created a better barrier to protect the blood
components from the degradative effects of the tannic acid.

= Blood and cell samples that were treated with humic acid in excess appeared to
retain inhibition after extraction using DNA IQ™. However, at neat concentration,
the effect of the humic acld Inhibitor was overcome and amplifiabie DNA template
was purified as demonstrated by high DNA concentration yields. Residual inhibition
was still present at neat concentration, as evidenced by higher CT values for the
IPC (closer to 30), but full profiles were still produced. For some cell samples with
humic acid in excess, the Quantifiler™ data suggested full inhibition (undetermined
IPC CT and quantitation resuits), but two samples resulted in full DNA profiles.

* All reagent blanks were undetermined, indicating the absence of contamination in
the results.

The results show that the DNA Q™ system could be used to extract biood or cell sampies
that were spiked with motor oil, urea and indigo carmine at both excess and neat
concentrations. Blood samples that contained humic acid in excess did not yield amplifiable
template DNA, but 2 out of 4 cell samples with humic acid in excess appeared to produce
full profiles. Samples that were exposed to tannic acid, at both neat and excess
concentrations, resulted in non-amplifiable DNA, but the inhibitor was effectively washed
out of the extract by DNA Q™ as evidenced by the amplification of the IPC at the expected
CT. Based on these results, we conclude that the DNA IQ™ system effectively removes
inhibitors that are present in the original sample, resuilting in a DNA extract that is of
sufficient quality and is suitable for PCR amplification.
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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 biood materials were spotted on to the substrates and extracted using DNA 1Q™. The
results for the two different sample types are presented in Figures 6 and 7 below.

Substrate Type (Cells) Results
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Figure 6. Number of reportable alleles and quantitation results for different substrate types containing
cellular material.
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Substrate Type (Blood) Results
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Figure 7. Number of reportable aileles and quantitation results for different substrate types containing
blood material.

For cell samples: . ”
= Full DNA profiles (18/18 alleles) were obtained from samples on cotton and rayon
swabs, gum, cigarette butts and FTA® paper. S - g—
*  The quantitation results for most of these samples were less than 0.5ng/uL. For
gum samples, the average quantitation result was 0.072ng/pL, and therefore a
PCR amplification at maximum volume (20uL) resulted in a total input DNA amount
of 1.44ng which is sufficient to result in a full DNA profile.
= Tapelift samples gave an average quantitation result of 0.008ng/uL (just
0.002ng/pL higher than the observed background), and yielded no reportable
alleles at all.
* The performance of clothing substrates was variable.

o Cells on denim yielded quantitation results less than 0.5ng/pL but only
partial profiles (maximum 5 reportable alleles), although Quantifiler™
results did not indicate any inhibition of the IPC. The poor performance of
these samples may have been a result of sample preparation due to cell
clumping.

o Cells on cotton, wool and nylon resulted in higher quantitation values than
lycra, but all substrates generated a similar number of reportable alleles
(mean = 14 alleles). Only 25% of samples generated full DNA profiles.

o Three out of four samples on polyester produced high quantitation results
(~2ng/pL) but all samples resulted in a full profile.

o Cells on leather displayed an average quantitation result of 1.3ng/pL and
generated more than 15 reportable alleles.
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For biood samples:

* All substrate types generated full DNA profiles.

= On average, the DNA quantitation results for all blood samples was greater than
those resulted from celi samples. This is as per expected and was observed
previously (see Project 9 report), because the concentration of nucleated cells in
the biood sampies 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 resuits 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
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 fuil 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 resuits (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 Q™
system works more efficiently with smaller samples (Promega, 2008). 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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Blood on Cotton Celis on Cotton

Substrate Size Results
3.00
2 - D Allees & Quant
A - o F2.50
~ ( R - - = - i i
| | ! | [ i
\ | I ‘ | ! i
| | i
15 ‘IR REERR w 'R oo
I 1 i | N | ] ! I t -
| . ! " o
2 ! 5 | ‘ l [ L | é
2 i ] ! R i o | 190 =
< ot | ‘ ‘ | * f | £
|’ ) |
| | | | BN 3
I ] . [ 1 | | | L 1.00
| 9~+ | 22 : |
R (IO e XOg N L= | f |
' | )
'R ; i | B R R e I
] ! { | o IY ! | N .
i | [ | N |
| | | o ; | \ 1 I | § 1 l
0: L \ ! Y I | L il ! I | 0.00
; ~ ,!- - - s om - - N o, . ; - : -E- « = N 0=n - NS < ‘i' :
$ 5§ % % &5 5% 8 3% 5853235538585 5§85 5888552
- - o - = - - - ~ ~ ~ ~ < s o < - n H = ~ ~ ~ N
R RN EEEE N

Figure 8 Results for biood and cell samples on cotton substrates of various sizes. All blood
samples generated full profiles, but cell samples were more variable. The quantitation results for
0.5 x 0.5cm samples were higher than those for 2.0 x 2.0cm samples (blood 2 = 0.9543%: cell # =

0.9982; *Note: an outlier was removed from the calculation)

IPC Performance for Substrate Size Samples
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Figure 8. Various sample sizes resuited in similar CT values for the IPC, indicating that IPC
performance is not affected by sample size, and that one sample size does not display a level of

inhibition that is different to another sample size
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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 biood 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 celt
samples.
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1 “ Blank
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4 Denim Samples
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4 Wool Samples
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4 Leather Samples

g Blank

1 Positive Conirol

1 Negative Control
VALB20070511_08
Extracted: CI 5/6/07
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Batching Validation Samples ~ Blood

Sensitivity Experiment

20 Rayon Samples

I 13

Blank

1 Positive Control

1 Negative Control
VALB20070511_02
Extracted: CI 8/6/07

Inhibition Experiment

8 Humic Samples

1 “ Blank

8 Tannic Samples

1 “ Blank

1 Positive Control

1 Negative Control
VALB20070511_04
Extracted: CI 14/6/07

Substrate Experiment

4 Nylon Samples

1 “ Blank

4 Polyester Samples
| Blank

1 Positive Control

1 Negative Control
VALB20070511_07
Extracted: CI 7/6/07

8 Motor Oil Samples
1« “ Blank

1 Positive Control

1 Negative Control
VALB20070511_05
Extracted: VH 8/6/07

4 Rayon Swabs

1 “ Blank

4 Cotton Swabs

IS Blank

4 FTA Donor 1 Samples
4 FTA Donor 2 Samples
1 FTA Blank

1 Positive Control

1 Negative Control
VALB20070511_10
Extracted: GSL 15/6/07
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Mixture Experiment

4 1:1 F:M Samples
4 1:2 F:M Samples
4 1:10 F:M Samples

I “ Blank
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1 Negative Control
YALB20070605_02
Extracted: GSL 13/6/07

12 Cotton Shirt Samples

[ % “ Blank

1 Positive Control

1 Negative Control
VALB20070511 11
Extracted: BG 12/6/07

4 1:25 F:M Samples
4 1:50 F:M Samples

4 1:100 F:M Samples
1 “ Blank

1 Positive Control

1 Negative Control
VALB20070605_03
Extracted: BG 14/6/07
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Project 13. Report on the Verification of an Automated
DNA IQ™ Protocol using the MultiPROBE® Il PLUS HT
EX with Gripper™ Integration Platform

Nurthen, T., Hlinka, V., Muharam, [., Gallagher, 8., Lundie, G., lannuzzi, C., lentile, V.
Automation/LIMS implementation Project, DNA Analysis FSS (August 2008)

1. Abstract

A manual method for extracting DNA from forensic samples using the DNA IQ™ system
(Promega Corp., Madison, Wi, USA) was validated for routine use in DNA Analysis (FSS).
We have verified an automated DNA 1Q™ protocol in 98-well format for use on the -
MultiPROBE® II PLUS HT EX Forensic Workstation platforms (PerkinElmer, Downers Grove,
IL, USA). Data indicate that results from the automated procedure are comparabie to those
from the manual procedure. Contamination checks were performed USing samples
prepared in checkerboard and zebra-stripe format, and results were as expected. We
recommend the use of the MultiPROBES® I} PLUS HT EX platforms to perform automated
DNA extraction using the DNA I1Q™ system. v

2. Introduction ,

The MultiPROBE® || PLUS HT EX FORENSIC WORKSTATION platforms (PerkinElmer, Downers
Grove, IL, USA) are equipped to perform automated DNA extractions, as they include a
DPC shaker and individual heat controliers to enable on-board lysis and incubation steps.
Currently in DNA Analysis, the MultiPROBE® piatforms allow walk-away operation of PCR
setup protocois for DNA quantitation and amplification.

The DNA 1Q™ protocol has been verified or validated by various laboratories for use on the
MultiPROBE® Il PLUS platform. The laboratories that perform an automated DNA IQ™
protocol include PathWest (Western Australia), Forensic Science South Australia (South
Australia) and Centre of Forensic Sciences in Toronto (Ontario). The MultiPROBE®II PLUS
instrument comes pre-loaded with an automated DNA IQ™ protocol. Unlike the other
laboratories, however, we did not validate the included protocol, but instead validated a

_manual DNA 1Q™ protocol which was based on the CFS automated protocol (PerkinElmer,
2004), followed by verification of an automated protocol based on the validated manual
method.

The verified automated DNA IQ™ protocol is identical to the validated manual protocol
used in-house: there are no differences in reagents or volumes. The adopted DNA IQ™
protocol differs slightly, however, from the manufacturer’s protocol, as it includes a lysis
step using Extraction Buffer {(10mM Tris, 1mM EDTA, 100mM NaCl, 20% w/v SDS) in the
presence of Proteinase K, before incubating in the DNA 1Q™ Lysis Buffer. Furthermore, the
lysis incubation conditions were lowered from 70°C to 37°C in order to accommodate
extraction of DNA from heat labile materials such as nylon and polyester. In addition, the
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, Wi, USA)
for simultaneous pracessing of samples in a 96-well format.
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3. Aim
To verify an automated DNA IQ ™ protocol for use on the MuitiPROBE® || PLUS HTEX
platforms to allow extraction of DNA from various sample types. £,
et et
P Al

4. Equipment and Materials -

= MultiPROBE® Il PLUS wT £X with Gripper ™ Integration Platform (PerkinElmer, Downers
Grove, iL, USA}

. Gravume(rnc Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo,

Greifensee, Switzerland)

DNA Q™ System (Promega Corp., Madison, W, USA) -

Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) *™N

SlicPrep™ 96 Device (Promega Corp., Madison, Wi, USA) )

Nunc™ Bank-it tubes (Nunc A/S, Roskilde, Denmark) .

175uL non-conductive sterile filter RoboRack tips {PerkinEimer, Downers Grove, L, USA)

1000pL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA,USA)

AB| Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)

Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster C|ty CA, USA)

AmpFISTR® Profiler Plus Amplification kits (Applied Biosystems, Fosler City, CA, USA)

GeneAmp® 9700 thermalcycers (Applied Biosystems, Foster City, CA, USA)

ABI Prism® 96-well optical reaction plates (Applied Biosystems, Foster City, CA. USA)

ABI Prism® 3100 Genstic Analyzer (Applied Biosystems, Foster City, CA, USA)

GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA)

Hi-Di™ Formamide (Applied Biosystems, Faster City, CA, USA)

3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA)

Cytobrush® Pius Ceil Collector (Cooper Surgical, Inc., Trumbull, CT, USA)

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

Stem digital tiiting head thermometer

For mock samples:

o FTA™® Classic Card (Whatman Inc., Florham Park, NJ, USA)
Sterile cotton swabs (Medical Wire & Equipment, Corsham, Wiltshire, England)
o Sterile rayon swabs (Copan Italia SPA, Brescia, Italy)

LN

5. Methods

5.1 Gravimetric Evaluation of Pipetting Accuracy and Precision

Gravimetric analysis was performed by placing the SAG285/L balance on the platform deck
and instructing the MP Il to repeatedly pipette certain volumes of system liquid onto the
balance pan. Readings were taken automatically by the software and compiled into a
results table, which was then used to automatically generate an Excel-based results chart
containing mean, %CV and %inaccuracy values. The mean values obtained were used to
calculate R?, slope and Y-intercept (offset) values to calibrate the system’s pipetting.

Pipetting performance was assessed for various volumes using three different tips in order
to calculate appropriate R?, slope and Y-intercept (offset) values which were then added to
the performance file. Values were calculated for both Blowout (single-liquid transfer) and
Waste (multidispense) modes for the 1000ul. conductive tips, and Blowout mode only for
the 175ul. non-conductive tips and fixed tips.

For the addition of resin, a specialised performance file was created based on the
performance file for 175ul tips in blowout mode, except the “Blowout Volume" column
values were set to O to ailow pipetting performance that is similar to waste mode. Retesting
was performed to confirm accurate and precise pipetting with these settings.
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Figure { SEQ Figure \* ARABIC }. The Balance Test Information
Window as present within the Balance Test DT program. All

pipetting parameters are entered here and are subsequently
transferred to the result output file,

All gravimetric testing was performed using the Balance Test DT test program within
WinPrep®. Parameter values that needed to be entered into the Balance Test Information
Window (Figure 1) included those as outlined in Table 1.

Tabie { SEQ Table \* ARABIC }. Input values that are required for the various Balance Test Information

parameters.

Parameter(s) Value

Volume 1 and Volume 2 For 175yl tips: 175, 100, 50, 15uL
For 1000uL tips: 1000, 700, 400, 100uL
For fixed tips: 1000, 700, 400, 100pL

Number of Replicates 10

System Liquid Degassed Nanopure Water

Sample Type Nanopure Water

Technician Initials of the operator performing the test

Sample Density (g/ml) The density of water at environmental temperature®

Tip Type Other

Disposable Tip Lot # The lot number of the particular tips in use

Performance File The appropriate Performance Fife for the tip (175uL, 1000uL or fixed
tips) and pipetting mode (Blowout or Waste) in use

Enable Tips (checkboxes) Select the actual tips (1 to 8) to be tested

Comments Free text box to add additional information (eg. Tip type, mode,

current environmental room temperature, etc).
* Water density values were obtained from hitp://www.simetric.co.uk/si_water.htm

Pipetting accuracy and precision were examined at four different volumes for each tip size:
175, 100, 50, 15uL for 175pL tips and 1000, 700, 400, 100uL for the 1000pL and fixed tips.
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In order to calculate unbiased values for each set of volumes, the slope and offset values in

the relevant Performance File were changed to the default 1 and 0 respectively prior to

testing. The mean volumes that were pipetted by each tip (10 replicates per tip) at the four

designated volumes were used to generate a standard curve. The slope and offset - -
calculated from this curve was used to calibrate the relevant Performance File. The final

Performance File settings were then tested at the highest and lowest volumes (as per ¥

Table 1) to confirm accurate and precise pipetting. -

5.2 Blood Collection

Blood samples were collected from 2 staff donors (DJC/VKI) by a phlebotomist as per
normal in three 4mL EDTA vials. Blood samples were stored at 4°C.

5.3 Cell Collection

Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). The donar was instructed to brush the inside of one cheek for one
minute using a Cytobrush®. Then, with another Cytobrush®, the other cheek was also
sampled. Once each cheek was swabbed, the cells on the brush were suspended in 2mL
of 0.9% saline solution. Buccal cell samples were stored at 4°C.

54 FTA cell Collection

Ceils were collected from two staff donors (VKI/CJA) by using a “lolly-pop” swab to sample
the inside of the donor's cheek for 15 seconds before pressing the swab onto the FTA™

5.5 Heater tile temperature verification

Heat tiles supplied with the MultiPROBE® 1l PLUS HT EX platforms were modified to accept
the SlicPrep™ 96 Device. For testing, TmL of nanopure water (at room temperature) was
added to each well. The plate was then placed on a heater tile (controlled by the MP Ii
heater controller) and allowed to reach temperature. The temperatures tested were 37°C
and 65°C. Temperature readings for specific outer and inner wells (i.e. A1, A6, A12, D1,
DB, D12, H1, HB, H12) were taken at regular intervals up to and including 45 minutes,
using calibrated stem digital tilted head thermometer probes. The data were collated and
means calculated to determine the distribution of heat over the tile.

5.6 Verification of automated DNA 1Q™ Protocol

The automated DNA IQ™ protocol, based on the validated manual method (refer to Project
11), was programmed in WinPrep™ software. The final, optimised protocol was named
“DNA 1Q Extraction_Ver1.1.mpt". A screenshot of the Test Outline window for this protocol
is depicted below in Figure 2. The deck layout is illustrated in Figure 3.

The automated DNA 1Q ™ protocol was designed to mimic the validated manual method,
with minor modifications. Briefly, the changes include: —

o Increasing the volume of Extraction Buffer to 500uL;

o A SlicPrep™ 96 Device (Promega Corp., Madison, Wi, USA) was used for sample

lysis;
o Incubation steps and any shaking steps were performed on the integrated DPC
shaker;
 Queensland Government
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o CRS toroid magnet (P/N 5083175) was used for isolating the DNA IQ™ resin.
o Instead of a single ejution of 100uL, a double elution method (2 x S0pL) is used.

Reagents used in the automated protocol were as per the manual method.
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Figure 2. The Test Outline window displaying individual nodes within the DNA 1Q Extraction_Ver1.1.mpt program

test file.
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Figure 3. The deck layout for DNA 1Q Extraction_Ver1,1.mpt, displaying the required labware on the platform
deck.

The automated DNA IQ™ protocol was used to perform the following tests.

56.1. Contamination Check via Checkerboard and Zebra-stripe Patterns
Samples consisting of two 3.2mm FTA® discs (containing blood, buccal ceils, or blank
cards) were arranged in a checkerboard and zebra-stripe pattern {Figure 4) in SlicPrep™
plates using the BSD Duet 600 instrument (BSD Robotics, Brisbane, QLD, Australia) and
extracted on the MultiPROBE® 11 PLUS HT £X platforms using the automated DNA IQ™
protocol. One checkerboard and one zebra-stripe plate was processed on each platform.
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A
B
Cc
D
E
F
G
H
4.’
(a) Checkerboard Pattérn
b) Zebra Stripe Pattern
|
A
B
(<
D
E
F
G
H

Legend:
Blood FTA®
Blank FTA®
Buccal Cell FTA®

Figure 4. Checkerboard and zebra-stripe pattems utilised in the contamination check.

5.6.2. Comparisons with the manual DNA IQ™ method

Comparisons were made between results generated by the automated and manual
methods to verify the performance of the automated DNA IQ™ protocol.

Verification samples consisted of different dilutions of biood and cells spotted in 30uL

i iluti 1/10. 1/100
and 1/1000 and four cell dilutions of neat, 1/5.2, 1/52.2 and 1/522 were used to test the
sensitivity of both the manual and automated methods. Dilutions were created using 0.9%
saline solution for both sample types. Four replicates of each dilution were made up for
each substrate and sample type.
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The blood was collected using the same method as in 5.2. Four separate extractions were
performed for the manual set based on the combination of sample type and swab type:
Blood Rayon, Blood Cotton, Cell Rayon and Cell Cotton. For the automated verification;.'ﬁll

sample types were extracted together after heing transferred to a SlicPrep™ 96 Devrib’é‘.xo -
allow automated processing. b - 24
5\ e

-

5.6.3. Resin volume

"
The performance of the automated DNA Q™ protocol was assessed when either 7pL or
14uL of DNA Q™ resin was used in the protocol to extract blood samples. 4

5.6.4. Modifying extraction volumes

The performance of the automated DNA IQ™ protocol was assessed for varying volumes
of extraction buffer at 300, 350, 400, 450 and 50CuL. In 2ach case, the volume of DNA
IQ™ Lysis Buffer was k?t‘afixtno volume of extraction buffer. Samples extracted were
blood swabs, prepared a$ [l

s P

5.6.5. Sensitivity of the automated DNA 1Q™ protocol

The sensitivity of the automated DNA 1Q™ protocol was assessed using dilutions of whole
blood at neat, 1:10, 1:50, 1:100 and 1:1000. )

\

o]

Resuits and Discussion

6.1 Gravimetric Evaiuation of Pipetting Accuracy and Precision

Pipetting on both automated platforms was assessed gravimetrically as per laboratory
practice. Gravimetric resuits indicate that pipetting performance for five different_pipetting
behaviours using 500pL syringes on the instruments is accurate and precise to within the
established threshold of +5% (Table 2). The maximum CV at the maximum volume was.
0.78%, whereas the maximum CV at the minimum volume was 1.1%. The CV for pipetting
at lower volumes is expected to be slightly higher than the CV at higher volumes using
500uL syringes, because accuracy at small volumes is harder to achieve with larger
syringe sizes. Nevertheless, pipetting on the extraction platforms is limited to a minimum of
50uL, which exhibited a CV of 0.36%.

Table 2. Gravimetric evaluation resuits for various performance files used on either MP Il EXTN A or MP [ EXTN B.

Performance File Max. Vol.  Min, Vol. Max, Max, Max, Min. Min, Min.
pl pL Vol pL Vol. Vol. Vol. pt Vol. Vol.
Mean %CV__ %lInac. Mean %CV _ %lnac.
EXTN A
Water Blowout 175uL DT_FW _13112007RESIN prf S0uL N/A 49,98 0.36 0.0 N/A N/A N/A
Water Blowout 175l DT_FW QHSS _13112007.prf 175uL 15pL 172.26  0.21 1.6 E ” Eny
WaterWaste TmL_FW_QHSS 12112007 prf 1000uL 100pL 999.11 0.24 0.1 99.22, J1 0.8
Water Biowout 1mL DY_QHSS _08112007 prf 1000uL 100uL 1001.02 0.27 0.1 100.65 0.63 0.7
Water Blowout Fixed Tips_08112007.prf 1000pL 100ul 995 97 0.31 0.4 996 0.7 0.4
EXTN B
Water Blowout 17SpL OT_FW_ 25102007RESIN.prf 50ul N/A 50.12 0.36 0.2 N/A N/A N/A
Water Blowout 175uL DT_FW_ 26102007 prf 175pL 16pL 175.58 0.14 0.3 15.23 1.1 4.5
WaterWaste 1mLOT_FW_QHSS 24102007 prf 1000pL 100uL 100239 0.78 0.2 99.56 0.89 04
Water Blowout 1mL DT_QHSS 23102007 pf 1000pL 100uL 998.2 0.44 0.2 99.44 0.68 0.6
Queenstand Government
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Water Blowout Fixed Tips_FW 26102007 prf 1000pL 100pL 998.87 0.68 0.1 100.37 0.74 0.4

6.2 Heater tile temperature verification

Two heater tiles on each MP il platform was verified to reach either 37°C or 65°C, the
optimum incubation temperatures for sample lysis and DNA elution respectively (using the
DNA 1Q™ kit). Each tile, upon completion of the verification process, could only be used for
a specific temperature, and as such was labelled appropriately to ensure use of the correct
tile for specific incubation steps (Table 3).

Table 3. Verified heater tiles for use in the automated DNA 1Q™ protocol.

Extraction Tile Heater Controiler  Average °C Verified Incubation
platform number Setting reached temperature Step
EXTN A 3 (45W) 50°C 37°C 37°C Sample Lysis
EXTN A 1 (45W) 85°C 65°C DNA Elution
EXTNB 1 (45W) 50°C 37°C Sample Lysis
EXTN B 2 (45W) 85°C 65°C DNA Elution

A slight variation in the incubation temperature to achieve sample lysis is acceptable,
because Proteinase K exhibits stable activity and broad specificity over a wide range of
temperatures between 20-60°C, at which the serine protease still retains greater than 80%
of its activity (Sweeney & Walker, 1993).

The efficiency of the elution step is dependent on heating the sample to 65°C in the
presence of DNA 1Q™ Elution Buffer (Huston, 2002). If the sample is not sufficiently
heated, the extraction yield may be lower than expected. Two heater tiles were able to be
verified for this crucial incubation step, with both tiles exhibiting minimal variation.

6.3 Contamination Check via Checkerboard and Zebra-stripe Patterns
Table 4 below lists the Extraction Batch ID's of the contamination checks.

Table 4. Extraction Batch ID's for the various contamination check plates that were
processed on the MP {1 platforms using the automated DNA IQ™ protocol.

Type of plate Extraction batch |d Extraction Check
Platform passed
Checkerboard 1 VALB20070817_02 Extraction A Iinvalidated
Checkerboard 2 VALB20070803_02 Extraction B Yes
Zebra-Stripe 1 VALB20070803_03 Extraction A Yes
Zebra-Stripe 2 VALB20070817_03 Extraction 8 Yes
Checkerboard/Zebra VALB20071022 01 Extraction A Yes

Checkerboard 1. . m

Position £3 {Samgle Cells 6} was known to haye been contaminated prior to the start of the
extractiofy )’The result showed a mixed DNA profile,
with contriBus le winats he-expected wells (Table 5). In addition to this
contamination event, eight of the designated blank samples (positions D3, A10, F1, H5, C4,
E4, B7 and E6), two of the cell samples (A1 and B10) and two of the blood samples (F4

Queensiand Government
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and G7) all exhibited a partial DNA profile that was previousty unknown (Table 5). This

profile did not match any of the positive control samples present on the batch. The DNA

profile was searched against the Staff Database and no matches were found. The source

of this contaminating DNA profile could not he identified. i -

None of the olher blank samples yielded any DNA profile. The rest of the cell and bléod
samples yielded the correct DNA profile. Although there is no evidence of well-to-well
contamination, the unknown DNA profile obtained has invalidated this pla.e Afurther
chieckerboard/Zebra-Stripe combination plate was performed to ensure.. '

Table 5. The DNA profile of the unknown contaminant that was observed in Checkboard-1.

Sample D3 VWA FGA Amel DB D21 D18 05 D13 D7
description

BIk23-E6 14,17 1417 22,24 XY 1,11 29322 14,15 9,11 11,12 11,13
Blk25-87 14,17 14,17 22,24 XY 11,11 29,32.2 14,15 9,11 11,12

BIk15-E4 14,17 14,17 22,24 XY 11,11 29,32.2 14,15 911 11,12 11,13
8lk14-C4 14 X 1 322 ]

BIk20-H5 14,14 17,17 20.21 XX 13,16 29,30 14,16 11,13 11,12 11.11
8lk3-F1 14 17 X 13 29,30 14 12 1
81k10-D3 14,17 14 Xy 1 29,322 14 9,11 11,13
81k37-A10 14,17 14 2224 XY 1 29 14 911

Cells19- 14,17 14,17 20,21,22,24 XY 11,13,16 29,30, 14,1516 11,15 11,12 11,11
B10

Celis13-A1 14,17 14,17 20,21,2224 XY 11,13,16  29,30,32,32.2,33 14,1516 9,11,13 1112 11,13
Blood14-G7 NR,17,18 NR 16 20,21 XY NR,13,14  29,30,31,NR NR, 14 NR12 10,10 10,NR,12
Blood8-F4  NR,17,18 NR,16,17 20.21,NR24 XY 11,13,14  29,30,NRNR 14,14 9,111,122  10NR 10NR, 12
Cells 6-E3 14,17,18 16,17 20,21 XY 13,14,16  29,30,31 NR,14,16 '11,12,13  1011,12 10,11,12

Checkerboard 2 — -
None of the blank samples yielded DNA profiles; all of the positive cell and positive blood
samples yielded the correct DNA profile. Figure 5 iliustrates the DNA quantitation results

from this plate. DNA was not detected in any of the blank samples.
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Checkertoard SFTAR Resuns

Figure 5. Checkerboard 2 quantitation results, showing the absence of detectable DNA in the
biank sampies (grey).

Zebra-Stripe 1 .
None of the blank samples yielded DNA profiles, all of the positive cell and positive blcod
samples yielded the correct DNA profile. Figure 6 illustrates the absence of detectable DNA
in the blank sampies.

Zobru test IPlex Results

Figure 6. Zebra-Stripe 1 quantitation results, showwng the absence of detectable DNA in the blank
samples (grey).

Zebra-Stripe 2

None of the blank samples yielded DNA profiles, all of the positive cell and positive blood
samples yielded the correct DNA profile. Figure 7 shows the absence of detectable DNA in
the blank samples.
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,I Zebra SFTAR Resuits

3!

Figure 7. Zebra-Stripe 2 quantitation results, with no DNA detected in the blank samples.
Checkerboard/Zebra
None of the blank samples yielded DNA profiles, all of the positive cell and positive blood
samples yielded the correct DNA profile. DNA was undetected in the biank samples (Figure
8).

] Quantfiler values Contamination Check VALB20071022_01

Quant valee (ngiuL}

Celumn

Figure 8. Checkerboard/zebra plate that was extracted on MP || Extraction Platform A because
the previous plate was invalidated, DNA was not detected in the biank samples (grey).

6.4 Comparisons with the manual DNA Q™ method

When dilutions of either blood or cells were applied on to either rayon or cotton swabs,
followed by extraction using the DNA Q™ method, the results of the automated.methad..
were always lower in yield compared to the manual method. For blood samples on rayon

Queensland Government
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swabs, the automated method generated yields that were on average around 8% (SD
8.45%) of the automated method. For blood on cotton swabs, the yield from the automated
method was also around 8% (SD 3.62%). The yields for cell samples were higher at around
33% (SD 16.29%) and 25% (10.32%) for cells on rayon and cotton swabs respectively
1 "

The manual method was found to be more sensitive than the automated method. Out of

five replicates at the 1/100 and 1/1000 dilutions for blood on Famﬁs—lﬁat
processed using the manual method, five and three replicates respectwely,weﬁ’detecied
(and none from the automated method) (see Figure 9). The trend is repeate?for blood on
cotton swabs (Figure 10). For cell samples on either rayon m;#si‘%o%ate‘d
method was fourid 16 be more sensitive as evidenced by detection of DNA at the 1/522
dilutions (Figure 11 and 12). -

£ a

Celi clumping may have occurred with the cell dilutions, therefore causing ina fét_e‘.
dilutions as can be observed in the ratios between each dilution. fl ! 9

Manual vs A Blood y on Rayon Swabs
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Figure 9. Comparison of sensitivity between the manual and automated DNA 1Q™ methods for biood samples on
rayon swabs
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Manuai vs Automated Blood Sensitivity on Cotton Swabs i
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Figure 10. Companson of sensitivity between the manual and automated DNA 1Q™ rnethods I’or b!ood ,)nmples on

cofton swabs.
f

Manual vs Automated Cell Sensitivity on Rayon Swabs
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Figure 11. Comparison of sensitivily between the manual and automated DNA 1Q™ methods for cells samples on
rayon swabs.
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Figure 12. Comparison of sensitivity between the manual and automated DNA IQ™ methods for cell samples on
cofton swabs. ; -

6.5 Investigating resin volume

Promega recommends the use of 7uL of DNA IQ™ resin with their protocol. We
investigated the performance of the protocol with double the amount of resin (14uL) in
order to assess any benefits that may be gained in terms of the resulting yield and quality
of the STR profile.

It was observed that doubling the resin resuited in a proportional doubling of the yield. On
average, doubling the resin increased the yield by an additional 77.28% (n=4). The average
yield from an extraction using 7uL of resin was 64.725ng (SD 32.21ng, n=4), whereas 14plL
resin generated 114.75ng (SD 10.72ng, n=4) (Table 6). At the higher resin concentration,
the amount of DNA isolated appears to be capped at around 100ng, indicating no change

in the ability of the reaction to isolate more DNA due to saturation of resin.

Table 6. Comparison of the effects of doubling the amount of
recommended DNA IQ™ resin,

Sample ID Resin [DNA} Reportable
volume ng/uL alleles
333834216 0.701 18/18
333834225 o 1.070 18/18
333834239 H 0.319 18/18
333834248 0.499 18/18
333834252 1.140 18/18
333834261 - 1.270 18/18
333834270 b 1.010 18/18
333834284 1.170 18/18
Queensland Government DS oy
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Samples extracted using either amount of resin generated concordant full DNA profiles

(18/18 alleles). Samples processed using the 141l method praduced peaks that were. P
slightly higher. The difference in peak heights between alleles within the same loci ranged

from 59-86%, with a mean of 71%, indicating minimal difference between the two meéthods.

Doubling the amount of resin did not appear to provide any additional benefits compared to
the original recommended protocol. More importantly, full DNA profiles were resolved using
either method. Therefore, the costs associated with increasing the amount of resin cannot
be justified at this stage.

6.6 Modifying extraction volumes

An investigation into optimising extraction volumes ranging from 300pL to 500pl. was
performed in order to ensure that buffer coverage over the samples was sufficient to enable
optimal lysis and release of DNA. In addition, the use of an optimum veolume of extraction
reagents increases efficiency and economy, therefore potentially lowering laboratory costs.

Although the higher extraction volume generated higher yields when processed using the
automated DNA 1Q™ protocol (Table 7), DNA profile results were comparable across the
various extraction volumes tested for eight replicates each (Table 8). Three instances of
allelic imbalance were encountered in two samples from the 300ulL and 450pL tests. In all
instances, allelic imbalance was greater than 63%

Table 7. DNA profile results for samples
extracted using various voiumes of

Extraction Buffer, for 8 reglicates.
Bxiraction Buffer . Mean [DNA] B o

Volume (pL) (ng/ut)
300 2.04 0.07
350 2.16 0.09
400 1.69 0.1¢
450 3.14 0.13
500 3.64 0.17

Table 8. DNA profile results for samples
extracted using various volumes of Extraction
Buffer, for 8 replicates.

pl Extraction Buffer DNA Profile
Volume (pL) Result
300-1 swab OK
300-2 swah OK
300-3 swab OK
300-4 swab 300 OK
300-5 swab OK
300-6 swab OK
300-7 swab Al D13
300-8 swab OK
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350-1 swab CK
350-2 swab OK
350-3 swab OK
3504 swab 350 OK
350-5 swab OK
350-6 swab oK
350-7 swab OK
350-8 swab OK
400-1 swab OK
400-2 swab OK
400-3 swab OK
400-4 swab 400 OK
400-5 swab OK
400-6 swab OK
400-7 swab OK
400-8 swab OK
450-1 swab OK
450-2 swab OK
450-3 swab OK
450-4 swab 450 OK
450-5 swab OK
450-6 swab OK
450-7 swab Al VWA D18
450-8 swab OK
500-1 swab OK
500-2 swab OK
500-3 swab OK
5004 swab 500 OK
500-5 swab OK
500-6 swab OK
500-7 swab OK
500-8 swab OK

6.7 Sensitivity of the automated DNA IQ™ protocol
DNA was detected from samples that were diluted down to 1:1000 (Figure 13).
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Distribution of DNA concentration over a dilution series
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Figure 13. DNA 1Q™ sensitivity across various dilutions
as

7. Summary and Recommendations

We recommend the following:
= Use of MPII for automated extraction of reference samples
= Use of MPII for automated extraction of casework samples
= Ongoing development of the automated extraction program to
increase the efficiency of the extraction

Sweeney, P.]. and Walker, J.M,, Burrell, M.M., Enzymes of
molecular biology. Methods Mol. Biol. Towanam NJ ,
(1993) 16, 306
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