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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, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, V. 
Automation/LIMS Implementation Project, DNA Analysis FSS (August 2008) 

 

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® II 
PLUS HT EX extraction platforms. 
 

2. Introduction 
A previous evaluation of various DNA extraction systems that were designed 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 kit for extracting forensic samples, and was found to outperform 
both the current Chelex®-100 protocol and also all the other kits evaluated. The results of 
the evaluation are reported in Project 9 (Gallagher 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 novel 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 IQ� system (Promega Corp., Madison, WI, USA). 
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7. Summary and Recommendations 
Based on the findings of this validation report, we recommend: 
 

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

2. To design and verify an automated protocol of the validated DNA IQ� method for 
use on the MultiPROBE® II PLUS HT EX platforms, for processing blood and cell 
samples. 
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Automated DNA IQ  System for Casework Samples 

Paramagnetic Particle Method for Forensic DNA Isolation 
This is a description of the MultiPROBE II Workstation protocol used to automate DNA isolation from 
high volume forensic casework samples using a modified DNA IQ System from Promega.  The new 
method, developed by the Centre of Forensic Sciences (CFS) in Toronto, Ontario, was designed to 
process a range of samples in 96-well plate format, including blood-stained paper and cloth, cigarette 
butts, gum, FTA punches and swab swipes (Komonski et al, 2004).  Promega’s standard methods are 
primarily designed for DNA extraction from dry blood stains and swabs (see Reference Section).  
Modifications were made to increase the extraction efficiency for all samples types, including swabs and 
stains.  Major changes to the Promega method are to (1) decrease the extraction/lysis temperature, and 
(2) replace the initial extraction using the kit lysis buffer with a digestion step using Proteinase K-SDS at 
37 °C.  Following low temperature extraction, the Promega kit Lysis Buffer (2 volumes) plus DNA IQ resin 
is added to the cell lysates to capture genomic and mitochondrial DNA.  The normal kit purification 
process is then followed for the rest of the protocol.  After ethanol washing, the bound DNA is eluted at 
65 °C and transferred to a clean polypropylene 96-well collection plate.  A smaller elution volume (25 uL) 
is used.  All steps are carried out using standard deep well plates and microplates.  This new method 
using Proteinase K-SDS extraction at low temperature is very similar to that used by Promega to isolate 
DNA from hair and tissue samples (Promega TB307, Mandreker et al, 2002).  At CFS, different “contact” 
casework sample types from the same crime scene are processed concurrently in the same source plate.  
This method is highly amenable to automation.  This magnetic particle-based method can be used for 
DNA isolation from all forensic sample types, including database swabs and blood stains.   

MultiPROBE II Workstation Features 
The workstation used for this application consists of the basic MultiPROBE II PLUS HT EX with Gripper  
Integration Platform, DPC MicroMix  5 Shaker and Automated Heater Controller Option with two custom 
heat transfer block inserts (see Appendix A for MultiPROBE II part list).  The MultiPROBE II Workstation 
offers the following features for automated forensic DNA purification: 

9 Walk-away protocol automatically carries out all steps needed for forensic DNA isolation 
using the DNA IQ System with typical yields of 1-100 ng per sample volume of 25 uL.   

9 Simple, reliable, high throughput and cost-effective procedure reuses disposable tips.  

9 Paramagnetic particles are captured using MagnaBot 96 Magnetic Separation Device 
(Promega Cat #V8151) and MagnaBot Spacer.  Its 24 magnetic pins bind particles to 
sides of each well in seconds, allowing easy removal of the waste fluid. 

9 Integrated shaker for cell lysis and DNA extraction increases throughput and yields.   

9 Integrated gripper moves the sample processing microplate to and from the shaker to 
the magnet during the wash steps.  

9 MultiPROBE II quad heater automates a 37 °C heating step to extract DNA from samples 
in deep well plates using a custom heat transfer block.  A second heater tile automates 
the 65 °C elution step in a microplate using a second custom heat transfer block.  

9 Processing time of ~135 min for a 96-sample plate includes a 30 min low temperature 
extraction/lysis step.   

9 WinPREP  protocol is optimized to prepare forensic DNA that is ready-to-use for 
downstream quantification (e.g., real-time QPCR, AluQuant and other kits) and PCR 
analysis (e.g, Profiler Plus, PowerPlex  and other kits).   
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Automated Software Installation 
The MultiPROBE II Forensic Workstation installation uses two CD install disks.  Together, both disks 
contain all the files needed to run various automated forensic applications using WinPREP v206, v229 or 
v238 software.  This application has been validated using an 8-Tip configuration.  However, the 
installation CD contains WinPREP templates that can be used with both 4-Tip and 8-Tip MultiPROBE II 
configurations.  For additional information, see the Forensic Workstation Software Installation 
Instructions (P/N 8842153).   

The install process automatically detects whether the system has gripper software installed.  Since this 
DNA IQ application was carried out with a gripper, to install these WinPREP tests requires that the 
Gripper Integration Platform option be installed before installing this software.   

1. To begin the installation, insert the Forensic Workstation Software disk (P/N 7800612) in the 
CD Drive.  Follow the prompts.  Select the installation folder by clicking “OK” for the default 
folder (last WinPREP application installed), or “browse” to install in another folder.  

2. When the “Select Application” prompt appears, check the desired protocol group box.  Select 
the DNA IQ Casework protocol box.  For this application, WinPREP tests, Application Guides, 
labware, and performance and other files needed to run the application will be installed in the 
MultiPROBE/bin directory and Forensic Workstation subfolders.   

3. A prompt will appear to insert the MultiPROBE II Options Software disk (P/N 7800604).  
Follow prompts to complete the installation.  The install process automatically places the 
appropriate WinPREP files in the MultiPROBE/bin/Forensic Workstation subfolder in the bin 
directory.  Option-specific tests and other files are placed in the main MultiPROBE/bin directory.   

 

Application-specific files will be installed in different directories as listed below:  

Packard/MultiPROBE/bin folder:  

• Gripper Position.pos file 

• DPC Shaker Option (WinPREP .mpt test and files) 

• Automated Heater Controller Option (WinPREP .mpt test and files) 

• Various .rak and FW_.prf files 

Packard/MultiPROBE/bin/Forensic Workstation/DNA IQ Casework folder: 

• DNA IQ Casework_Grip.mpt (WinPREP test) 

• DNA IQ Casework_Grip Only.mpt (WinPREP test) 

• DNA IQ Heater Test.mpt (WinPREP test) 
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• DNA IQ Casework Isolation Guide (pdf)  

• RoboRack  Tip Reuse Guide (pdf) 

• Automated Quad Heater Instruction (PPN 8841808 RevB pdf) 

4. To run the test, copy and paste the DNA IQ Casework WinPREP template into the MultiPROBE/bin 
directory.  It is best to save the test with a new name, such as the date, before running.  To 
create a read-only version of the test, see Customization Section.  

5. Do not modify the original tests or files.   

Manual Software Installation 
All Application Guides (pdf format) are also contained in labeled folders on the Forensic Workstation 
Software install disk.  To install these files, click and drag into appropriate folders on computer.   
 
All MultiPROBE II options are individually contained on the MultiPROBE II Options Software disk.  To 
install any single option, open the folder and click the “exe” set up file.  Follow the prompts to install each 
option.  

Hardware Installation 
Current Dell computers with Windows XP operating systems that are used with MultiPROBE II systems 
usually have one serial port and 6-8 USB ports.  If more than one option using RS232 communication is 
required for an application, a USB to serial port connector or adapter is required.  See the “USB Serial 
Adapter Installation Instructions” for more information.   

This application uses two options requiring RS232 communication, the DPC Shaker and the Automated 
Heater Controller.  One USB to Serial Adapter (PPN 0101073) is included in the MultiPROBE II Forensic 
Workstation DNA Isolation Options (See Appendix A Part List).  This includes PPN 7002307 (8-Tip 
Domestic), 7002309 (8-Tip International), PPN 7002308 (4-Tip Domestic), and 7002310 (4-Tip 
International) configurations.  If more options are added to the workstation, for example a plate stacking 
device or a second heater, another USB to Serial Adapter is needed for each RS232 connection.   

If communication error messages appear when running a test, check the computer’s Device Manager to 
ensure that the comport assignments for the devices in the WinPREP tests match the actual physical 
connections.  Go to “My Computer/Properties/Hardware/Device Manager/Ports (COM & LPT) to see a list 
of all devices connected.   

For the DNA IQ Casework protocol, the following setup is recommended:  

• The heater controller option should be connected via a RS232 cable to Serial Port 1.   

• The shaker option should be connected via the USB to Serial Adapter connector and shaker 
cable to the first USB Port (4; usually upper left I/O port).   

• For each additional option added to the MultiPROBE II workstation, order another USB to Serial 
Adapter (see Appendix A part list).  To install new option user scripts in a WinPREP template, use 
“ctrl-alt-windows-i” to browse to appropriate option test with the required scripts.  

• If using the Multi-Comport Option for RS232 port communication (e.g., shaker, heater), “2” is 
added to the actual comport number in the WinPREP template.  Connect the heater to serial port 
#1.  Connect the shaker to Multi Comport #2 (~ comport #4 in a WinPREP test).  
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Instructions for DNA Purification from Forensic Casework Samples  

The following MultiPROBE-operated protocol was created for the Ministry of Public Safety and Security, 
Centre of Forensic Sciences, Toronto, ON, Canada.  See Appendix A for a list of MultiPROBE II parts 
used for this application.  See Appendix B for a list of other protocol components.  The protocol was 
adapted from the method described by Komonski et al, 2004.  See also Promega TB296, TB297, and 
TB307 (Appendix C).  For trouble-shooting chemistry issues, please refer to TB 296 and TB297 or call 
Promega Technical Support.   

Protocol Overview  

Figure 1A and B summarizes the WinPREP steps used to process up to 96 purified forensic samples with 
the automated DNA IQ System Casework protocol:  

 

 
Figure 1A.  Part 1 of the WinPREP test outline and summary of the DNA IQ Casework Protocol steps. 

 
 
 
 
 
 
 

• User Query - Select N# samples to process.  

• User Messages – deck setup.  

• Auto-set sample plate on heat tile to 37 oC. 

• Add 300 uL extraction buffer to sample plate
on 37 °C heater tile (1). 

• Incubate 45 min with heating & shaking. 

• Add DNA IQ Lysis Buffer & DNA IQ resin to
mixing plate on shaker.  

• Transfer sample extracts to Mixing Plate. 

• Incubate and shake 5 min. 

• Start pre-heating elution heat tile (2).  

• Transfer lysates-resin mix from mixing plate
to deep well plate on magnet. 

• Wait 1 min to bind resin to magnet. 

• Aspirate supernatant to waste. 

• Move deep well plate from magnet. 

• Move clean microplate to magnet.  

• Add LB Wash to DNA-bound resin in deep
well plate. 
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Figure 1B- Continued.  Part 2 of the WinPREP test outline and summary of the DNA IQ Casework Protocol steps. 

 

A detailed procedure using mixed dried forensic samples and the Promega DNA IQ System is as follows:   

A.  Forensic Casework Sample Preparation 

• For swabs, cut off shafts close to swab.  

• For chewing gum, cut into 2-3 small pieces.  DO NOT USE BIG PIECES.  Gum samples typically contain 
large amounts of DNA.  Note: Do not heat gum above 37 °C as it melts and will leave strings of goo on 
deck during transfer steps.  

• For blood stains, cut a 3x3 mm piece of paper, cloth or tissue or use 2-3 small 2 mm punches from 
FTA  cards.   

• For cigarette butts, cut a 1 cm piece of cigarette butt filter paper into 4-6 pieces.  

• For fabric or tissue, cut a 1 cm piece into 2-3 pieces.  

• Place samples in a deep well V-bottom Innovative Microplate  sample plate.  

• Transfer resin mixture to microplate to
continue wash steps. 

• Aspirate wash supernatant to waste. 

• Loop Ethanol Wash Steps (repeat n = 2).  

¾ Add Wash Buffer. 

¾ Move plate to shaker. 

¾ Shake to mix. 

¾ Move plate to magnet. 

¾ Aspirate wash to waste. 

¾ Reuse tips. 

• Move plate to shaker. 

• Dry 5 min with shaking. 

• Add 35 uL elution buffer 

• Move to 65 °C heater tile. 

• Incubate 3 min at 65C. 

• Incubate 3 min more at 65 °C with shaking.

• Move plate to magnet. 

• Transfer DNA to PCR collection plate. 
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B.  MultiPROBE II Instrument Setup 

The system used at CFS to validate this protocol is a MultiPROBE II PLUS HT EX system with Gripper 
Integration Platform, WinPREP v229 software.  To enter the appropriate hardware configuration, 
open the WinPREP “DNA IQ Casework.mpt” test template.  On the WinPREP menu bar, go to 
Utilities/Setup/Instrument/Settings.  Check appropriate system and subsystem boxes (see Figure 2).  
For the MultiPROBE II Expanded System deck configuration, select “Expansion module” for the left 
side and “DPC Shaker” for the right side.  The enabled subsystems should match the options selected 
during the install – the Gripper and the Eight tip arm (HT option) are shown activated here.  

 
Figure 2.  Instrument option setup used for the DNA IQ Casework protocol.  

 
The DNA IQ Casework protocol requires installation of the VersaTip  Plus option.  The 1 mL Syringe 
option gives the best performance due to the large number of high volume transfers used in this 
protocol.  This option consists of 8x 1000 uL syringes installed on the MultiPROBE II HT EX system.  
To enter the appropriate pipet arm settings configuration, open the WinPREP “DNA IQ 
Casework.mpt” test template.  Go to Utilities/Setup/Eight tip arm/Arm Settings on the WinPREP 
menu bar.  Enter 1000 (or 500 if 500 uL syringes are installed) into the syringe size box and select 
“VersaTips” as shown in Figure 3.   

 
Figure 3.  Arm settings used with 1000 uL syringe installation. 

C.  Preparation of Solutions 

1. Proteinase K-SDS Extraction Buffer (CFS ProK-SDS recipe): 

For 1.2 N samples, prepare fresh Proteinase K-SDS Extraction buffer in TNE.  Mix Well. 

1X Buffer: 277.5 uL of TNE 
  15 uL Proteinase K (20 mg/mL) 
  7.5 uL 20% SDS 

  300 uL 
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2. Promega DNA IQ System Kit Reagent Preparation:  

• Prepare DNA IQ Lysis Buffer for 1.2 N samples x 725 uL in 50 mL sterile conical tubes.  Each 
sample requires 725 uL (600 uL for lysis step and 125 uL for wash step).  Add 2.6 uL of 0.39 M 
stock DTT to every 100 uL of Lysis Buffer used.   

• Prepare DNA IQ resin in Lysis buffer with DTT.  For N samples, mix stock resin well to suspend, 
transfer 1.2N x 7 uL to 15 mL sterile conical centrifuge tube.  Add 1.2N x 43 uL Lysis Buffer with 
DTT to resin in tube and mix well.  

• Prepare Wash Buffer for 1.1 N samples.  Add ethanol and isopropanol according to kit directions.  

• Measure out 1.2 N x 35 uL Elution Buffer (nuclease-free water).  

D.  MultiPROBE II Deck Layout and Test Configuration for DNA IQ Casework Protocol 

 
Figure 4.  WinPREP template and deckview for DNA IQ Casework protocol used at CFS Toronto.  A new coated 
Disposable Tip Slide can be placed at G4 to replace the standard “TipChute + 1 Trough (8 Tip)” labware definition 
shown at E5 here. 
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E.  Automated DNA Isolation from Forensic Samples 

1. Open the WinPREP “DNA IQ Casework_Grip.mpt” test template (see Figure 4).  

2. If running the protocol for the first time:  

� Check rak file definition for each labware type.  This includes processing plates, reagent 
troughs, and disposable tip racks on all deck modules.  Ideally, aspirate tip Z-height should be 
just off well bottom (~1-2% of total well height).  If height is incorrect, tip could aspirate 
above sample liquid or hit the bottom, plugging tip.  Check labware definition (rak file) for all 
plates.  After centering X and Y tip positions, check well top and bottom Z-height positions.  
Correct if needed.  Note: VersaTip stinger cannot go to bottom of most PCR plate wells – due 
to flared probe end.  Edit both plate types used on the MagnaBot: 1 mL Nunc deep well plate 
and U-bottom Greiner microplate.   

� Check gripper positions.  Run DNA IQ System Casework_Grip Only.mpt template to verify 
gripper positions.  Edit if needed. 

� Check heater function. Run DNA IQ Heater.mpt template to check that communication is 
set up correctly.  During a water run, insert temperature probe into sample wells to verify 
temperature is within 2 oC.  

� Perform a water run.  Substitute equivalent clear tips for any conductive tips used (can’t do 
with1 mL tips).  Pause after each aspirate and dispense step in each step for at least the first 
column in a plate to ensure that all tips have aspirated liquid evenly.  Check Z height of tip in 
bottom of well for each aspirate step.   If tip hits bottom of well, increase the % well height as 
needed.  Check that all wells have same amount of liquid after each reagent addition or liquid 
transfer step.   

� Check shaker amplitudes during water run.  The MicroMix 5 DPC Shaker amplitudes vary 
somewhat among instruments.  If water run samples splash, decrease amplitude.  If shaker 
appears weak, increase amplitude by 1 or 2.  

3. If running the first WinPREP test of the day, run the Flush/Wash routine (see WinPREP menu bar: 
Utilities/Diagnostic Tests/Flush and Wash test).  Check that syringes and tubing are free of bubbles.  

4. Click open “User Message” and check the set-up directions. 

5. Place labware, extraction buffer and reagents on MultiPROBE II deck as shown in Figure 4.  

� MPII Flush/Wash bowl at G10.  

� MPII Tip Chute + 1 Trough (8 Tip) at E5.  If using the “Disposable Tip Slide”, place at deck 
position G4 using the locking pin to secure.  See Disposable Tip Slide Guide (P/N 8842155).  
See also p24 of this guide for deckview using the Disposable Tip Slide.   

� MagnaBot with Spacer at G16 on Plate-Adapter Support Tile.  

� Clean Greiner 96-well U-bottom Processing Plate at F19 on Shaker Plate-Adapter Support Tile.  

� Heater Tile 1 at D19 on Shaker Heater Plate-Adapter Support Tile. 

� 96V Deep Well Heat Transfer Block on Heat Tile 1 at D19.  

� Heater Tile 2 at C22 on Shaker Heater Plate-Adapter Support Tile.  

� 96U Heat Transfer Block on Heat Tile 2 at C22.  

� Clean deep well Mixing Plate (2 mL square well Whatman  plate) at D22 on Shaker Plate-
Adapter Support Tile.  

� Clean deep well processing plate (1 mL Nunc ) at G16 on MagnaBot with Spacer on Plate-
Adapter Support Tile.   

� Clean PCR Collection Plate on Plate-Adapter Support Tile at E13 on Plate-Adapter Support Tile.  

� 3 boxes 175 uL Clear Filter RoboRack  Tips at G13, E10, G7 on Plate-Adapter Support Tiles.  

TN-04

Page 89 of 639

LAY.010.011.0089



PPN 8842157 

Forensic Workstation: DNA IQ Casework Guide  Page 10 of 25 
06/11/04 

� 3 boxes 1 mL Conductive Tips in Hanging Tip Racks at C7, E7 and C10.  

� 1 box 200 uL Clear RoboRack Tips at C13 on Plate-Adapter Support Tile. 

� Empty Plate Adapter Tile at E16 (ignore deckview - it maps plate used later in procedure).  

� Innovative Microplate 12-Channel Trough on Plate-Adapter Support Tile at C16.  

¾ DNA IQ resin in column 3.  

¾ Elution Buffer in column 12.  

� 4-Position Trough Support at A16 on Plate Adapter Support Tile. 

¾ Add 1.2 N x 300 uL Extraction Buffer to far right tray (col. 4). 

¾ Add 1.2 N x 600 uL or 60 mL of Lysis Buffer to 60 mL trough at 2nd from right 
position (col. 3).  Maximum volume is 60 mL.  

¾ Add 1.2 N x 125 uL of Lysis Buffer to 60 mL trough at 3rd from tray (col. 2). 

¾ Add 1.2 N x 300 uL of Wash Buffer to 60 mL trough at far left left tray (col. 1). 

6. Place forensic samples in 1.4 mL Innovative Microplate V-bottom square-well top deep well plate at D19 
on heat transfer block on Shaker Heater Tile 1.   

7. Press “Execute Test” button on WinPREP template. 

8. When run is over, collect purified DNA sample plate at E13 for downstream analysis 
(quantification and normalization, hybridization, PCR or DNA sequencing analysis).  

 

Automated Heating Steps 
Two heating steps are used for the automated DNA IQ Casework Application: (1) extraction-lysis step at 37 oC at 
start of the protocol, and (2) DNA elution step late in the protocol.  Figures 5-7 below show the Automated Heater 
Controller Option (PPN 7601824) parts used.   

 
Figure 5.  Automated Heater Tile fits on main deck or shaker deck.   
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Custom Heat Transfer Blocks 

Forensic DNA Extraction Step  

96 V-Bottom Deep Well Plate Heat Transfer Block on Heater Tile 1 

The 1.4 mL V-bottom disposable plate (1.1 mL working volume) used during the Proteinase K-SDS extraction step is 
shown positioned above the 96V deep well heat transfer block (PPN 5083083).  This assembly is used to incubate the 
forensic samples in extraction buffer at 37 oC while shaking for 30-60 min.  The custom MultiPROBE II heat block fits 
on the basic quad heater tile and holds the plate securely while simultaneously shaking and heating.  

                      

Figure 6A.  96-well 1.4 mL sample deep well plate Figure 6B.  Bottom view of assembly.  
on DWP Heat Transfer Block.     
 

 

Forensic DNA Elution Step 

96 U-Bottom Heat Transfer Block on Heater Tile 2 

The 96-well Greiner U-bottom Processing Plate is heated at 65 oC while shaking during the elution step.  A custom 
heat transfer block (PPN 5080165) positions this plate when placed in the heater tile on the shaker deck.   

         
Figure 7.  96U Heat Transfer Block (left) used to heat sample plate on Heater Tile (right). 

 

The assembly is shaken vigorously during the heating step.  The elution heater tile and plate assembly is 
gripper-compatible due to the addition of gripper-compatible springs at the rear of the heater tile.  
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MagnaBot Assembly and Automated Processing 

Overview 

At the start of the DNA IQ Casework protocol, the MagnaBot with Spacer assembly is placed on a 
standard plate adapter support tile at workstation deck position G16.  Two processing plates are used 
sequentially during the casework sample protocol: a deep well plate and a microplate.  Figure 8 shows 
the round-bottom microplate used for the later washing and elution steps.   

 

Figure 8.  MagnaBot Assembly.  Shown is the 24-post magnet with 
spacer and Greiner U-bottom plate at deck position G16.   

Extraction, Lysis and DNA Binding 

After the DNA extracts are transferred to a 2 mL deep well plate on the shaker, the DNA IQ resin and 2 
volumes of DNA IQ Lysis Buffer are added and mixed for 5 min to allow binding of DNA to the 
paramagnetic resin.  The particles are attracted to the magnetic pins and, after a few seconds, collect on 
the sides of the well.  This allows the pipettor to efficiently aspirate the lysate waste fluid.  The first wash 
buffer is added to the particles and the mixture is then transferred to the Greiner processing microplate 
on the magnet.  The resin again binds to the sides of the well, and the waste supernatant is removed.  
This process is repeated for 2-3 more wash steps.  For each reagent addition, the plate is moved to the 
shaker using the gripper.  Reagent is added and the plate shaken for 1 min.  The gripper then moves the 
plate back to the magnet to aspirate the waste step.   
 
Washing and Elution 

For the elution step, the microplate is moved off the magnet to the shaker to dry for 5 min.  The pipettor 
then adds the elution buffer with shaking.  The gripper moves the plate to the heat tile for incubation 
with shaking at 65 oC.  After heating the plate is moved back to the MagnaBot and the pipettor transfers 
the eluted DNA to a polypropylene elution PCR plate on the deck.   

Summary: DNA IQ Casework Protocol Uses Two MagnaBot Processing Plates 

DNA IQ 1 mL Deep Well Processing Plate  

� Used to concentrate large volume sample lysates (900 uL: 300 uL of Extraction Buffer plus 2 
volumes or 600 uL of Lysis Buffer).   

� The 24-post Promega MagnaBot is compatible only with specific 1 mL deep well plates.  They 
include Nunc (cat# 20445), Marsh (cat# AB 0564) and Beckman plates.  

DNA IQ U-bottom Processing Microplate 

• Used to continue washing and elution steps with smaller volumes of wash (100 uL) and 
elution buffers (25-35 uL).   
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• Shallow processing microplate reduces liquid level sensing errors and potential cross-
contamination due to tips plate wells.   

• The 24-post Promega MagnaBot is compatible only with specific round bottom microplates.  
They include Promega Cat# A9161 and Greiner Cat# 650261.  

 
DNA IQ System – Mixed Casework Samples: WinPREP Test Protocol Details  
A description of each step used for the automated DNA IQ System application using forensic mixed 
casework samples is shown below.  The procedure numbers correspond to the same numbered step of 
the WinPREP protocol.  For an abbreviated schematic of the automated steps used for the forensic DNA 
protocol, see Appendix D. 
 
Before running the complete WinPREP DNA IQ protocol for the first time, run the “Evaluate test” listed 
under the “Run” menu to ensure the template is operational.  For shaker steps, start with amplitude 5 
and increase, if possible.  The elution step needs highest shaker settings possible without splashing.  This 
protocol uses Liquid Level Sensing (LLS) for several of the aspirate steps.  
 
Processing begins with the forensic samples placed in a deep well plate on heater tile 1 on the DPC 
Shaker deck.  
 

1. Press“Execute Test” once sample plate, reagents and labware are placed on deck.  See Test Outline 
Comments tab for more detail.  

� See “User Query” window.  Select number of samples to be run - if less than 96.   Check that tip 
boxes are full.  

� See User Messages to check labware, heater tile and reagent layout. 

2. Initial Flush/Wash.   

3. Open Shaker Comm Port.  Communication with the DPC Shaker is initiated via the RS-232 port of the 
MultiPROBE II computer.  The test is set to use comport 5 (Multi-Comport #3).  

4. Set Heater Temperature to 37 oC.  Opens communication for Heater Tile 1 on Shaker deck.  The test is 
set to use Comport 3 (Multi-Comport #1).  Begins heating Heater Tile 1 assembly.  Note: Set temperature 
of 39 oC is used in order to reach a sample temperature of 37oC.  

5. Add 300 µL Extraction Buffer to deep well plate on DPC Shaker deck.  Reagent Step.  ProK-
SDS solution is multi-dispensed x4 to each forensic sample in the deep well plate at D19 on Heater 
Tile 1.  Fixed Tips.  Aspirate with LLS from trough 4 at A16, dispense at 102% well height.  

6. User Message – Gum Samples.  Pause to add 200 uL more of Extraction Buffer to gum samples.  Press 
Ok when ready to continue.  Gum expands at 37 oC.  Extra volume prevents sticking to tips.  This step can 
be eliminated for protocols without gum samples.   

7. Wait for 37 °C Temperature.  Thermal sensor relays current sample temperature and waits until heater 
tile reaches set temperature of 39 °C.  Test automatically continues 2 min after set temperature is reached 
or user can click “continue” to proceed immediately.  

8. Start Shaker.  Custom step automatically selects the DPC Shaker Form (42) and Amplitude (5) used to 
extract DNA from forensic samples.  

9. Incubate 45 min on Heater-Shaker.  Heating and shaking continues for 30-60 min.  This can be 
reduced or increased depending on the age and type of dried sample.  

10. Stop Shaker.  

11. Close Heater Comm.  Shut down heater communication to clear program for Heater Tile 1.  

12. Add 550 µL of DNA IQ Lysis Buffer to Mixing Plate.  Reagent Step.  Kit Lysis Buffer is multi-dispensed 
x3 to 2 mL Whatman plate on Shaker Plate Adapter Tile at D22.  Fixed Tips.  Aspirate with LLS from trough 
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3 at A16, dispense at 102% well height.  2 volumes Lysis Buffer are added per 1 volume of extraction 
buffer. 

13. Mix & Add DNA IQ Resin (50 uL).  Reagent Step.  Using 8x 200 uL disposable filter tips, resin is pre-
aspirate mixed for 6 cycles (aspirate at 3%, dispense at 30% well height) in 12-channel trough column 3.  
Use 200 uL Conductive RoboRack Tips .with “WaterWaste 200 uL DT_FW.prf” performance files.  Replicate-
dispense x3 into 2 mL Mixing Plate on shaker at D22.  Use 1 column of 8 tips per procedure.  Aspirate at 
3%, dispense at 80% well height.  Discard tips.  Total sample resin-lysate volume in Mixing Plate= 900 uL.   

14. Flush/Wash_1. 

15. Transfer 300 uL Lysate with Mixing to DWP.  Single liquid transfer with post-dispense mix step.  
Blowout mode.  Samples are transferred from Extraction Plate to Mixing Plate using 1 mL Conductive Tips 
with WaterBlowout 1 mL DT_FW.prf file, followed by vigorous tip mixing.  Aspirate using LLS and dispense 
at 80% well height into Mixing Plate.  Mix Volume 450 uL x3 cycles (aspirate at 10%, dispense to 40% well 
height).  Discard tips.   

16. Flush/Wash_2. 

17. Shaker On.  Amp 5, Form 42.  

18. Timer 5 min.  Incubate to allow DNA to bind to resin.  

19. Stop Shaker.  

20. Set Heater Elution Temperature to 65 °C.  Open communication to Heater Tile 2 at C22 on Shaker 
deck.  Set temperature used here is 70 °C in order to reach a sample temperature of 65 °C.  Begins heating 
Tile 2 Assembly to 70 °C.  The test is set to use Comport 3 (Multi-Comport #1).   

21. Transfer 900 uL Samples from Mixing Plate to 1 mL Nunc Plate on Magnet.  Single liquid transfer 
with pre-aspirate mix step.  Waste Mode.  1 mL Conductive Tips used with WaterWaste 1 mL DT_FW.prf 
performance file.  Pipet mix 6 cycles (aspirate at 5%, dispense at labware default) and transfer 900 uL 
lysate-resin mixture to 1 mL Nunc deep well plate (round-bottom) on MagnaBot at G16.  Aspirate at 1%, 
dispense at 80% well height.  Discard Tips.  

22. Timer 1 min.  Wait for resin to bind to sides of Processing DWP wells on magnet.   

23. Aspirate Supernatant from DWP Plate on Magnet to Waste.  Single liquid transfer step. Blowout 
Mode.  Transfer lysate waste from processing DWP on magnet at G16 to Flush/Wash bowl at G10.  Use 1 
mL Conductive Tips with WaterBlowout 1 mL DT_FW.prf file.  Aspirate using LLS, dispense at labware 
default.  Discard tips.  

24. Flush/Wash 3.  

25. Move Plate.  Gripper moves 1 mL Nunc DWP on magnet at G16 to E16 support tile.   

26. Move Plate.  Gripper moves Greiner Plate from Shaker F19 to magnet at G16.  

27. Add 125 uL Lysis Wash Buffer to Processing DWP.  Reagent Step.  Use fixed tips, waste mode, and 
replicate dispense x4 into plate at E16.  Aspirate with LLS from trough 2 at A16, dispense at 102% well 
height.  

28. Flush/Wash 4.  

29. Mix & Transfer 125 uL DNA-Resin to Greiner Processing Plate.  Single liquid transfer step with pre-
aspirate mix.  Blowout Mode.  Transfer Resin-DNA suspension using 175 uL Clear Filter RoboRack Tips at G7 
with “WaterBlowout 175 uL DT_FW.prf” file.  Mix resin x3 cycles in Lysis Buffer at E16 and transfer 140 uL 
mixture from 1 mL DWP at E16 to Greiner plate on magnet at G16.  Save Tips.  

30. Flush/Wash 5. 

31. Aspirate Waste from Greiner plate on magnet.  Single liquid transfer step.  Blowout Mode.  Transfer 
waste from Greiner Processing Plate at G16 to Flush/Wash bowl at G10.  Reuse 175 uL clear filter tips at G7.  
Aspirate at 1% of well height, dispense at labware default.  Discard tips.  

32. Flush/Wash 6.  
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33. Custom Loop - Ethanol Washes (x2).  Carry out 2 washes using parent/child procedure.  A third wash 
can be added by changing number of samples from 2 to 3.  Use Reset Well Map at Start of procedure.   

• Add 100 uL Wash Buffer.  Reagent Step.  Fixed tips.  Select “stand-alone” execution mode.  The 
ethanol-isopropanol mixture is multi-dispensed into the Processing Plate to wash the DNA bound to 
the particles.  Aspirate from trough 1 at A16 using LLS.   

• Move Plate.  Gripper moves Greiner Plate from magnet at G16 to F19 on Shaker.   

• Start Shaker.  Shake plate using Form 44 and Amplitude 4.  

• Timer.  Time shaker for 1 min.  

• Stop Shaker.  

• Move Plate.  Gripper moves Greiner Plate from Shaker F19 to magnet at G16.  

• User Program - FillTipBox..  MSL script function.  Fill in exact name of tip box to be reset for 
this step as shown here.  

MSL_DeleteTipFile("AspirateWasteTips"); 

• Aspirate Waste from Greiner plate on magnet.  Single liquid transfer step.  Blowout Mode.  
Select “stand-alone” execution mode.  Aspirate 105 uL wash waste from Processing Plate at G16 to 
Flush/Wash bowl at G10.   

¾ User Program – ResetGetTipWellMap.  MSL script function.  Operation Code “G”. 
Operation Number “1”.  AssemblyChange “No”.  

¾ Get Tip - Reuse 175 uL filter tips at G13.   

¾ Transfer Group.  Aspirate at 1% of well height, dispense at labware default.  Open 
“Dispense Parameters”, select “Advanced” tab, select Reset Well Map to “Start of 
Procedure”. 

¾ Drop Tip – tip box at G13. 

• Flush/Wash 7.  

34.  Move Plate.  Gripper moves Greiner Plate from magnet at G16 to F19 on Shaker to dry resin off the 
magnet.   

35. Start Shaker.  Form 20, Amp 4.  

36. Dry Plate.  Air dry for 5 min off the magnet on shaker to evaporate alcohol. 

37. Stop Shaker.  

38. Add 35 uL of Elution Buffer to Binding Plate.  Reagent Step.  Elution reagent in 12-channel trough at 
C16 (column 12) is replicate dispensed x3 using default aspirate height and 175 uL filter tips at E10.  
Dispense at 90% well height.  Reuse tips.   

39. Flush/Wash 8. 

40. Move Plate. Gripper moves Greiner Plate from Shaker F19 to Heater Tile at C22. 

41. Wait for 65 °C temperature.  Test waits for set temperature to reach 70 °C and then will automatically 
continues 2 min later or you can click “Continue”.   

42. Timer 5 min.  Time for 3 min at 65 °C on heater.   

43. Start Shaker.  Shake plate using Form 44 and Amplitude 3.   

44. Timer 5 min.  Time shaker for 3 min with heating at 65 °C.  

45. Stop Shaker.  

46. Move Plate.  Gripper moves Greiner Plate from Shaker Heater at C22 to magnet at G16.  

47. Transfer DNA.  Single Liquid transfer step.  Transfer 35 uL eluted DNA supernatant from Greiner plate at 
G16 to PCR Collection Plate at E13.  Re-use 175 uL filter tips at E10.  Aspirate at 1%, dispense at 10% well 
height.  Discard tips.  Actual purified DNA volume recovered will vary between 25-30 uL.   
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48. Final Flush/Wash.  

49. Close Heater Comm.  

50. Close Shaker Comm Port.  

Workstations with and without the Gripper  Integration Platform  
Templates with Gripper.  The DNA extraction protocols normally are carried out using the Gripper.  
Before running the complete protocol for the first time, edit all labware positions used by the gripper.   

Templates without Gripper.  The DNA IQ Casework template cannot be opened unless the Gripper 
Integration platform option box is checked during the WinPREP software installation.  Modify the 
template by substituting a User Message step to replace each gripper Move Plate step.  Include 
instructions with each user message to identify the correct labware deck position on the deck for each 
manual get and put labware step.  During the modified test, each “User Move Plate” step will show a 
pause window.  User will click “OK” when ready to proceed to the next step in the procedure.   

Purified DNA Sample Analysis.   
Before carrying out DNA typing analysis, purified casework DNA samples are usually quantified using real-
time QPCR analysis (Richard et al, 2003; ABI Quantifiler  Kit), Quantiblot  Human DNA Quantitation Kit 
or Promega’s AluQuant Human DNA Quantitation procedure.  Each procedure uses ~1-2 µL of DNA.   

The MultiPROBE II Forensic Workstation can also be used to automate the quantitation assays and carry 
out DNA normalization and dilution of samples to a fixed concentration.  Finally, the MultiPROBE system 
can carry out DNA typing reaction PCR setup in 96- or 384-well formats using the Promega Powerplex , 
ABI Profiler  or ReliaGene STR kits.  At the Centre of Forensic Science (Toronto, ON), 1 ng of DNA is 
amplified in a 9600 thermal cycler using the AmpFlSTR Profiler Plus   Amplification Kit (Applied 
Biosystems, Foster City, CA).  For more details, see Komonski et al, 2004.  
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Disposable Tips 
Disposable Tip Usage  

For each plate of casework DNA samples processed, currently 3 boxes of 1 mL tips are used with the 
MagnaBot device.  If using a magnet designed to hold 2 mL deep well plates, one of the 1 mL tip boxes is 
eliminated.  The protocol also requires 3 boxes of 175 uL non conductive tips.  

Minimizing Disposable Tip Usage 

The reagent addition step “13. Mix & Add DNA IQ Resin (50 uL)” uses 8x 200 uL Conductive tips per 
procedure.  Go to the Flush/Wash tab and select “Per Procedure” parameter under the get tip & drop tip 
subsection.   

Tip Reuse   

The RoboRack boxes of disposable tips are reused 2-3 times in the DNA IQ protocol using the 
“ResetDropTip” MSL script in the Drop Tip/Advanced/Post-Step Function parameter.  Map the tip 
box labware to the “Drop Tip” step rather than to the Tip Chute.  The ethanol wash steps require other 
custom user scripts to reuse tips in the parent/child loop procedure.  For more details, see also the 
RoboRack Tip Reuse Guide.pdf on the install disk.   

Performance Files 

The performance files for disposable tips used with the Forensic Workstation applications have been 
modified (as indicated by _FW designation) so that 3 syringe sizes are selected: 250, 500 and 1000 uL.  
However, this does not change the fact that each of these prf files has been optimized for a defined 
syringe size, volume and other parameters.  Go to Utilities/Performance Set Library/Edit on menu bar to 
see properties of the new and original prf files.  

The automated DNA IQ Casework protocol uses several disposable tip box types and performance files as 
listed below:   

• 1mL Conductive Tips.  Use with WaterBlowout 1 mL DT_FW.prf performance file. 

• 175 uL Clear Filter RoboRack Tips.  Use with “WaterBlowout 175 uL DT_FW.prf” file.  

• 200 uL Conductive RoboRack Tips.  Use with “WaterWaste 200 uL DT_FW.prf” and 
“WaterBlowout 200 uL DT_FW.prf “ performance files. 

 
Disposable Tip Slide 
A new Teflon-coated Disposable Tip Slide (see Figure 9 ) is included with the MultiPROBE II Forensic 
Workstation.  See Disposable Tip Slide Guide (P/N 8842154) in the MultiPROBE/bin/Forensic 
Workstation/Additional Guides directory folder.  The rak file for this labware piece is included on the 
Forensic Workstation install CD and is installed automatically in the “TipChute” category of the WinPREP 
labware library.   

For the DNA IQ Casework application, the slide can be substituted for the standard “TipChute + 1 Trough 
(8-Tip)” labware placed at deck position E5 in (see Figure 4).  To make this change, place the coated 
slide at MultiPROBE II deck position G4.  Check that the “Disposable Tip Slide” labware .rak file is 
correctly mapped to deck position G4 in the WinPREP test.   
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Protocol Customization 

Optimizing Elution Temperature   

For the elution step using the automated heater tile, set temperature used for the sample processing 
plate is 70 oC in order to achieve a sample temperature of 65 oC in the well.  The standard heater tiles 
can be heated to a maximum of 70 oC.  Custom heater tiles are available that can achieve temperatures 
of 95-100 oC.  

Elution Plate 

Other elution plates can be substituted for the 96-well PCR plate at deck position E13.   We have also 
used 96-well Greiner V-bottom polypropylene microplates for the elution transfer step.  Select any of the 
plate definitions in the WinPREP labware library to replace the “ElutionPlate” at E13.  

Low Sample Recovery 

If processing samples that have very low amounts of DNA, substitute a Greiner 96 Well U-bottom 
polypropylene sterile microplate (Greiner Cat# 650261) for the Promega kit processing and collection 
plates.   

Creating “Read Only” Tests 

To prevent a WinPREP test from being altered, the test can be converted to a “Read-Only” format.  Go to 
the folder (MultiPROBE/bin directory) containing the target WinPREP .mpt test and click to highlight.  Go 
to Menu bar and select File/Properties/General/Attributes.  Click the “Read-Only” box and “Apply” to save. 

Cross-contamination Analysis 

Samples and buffer blanks are placed in alternating wells in a checkerboard or zebra pattern before 
processing.  One such example is shown in the schematic below.   

 
Figure 9.  A sample checkerboard scheme used to analyze for 
samples cross-contamination.  Other schemes, “zebra” or “X” 
patterns, etc., can also be used.   
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DNA IQ Precautions and Troubleshooting 

• If communication error messages appear when running a test, check that the commport 
assignments for the devices in the WinPREP tests match the actual physical connections.  Go to 
My Computer/Properties/Hardware/Device Manager/Ports (COM & LPT).  The Device 
Manager window lists all devices connected to the computer.  For the DNA IQ Casework protocol, 
the heater option should be connected via a RS232 cable to Serial Port 1 and the heater 
controller connector.  The shaker option should be connected via the USB to Serial Adapter 
connector and shaker cable to the first USB Port 4 (usually upper left I/O port).  If different com 
ports are chosen, be sure that the port number listed in the device manager matches the com 
port number selected in the WinPREP test for that option.  See also the “USB Serial Adapter 
Installation Instructions” for more information. 

• To prevent contamination with nucleases or other biological material, use disposable gloves to 
handle labware and reagents, etc.  

• Be sure to add fresh or newly thawed DTT to the Lysis Buffer just before starting the protocol.  

• To increase throughput, use fixed tips to dispense denaturing, chaotropic reagents such as 
Extraction Buffer, Lysis Buffer and alcohol-containing wash buffer.  Use disposable filter tips to 
dispense nuclease-free water or to transfer any sample or waste solution.  

• For all reagent wash steps, maintain a dispense height of 102% above the well bottom to 
prevent cross-contamination of samples.  The aspirate height uses normal liquid level sensing 
parameters. 

• Gum samples require special handling.  Use small amounts of gum.  If too big a piece is placed in 
well, the disposable tip will stick and drag a gooey trail of gum during transfer step.  Add 200 uL 
more Proteinase K-SDS Extraction Buffer to gum samples before extraction at 37 °C.  Transfer 
300 uL after extraction as for other samples.   

• Do not use the Promega SV DNA Purification Buffers with this protocol.  

• Do not put Wash Buffer in tray on deck until just before run because alcohol will evaporate.   

• The amplitude of the Micromix DPC shaker can vary between instruments and may need to be 
adjusted.  Start using amplitude 5 and then increase or decrease as needed.  Avoid splash-out 
while providing vigorous mixing of samples.  

• The DNA IQ resin settles very quickly and requires tip mixing before aspirate step.  Tip mixing 
the resin particles in a pyramid bottom trough prior to dispensing is more effective for uniform 
suspension than shaker mixing.   

• Add wash reagents to processing plate off the magnet for better mixing.  Use both pipet mixing 
and shaker mixing steps for more effective washing and elution.   

• If DNA yields from samples are too low, use polypropylene microplates for the processing 
(Greiner 96-well U-bottom polypropylene sterile microplate, Cat# 650261) and elution steps.  The 
Promega kit plates A9161 are polystyrene and can absorb DNA.   
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Routine Maintenance 

• Run Flush/Wash routine each day before running PCR Setup test.   

• Check the tip alignment weekly by running the Tip Align test (see Utilities\Diagnostic Tests\Tip 
Align section of menu bar).   

• Use de-aerated water that is molecular biology-grade nuclease-free water (Milli-Q , NANOpure  
DIamond  or similar) for the system liquid.  

• Follow the recommended cleaning procedures in the MultiPROBE II User Manual.  
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Appendix A 

MultiPROBE II Part List Used for DNA IQ System Casework Application  

Forensic DNA Isolation Workstation Components: 8-Tip Configuration 

MultiPROBE II HT EX with Computer (8-Tip) 

Gripper Integration Platform Option  

500 uL OR 1 mL HT Syringe Assembly (8-Tip) – 1 mL syringes recommended for casework samples 

7002307  MPII Forensic DNA Isolation Option, 8-Tip Domestic 
  OR  
7002309 MPII Forensic DNA Isolation Option, 8-Tip International 

Includes the following: 

• Left Expansion Module 
• Kit, VersaTip Plus HT RoboRack (8-Tip) 
• DPC MicroMix 5 Shaker (Right EX) 
• Tile, Troughs, MultiPROBE II HT (qty 1) 
• Hanging Tip Rack (qty 1) 
• 4 Trough Reagent Holder, 60 mL  
• Automated Heater Controller (Quad)  
• 96-U Heat Transfer Block (PPN 5080165) 
• 1.4 mL 96V-bottom DWP Heat Transfer Block (PPN 5083083) 
• 96-PCR Heat Transfer Block (PPN 5080163) 
• Disposable Tip Slide 

• USB to Serial Adapter (for Shaker Option) 

(Note: Order 500 uL syringes, not 1000 uL syringes, if instrument is also to be used to carry out 
casework DNA isolation application). 

Forensic DNA Isolation Workstation Components: 4-Tip Configuration 

The DNA IQ Casework Extraction application can also be run using a MultiPROBE II 4-Tip system by 
ordering the following parts: 

MultiPROBE II EX with Computer (4-Tip) 

7002308  MPII Forensic DNA Isolation Option, 4-Tip Domestic 
  OR  
7002310  MPII Forensic DNA Isolation Option, 4-Tip International 

Additional MultiPROBE II Accessories 

7607537 Hanging Tip Rack (qty 1)  
6000655 1 mL Conductive Tips, MBP, Qty 960 
6008103 HT 60 mL Troughs (qty 25) 
6000663 Reagent Troughs, 150 mL (qty 25) 
6000685 175 uL Clear Filter RoboRack tips, Qty 960 
6000681 200 uL Clear Filter RoboRack tips, Qty 960 
0101073 USB to Serial Adapter - needed for other options using RS232 communication 
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Appendix B 

Promega Products Part List 

� DNA IQ  System, 400 samples    Cat #DC6700 

Each kit contains reagent sufficient for 400 isolations.  Includes: 

3 mL  

150 mL 

79 mL 

50 mL 

2 

Resin 

Lysis Buffer 

2X Wash Solution 

Elution Buffer 

Protocols (Casework and Database) 

 

� DNA IQ  System, 100 samples    Cat #DC6701 

Each kit contains reagent sufficient for 100 isolations.  Includes: 

0.9 mL  

40 mL 

30 mL 

15 mL 

2 

Resin 

Lysis Buffer 

2X Wash Solution 

Elution Buffer 

Protocols (Casework and Database) 

 

� MagnaBot 96 Magnetic Separation Device (Cat #V8151) 

� MagnaBot Spacer, ¼ inch Foam (Cat #Z3301) 

 

Other Components Needed by User 

� Ethanol 95%, RNase-free (120 mL per 96 well plate) 

� Isopropanol 

� 1M Dithiothreitol (DTT) 

� Extraction Buffer or Proteinase K solution (SDS, TNE buffer, Proteinase K at 20 mg/mL) 

� Innovative Microplate 12-channel reagent block       #S30019 

� Innovative Microplate 1.4 mL V-bottom polypropylene deep well plate     # S30026 

� Whatman 2 mL square deep well plate (Cat#7701-5200)  

� Greiner 96-well U-bottom polypropylene microplate, sterile (Cat# 650261) to process low DNA amounts 

• ABI PRISM  96-well Optical Reaction Plate w/ Barcode, Code 128   #4306737 

� ABI PRISM  Optical Adhesive Covers         #431971 

� Greiner 96-Well V-Bottom PP Microplates (Cat # 651201, can be used for sample elution)  
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Appendix C 

Publications 

For more information on MultiPROBE II-automated DNA IQ purification protocols, see: 

PerkinElmer 

• Tack, L. and T. Grunst. 2002.  Automated Forensic DNA Isolation from Blood using Promega’s DNA IQ 
System and the MultiPROBE II Forensics DNA Workstation. Poster: SAFS Fall Annual Meeting, Sept 30-
Oct 3, 2002, Bioloxi, MS. 

• Biondi, M., C. Palaski, C. Tomsey, and L. Tack. 2003. Forensic Sample Processing using a Robotic 
Workstation: Automated Paper-Based Spotting of Whole Blood Convicted Offender Samples and High 
Throughput DNA Isolation for STR Analysis.  14th International Symposium on Human Identification.  
Poster Abstract: Sept 29-Oct 2, 2003, Phoenix, AZ.  

• Tack, L. 2003.  MultiPROBE II Forensic Workstation: Automated DNA Isolation from Database Samples 
Using the Promega DNA IQ System.  PerkinElmer Application Note: AAFS 55th Annual Meeting, Feb18-
21, 2003, Chicago IL.  

• Tack, L.  2004.  Automating Casework and Database Applications with the MultiPROBE II Forensic 
Workstation.  Forensic DNA Technology Workshop, May 19-20, 2004, Toronto ON. 

Other 

� Promega Technical Bulletin #TB296: “DNA IQ  System – Small Sample Casework Protocol”. 6/02 

� Promega Technical Bulletin #TB297: “DNA IQ  System – Database Protocol”. 6/02  

� Promega Technical Bulletin #TB307.  Tissue and Hair Extraction Kit (for use with DNA IQ ) Protocol.  

� Mandrekar, P., L. Flanagan and A. Tereba. 2002.  Forensic Extraction and Isolation of DNA from Hair, 
Bone and Tissue.  Profiles in DNA 5(2): 11-13. 

� Turner, C., R. Weispfenning, E. Vincnet, K. Huston and J. Bessetti.  2003.  Genomic DNA purification 
from cigarette butts and buccal swabs using the DNA IQ  System.  Promega Application Note #AN106. 

� P. Mandrekar, L. Flanagan and A. Tereba. 2003.  Extraction and Isolation of DNA from Blood Cards and 
Buccal Swabs in a 96-well Format.  Promega Technical Article #AN102. 2/03.  

• Richard, M.L., R Frappier, and J. C. Newman. 2003. Developmental validation of a real-time quantitative 
PCR assay for automated quantification of human DNA.  J. Forensic Sci. 48(5):1041-1046. 

• Komonski, D., A. Marignani, M. L. Richard, J. Roger H. Frappier and J. C. Newman. 2004.  Validation of 
the DNA IQ™ System for use in the DNA Extraction of High Volume Forensic Casework.  Can. Soc. of 
Forensic Sci. J., Jun. in press.  

Web Sites 
www.perkinelmer.com  

www.promega.com (browse to “Automated Methods”)  

Trademarks 
MultiPROBE and WinPREP are registered trademarks and Gripper, RoboRack and VersaTip are trademarks of 
PerkinElmer, Inc. or its subsidiaries.  DPC is a registered trademark of Diagnostics Produces Corporation.  MagnaBot, 
AluQuant and PowerPlex are registered trademarks and DNA IQ is a trademark of Promega Corporation, Madison, 
WI, USA.  Y-Plex is a trademark of ReliaGene Technologies, Inc.  Applied Biosystems, AmpFLSTR, Profiler Plus, and 
Cofiler are registered trademarks and Quantifiler is a trademark of Applera Corporation or its subsidiaries.  The PCR 
process is the subject of patents owned by Hoffman-LaRoche Ltd and Roche Molecular Systems, Inc.  Milli-Q is a 
trademark of Millipore Inc.  Teflon is a registered trademark of DuPont or its affiliates.   
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Appendix D 

Protocol Schematic: DNA Isolation from Forensic Casework Samples 

 

WinPREP DNA IQ Casework DNA Purification 

Set Heat Tile 1 to 37 °C 

Add 300 uL Extraction Buffer to Sample Plate  

Automated Shaking 

Heat at 37 °C for 30-60 min 

Add 550 uL Lysis Buffer to Mixing Plate on Shaker 

Add/Mix 50 uL DNA IQ Resin in Lysis Buffer to Mixing Plate 
Transfer/Mix 300 uL Sample Extracts to Mixing Plate 

Incubate 5 min with Shaking 

Set Heat Tile 2 to 65 °C  

Mix/Transfer Lysate-Resin Mixture to DWP on Magnet 

Incubate 1 min & Aspirate Waste 

Move DWP to Deck 

Move Greiner Plate to Magnet 

Add/Tip Mix 125 uL Lysis Buffer Wash to DWP 

Transfer Resin To Greiner Plate on Magnet 

Aspirate Waste from Greiner Plate on Magnet 

Add 100 uL Wash Buffer to Greiner Plate on Magnet 

Move to Shaker & Shake 1 min 

Move to Magnet & Aspirate Waste 

Repeat Wash Buffer Steps x1 

Move Plate to Shaker 

Air Dry 5 Min 

Add/Tip Mix 35 uL Elution Buffer 

Move to Heater Tile 2 on Shaker 

Read Temperature 65 °C 

Shake and Heat at 65 °C for 5-10 min 

Move to Magnet 

Transfer DNA to Collection Plate 
 

 
Figure 10.  Schematic for Automated DNA IQ Casework Protocol.  
List of WinPREP steps used to automate purification of DNA from forensic 
samples using the DNA IQ Casework Sample DNA Purification Protocol.   
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PerkinElmer MultiPROBE II Robotics  

Validation for Crime Scene Samples 

 

Introduction 

Forensic Biology frequently encounters casework samples from high volume crime cases that 

included swabs with little DNA present.  These are difficult to process due to the low amount 

of DNA in comparison to samples typically processed using automated systems, such as 

whole blood samples in paternity testing or a diagnostic laboratory.  This validation is 

concerned with an automated extraction process for use in forensic casework samples.  

 

The MultiPROBE II Forensic Workstation from PerkinElmer Life and Analytical Science was 

chosen from tender and is used to automate DNA isolation from casework samples using a 

modified DNA IQ System from Promega.  The method was developed by the Centre of 

Forensic Science (CFS) in Toronto, Ontario, Canada and was designed to process a range of 

samples in 96 well format, including blood stained paper and cloth, cigarette butts, gum, FTA 

punches, and swab swipes.  Modifications were made by CFS to the Promega method to 

increase the overall extraction efficiency.  

These included: 

� Decrease the extraction/lysis temperature 

� Replace the initial extraction using the kit lysis buffer with a digestion step using 

Proteinase K-SDS at 37ºC. 

� Addition of an extraction step using proteinase K-SDS at 37ºC to replace the high 

temperature incubation in the kits lysis buffer  

� Decreasing the number of resin washes  

� Decreased elution volume.  

 

Following low temperature extraction, the Promega kit Lysis buffer (x2 volumes) plus DNA 

IQ resin is added to the cell lysate to capture genomic and mitochondrial DNA.  The normal 

kit purification process is then followed for the rest of the protocol.  After ethanol washing, 

the bound DNA is eluted at 65ºC and transferred to a clean polypropylene 96 well collection 

plate.  The DNA sample is eluted in 35µl of Elution Buffer.  All steps are carried out using 

standard deep well plates and microplates.   
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The workstation used for this application consists of the basic MultiPROBE II Plus HTEx 

with Gripper integration Platform, DPC MicroMix 5 Shaker and Automated Heater Controller 

Option with two custom heat transfer block inserts. 

 

The MultiPROBE II system automates all liquid handling, magnetic separation, heating and 

shaking/mixing steps used in the DNA IQ based protocol, minimizing user error and 

increasing productivity.  The MultiPROBE II workstation can routinely extract 48 samples in 

approximately 2.5 hours with minimal hands on time by the forensic staff.  This results in a 

walk away, automated extraction method that is efficient, reliable, sensitive and accurate 

process. 

 

 

WinPREP Software 

WinPrep is the MultiPROBE II software program where you can define and run tests and 

control the instrument.   
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DNA IQ System Kits 

Chelex is the current method of DNA extraction in Forensic Biology.  The extraction 

basically involves lysing the cells open (with Proteinase K) to release the DNA from the 

nucleus.  Chelex resin is used in the procedure from the time the cells are lysed.  Chelex is a 

styrene divinylbenzene copolymer containing paired iminodiacetate ions that act as chelating 

groups in binding to polyvalent metals.  Chelex removes metal ions from specimens, leaving 

behind the purified DNA. 

Chelex is a simple, rapid DNA extraction method that does not involve organic solvents.  

However it can leave amplification inhibitors and is not easily performed by automation.  The 

Promega DNA IQ kit can be easily adapted for robotic platforms, namely the MultiPROBE II 

by PerkinElmer. 
 
 

Promega’s DNA IQ System kit allows automation of the paramagnetic resin used during the 

extraction process that purifies the DNA without requiring extensive washing to remove the 

lysis reagent.  This system is designed to rapidly purify small quantities of DNA, 

approximately 100ng or less and it is claimed to become more efficient with samples 

containing less than 10ng DNA, such as trace DNA.  During the extraction process, the resin 

binds the DNA and then becomes bound to a magnetic stand allowing for easy removal of all 

liquids, inhibitors and cellular debris without centrifugation. 
 
The resin does not appear to affect any downstream applications such as quantitation and 

profiling with Applied Biosystem’s Quantifiler Human DNA and Profiler Plus Amplification 

kits.  In addition, Promega have stated that no clogging of capillaries or any effect on the 

lifetime of the capillaries when using samples that have been purposely contaminated with 

resin has occurred during capillary electrophoresis.  This is most likely due to the fact that the 

DNA IQ Resin has a neutral charge and can not be loaded onto the capillary during 

electrokinetic injection of DNA.  However, if trace amounts of resin are present in the eluted 

DNA, the resin can be removed by placing the sample on the magnetic stand and transferring 

the supernatant to a new tube. 

 

The DNA IQ System –Small sample Casework Protocol is specifically designed for samples 

that contain less than 100ng of DNA.  DNA extracted using this method will be of varying 

concentration as the amount of resin added is in excess. 
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Types of sample from which DNA has been isolated from using the DNA IQ System. 

� Blood (fresh and frozen EDTA, Citrate, Heparin, ACD) 

� Blood Stains (from FTA paper, cotton, denim, soil, leather, surface to swab) 

� Buccal (Cotton, rayon, FTA paper) 

� Hair 

� Tissues (fresh and fixed) 

� Cigarette Butts 

� Toothbrushes 

� Envelopes 

� Urine 

� Bone. 
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Figure 1. DNA IQ Casework Extraction Protocol – Original Protocol. 
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Figure 2. PathWest DNA IQ Casework Extraction Protocol – Final Protocol -Amended 
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Figure 3. MultiPROBE II Deck Layout and Test Configuration for PathWest DNA IQ 

Casework Extraction Protocol 
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Internal Extraction Controls 

For each extraction run performed two internal controls are utilised, a positive control and a 

negative control (blank).  A positive internal extraction control has been utilised involving 1µl 

of EDTA blood from a female staff member with a known profile that has been aliquoted onto 

a Copan Swab.  This control ensures that the extraction has been completed successfully, all 

reagents were effective, and incubations were performed at a suitable temperature. 

Both the Positive and Negative internal extraction controls acts as a contamination control, to 

ensure that there has been no cross contamination from sample to sample. 

These controls are placed randomly throughout the extraction run. 

 

For the purpose of this validation 1µl LST Positive Control was utilised.  The known profile 

can be seen in table 1 below. 

 

Table 1.  Known DNA profile of the Internal Extraction Positive Control. 
Sample D3S1358 vWA FGA Amel D8S1179 D21S11 D18S51 D5S818 D13S317 D7S820 

1µl LST 
Pos Ctl 

14, 16 16, 20 24, 24 X, X 11, 13 28, 30 14, 17 11, 12 12, 13 8, 11 
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Materials and Methods 

 

DNA Samples 

� All DNA samples extracted on the MultiPROBE II robotics platform consisted of 

various volumes of EDTA blood from staff members with known profiles aliquoted 

onto sterile Copan swabs. 

� One female staff sample with known profile was utilised to optimise the DNA extraction 

method at 1µl, 5µl and 10µl. 

� Sample tracking samples consisted of 10µl of EDTA blood of known profiles from 38 

different staff members. 

� Mixture experiments consisted of combining EDTA blood in various volumes from one 

male and one female staff member that were either very similar or very different in 

DNA profiles.  Cell counts were obtained on these samples to compare. 

� Overloaded samples consisted of saturating a sterile Copan swab with EDTA blood 

from staff members (approximately 70-80µl of blood was added to Copan swabs)  
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Consumables 

The following is a list of consumables used on the MultiPROBE II Liquid Handling System. 

 

� DNA IQ System – Small Sample Casework Protocol (Promega Cat # DC6700) 

� 95-100% Ethanol (BDH Cat# 10107.7Y) 

� Isopropyl Alcohol (AJAX Fine Chemicals Cat # A425) 

� 1M DTT (BDH Cat# 441494N) 

� Proteinase K (Merck Cat#VL398168513) 

� Microfuge tubes 1.5ml (Promega Cat # V1231) 

� 96-deep well Whatman plate (Whatman Cat# 7701-5200) 

� 96-well AB Gene plate (AB Gene Cat# AB-0796) 

� Innovative Microplate 12 Trough (Innovative Microplates Cat# S30019) 

� Mircopipette Tips  

� 175µl Non Conductive Tips (PerkinElmer Cat# 6000685) 

� 200µl Non Conductive Tips (PerkinElmer Cat# 6000681) 

� 1000µl Hanging Tips (PerkinElmer Cat# 6000655) 

�  Lysol (PerkinElmer Cat# 6000652) 
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Extraction Methods 

Promega DNA IQ Extraction Kit 

Unless otherwise stated all extraction methods were performed as per the manufacturer’s 

instructions. 

 

Chelex Extraction Method 

The Chelex DNA extraction method was performed as per current Forensic Biology method 

(FBDNA005). 

 

Automated Extraction Method 

Unless otherwise stated all automated extraction methods followed the PathWest DNA IQ 

System for Casework DNA Isolation as per the program installed on the MultiPROBE II 

Robotics platform by PerkinElmer. 

 

Quantitation 

All samples were quantitated using the Applied Biosystems Quantifiler™ Human DNA 

Quantification Kit (P/N 4343895) on the ABI Prism 7500 according to the current Forensic 

Biology Method (FBPCRS003, FBRT001, FBRT002). 

 

 

AmpFlSTR Profiler Plus Amplification Kit Genotyping Assay. 

Short Tandem Repeat (STR) analysis was performed for a selection of samples. Analysis was 

completed using the standard Forensic Biology Amplification method  (FBPCRS001) 

followed by profiling on a 3100 Genetic Analyser (FBPCR021).  Results were analysed with 

GeneScan Software V 3.7 and Genotyper software V3.7. 

 

Decontamination 

All liquid handling steps are concluded with a flush/wash step.  This involves an adjustable 

volume of fluid (degassed sterile water) flushing through the system, including the lines and 

fixed tips into the waster bottle.  A flush/wash is done at the start and completion of each 

extraction run.  An eight hour with lysol decontamination of the robotic platform is performed 

weekly. 
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Experiments 

The following Experiments were performed in this Validation 

� Comparison of Differing extraction methods. 

� DNA IQ Systems Kit 

� Chelex 

� Comparison of Robotics Platform and Manual Extraction Methods 

� Manual Extraction Method 

� Robotic Extraction Method 

� Various methods of extraction DNA from Swabs 

� Liquid samples only 

� Removal of swab heads from shaft 

� Differing incubation temperatures 

� Differing lysis solution 

� Sample Tracking 

� Contamination  

� Zebra Crossing 

� Horizontal Crossing 

� Checkerboards 

� Reproducibility 

� Overloaded samples 

� Mixtures. 

� Minimum input DNA. 
� Re-elution of Extracts 
� Performing overnight extractions 
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Conclusion 

The initial run was successful in this method, however in subsequent runs several 

disadvantages to this method were noted.  The robotic probes with this method crashed into 

the plastic shaft of the cotton head on the swab, creating error messages and possible damage 

to the Teflon tips resulting in the run to be aborted.  The disposable tips were prone to getting 

stuck into the swab head and on occasion the swabs were transferred from the microfuge tube 

to the 96 deep well plate, creating possible contamination concerns.  

Although the DNA yields obtained from this method were excellent in comparison to the 2-

Magnet Casework DNA extraction method, the disadvantages with the increased possibility 

of contamination resulted in any further analysis and investigation of this method to be 

aborted. 

 
 
 
 

27/82 

TN-05

Page 132 of 639

LAY.010.011.0132



Experiment 4  Differing Incubation Styles. 
 
 

Experiment 4A-D. 

It was noticed that the 96well plates supplied by AB Gene (P/N AB-0796) do not seat 

properly on the heater tile.  A replacement part was requested to be custom made and is on 

order.  This was noticed in the installation of the robotics platform by PerkinElmer Liquid 

Handling Specialist Tanja Albers.  The current heater tile is suspected of giving reduced DNA 

yields in comparison to the expected yield with DNA IQ kit due to possible poor heat transfer.    

The Elution Buffer is added in order to release the DNA from the resin.  The efficiency of the 

elution hinges upon the temperature at which materials are heated.  If the sample is not heated 

sufficiently, the yields of DNA obtained will be lower than expected.  Experiments 4A-D are 

performed with incubations offline in an incubator and/or heat blocks in place of the heater 

tile. 

 

 

 

Experiment 4A. Manual Extraction with Final Incubation Performed Offline. 

 

Aim 

The aim of this experiment is to ensure optimal DNA yields from samples by performing the 

final 65ºC incubation stage offline in an incubator.  This experiment was performed manually 

by staff utilising the robotic heating tile and DPC shaker. 

 

Method 

The initial starting swab was cut off the shaft and cut into 6-8 pieces and placed into a 

microfuge tube.  Samples were extracted manually as per the protocol that was installed on 

the platform by PerkinElmer called DNA IQ 2-Magnet Casework Extraction Method. 

All pipetting steps (aspirating and dispensing) were performed offline on the bench by staff 

and the 96-well magnetic tile was also utilised by staff offline.  The heater tile on the robotic 

platform was used for the initial 56ºC incubation stage only and shaking steps were performed 

online using the DPC shaker.  The final 65ºC incubation for 15 minutes was performed offline 

in a Binder (Crown Scientific) incubator.  Gentle agitation was performed manually, 

approximately every 1-2mins for 5secs. 
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Experiment 5  Differing Lysis Solutions. 

 

Aim 

The Promega DNA IQ system kit is giving comparable DNA yields to the current extraction 

method in Forensic Biology using 5% Chelex.  Similar DNA yields are desirable for samples 

on the robotic platform.   

The aim of these experiments is to increase the automated DNA yields by replacing the 

extraction buffer with the lysis buffer in the DNA IQ kit as recommended by Tanja Albers 

from PerkinElmer. 

 

Method 

The extraction buffer utilised in the 2-magnet casework DNA extraction method was replaced 

with lysis buffer from the Promega DNA IQ systems.  The Promega method incubates the 

lysis buffer at 95ºC for 30mins where the PerkinElmer Robotics Systems incubates the 

Extraction buffer at 56ºC for 2 hours.  In this experiment both temperatures (95ºC and 65ºC) 

and time (30mins and 2 hours) variations were trialled with the Promega lysis buffer replacing 

the extraction buffer of the 2-magnet casework extraction method.  Volumes remained 

unchanged (300µl). 

 

 

Experiment 5A 65ºC Initial incubation for 30 minutes. 

 

Aim 

To establish whether the Promega DNA IQ lysis buffer will give greater DNA yields 

compared to the Extraction Buffer from the PerkinElmer MultiPROBE II method when 

incubated at 65ºC for 30minutes. 

 

Method 

The extraction method was fully automated on the MultiPROBE II with the newly designed 

heater tile from PerkinElmer.  The Promega DNA IQ lysis buffer replaced the PerkinElmer 

extraction buffer.  The initial starting swab was cut off the shaft into 6-8 pieces and placed 

into a microfuge tube.  The robotic platform performed all steps including pipetting, 

dispensing, mixing, shaking and incubating.  The normal 56ºC incubation in extraction buffer 

for 2 hours was replaced with the DNA IQ lysis buffer (containing DTT) incubated at 65ºC 
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Results 

From the results we can say that 100% accuracy was obtained where all samples were 

consistent with the expected profile.  In conclusion, the known starting profile at the initial 

step of the extraction process was the same profile obtained at the final elution stage of the 

extraction method when profiled. 

Two out of 114 profiles presented with weak partial profiles that were not reportable.  Both of 

these profiles were consistent with the known profile of the sample starting material. 

 

In concluding, we can be confident that the robot is reliable in all transfer stages of DNA 

extraction process. 
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Experiment 7  Contamination 
 

Experiment 7A  Checkerboards and Zebra Crossing Checks 

 

Aim 

The aim of this experiment is to ensure that the robotic platform does not cross contaminate 

any sample.  These contamination checks consisted of Zebra crossings (both horizontal and 

vertical) and Checkerboards runs.   

 

Method 

The MultiPROBE II was utilised to extract blank swabs and known profiles from staff blood 

samples.  Staff samples consisted of 10µl of EDTA blood aliquoted onto the sterile Copan 

swab.  All blank samples were plain sterile Copan swabs.  The swab heads were dissected into 

6-8 pieces and extracted using the 2-Magnet Casework Extraction method (65ºC incubation 

for 30 minutes in DNA IQ kit lysis buffer).  This experiment was repeated three times to 

ensure accuracy and consistency of the platform. 

 

All DNA extracts were quantitated using the Applied Biosystems Quantifiler™ Human DNA 

Quantification Kit (P/N 4343895) on the ABI Prism 7500 according to the current Forensic 

Biology Method (FBPCRS003).   

 

All DNA extracts were then profiled using the Applied Biosystems Profiler Plus Kit (P/N 

4303326) on the ABI Prism 3100 Genetic Analyser.  All results were interpreted using both 

Genotyper and GeneScan V3.7.1 software programs and uploaded onto the WADNA 

Database. 
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Checkerboard A 

Figure 14. An electropherogram representing a typical example of minimal contamination 
present in the original 2-Magnet Casework Extraction Method.  Maximum 
peak height is 35RFU. 

 

35RFU 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 15.  A representative example of a blank sample with no indication of any 

contamination being present. 
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Checkerboard B 

Figure 16. An electropherogram representing a typical example of minimal contamination 
present in the original 2-Magnet Casework Extraction Method.  Maximum 
peak height is 25RFU. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

25RFU 

 
 

Figure 17.  A representative example of a blank sample with no indication of any possible 
contamination being present. 
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Figure 21.  Electropherogram representing a Reagent Blank one extracted following a 
heavily blood stained extraction run.  The sample has a weak partial profile present <50RFU. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22.  Electropherogram representing a Reagent Blank two extracted following a 
heavily blood stained extraction run.  The sample has a weak partial profile present <50RFU. 
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Figure 23.  Electropherogram representing a Reagent Blank three extracted following a 
heavily blood stained extraction run.  The sample has a weak partial profile present <50RFU. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24.  Electropherogram representing a Reagent Blank four extracted following a 
heavily blood stained extraction run.  The sample has a weak partial profile present <50RFU. 
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Figure 25. An example of a Reagent Blank extract with no presence of contamination 
extracted following a heavily blood stained extraction run.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

The above results indicate that following extraction of heavily blood stained samples, no 

reportable DNA contamination is present.  Weak partial profiles are present, however they are 

all under the detectable threshold limits.   
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Experiment 8  Reproducibility and Yield 
 
Aim 

To determine if the same volume of input blood will give similar DNA yields and sample 

volumes on completion of the DNA extraction. 

 

Method 

Various volumes of EDTA blood from a known female staff member were aliquoted onto a 

sterile Copan swab (1µl, 5µl, and 10µl).  The swab heads were dissected into 6-8 pieces and 

extracted using the 2-Magnet Casework Extraction method (65ºC incubation for 30 minutes in 

DNA IQ kit lysis buffer).  Each extraction run consisted of 47 blood samples of the same 

volume of blood and one random blank sample to ensure accuracy and consistency of the 

platform.  Volumes of the final eluate were measure for all extracts to ensure final eluate 

reproducibility. 

 

All DNA extracts were quantitated using the Applied Biosystems Quantifiler™ Human DNA 

Quantification Kit (P/N 4343895) on the ABI Prism 7500 according to the current Forensic 

Biology Method (FBPCRS003).   

 

All DNA extracts were then profiled using the Applied Biosystems Profiler Plus Kit (P/N 

4303326) on the ABI Prism 3100 Genetic Analyser.  All results were interpreted using both 

Genotyper and GeneScan V3.7.1 software programs and uploaded onto the WADNA 

Database. 

 

 

Results 

Reproducibility and DNA Yields 

 

1µl EDTA blood 

From the 47 blood samples extracted, 43 extracts had full reportable profiles (91%), one had a 

9/10 partial profile and 3 were a weak partial profile with only 3 reportable loci (6%).  The 

expected profile was obtained for all samples. 
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The system becomes more efficient with samples containing less than 50ng of DNA, which 

can be seen in the results above, with 1µl blood samples having the lowest standard deviation 

results.   

 

For samples containing more than 100ng DNA then the Database protocol should have been 

used as the resin is saturated and the eluted DNA has a more consistent concentration between 

the samples.  This method was not analysed by Forensic Biology in this validation, which 

could explain some of the inconsistencies at the higher DNA concentrations. 
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Figure 27. DNA extract from a male staff sample with 50µl of EDTA blood aliquoted 
onto a Copan swab.  Total DNA concentration is 750ng. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28. DNA extract from a male staff sample with 100µl of EDTA blood aliquoted 

onto a Copan swab.  Total DNA concentration is 300ng. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 

The above results indicate that the maximum amount of DNA extracted using the 2-Magnet 

Casework Extraction on the MultiPROBE II is 750ng DNA with an average of 300ng of DNA 

from 50µl EDTA blood.  In 97% of all samples, profiles with 8 or greater reportable loci were 

obtained.  Less than 1% (3/90 samples) failed to amplify.    
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Full reportable DNA profiles were obtained for samples diluted down to 0.05µl of DNA 

(WCC=0.43 x109/L).   Partial profiles were obtained for samples diluted from 0.02µl down to 

0.01µl of EDTA blood.  Excluding one sample, full reportable profiles (10/10 profile) were 

obtained for all dilutions down to 0.05ng of blood.  Partial profiles were obtained for 0.02µl 

blood dilution and non-reportable profiles were obtained for 0.01µl whole blood. 

Kastle-Meyer (KM) testing for blood was performed on the 0.05µl of blood multiple times.  

All 10 KM testings for these samples was positive, with all results coming up instantly.  

 
 
Figure 29. 1µl of blood (neat) extracted using the MultiPROBE II. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30. 0.5µl of blood extracted using the MultiPROBE II. 
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Figure 31. 0.25µl of blood extracted using the MultiPROBE II. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32. 0.20µl of blood extracted using the MultiPROBE II. 
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Figure 33. 0.1µl of blood extracted using the MultiPROBE II. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34. 0.05µl of blood extracted using the MultiPROBE II. 
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Figure 35. 0.02µl of blood extracted using the MultiPROBE II. 
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Figure 36. 0.01µl of blood extracted using the MultiPROBE II. 
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Conclusion 

From the above results we can conclude that a full reportable profiles can consistently be 

obtained from as little as 430 WCC. 
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Figure 39. Electropherogram representing a 10-90µl mix of a male and female staff 
member. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40. Electropherogram representing a 20-80µl mix of a male and female staff 

member. 
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Figure 41. Electropherogram representing a 30-70µl mix of a male and female staff 
member. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 42. Electropherogram representing a 40-60µl mix of a male and female staff 

member. 
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Figure 43. Electropherogram representing a 50-50µl mix of a male and female staff 
member. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 44. Electropherogram representing a 60-40µl mix of a male and female staff 

member. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

TN-05

Page 179 of 639

LAY.010.011.0179



Figure 45. Electropherogram representing a 70-30µl mix of a male and female staff 
member. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 46. Electropherogram representing a 80-20µl mix of a male and female staff 

member. 
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Figure 47. Electropherogram representing a 90-10µl mix of a male and female staff 
member. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 48. Electropherogram representing a 100-0µl mix of a male and female staff 

member. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TN-05

Page 181 of 639

LAY.010.011.0181



Conclusion 

From the above results it can be seen that a mixture at a ratio of 10:90 and 20:80µl of blood, 

although is below the detectable limits, can visually still be seen in the electropherograms.  A 

mixed blood sample at 30:70µl ratio of blood is within the reportable range and can easily be 

detected. 
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Figure 49. Electropherogram representing a staff sample re-eluted following completion 
of an extraction run. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

The above results indicate that full reportable profiles can be obtained after the completion of 

an extraction run.  Therefore storage of a 96well plate is recommended and will allow re-

elution of an extract or extraction run in the event of post extraction problem such as post 

extraction contamination. 
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Figure 50. An electropherogram indicating a sample containing 5µl of blood that has been 
amplified after complete evaporation and re-elution has occurred.  A complete 
profile was obtained. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 51. An electropherogram indicating a sample containing 3µl of blood that has been 

amplified after complete evaporation and re-elution has occurred.  A complete 
profile was obtained. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

It is not desirable to perform DNA extraction runs overnight as the heat generated in the dust 

cover caused complete evaporation of the DNA extracts.  If for any reason sample extracts 

evaporate, then two thirds of the samples can be recovered with the addition of elution buffer.  

No contamination was seen in this experiment. 
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Promega talk – Dr David Grasso (Tuesday, 28 June 2005) 
 
Please note David Grasso is attempting to give us an electronic copy of his talk. 
 
SlicPrep 
▪ 96-well spin basket (basically 96 spin baskets glued together) to go into a 96-well deep 

plate – requires centrifugation. 
▪ Digestion (165uL) and spin positions (165uL + 500uL). 
▪ Lyse blood cards or buccal samples in the 96-well spin basket + deep-well plate, 

centrifuge to bring down DNA solution, put deep-well plate on robot (minus the spin 
basket). 

▪ Makes Differex amenable to automation. 
o Manual Differex: 90 mins including 60 mins Prot K digestion (37, 56ºC), 

depends on number of samples (more samples will increase processing time). 
o Automated Differex: 40 samples (80 fractions) in 120 mins (10 mins hands-

on). Use liquid sensing and barrier tips, ie program tips to go in at certain 
depth. 

o High-throughput with SlicPrep. 
o Compatible for use with phenol/chloroform. 
o Yellow dye in one of the buffers doesn’t inhibit STR PCR. 
 

Wizard SV96 Genomic (fixed solid phase) 
▪ SV = spin/vac; membrane columns. 
▪ 1 or 96 samples. 
▪ Manual or auto (some membrane clogging). 
▪ Easy, rapid, high yield at fixed cost per column. 
▪ Mainly used in research fields (eg tissue/cell). 
 
DNA IQ 
▪ Amenable to automation. 
▪ Use what you need – scalable; more sample/DNA: increase volume of resin. 
▪ Cost effective and most flexible. 
▪ Validated methods, used in forensics. Proven with Biomek 2000, PE and Tecan 

instruments. 
▪ Overloading can happen due to too much sample/biomass. 
▪ 7uL resin binds 100ng of DNA. 
▪ High efficiency, small samples. 
▪ Hair/tissue Prot K = removes material that competes with binding to resin.  
▪ To be efficient, should process ~>16 samples 
▪ Elution volume 25-100uL in strip tubes or polypropylene 96-well. 
▪ For blood samples: ~95uL (?), for >100uL you need to change the program. 
▪ For forensic usage, see Palm Beach County Sheriff’s Office (Julie Conover); 7th 

International Symposium, Wellington, NZ; Greenspoon paper. 
▪ For DNA normalisation, see Profiles in DNA on Biomek 2000 (but Biomek 3000 has 

different s/ware). 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc A/S, Roskilde, Denmark) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA, USA) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ Cytobrush® Plus Cell Collector (Cooper Surgical, Inc., Trumbull, CT, USA) 
▪ 0.9% saline solution (Baxter Healthcare, Old Toongabbie, NSW, Australia) 
▪ Stem digital tilting head thermometer 
▪ For mock samples: 

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

 

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 II 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 R2, 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 R2, 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 1000µL conductive tips, and Blowout mode only for 
the 175µL non-conductive tips and fixed tips.  
 
For the addition of resin, a specialised performance file was created based on the 
performance file for 175µL tips in blowout mode, except the “Blowout Volume” column 
values were set to 0 to allow pipetting performance that is similar to waste mode. Retesting 
was performed to confirm accurate and precise pipetting with these settings.  
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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 4ºC. 
 

5.3 Cell Collection 
Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). The donor 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 4ºC. 
 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. FTA™ cards were stored at room temperature. 
 

5.5 Heater tile temperature verification 
Heat tiles supplied with the MultiPROBE® II PLUS HT EX platforms were modified to accept 
the SlicPrep™ 96 Device.  For testing, 1mL 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 37ºC 
and 65ºC. Temperature readings for specific outer and inner wells (i.e. A1, A6, A12, D1, 
D6, D12, H1, H6, 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 IQ™ 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 IQ 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 IQ™ protocol was designed to mimic the validated manual method, 
with minor modifications. Briefly, the changes include: 

o Increasing the volume of Extraction Buffer to 500µL; 
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; 
o CRS toroid magnet (P/N 5083175) was used for isolating the DNA IQ™ resin. 
o Instead of a single elution of 100µL, a double elution method (2 x 50µL) is used. 
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Samples extracted using either amount of resin generated concordant full DNA profiles 
(18/18 alleles). Samples processed using the 14µL method produced peaks that were 
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 methods.  
 
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 300µL to 500µL 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 volume 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 IQ™ 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 300µL and 450µL tests. In all 
instances, allelic imbalance was greater than 69%. 
 
 
 

 
Table 7. DNA profile results for samples 
extracted using various volumes of 
Extraction Buffer, for 8 replicates. 

Extraction Buffer  
Volume (µL) 

Mean [DNA] 
(ng/µL) 

SD 

300 2.04 0.07 
350 2.16 0.09 
400 1.69 0.10 
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. 

Sample Extraction Buffer  
Volume (µL) 

DNA Profile 
Result 

300-1 swab 

300 

OK 
300-2 swab OK 
300-3 swab OK 
300-4 swab  OK 
300-5 swab  OK 
300-6 swab  OK 
300-7 swab  AI D13 
300-8 swab  OK 
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350-1 swab  

350 

OK 
350-2 swab  OK 
350-3 swab OK 
350-4 swab  OK 
350-5 swab  OK 
350-6 swab  OK 
350-7 swab  OK 
350-8 swab  OK 
400-1 swab  

400 

OK 
400-2 swab  OK 
400-3 swab  OK 
400-4 swab  OK 
400-5 swab OK 
400-6 swab  OK 
400-7 swab OK 
400-8 swab OK 
450-1 swab 

450 

OK 
450-2 swab  OK 
450-3 swab OK 
450-4 swab  OK 
450-5 swab OK 
450-6 swab  OK 
450-7 swab  AI vWA, D18 
450-8 swab  OK 
500-1 swab  

500 

OK 
500-2 swab  OK 
500-3 swab  OK 
500-4 swab  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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Project 13: Report on the Verification of automated Extraction 
Chemistry Kit/s using the MultiPROBE® II PLUS HT EX with 
Gripper™ Integration Case Work Platform 
 
Iman Muharam, Allan McNevin, Thomas Nurthen, Cathie Allen, Vanessa Ientile 
Automation Project, Forensic Biology QHSS (August 2006) 
 

1. Abstract 
The Extraction of forensic DNA samples within Forensic Biology QHSS is performed using 
the BioRad Chelex-100 process (company details). The extraction procedure is currently 
performed manually ??in 96-well format. We have verified the use of the MultiPROBE® II 
PLUS HT EX with Gripper™ Integration Case Work Platform to automatically to preform 
extractions in a 96-well plate format. Data indicate that results from the automated 
procedure are comparable to those from the manual procedure. Contamination checks 
were performed using samples prepared in checkerboard and zebra-stripe format, and 
results were as expected.  
 

2. Introduction 
The Queensland Government has allocated 11 million dollars to be spent over 3 years as 
part of the February 2004 “Law and Order” election commitment to clear the DNA backlog 
at QHSS. Forensic Biology QHSS has formulated a number of initiatives to address the 
backlog, including the recruitment of new scientific staff members, the refurbishment of 
existing laboratory space to enhance workflow efficiency, and the purchasing of additional 
instrumentation and equipment to improve efficiency and turn around times for DNA 
profiling.  
 
In October 2005, Forensic Biology decided to purchase four MultiPROBE® II PLUS HT EX 
with Gripper™ Integration platforms from PerkinElmer after an extensive tender evaluation 
process. The four platforms and their intended applications are tabulated below (Table 1). 
The PCR platforms were installed in Forensic Biology on 7 December 2005, while the 
extraction platforms were installed soon after on 3 January 2006. Installation was 
performed by Fraser Smith (PerkinElmer engineer) and training was delivered by Desley 
Pitcher (PerkinElmer Automated Liquid Handling Product Specialist). Forensic Biology’s 
purchase of the four platforms represents the largest automation project undertaken in a 
forensic biology facility within Australia. Whereas other Australian forensic laboratories 
have only purchased automated platforms with the view of automating specific steps within 
their DNA processing workflows, Forensic Biology QHSS aims to automate all DNA 
analysis steps from DNA extraction up to post-PCR setup and the analysis of data by 
expert systems.  
 
 
Table 1. The proposed functions of the four MultiPROBE® II platforms in Forensic Biology. 
Platform Function 
Extraction Platform A To extract and purify DNA from mainly reference or non-casework samples in the 

form of FTA cards, blood stains or cellular materials. 
Extraction Platform B To extract and purify DNA from mainly casework samples, originating from a 

variety of matrices and sample types. 
Pre-PCR i. To perform set-up of DNA quantitation using Quantifiler real-time quantitative 

PCR (Applied Biosystems, Foster City, CA, USA), involving the addition of 
reaction mastermix, DNA standards and controls, and extracted DNA 
samples, into a 96-well reaction plate.  

ii. To perform set-up of STR genotyping reactions using Profiler Plus® and 
COfiler® AmpFℓSTR® PCR (Applied Biosystems, Foster City, CA, USA), 
involving the addition of reaction mastermix, DNA controls, and extracted 
DNA samples, into a 96-well reaction plate. 

Post-PCR To perform the set-up of 96-well plates containing a sub-sample of amplified DNA 
(PCR products) for capillary electrophoresis using the ABI Prism 3100 Genetic 
Analyzer (ABI Foster City, CA, USA). 
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The MultiPROBE® II PLUS HT EX platform is a computer-controlled Cartesian X-Y-Z liquid 
handling system designed for the efficient automation of sample preparation. For the 
Forensic Biology platforms, liquid transfer is performed by an 8-tip system with VersaTip® 
and Varispan™ options, allowing the use of fixed and/or disposable tips, with variable 
probe spacing to access a wide variety of labware including microplates, tubes, vials and 
reagent containers. Each sample probe is capable of independent motion in the Z direction 
due to independent Z-drives. Accusense™ technology enables multichannel liquid level 
sensing using a capacitive mode of detection that also allows detection of low or non-ionic 
polar solutions and solvents. To perform pipetting, the platforms transfer liquid using a 
positive displacement of system liquid (nanopure H2O) driven by 8 individually-controlled 
syringes. The Gripper™ Integration platform (installed on all systems except the post-PCR 
instrument) allows relocation of labware across the deck and automated identification of 
labware via the scanning of barcodes. All platforms include the Expanded Left Extension 
deck to provide increased microplate tile capacity.  
 
Control of the platforms is performed via WinPrep® application software using pull-down 
menus and simple user prompts. The application interface includes a virtual representation 
of the platform deck and functions via drag-and-drop operations. Standard tests (programs) 
are created by performing three basic steps: placing labware on deck, creation of 
procedures, and linking labware to procedure operation steps. A library of standard labware 
definitions is available which allows labware to be placed anywhere on the deck without the 
need to define additional labware parameters. Additional labware can be added to the 
labware library to meet user-specific application requirements. New labware only needs to 
be defined once for unlimited future use. Data logs or audit reports are generated by the 
software for every test run. An Enhanced Security Option upgrade to the existing WinPrep® 
application software was purchased to enable individual log-in options and account 
restrictions. 
 

3. Aim 
To verify the performance of the MultiPROBE® II PLUS HT EX with Gripper™ Integration 
Platform (“Casework MP II”) to prepare extractions of forensic DNA samples. This includes 
a verification of the Casework MP II’s pipetting accuracy and precision, as determined 
colorimetrically and gravimetrically, and an assessment or comparison of the output data to 
the manual setup method. 
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (Casework) (PerkinElmer 

Life Sciences, Downers Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-

Toledo, Greifensee, Switzerland), PN 7601823 
▪ Tecan Spectra Reader (Tecan GmbH, Salzburg, Austria) 
▪ DNA IQ™ Kit – 400 samples (Promega) 
▪ 175μL Non – Conductive MP II sterile filter RoboRack tips (PerkinElmer) 
▪ 1000μL Conductive sterile filter Robotix tips (MBP) 
▪ Slicprep 96 device (Promega) 
▪ Nunc Bank-It tubes (Nunc) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ ABI Prism® 7100 SDS (Applied Biosystems, Foster City, CA, USA) 
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ ABI Prism® 96-well optical reaction plates (Applied Biosystems, Foster City, CA, USA)  
▪ For mock samples: 

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

▪ 3130 machine 
▪ BSD-duet ??? 
▪ Other general consumables were supplied by Analytical Section, Forensic Biology QHSS 
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5. Methods 

5.1. Gravimetric Evaluation of Pipetting Accuracy and Precision 
The Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-
Toledo, Greifensee, Switzerland), hereby referred to as the “gravimetric kit”, was purchased 
from PerkinElmer (PN 7601823) as an optional accessory upon recommendations made by 
Forensic Science South Australia staff members. The gravimetric kit consists of a 
SAG285/L balance and various accessories including a humidified chamber and software 
for integration with the WinPrep® software. All components were installed by a qualified 
PerkinElmer service engineer, and subsequently calibrated by a Mettler-Toledo engineer 
for NATA certification. A NATA certificate for the kit (Report Number Q0737-001-1) was 
produced on 13 March 2006. 
 
Gravimetric analysis is performed by placing the balance on the platform deck and 
instructing the MP II to repeatedly pipette certain volumes of system liquid onto the balance 
pan. Readings are taken automatically by the software and compiled into a results table, 
which is then used to automatically generate an Excel-based results chart containing mean, 
%CV and %inaccuracy values. The mean values obtained are used to calculate R2, slope 
and Y-intercept (offset) values to calibrate the system’s pipetting. 
 
The pipette tips required for use on the Extraction Platforms include 175µL non-conductive 
MPII sterile filter RoboRack tips, 1000µL conductive sterile Robotix tips and the Fixed tips 
of the MPII itself.  175µL tips are used for the purpose of removing reagents and the 
transfer of DNA sample.  The 1000µL tips were chosen for the purpose of removing 
supernatant and the fixed tips are used only for the addition of reagents. Pipetting 
performance was assessed for various volumes using the three different tips in order to 
calculate appropriate R2, 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 1000µL tips, and Blowout mode only for the 175µL 
and fixed tips. A specialised performance file was created for the addition of resin.  The 
performance file for the 175µL tips uses the already calibrated information of the Blowout 
mode, however the Blowout volume column values are set to 0, making it preform in a 
waste like mode. Retesting was performed to confirm accurate and precise pipetting with 
these settings.  
 

 
 

Figure 1. 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. 
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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 2.  
 
 
Table 2. Input values that are required for the various Balance Test Information parameters. 
Parameter(s) Value 
Volume 1 and Volume 2 For 175µL tips: 175, 100, 50, 15µL 

For 1000µL tips: 1000, 700, 400, 100µL 
For Fixed tips: 1000, 700, 400, 100µL 

Number of Replicates 10 
System Liquid Degassed Distilled Water 
Sample Type Distilled 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 File for the tip (175µL, 1000µL 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 http://www.simetric.co.uk/si_water.htm 
 
 
Pipetting accuracy and precision were examined at four different volumes for each tip size: 
175, 100, 50, 15µL for 175µL tips and 1000, 700, 400, 100µL for the 1000µL and Fixed 
tips. 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 to confirm 
accurate and precise pipetting.   In the case of the specialised 175µL Blowout performance 
file, only high and low volumes are tested as it uses the settings from the original 175µL 
Blowout performance file. 

 

5.2. Contamination Check via Checkboard and Zebra-stripe Patterns using Quantifiler 
Assays 

Three sample types were chosen to create the contamination check plates: Blood FTA, Cell 
FTA and Blank FTA.  Blood samples were created by obtaining blood from 2 donors 
(DJC/VKI) by a phlebotomist as per normal in three 4ml EDTA vials.  A small volume of this 
blood was “clothed” or spotted onto Whatman FTA paper and allowed to dry overnight 
before sampling.  Cells were collected from two 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 paper to transfer the DNA.  Blank FTA samples were created using clean, 
unused FTA paper free from any kind of sample or reagent.  Using the BSD duet machine, 
2 3.2mm spots were punched directly into the Slicprep 96 device in either the checkerboard 
or zebra stripe pattern (see figure 2 a and 2 b for a representation of the sample 
arrangement).  One checkerboard and one zebra stripe plated was punched per Extraction 
platform. 
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Figure 3. Test Outline for the automated 
setup of the Extraction program using 
the Extraction MP II’s. 

 
 
 

 
 

Figure 4. The WinPrep® virtual deck view displaying the necessary labware required to perform 
automated Extraction test file (Extraction Platform A deck view).  

 

5.3. Verification of the Automated Extraction Chemistry Protocol 
Comparisons were made between results generated by the automated and manual 
methods to verify the performance of the automated Extraction Chemistry setup protocol.  
 
Verification samples consisted of different dilutions of blood and cells spotted in 30ul 
aliquots onto quartered cotton and rayon swabs.  Four blood dilutions of neat, 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 neat 
sample and 0.9% saline for both sample types.  Four replicates of each dilution were made 
up for each substrate and sample type.  The cells used in this verification were collected 
using a cytobrush method where the donor used a cytobrush for one minute to “swab” the 
inside of one cheek.  Once each cheek was swabbed, the cells on the brush were 
suspended in 2ml of 0.9% saline.  The blood was collected using the same method as in 
5.2.  4 separate extractions were performed for the manual set: Blood Rayon, Blood 
Cotton, Cell Rayon and Cell Cotton.  For the automated verification, all sample types were 
extracted together after being transferred to a Slicprep 96 device for processing on the 
Extraction Platform B.  

6. Results and Discussion 
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6.1. Gravimetric Evaluation of Pipetting Accuracy and Precision 
Pipetting performance of the various tip types and pipetting modes at the highest and 
lowest volumes tested are outlined in Table 4. The individual Performance Files required 
for each combination of pipette size and pipetting mode are presented in Table 5. 
 
 
 
 
Table 4. Pipetting performance for 25μL and 175μL Conductive MP II sterile filter RoboRack tips 
under Blowout and Waste modes. 

Tip Type Volume Blowout Mode Waste Mode 

25μL Conductive MP II 
sterile filter RoboRack 

25µL Mean (µL) 24.96 

Not tested 

 CV (%) 0.72 

 Inaccuracy (%) 0.15 

2µL Mean (µL) 2.06 

 CV (%) 6.53 

 Inaccuracy (%) 2.91 

175μL Conductive MP II 
sterile filter RoboRack 

175µL Mean (µL) 174.90 Mean (µL) 175.13 
 CV (%) 0.35 CV (%) 1.57 
 Inaccuracy (%) 0.06 Inaccuracy (%) 0.07 

15µL Mean (µL) 15.19 Mean (µL) 15.31 

 CV (%) 0.90 CV (%) 5.84 

 Inaccuracy (%) 1.25 Inaccuracy (%) 2.08 

 
 
 
 
 
 
Table 5. Calibrated slope and offset values for individual pipette types under different pipetting 
modes. 

Tip Size Pipetting 
Mode Performance File Slope Offset  

(Y-intercept) R2 Pipetting 
Range (μL) 

25μL Conductive 
MPII sterile filter 
RoboRack 

Blowout WaterBlowout 25 ul 
DT_FW_QHSS_11042006.prf 0.962803 -0.390539 0.999915 1-25 

175μL Conductive 
MPII sterile filter 
RoboRack 

Blowout WaterBlowout 175 ul 
DT_FW_QHSS_21032006.prf 0.978905 -1.082636 0.999991 15-175 

175μL Conductive 
MPII sterile filter 
RoboRack 

Waste WaterWaste 175 ul 
DT_FW_QHSS_27032006.prf 0.974194 -1.246471 0.999971 15-175 

 
 
 
 
Screenshots of the final Performance Files with pipetting performance sets and calibrated 
slope and offset values are presented in Figures 5, 6, and 7. 
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Figure 5. Performance File Global Parameters for the 25µL Conductive MPII sterile filter RoboRack 
tips under Blowout Mode. 
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Figure 6. Performance File Global Parameters for the 175µL Conductive MPII sterile filter RoboRack 
tips under Blowout Mode. 
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Figure 7. Performance File Global Parameters for the 175µL Conductive MPII sterile filter RoboRack 
tips under Waste Mode. 
 
 
 
 
 
 
Initial pipetting performance at low volumes (1 and 2μL) using the 25μL tips was 
considered substandard due to the observation of sporadic “zero” volumes, where liquid did 
not appear to be pipetted and this error was not detected by the Pre-PCR MP II. This 
observation occurred at a frequency of at least once per 96-well plate. Discussions were 
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made with colleagues at Forensic Science South Australia (Mark Webster and Chris 
Hefford). It was put forward that the dispense height is a critical factor for low volume 
pipetting, and dispensing approximately 1.5mm above the liquid surface allows the expelled 
liquid to form a drop at the end of the tip which touches the liquid surface, whereby surface 
tension is then able to pull the drop off the tip. Based on these findings, the “Submerge 
before dispense (mm)” parameter was changed from 0 to -1.5 (Figure 5). The double 
negative value results in a dispense height 1.5mm above the liquid surface. This 
adjustment significantly enhanced pipetting performance at low volumes. To further ensure 
total delivery of all pipette tip contents, the Performance Set for each Performance File was 
also adjusted and tested to maximise pipetting accuracy/precision while maintaining 
minimal drip formation and cross-contamination risks.  
 

6.2.  Colorimetric Evaluation of Pipetting 
Results for pipetting performance over a range of serial dilutions as determined via 
colorimetric detection are outlined below in Table 6. 
 
 
 

Table 6. Results of colorimetric assays to assess pipetting performance. 

Plate ID Pipetting mode Absolute Relative 

607* Blowout %CV 13.65 %CV 6.79 

  %Inacc 12.12 %Inacc 2.12 

  R2 0.99890    

608* Blowout %CV 18.80 %CV 11.73 

  %Inacc 2.92 %Inacc 0.27 

  R2 0.99852    

609* Waste %CV 10.63 %CV 9.23 

  %Inacc 13.18 %Inacc 4.22 

  R2 0.99966    

622† Blowout %CV 3.14 %CV 1.63 

  %Inacc 4.22 %Inacc 1.92 

  R2 1.00000    

623† Waste %CV 5.88 %CV 2.25 

  %Inacc 7.51 %Inacc 3.13 

  R2 0.99993    

* Plate consists of ten serial dilutions at 1:2. 
† Plate consists of four serial dilutions at 1:2 → 1:5 → 1:5 → 1:5 in tandem. 

 
 
 

6.3. Contamination Check via Checkboard and Zebra-stripe Patterns using Quantifiler 
Assays 

The same sets of High and Low female control gDNA, Promega 25ng/µL gDNA, water 
blanks and DNA standards were used for both plates. The Promega 25ng/µL gDNA was 
purposely diluted to this concentration as splashback or carryover of 1µL from a well 
containing Promega 25ng/µL DNA into a well containing water blank would result in 
detectable contamination at the level of 0.04ng/µL. Carryover of 0.117µL would result in 
contamination at the lower limit of detection (0.00467ng/µL) as previously established by in-
house validation of the Quantifiler system (Hlinka et al., 2006). This value is similar to the 
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concentration of detectable background readings that are known to occur in Quantifiler 
reagents (Applied Biosystems, 2005 [letter]). 
 
All wells in the checkerboard pattern exhibited results as expected. Quantitation of 
Promega 25ng/µL gDNA resulted in concentration values equal to or greater than 25ng/µL 
(mean 30.65ng/µL, SD 3.65ng/µL). All of the reaction controls showed expected values and 
amplification was not detected in any of the water blank reactions. 
 
The zebra-stripe layout displayed expected results for all controls and Promega 25ng/µL 
gDNA. The majority of water blank reactions did not result in amplification, however a small 
number of reactions yielded low concentration values as presented in Table 7 below. 
 
 

Table 7. Water blank reactions that displayed 
amplification in the zebra-stripe pattern plate 1 (run 
ID: QUACWZebra).  

Sample ID Well Quantifiler value (ng/µL) 
Water_20 D7 0.000233 
Water_5 E3 0.000124 
Water_29 E9 0.00724 
Water_14 F5 0.00192 

 
 
The whole test was repeated and only the following reaction provided a DNA concentration 
value:                      
 
 

Table 8. Water blank reactions that displayed 
amplification in the zebra-stripe pattern plate 2 (run 
ID: QUACWZebra2). 

Sample ID Well Quantifiler value (ng/µL) 
Water_29 E9 0.00590 

 
 
Water_29 provided similar concentration values across two different Quantifiler runs. It was 
suspected that this tube may contain a DNA contaminant. The Water_29 sample (620µL of 
water) was given a DNA # ID (94355) and concentrated using a Microcon-100 device as 
per the in-house protocol (QIS 19544). Briefly, 500µL of the sample was transferred into a 
fresh tube and centrifuged for 6mins at 500g. The remaining 120µL was further transferred 
to this tube and centrifuged for 6mins at 500g. The Microcon-100 column containing 
concentrated DNA was inverted into a new tube and centrifuged for 3mins at 1000g. The 
retentate (approx 260µL) was concentrated in a fresh Microcon-100 filter for 12mins at 
500g. The filter was inverted and centrifuged for 3mins at 1000g. The final concentrate 
(45µL) was quantified in duplicate using the Quantifiler kit (run ID QF#748, setup manually) 
and resulted in undetermined concentration values (0ng/µL). The concentrated sample was 
amplified using the AmpFℓSTR® Profiler Plus® kit at 20µL in a 50µL reaction (run ID 
CW#1184), which resulted in an NSD profile. It appears that the presumed contaminant 
present in the concentrated Water_29 sample was either too low in concentration and could 
not result in a detectable Quantifiler result or DNA profile, or the initial detected 
concentration values were the result of detectable background inherently present in the 
Quantifiler reagents (Applied Biosystems, 2005 [letter]). 
 
The contamination check in zebra-stripe pattern was repeated using sterile molecular grade 
Sigma Water (Sigma-Aldrich Corp., St. Louis, MO, USA; Catalogue Number W4502, lot 
number 83K2357). All controls and Promega 25ng/µL DNA showed expected results. The 
majority of water blank reactions did not result in amplification, but four samples yielded low 
concentration values as per Table 9 below.  
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were 0.0374ng/µL (auto) and 0.0455ng/µL (manual), for sample ID 228675715 (DJC mouth 
swab) and 228675706 (DJC mouth swab) respectively. The corresponding manual or auto 
results for these samples were 0.0499ng/µL and 0.0409ng/µL respectively, accounting for a 
difference of 0.0129ng/µL (~25.0%) and 0.0046ng/µL (~10.1%). The low DNA 
concentration of these samples contribute to stochastic effects during the real-time QPCR 
DNA quantitation process, reflected in the differences in results between the automated 
and manual quant setup procedures. 
 
Overall, the maximum quant difference observed was 67.4% for sample ID 129466814 
(MMH blood swab), with a maximum quant value of 0.385ng/µL (auto) and a minimum of 
0.230ng/µL (manual). The manual result was checked by repeating the quantitation assay 
manually (DNA # ID 102305, run ID QF#873), to yield a concentration of 0.397ng/µL, 
yielding a revised difference value of 1.2%. The lower quantitation result obtained 
previously using the manual Quantifiler setup protocol most likely reflects the occurrence of 
pipetting error. The minimum quant difference observed was -41.2% for sample ID 
228675056 (PAC blood swab), with a maximum quant value of 0.422ng/µL (manual) and a 
minimum of 0.248ng/µL (auto). 
 
A comparison of standard curve parameter values that are observed after manual or 
automated setup of Quantifiler assays is outlined in Table 11 below. In both runs, the 
automated plate displayed Y-intercepts that were closer to the mean of 28.011482. The Y-
intercept differences from the mean for the automated plates were 0.13081 and 0.035412 
for the first and second runs respectively, compared to the manual values of 0.220831 and 
0.362122. The R2 values for the automated plates were closer to 1 compared to the manual 
plate results. Although these results suggest that the standard curve parameters from the 
automated plates appear to out-perform those from the manual plates, a calculation of 
statistical significance cannot be performed due to limited data.  
 
 
 

Table 11. Comparison of standard curve parameter values between manual and automated 
Quantifiler plates. 

Run ID: QUACW20060419_01 QUACW20060419_02 
Parameter Threshold Manual 

Result 
Auto 

Result 
Manual 
Result 

Auto 
Result 

Slope -2.9 to -3.3 -3.037914 -3.176350 -3.190838 -3.168825 
Y-Intercept* 27.655034 - 28.367930 28.232313 28.142292 28.373604 28.046894 
R2 ≥0.98 0.995921 0.998229 0.992763 0.996018 

*Y-intercept range at 2SD. 
 
 
No amplified product was detected in the reagent blank reactions. Samples that did not 
contain sufficient DNA were undetermined on both the automated and manual plates, 
indicating reproducibility and consistency in results. This also indicates that the automated 
procedure does not introduce contamination into the DNA samples.  
 
 
 

7. Summary 
 
Results indicate that the automated setup of the Quantifiler assay for the purposes of 
quantifying forensic DNA samples is comparable in performance and reproducibility to the 
current manual setup.  
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Project 13: Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Iman Muharam, Vojtech Hlinka, Breanna Gallagher, Cecilia Iannuzzi, Generosa Lundie, Thomas Nurthen, 
Vanessa Ientile 
Automation/LIMS Implementation Project, DNA Analysis FSS (April 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 IQ™ protocol in 96-well format for use on the 
MultiPROBE® II PLUS HT EX FORENSIC WORKSTATION platforms. Data indicate that results 
from the automated procedure are comparable 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 
MultiPROBE® II PLUS platforms to perform automated DNA extraction using the DNA IQ™ 
system. 
 

2. Introduction 
The MultiPROBE® II PLUS HT EX FORENSIC WORKSTATION platforms are equipped to 
perform automated DNA extractions, as they include a DPC shaker and individual heat 
controllers to enable on-board lysis and incubation steps. Currently in DNA Analysis, the 
MultiPROBE® platforms allow walk-away operation of PCR setup protocols for DNA 
quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 IQ™ protocol which was based on the CFS automated protocol (PerkinElmer, 
2004), followed by verification of an automated protocol. 
 
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 in Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) in the presence 
of Proteinase 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 polyester. In addition, the automated 
protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) for 
simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (MBP) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ For mock samples: 

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

 
 

5. Methods 

5.1 Automated DNA IQ™ Protocol 
as 

5.2 Contamination Check via Checkboard and Zebra-stripe Patterns using Quantifiler 
Assays 

Three sample types were chosen to create the contamination check plates: Blood FTA, Cell 
FTA and Blank FTA.  Blood samples were created by obtaining blood from 2 donors 
(DJC/VKI) by a phlebotomist as per normal in three 4ml EDTA vials.  A small volume of this 
blood was “clothed” or spotted onto Whatman FTA paper and allowed to dry overnight 
before sampling.  Cells were collected from two 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 paper to transfer the DNA.  Blank FTA samples were created using clean, 
unused FTA paper free from any kind of sample or reagent.  Using the BSD duet machine, 
2 3.2mm spots were punched directly into the Slicprep 96 device in either the checkerboard 
or zebra stripe pattern (see figure 2 a and 2 b for a representation of the sample 
arrangement).  One checkerboard and one zebra stripe plated was punched per Extraction 
platform. 
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  9Plex               
  1 2 3 4 5 6 7  
A 0.0358 0.0000 0.001440 0.000000 0.012800 0.000000 0.016500 0.0000  
B 0.0184 0.0000 0.032800 0.000000 0.037700 0.000000 0.013700 0.0000  
C 0.0212 0.0000 0.000000 0.000000 0.012100 0.000000 0.008350 0.0000  
D 0.0324 0.0000 0.025900 0.000000 0.016900 0.000000 0.003010 0.0000  
E 0.0175 0.0000 0.020000 0.000000 0.026700 0.000000 0.010600 0.0000  
F 0.0282 0.0000 0.025400 0.000000 0.028700 0.000000 0.039800 0.0000  
G 0.0144 0.0000 0.017800 0.000000 0.019100 0.000000 0.036200 0.0000  
H 0.0348 0.0000 0.002230 0.000000 0.009310 0.000000 0.006010 0.0000  
                  
  9FTAR               
  1 2 3 4 5 6 7  
A 0.0534 0.0000 0.015700 0.000000 0.067500 0.000000 0.109000 0.0000  
B 0.0444 0.0000 0.037600 0.000000 0.047300 0.000000 0.055500 0.0000  
C 0.0426 0.0000 0.054800 0.000000 0.043100 0.000000 0.001140 0.0000  
D 0.0386 0.0000 0.046600 0.000000 0.079200 0.000000 0.014700 0.0000  
E 0.0525 0.0000 0.054500 0.000000 0.043200 0.000000 0.042000 0.0000  
F 0.0273 0.0000 0.048100 0.000000 0.086800 0.000000 0.022500 0.0000  
G 0.0408 0.0000 0.070800 0.000000 0.068900 0.000000 0.006870 0.0000  
H 0.0566 0.0000 0.031100 0.000000 0.079300 0.000000 0.045600 0.0000  

 
 
 

6.3 Verification of the Automated Extraction Protocol 
 
 
 

7. Summary 
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Project 13: Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C.   
Automation/LIMS Implementation Project, DNA Analysis FSS (April 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 IQ™ protocol in 96-well format for use on the 
MultiPROBE® II PLUS HT EX FORENSIC WORKSTATION platforms. Data indicate that results 
from the automated procedure are comparable 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 
MultiPROBE® II PLUS platforms to perform automated DNA extraction using the DNA IQ™ 
system. 
 

2. Introduction 
The MultiPROBE® II PLUS HT EX FORENSIC WORKSTATION platforms are equipped to 
perform automated DNA extractions, as they include a DPC shaker and individual heat 
controllers to enable on-board lysis and incubation steps. Currently in DNA Analysis, the 
MultiPROBE® platforms allow walk-away operation of PCR setup protocols for DNA 
quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 IQ™ protocol which was based on the CFS automated protocol (PerkinElmer, 
2004), followed by verification of an automated protocol. 
 
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 in Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) in the presence 
of Proteinase 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 polyester. In addition, the automated 
protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) for 
simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (MBP) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ For mock samples: 

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

 
 

5. Methods 

5.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
The Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-
Toledo, Greifensee, Switzerland), hereby referred to as the “gravimetric kit”, was purchased 
from PerkinElmer (PN 7601823) as an optional accessory upon recommendations made by 
Forensic Science South Australia staff members. The gravimetric kit consists of a 
SAG285/L balance and various accessories including a humidified chamber and software 
for integration with the WinPrep® software. All components were installed by a qualified 
PerkinElmer service engineer, and subsequently calibrated by a Mettler-Toledo engineer 
for NATA certification. A NATA certificate for the kit (Report Number Q0737-001-1) was 
produced on 13 March 2006. 
 
Gravimetric analysis is performed by placing the balance on the platform deck and 
instructing the MP II to repeatedly pipette certain volumes of system liquid onto the balance 
pan. Readings are taken automatically by the software and compiled into a results table, 
which is then used to automatically generate an Excel-based results chart containing mean, 
%CV and %inaccuracy values. The mean values obtained are used to calculate R2, slope 
and Y-intercept (offset) values to calibrate the system’s pipetting. 
 
The pipette tips required for use on the Extraction Platforms include 175µL non-conductive 
MPII sterile filter RoboRack tips, 1000µL conductive sterile Robotix tips and the Fixed tips 
of the MPII itself.  175µL tips are used for the purpose of removing reagents and the 
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Performance File The appropriate Performance File for the tip (175µL, 1000µL 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 http://www.simetric.co.uk/si_water.htm 
 
 
Pipetting accuracy and precision were examined at four different volumes for each tip size: 
175, 100, 50, 15µL for 175µL tips and 1000, 700, 400, 100µL for the 1000µL and Fixed tips. 
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 to confirm 
accurate and precise pipetting.   In the case of the specialised 175µL Blowout performance 
file, only high and low volumes are tested as it uses the settings from the original 175µL 
Blowout performance file. 
 

5.2 Blood Collection 
Blood samples were created by obtaining blood from 2 staff donors (DJC/VKI) by a 
phlebotomist as per normal in three 4mL EDTA vials. 

5.3 Cell Collection 
The cells used in this verification were collected using a cytobrush method where the donor 
used a cytobrush for one minute to “swab” the inside of one cheek.  Once each cheek was 
swabbed, the cells on the brush were suspended in 2mL of 0.9% saline. 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. 

5.5 Automated DNA IQ™ Protocol 
as 

5.6 Contamination Check via Checkerboard and Zebra-stripe Patterns  
 
Three sample types were chosen to create the contamination check plates: Blood FTA, Cell 
FTA and Blank FTA.   
A small volume of collected blood was “clothed” (or spotted) onto Whatman FTA™ paper 
and allowed to dry overnight before sampling.    Blank FTA samples were created using 
clean, unused FTA™ paper free from any kind of sample or reagent.  Using the BSD 600 
duet machine, two 3.2mm spots were punched directly into the SlicPrep 96 device in either 
the checkerboard or Zebra-stripe pattern (see figure 2a and 2b for a representation of the 
sample arrangement).  One checkerboard and one Zebra-stripe plate was punched per 
Extraction platform. 
 
A total of five contamination plates were extracted between both extraction platforms.  
Three checkerboard and two Zebra-Stripe plates. It was noted during the creation of one of 
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5.8 Verification of the Automated Extraction Chemistry Protocol 
Comparisons were made between results generated by the automated and manual 
methods to verify the performance of the automated Extraction Chemistry setup protocol.  
 
Verification samples consisted of different dilutions of blood and cells spotted in 30L 
aliquots onto quartered cotton and rayon swabs.  Four blood dilutions of neat, 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 neat 
sample and 0.9% saline for both sample types.  Four replicates of each dilution were made 
up for each substrate and sample type.   
  
The blood was collected using the same method as in 5.2.  4 separate extractions were 
performed for the manual set: Blood Rayon, Blood Cotton, Cell Rayon and Cell Cotton.  For 
the automated verification, all sample types were extracted together after being transferred 
to a Slicprep 96 device for processing on the Extraction Platform B.  
 

5.9 Resin Volume 
▪ 7 L 
▪ 14 L 

 

5.10 Extraction volume 
▪ 300 L 
▪ 350 L 
▪ 400 L 
▪ 450 L 
▪ 500 L 

5.11 Sensitivity 
Fbot262 

6. Results and Discussion 
 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
 
 
 
 
 
 
 
 
 

6.2 Contamination Check via Checkerboard and Zebra-stripe Patterns results 
Table 1 below lists the extraction batch id of the checkerboards and their outcomes. 
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Table 2 

Type of plate Extraction batch Id Extraction 
Platform 

Check 
passed 

Checkerboard-1 VALB20070817 02 Extraction A Invalidated 
Checkerboard-2 VALB20070803 02 Extraction B Yes 
Checkerboard/Zebra VALB20071022 01 Extraction Yes 
Zebra-Stripe-1 VALB20070803 03 Extraction A Yes 
Zebra-Stripe-2 VALB20070817 03 Extraction B Yes 
 
 
 
Checkerboard1- 
Position E3 (Sample Cells 6) was known to have been contaminated prior to start of the 
extraction.  The DNA profile obtained confirmed this mixtures origin was formed from the 
expected donors.  See figure X.  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 and G7) all exhibited a partial DNA profile previously unknown.  This profile 
did not match any of the positive samples present on the batch.  The profile was searched 
against the Staff database and no matches found.   
None of the other blank samples yielded any DNA profile. The rest of the cell and blood 
samples yielded the correct DNA profile. Although there is no evidence of well to well 
contamination was observed; the unknown profile obtained has invalidated this plate.  A 
further checkerboard/Zebra-Stripe combination plate was performed to ensure… 
 
 
Table 3-Unknown profile obtained 

Sample 
description 

D3 vWA FGA Amel D8 D21 D18 D5 D13 D7 

Blk23-E6 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk25-B7 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12  
Blk15-E4 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk14-C4 14,17          
Blk20-H5           
Blk3-F1           
Blk10-D3           
Blk37-A10           
Cells19-B10 14,17 14,17 20,21,22,24 X,Y 11,13,16 29,30, 14,15,16 11,15 11,12 11,11 
Cells13-A1           
Blood14-G7           
Blood8-F4           
           
           

   
Checkerboard 2 –  
None of the blank samples yielded DNA profiles, all of the positive cell and positive blood 
samples yielded the correct DNA profile, see Figure 4. 
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  9Plex                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0358 0.0000 0.001440 0.000000 0.012800 0.000000 0.016500 0.000000 0.009840 0.000000 0.005540 0.000000 
B 0.0184 0.0000 0.032800 0.000000 0.037700 0.000000 0.013700 0.000000 0.034600 0.000000 0.026500 0.000000 
C 0.0212 0.0000 0.000000 0.000000 0.012100 0.000000 0.008350 0.000000 0.021700 0.000000 0.074200 0.000000 
D 0.0324 0.0000 0.025900 0.000000 0.016900 0.000000 0.003010 0.000000 0.024800 0.000000 0.046000 0.000000 
E 0.0175 0.0000 0.020000 0.000000 0.026700 0.000000 0.010600 0.000000 0.034700 0.000000 0.033300 0.000000 
F 0.0282 0.0000 0.025400 0.000000 0.028700 0.000000 0.039800 0.000000 0.025700 0.000000 0.047100 0.000000 
G 0.0144 0.0000 0.017800 0.000000 0.019100 0.000000 0.036200 0.000000 0.069900 0.000000 0.029200 0.000000 
H 0.0348 0.0000 0.002230 0.000000 0.009310 0.000000 0.006010 0.000000 0.020200 0.000000 0.031600 0.000000 
                          
  9FTAR                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0534 0.0000 0.015700 0.000000 0.067500 0.000000 0.109000 0.000000 0.093500 0.000000 0.051000 0.009600 
B 0.0444 0.0000 0.037600 0.000000 0.047300 0.000000 0.055500 0.000000 0.076100 0.000000 0.076800 0.000000 
C 0.0426 0.0000 0.054800 0.000000 0.043100 0.000000 0.001140 0.000000 0.066200 0.000000 0.079300 0.000000 
D 0.0386 0.0000 0.046600 0.000000 0.079200 0.000000 0.014700 0.000000 0.093700 0.000000 0.087900 0.000000 
E 0.0525 0.0000 0.054500 0.000000 0.043200 0.000000 0.042000 0.000000 0.113000 0.000000 0.050500 0.000000 
F 0.0273 0.0000 0.048100 0.000000 0.086800 0.000000 0.022500 0.000000 0.102000 0.000000 0.044300 0.000000 
G 0.0408 0.0000 0.070800 0.000000 0.068900 0.000000 0.006870 0.000000 0.075700 0.000000 0.047300 0.000000 
H 0.0566 0.0000 0.031100 0.000000 0.079300 0.000000 0.045600 0.000000 0.066900 0.000000 0.050300 0.000000 
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6.3 Verification of the Automated Extraction Protocol 
 
 
 

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 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 
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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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% SDS) in the 
presence of Proteinase 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (MBP) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ For mock samples: 

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

 
 

5. Methods 

5.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
The Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-
Toledo, Greifensee, Switzerland), hereby referred to as the “gravimetric kit”, was purchased 
from PerkinElmer (PN 7601823) as an optional accessory upon recommendations made by 
Forensic Science South Australia staff members. The gravimetric kit consists of a 
SAG285/L balance and various accessories including a humidified chamber and software 
for integration with the WinPrep® software. All components were installed by a qualified 
PerkinElmer service engineer, and subsequently calibrated by a Mettler-Toledo engineer 
for NATA certification. A NATA certificate for the kit (Report Number Q0737-001-1) was 
produced on 13 March 2006. 
 
Gravimetric analysis is performed by placing the balance on the platform deck and 
instructing the MP II to repeatedly pipette certain volumes of system liquid onto the balance 
pan. Readings are taken automatically by the software and compiled into a results table, 
which is then used to automatically generate an Excel-based results chart containing mean, 
%CV and %inaccuracy values. The mean values obtained are used to calculate R2, slope 
and Y-intercept (offset) values to calibrate the system’s pipetting. 
 
The pipette tips required for use on the Extraction Platforms include 175µL non-conductive 
MPII sterile filter RoboRack tips, 1000µL conductive sterile Robotix tips and the fixed tips of 
the MPII itself.  The 175µL tips are used for the purpose of removing reagents and the 
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Performance File The appropriate Performance File for the tip (175µL, 1000µL 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 http://www.simetric.co.uk/si_water.htm 
 
 
Pipetting accuracy and precision were examined at four different volumes for each tip size: 
175, 100, 50, 15µL for 175µL tips and 1000, 700, 400, 100µL for the 1000µL and Fixed tips. 
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. In the case of the specialised 175µL 
Blowout performance file, only high and low volumes are tested as it uses the settings from 
the original 175µL Blowout performance file. 
 

5.2 Blood Collection 
Blood samples were created by obtaining blood from 2 staff donors (DJC/VKI) by a 
phlebotomist as per normal in three 4mL EDTA vials. 

5.3 Cell Collection 
The cells used in this verification were collected using a cytobrush method where the donor 
used a cytobrush for one minute to “swab” the inside of one cheek.  Once each cheek was 
swabbed, the cells on the brush were suspended in 2mL of 0.9% saline. 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. 

5.5 Automated DNA IQ™ Protocol 
as 

5.6 Contamination Check via Checkerboard and Zebra-stripe Patterns  
 
Three sample types were chosen to create the contamination check plates: Blood FTA, Cell 
FTA and Blank FTA.   
A small volume of collected blood was “clothed” (or spotted) onto Whatman FTA™ paper 
and allowed to dry overnight before sampling.    Blank FTA samples were created using 
clean, unused FTA™ paper free from any kind of sample or reagent.  Using the BSD 600 
duet machine, two 3.2mm spots were punched directly into the SlicPrep 96 device in either 
the checkerboard or Zebra-stripe pattern (see figure 2a and 2b for a representation of the 
sample arrangement).  One checkerboard and one Zebra-stripe plate was punched per 
Extraction platform. 
 
A total of five contamination plates were extracted between both extraction platforms.  
Three checkerboard and two Zebra-Stripe plates. It was noted during the creation of one of 
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5.8 Verification of the Automated Extraction Chemistry Protocol 
Comparisons were made between results generated by the automated and manual 
methods to verify the performance of the automated Extraction Chemistry setup protocol.  
 
Verification samples consisted of different dilutions of blood and cells spotted in 30L 
aliquots onto quartered cotton and rayon swabs.  Four blood dilutions of neat, 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 neat 
sample and 0.9% saline for both sample types.  Four replicates of each dilution were made 
up for each substrate and sample type.   
  
The blood was collected using the same method as in 5.2.  4 separate extractions were 
performed for the manual set: Blood Rayon, Blood Cotton, Cell Rayon and Cell Cotton.  For 
the automated verification, all sample types were extracted together after being transferred 
to a Slicprep 96 device for processing on the Extraction Platform B.  
 

5.9 Resin Volume 
▪ 7 L 
▪ 14 L 

 

5.10 Extraction volume 
▪ 300 L 
▪ 350 L 
▪ 400 L 
▪ 450 L 
▪ 500 L 

5.11 Sensitivity 
Fbot262 

6. Results and Discussion 
 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
 
 
 
 
 
 
 
 
 

6.2 Contamination Check via Checkerboard and Zebra-stripe Patterns results 
Table 1 below lists the extraction batch id of the checkerboards and their outcomes. 
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Table 2 

Type of plate Extraction batch Id Extraction 
Platform 

Check 
passed 

Checkerboard-1 VALB20070817 02 Extraction A Invalidated 
Checkerboard-2 VALB20070803 02 Extraction B Yes 
Checkerboard/Zebra VALB20071022 01 Extraction Yes 
Zebra-Stripe-1 VALB20070803 03 Extraction A Yes 
Zebra-Stripe-2 VALB20070817 03 Extraction B Yes 
 
 
 
Checkerboard1- 
Position E3 (Sample Cells 6) was known to have been contaminated prior to start of the 
extraction.  The DNA profile obtained confirmed this mixtures origin was formed from the 
expected donors.  See figure X.  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 and G7) all exhibited a partial DNA profile previously unknown.  This profile 
did not match any of the positive samples present on the batch.  The profile was searched 
against the Staff database and no matches found.   
None of the other blank samples yielded any DNA profile. The rest of the cell and blood 
samples yielded the correct DNA profile. Although there is no evidence of well to well 
contamination was observed; the unknown profile obtained has invalidated this plate.  A 
further checkerboard/Zebra-Stripe combination plate was performed to ensure… 
 
 
Table 3-Unknown profile obtained 

Sample 
description 

D3 vWA FGA Amel D8 D21 D18 D5 D13 D7 

Blk23-E6 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk25-B7 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12  
Blk15-E4 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk14-C4 14,17          
Blk20-H5           
Blk3-F1           
Blk10-D3           
Blk37-A10           
Cells19-B10 14,17 14,17 20,21,22,24 X,Y 11,13,16 29,30, 14,15,16 11,15 11,12 11,11 
Cells13-A1           
Blood14-G7           
Blood8-F4           
           
           

   
Checkerboard 2 –  
None of the blank samples yielded DNA profiles, all of the positive cell and positive blood 
samples yielded the correct DNA profile, see Figure 4. 
 

TN-22

Page 503 of 639

LAY.010.011.0503











 

Page 13 of 14 

  9Plex                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0358 0.0000 0.001440 0.000000 0.012800 0.000000 0.016500 0.000000 0.009840 0.000000 0.005540 0.000000 
B 0.0184 0.0000 0.032800 0.000000 0.037700 0.000000 0.013700 0.000000 0.034600 0.000000 0.026500 0.000000 
C 0.0212 0.0000 0.000000 0.000000 0.012100 0.000000 0.008350 0.000000 0.021700 0.000000 0.074200 0.000000 
D 0.0324 0.0000 0.025900 0.000000 0.016900 0.000000 0.003010 0.000000 0.024800 0.000000 0.046000 0.000000 
E 0.0175 0.0000 0.020000 0.000000 0.026700 0.000000 0.010600 0.000000 0.034700 0.000000 0.033300 0.000000 
F 0.0282 0.0000 0.025400 0.000000 0.028700 0.000000 0.039800 0.000000 0.025700 0.000000 0.047100 0.000000 
G 0.0144 0.0000 0.017800 0.000000 0.019100 0.000000 0.036200 0.000000 0.069900 0.000000 0.029200 0.000000 
H 0.0348 0.0000 0.002230 0.000000 0.009310 0.000000 0.006010 0.000000 0.020200 0.000000 0.031600 0.000000 
                          
  9FTAR                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0534 0.0000 0.015700 0.000000 0.067500 0.000000 0.109000 0.000000 0.093500 0.000000 0.051000 0.009600 
B 0.0444 0.0000 0.037600 0.000000 0.047300 0.000000 0.055500 0.000000 0.076100 0.000000 0.076800 0.000000 
C 0.0426 0.0000 0.054800 0.000000 0.043100 0.000000 0.001140 0.000000 0.066200 0.000000 0.079300 0.000000 
D 0.0386 0.0000 0.046600 0.000000 0.079200 0.000000 0.014700 0.000000 0.093700 0.000000 0.087900 0.000000 
E 0.0525 0.0000 0.054500 0.000000 0.043200 0.000000 0.042000 0.000000 0.113000 0.000000 0.050500 0.000000 
F 0.0273 0.0000 0.048100 0.000000 0.086800 0.000000 0.022500 0.000000 0.102000 0.000000 0.044300 0.000000 
G 0.0408 0.0000 0.070800 0.000000 0.068900 0.000000 0.006870 0.000000 0.075700 0.000000 0.047300 0.000000 
H 0.0566 0.0000 0.031100 0.000000 0.079300 0.000000 0.045600 0.000000 0.066900 0.000000 0.050300 0.000000 
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6.3 Verification of the Automated Extraction Protocol 
 
 
 

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 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 
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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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% SDS) in the 
presence of Proteinase 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
 
 

TN-23

Page 510 of 639

LAY.010.011.0510



 

Page 2 of 17 

3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc A/S, Roskilde, Denmark) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA, USA) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ For mock samples: 

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

 
 

5. Methods 

5.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
The Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-
Toledo, Greifensee, Switzerland), hereby referred to as the “gravimetric kit”, was purchased 
from PerkinElmer (PN 7601823) as an optional accessory upon recommendations made by 
Forensic Science South Australia staff members. The gravimetric kit consists of a 
SAG285/L balance and various accessories including a humidified chamber and software 
for integration with the WinPrep® software. All components were installed by a qualified 
PerkinElmer service engineer, and subsequently calibrated by a Mettler-Toledo engineer 
for NATA certification. A NATA certificate for the kit (Report Number Q0737-001-1) was 
produced on 13 March 2006. 
 
Gravimetric analysis is performed by placing the balance on the platform deck and 
instructing the MP II to repeatedly pipette certain volumes of system liquid onto the balance 
pan. Readings are taken automatically by the software and compiled into a results table, 
which is then used to automatically generate an Excel-based results chart containing mean, 
%CV and %inaccuracy values. The mean values obtained are used to calculate R2, slope 
and Y-intercept (offset) values to calibrate the system’s pipetting. 
 
The pipette tips required for use on the Extraction Platforms include 175µL non-conductive 
MPII sterile filter RoboRack tips, 1000µL conductive sterile Robotix tips and the fixed tips of 
the MPII itself.  The 175µL tips are used for the purpose of removing reagents and the 
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For Fixed tips: 1000, 700, 400, 100µL 
Number of Replicates 10 
System Liquid Degassed Distilled Water 
Sample Type Distilled 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 File for the tip (175µL, 1000µL 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 http://www.simetric.co.uk/si_water.htm 
 
 
Pipetting accuracy and precision were examined at four different volumes for each tip size: 
175, 100, 50, 15µL for 175µL tips and 1000, 700, 400, 100µL for the 1000µL and Fixed tips. 
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. In the case of the specialised 175µL 
Blowout performance file, only high and low volumes are tested as it uses the settings from 
the original 175µL Blowout performance file. 
 

5.2 Blood Collection 
Blood samples were created by obtaining blood from 2 staff donors (DJC/VKI) by a 
phlebotomist as per normal in three 4mL EDTA vials. 

5.3 Cell Collection 
The cells used in this verification were collected using a cytobrush method where the donor 
used a cytobrush for one minute to “swab” the inside of one cheek.  Once each cheek was 
swabbed, the cells on the brush were suspended in 2mL of 0.9% saline. 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. 

5.5 Automated DNA IQ™ 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 IQ 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. 
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5.6 Contamination Check via Checkerboard and Zebra-stripe Patterns  
 
Three sample types were chosen to create the contamination check plates: Blood FTA, Cell 
FTA and Blank FTA.   
A small volume of collected blood was “clothed” (or spotted) onto Whatman FTA™ paper 
and allowed to dry overnight before sampling.    Blank FTA samples were created using 
clean, unused FTA™ paper free from any kind of sample or reagent.  Using the BSD 600 
duet machine, two 3.2mm spots were punched directly into the SlicPrep 96 device in either 
the checkerboard or Zebra-stripe pattern (see figure 2a and 2b for a representation of the 
sample arrangement).  One checkerboard and one Zebra-stripe plate was punched per 
Extraction platform. 
 
A total of five contamination plates were extracted between both extraction platforms.  
Three checkerboard and two Zebra-Stripe plates. It was noted during the creation of one of 
the checkerboard plates that a spot “jumped” into an adjacent well (E3- Cells6). The 
presence of the spot was confirmed during the extraction. 
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5.8 Verification of the Automated Extraction Chemistry Protocol 
Comparisons were made between results generated by the automated and manual 
methods to verify the performance of the automated Extraction Chemistry setup protocol.  
 
Verification samples consisted of different dilutions of blood and cells spotted in 30L 
aliquots onto quartered cotton and rayon swabs.  Four blood dilutions of neat, 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 neat 
sample and 0.9% saline for both sample types.  Four replicates of each dilution were made 
up for each substrate and sample type.   
  
The blood was collected using the same method as in 5.2.  4 separate extractions were 
performed for the manual set: Blood Rayon, Blood Cotton, Cell Rayon and Cell Cotton.  For 
the automated verification, all sample types were extracted together after being transferred 
to a Slicprep 96 device for processing on the Extraction Platform B.  
 

5.9 Resin Volume 
▪ 7 L 
▪ 14 L 

 

5.10 Extraction volume 
▪ 300 L 
▪ 350 L 
▪ 400 L 
▪ 450 L 
▪ 500 L 

5.11 Sensitivity 
Fbot262 

6. Results and Discussion 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
EXTN A: 
WaterBlowoutFixedTips_08112007.prf 
WaterBlowout 175 ul DT_FW 13112007RESIN.prf 
WaterWasteFT_1 ml_27082007.prf 
WaterBlowout 1ml DT _QHSS09112007.prf 
WaterBlowout 175 ul DT_FW QHSS 13112007.prf 
WaterWaste 1 ml DT_FW QHSS12112007.prf 
 
EXTN B: 
WaterBlowout 1ml DT_QHSS23102007.prf 
WaterBlowoutFixed Tips_1ml_26102007.prf 
WaterWaste_1ml_27082007.prf 
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WaterBlowout 175ul DT_FW 25102007.prf 
WaterWaste 1ml DT_FW 24102007.prf 
WaterBlowout 175 ul DT_FW 25102007RESIN.prf 
WaterBlowout 25ul DT_FW_QHSS_060907.prf 
 

6.2 Contamination Check via Checkerboard and Zebra-stripe Patterns results 
Table 1 below lists the extraction batch id of the checkerboards and their outcomes. 

Table 2 

Type of plate Extraction batch Id Extraction 
Platform 

Check 
passed 

Checkerboard-1 VALB20070817 02 Extraction A Invalidated 
Checkerboard-2 VALB20070803 02 Extraction B Yes 
Checkerboard/Zebra VALB20071022_01 Extraction Yes 
Zebra-Stripe-1 VALB20070803_03 Extraction A Yes 
Zebra-Stripe-2 VALB20070817 03 Extraction B Yes 
 
 
 
Checkerboard1- 
Position E3 (Sample Cells 6) was known to have been contaminated prior to start of the 
extraction.  The DNA profile obtained confirmed this mixtures origin was formed from the 
expected donors.  See figure X.  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 and G7) all exhibited a partial DNA profile previously unknown.  This profile 
did not match any of the positive samples present on the batch.  The profile was searched 
against the Staff database and no matches found.   
None of the other blank samples yielded any DNA profile. The rest of the cell and blood 
samples yielded the correct DNA profile. Although there is no evidence of well to well 
contamination was observed; the unknown profile obtained has invalidated this plate.  A 
further checkerboard/Zebra-Stripe combination plate was performed to ensure… 
 
 
Table 3-Unknown profile obtained 

Sample 
description 

D3 vWA FGA Amel D8 D21 D18 D5 D13 D7 

Blk23-E6 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk25-B7 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12  
Blk15-E4 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk14-C4 14,17          
Blk20-H5           
Blk3-F1           
Blk10-D3           
Blk37-A10           
Cells19-B10 14,17 14,17 20,21,22,24 X,Y 11,13,16 29,30, 14,15,16 11,15 11,12 11,11 
Cells13-A1           
Blood14-G7           
Blood8-F4           
           
           

   
Checkerboard 2 –  
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  9Plex                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0358 0.0000 0.001440 0.000000 0.012800 0.000000 0.016500 0.000000 0.009840 0.000000 0.005540 0.000000 
B 0.0184 0.0000 0.032800 0.000000 0.037700 0.000000 0.013700 0.000000 0.034600 0.000000 0.026500 0.000000 
C 0.0212 0.0000 0.000000 0.000000 0.012100 0.000000 0.008350 0.000000 0.021700 0.000000 0.074200 0.000000 
D 0.0324 0.0000 0.025900 0.000000 0.016900 0.000000 0.003010 0.000000 0.024800 0.000000 0.046000 0.000000 
E 0.0175 0.0000 0.020000 0.000000 0.026700 0.000000 0.010600 0.000000 0.034700 0.000000 0.033300 0.000000 
F 0.0282 0.0000 0.025400 0.000000 0.028700 0.000000 0.039800 0.000000 0.025700 0.000000 0.047100 0.000000 
G 0.0144 0.0000 0.017800 0.000000 0.019100 0.000000 0.036200 0.000000 0.069900 0.000000 0.029200 0.000000 
H 0.0348 0.0000 0.002230 0.000000 0.009310 0.000000 0.006010 0.000000 0.020200 0.000000 0.031600 0.000000 
                          
  9FTAR                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0534 0.0000 0.015700 0.000000 0.067500 0.000000 0.109000 0.000000 0.093500 0.000000 0.051000 0.009600 
B 0.0444 0.0000 0.037600 0.000000 0.047300 0.000000 0.055500 0.000000 0.076100 0.000000 0.076800 0.000000 
C 0.0426 0.0000 0.054800 0.000000 0.043100 0.000000 0.001140 0.000000 0.066200 0.000000 0.079300 0.000000 
D 0.0386 0.0000 0.046600 0.000000 0.079200 0.000000 0.014700 0.000000 0.093700 0.000000 0.087900 0.000000 
E 0.0525 0.0000 0.054500 0.000000 0.043200 0.000000 0.042000 0.000000 0.113000 0.000000 0.050500 0.000000 
F 0.0273 0.0000 0.048100 0.000000 0.086800 0.000000 0.022500 0.000000 0.102000 0.000000 0.044300 0.000000 
G 0.0408 0.0000 0.070800 0.000000 0.068900 0.000000 0.006870 0.000000 0.075700 0.000000 0.047300 0.000000 
H 0.0566 0.0000 0.031100 0.000000 0.079300 0.000000 0.045600 0.000000 0.066900 0.000000 0.050300 0.000000 
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6.3 Verification of the Automated Extraction Protocol 
 
 
 

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 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 
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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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% SDS) in the 
presence of Proteinase 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc A/S, Roskilde, Denmark) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA, USA) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ Cytobrush® Plus Cell Collector (Cooper Surgical, Inc., Trumbull, CT, USA) 
▪ 0.9% saline solution (Baxter Healthcare, Old Toongabbie, NSW, Australia) 
▪ For mock samples: 

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

 

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 II 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 R2, slope and Y-intercept (offset) values to calibrate the system’s pipetting. 
 
Pipetting performance was assessed for various volumes using the three different tips in 
order to calculate appropriate R2, 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 1000µL tips, and Blowout mode only for 
the 175µL and fixed tips.  
 
For the addition of resin, a specialised performance file was created based on the 
performance file for 175µL tips in blowout mode, except the “Blowout Volume” column 
values were set to 0 to allow pipetting similar to waste mode. Retesting was performed to 
confirm accurate and precise pipetting with these settings.  
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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 4ºC. 
 

5.3 Cell Collection 
Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). The donor 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 4ºC. 
 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. FTA™ cards were stored at room temperature. 
 

5.5 Automated DNA IQ™ 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 IQ 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 IQ™ protocol was designed to mimic the validated manual method, 
with minor modifications. Briefly, the changes include: 

o Increasing the volume of Extraction Buffer to 500µL; 
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 DPC shaker; 
o CRS toroid magnet (P/N 5083175) was used for isolating the DNA IQ™ resin. 

 
Reagents used in the automated protocol were as per the manual method. 
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sensitivity of both the manual and automated methods.  Dilutions were created using neat 
sample and 0.9% saline for both sample types.  Four replicates of each dilution were made 
up for each substrate and sample type.   
  
The blood was collected using the same method as in 5.2.  4 separate extractions were 
performed for the manual set: Blood Rayon, Blood Cotton, Cell Rayon and Cell Cotton.  For 
the automated verification, all sample types were extracted together after being transferred 
to a Slicprep 96 device for processing on the Extraction Platform B.  
 

5.9 Resin Volume 
▪ 7 L 
▪ 14 L 

 

5.10 Extraction volume 
▪ 300 L 
▪ 350 L 
▪ 400 L 
▪ 450 L 
▪ 500 L 

5.11 Sensitivity 
Fbot262 

6. Results and Discussion 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
EXTN A: 
WaterBlowoutFixedTips_08112007.prf 
WaterBlowout 175 ul DT_FW 13112007RESIN.prf 
WaterWasteFT_1 ml_27082007.prf 
WaterBlowout 1ml DT _QHSS09112007.prf 
WaterBlowout 175 ul DT_FW QHSS 13112007.prf 
WaterWaste 1 ml DT_FW QHSS12112007.prf 
 
EXTN B: 
WaterBlowout 1ml DT_QHSS23102007.prf 
WaterBlowoutFixed Tips_1ml_26102007.prf 
WaterWaste_1ml_27082007.prf 
WaterBlowout 175ul DT_FW 25102007.prf 
WaterWaste 1ml DT_FW 24102007.prf 
WaterBlowout 175 ul DT_FW 25102007RESIN.prf 
WaterBlowout 25ul DT_FW_QHSS_060907.prf 
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6.2 Contamination Check via Checkerboard and Zebra-stripe Patterns results 
Table 1 below lists the extraction batch id of the checkerboards and their outcomes. 

Table 2 

Type of plate Extraction batch Id Extraction 
Platform 

Check 
passed 

Checkerboard-1 VALB20070817 02 Extraction A Invalidated 
Checkerboard-2 VALB20070803 02 Extraction B Yes 
Checkerboard/Zebra VALB20071022 01 Extraction Yes 
Zebra-Stripe-1 VALB20070803 03 Extraction A Yes 
Zebra-Stripe-2 VALB20070817_03 Extraction B Yes 
 
 
 
Checkerboard1- 
Position E3 (Sample Cells 6) was known to have been contaminated prior to start of the 
extraction.  The DNA profile obtained confirmed this mixtures origin was formed from the 
expected donors.  See figure X.  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 and G7) all exhibited a partial DNA profile previously unknown.  This profile 
did not match any of the positive samples present on the batch.  The profile was searched 
against the Staff database and no matches found.   
None of the other blank samples yielded any DNA profile. The rest of the cell and blood 
samples yielded the correct DNA profile. Although there is no evidence of well to well 
contamination was observed; the unknown profile obtained has invalidated this plate.  A 
further checkerboard/Zebra-Stripe combination plate was performed to ensure… 
 
 
Table 3-Unknown profile obtained 

Sample 
description 

D3 vWA FGA Amel D8 D21 D18 D5 D13 D7 

Blk23-E6 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk25-B7 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12  
Blk15-E4 14,17 14,17 22,24 X,Y 11,11 29,32.2 14,15 9,11 11,12 11,13 
Blk14-C4 14,17          
Blk20-H5           
Blk3-F1           
Blk10-D3           
Blk37-A10           
Cells19-B10 14,17 14,17 20,21,22,24 X,Y 11,13,16 29,30, 14,15,16 11,15 11,12 11,11 
Cells13-A1           
Blood14-G7           
Blood8-F4           
           
           

   
Checkerboard 2 –  
None of the blank samples yielded DNA profiles, all of the positive cell and positive blood 
samples yielded the correct DNA profile, see Figure 4. 
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  9Plex                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0358 0.0000 0.001440 0.000000 0.012800 0.000000 0.016500 0.000000 0.009840 0.000000 0.005540 0.000000 
B 0.0184 0.0000 0.032800 0.000000 0.037700 0.000000 0.013700 0.000000 0.034600 0.000000 0.026500 0.000000 
C 0.0212 0.0000 0.000000 0.000000 0.012100 0.000000 0.008350 0.000000 0.021700 0.000000 0.074200 0.000000 
D 0.0324 0.0000 0.025900 0.000000 0.016900 0.000000 0.003010 0.000000 0.024800 0.000000 0.046000 0.000000 
E 0.0175 0.0000 0.020000 0.000000 0.026700 0.000000 0.010600 0.000000 0.034700 0.000000 0.033300 0.000000 
F 0.0282 0.0000 0.025400 0.000000 0.028700 0.000000 0.039800 0.000000 0.025700 0.000000 0.047100 0.000000 
G 0.0144 0.0000 0.017800 0.000000 0.019100 0.000000 0.036200 0.000000 0.069900 0.000000 0.029200 0.000000 
H 0.0348 0.0000 0.002230 0.000000 0.009310 0.000000 0.006010 0.000000 0.020200 0.000000 0.031600 0.000000 
                          
  9FTAR                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0534 0.0000 0.015700 0.000000 0.067500 0.000000 0.109000 0.000000 0.093500 0.000000 0.051000 0.009600 
B 0.0444 0.0000 0.037600 0.000000 0.047300 0.000000 0.055500 0.000000 0.076100 0.000000 0.076800 0.000000 
C 0.0426 0.0000 0.054800 0.000000 0.043100 0.000000 0.001140 0.000000 0.066200 0.000000 0.079300 0.000000 
D 0.0386 0.0000 0.046600 0.000000 0.079200 0.000000 0.014700 0.000000 0.093700 0.000000 0.087900 0.000000 
E 0.0525 0.0000 0.054500 0.000000 0.043200 0.000000 0.042000 0.000000 0.113000 0.000000 0.050500 0.000000 
F 0.0273 0.0000 0.048100 0.000000 0.086800 0.000000 0.022500 0.000000 0.102000 0.000000 0.044300 0.000000 
G 0.0408 0.0000 0.070800 0.000000 0.068900 0.000000 0.006870 0.000000 0.075700 0.000000 0.047300 0.000000 
H 0.0566 0.0000 0.031100 0.000000 0.079300 0.000000 0.045600 0.000000 0.066900 0.000000 0.050300 0.000000 
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6.3 Verification of the Automated Extraction Protocol 
 
 
 

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 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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% SDS) in the 
presence of Proteinase 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc A/S, Roskilde, Denmark) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA, USA) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ Cytobrush® Plus Cell Collector (Cooper Surgical, Inc., Trumbull, CT, USA) 
▪ 0.9% saline solution (Baxter Healthcare, Old Toongabbie, NSW, Australia) 
▪ For mock samples: 

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

 

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 II 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 R2, 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 R2, 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 1000µL conductive tips, and Blowout mode only for 
the 175µL non-conductive tips and fixed tips.  
 
For the addition of resin, a specialised performance file was created based on the 
performance file for 175µL tips in blowout mode, except the “Blowout Volume” column 
values were set to 0 to allow pipetting performance that is similar to waste mode. Retesting 
was performed to confirm accurate and precise pipetting with these settings.  
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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 4ºC. 
 

5.3 Cell Collection 
Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). The donor 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 4ºC. 
 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. FTA™ cards were stored at room temperature. 
 

5.5 Heater tile temperature verification 
Heat tiles supplied with the MultiPROBE® II PLUS HT EX platforms were modified to accept 
the SlicPrep™ 96 Device.  For testing, 1mL 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 37ºC 
and 65ºC. Temperature readings for specific outer and inner wells (i.e. A1, A6, A12, D1, 
D6, D12, H1, H6, H12) were taken at regular intervals up to 45 minutes, using calibrated 
thermometer probes. The data were collated and means calculated to determine the 
distribution of heat over the tile. 
 

5.6 Verification of automated DNA IQ™ 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 IQ 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 IQ™ protocol was designed to mimic the validated manual method, 
with minor modifications. Briefly, the changes include: 

o Increasing the volume of Extraction Buffer to 500µL; 
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; 
o CRS toroid magnet (P/N 5083175) was used for isolating the DNA IQ™ resin. 

 
Reagents used in the automated protocol were as per the manual method. 
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sample types were extracted together after being transferred to a SlicPrep™ 96 Device to 
allow automated processing.  
 

5.6.3. Resin volume 
The performance of the automated DNA IQ™ protocol was assessed when either 7µL or 
14µL of DNA IQ™ resin was used in the protocol.  
 

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 500µL. In each case, the volume of DNA 
IQ™ Lysis Buffer was kept at 2x the volume of extraction buffer. Samples extracted were 
blood swabs, prepared as per ???.  
 

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

6. Results and Discussion 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
EXTN A: 
WaterBlowoutFixedTips_08112007.prf 
WaterBlowout 175 ul DT_FW 13112007RESIN.prf 
WaterWasteFT_1 ml_27082007.prf 
WaterBlowout 1ml DT _QHSS09112007.prf 
WaterBlowout 175 ul DT_FW QHSS 13112007.prf 
WaterWaste 1 ml DT_FW QHSS12112007.prf 
 
EXTN B: 
WaterBlowout 1ml DT_QHSS23102007.prf 
WaterBlowoutFixed Tips_1ml_26102007.prf 
WaterWaste_1ml_27082007.prf 
WaterBlowout 175ul DT_FW 25102007.prf 
WaterWaste 1ml DT_FW 24102007.prf 
WaterBlowout 175 ul DT_FW 25102007RESIN.prf 
WaterBlowout 25ul DT_FW_QHSS_060907.prf 
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  9Plex                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0358 0.0000 0.001440 0.000000 0.012800 0.000000 0.016500 0.000000 0.009840 0.000000 0.005540 0.000000 
B 0.0184 0.0000 0.032800 0.000000 0.037700 0.000000 0.013700 0.000000 0.034600 0.000000 0.026500 0.000000 
C 0.0212 0.0000 0.000000 0.000000 0.012100 0.000000 0.008350 0.000000 0.021700 0.000000 0.074200 0.000000 
D 0.0324 0.0000 0.025900 0.000000 0.016900 0.000000 0.003010 0.000000 0.024800 0.000000 0.046000 0.000000 
E 0.0175 0.0000 0.020000 0.000000 0.026700 0.000000 0.010600 0.000000 0.034700 0.000000 0.033300 0.000000 
F 0.0282 0.0000 0.025400 0.000000 0.028700 0.000000 0.039800 0.000000 0.025700 0.000000 0.047100 0.000000 
G 0.0144 0.0000 0.017800 0.000000 0.019100 0.000000 0.036200 0.000000 0.069900 0.000000 0.029200 0.000000 
H 0.0348 0.0000 0.002230 0.000000 0.009310 0.000000 0.006010 0.000000 0.020200 0.000000 0.031600 0.000000 
                          
  9FTAR                       
  1 2 3 4 5 6 7 8 9 10 11 12 
A 0.0534 0.0000 0.015700 0.000000 0.067500 0.000000 0.109000 0.000000 0.093500 0.000000 0.051000 0.009600 
B 0.0444 0.0000 0.037600 0.000000 0.047300 0.000000 0.055500 0.000000 0.076100 0.000000 0.076800 0.000000 
C 0.0426 0.0000 0.054800 0.000000 0.043100 0.000000 0.001140 0.000000 0.066200 0.000000 0.079300 0.000000 
D 0.0386 0.0000 0.046600 0.000000 0.079200 0.000000 0.014700 0.000000 0.093700 0.000000 0.087900 0.000000 
E 0.0525 0.0000 0.054500 0.000000 0.043200 0.000000 0.042000 0.000000 0.113000 0.000000 0.050500 0.000000 
F 0.0273 0.0000 0.048100 0.000000 0.086800 0.000000 0.022500 0.000000 0.102000 0.000000 0.044300 0.000000 
G 0.0408 0.0000 0.070800 0.000000 0.068900 0.000000 0.006870 0.000000 0.075700 0.000000 0.047300 0.000000 
H 0.0566 0.0000 0.031100 0.000000 0.079300 0.000000 0.045600 0.000000 0.066900 0.000000 0.050300 0.000000 
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6.3 Verification of the Automated Extraction Protocol 
 
 
 

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 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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% SDS) in the 
presence of Proteinase 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
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3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc A/S, Roskilde, Denmark) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA, USA) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ Cytobrush® Plus Cell Collector (Cooper Surgical, Inc., Trumbull, CT, USA) 
▪ 0.9% saline solution (Baxter Healthcare, Old Toongabbie, NSW, Australia) 
▪ Stem digital tilting head thermometer 
▪ For mock samples: 

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

 

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 II 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 R2, 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 R2, 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 1000µL conductive tips, and Blowout mode only for 
the 175µL non-conductive tips and fixed tips.  
 
For the addition of resin, a specialised performance file was created based on the 
performance file for 175µL tips in blowout mode, except the “Blowout Volume” column 
values were set to 0 to allow pipetting performance that is similar to waste mode. Retesting 
was performed to confirm accurate and precise pipetting with these settings.  
 

TN-26

Page 557 of 639

LAY.010.011.0557





 

Page 4 of 15 

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 4ºC. 
 

5.3 Cell Collection 
Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). The donor 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 4ºC. 
 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. FTA™ cards were stored at room temperature. 
 

5.5 Heater tile temperature verification 
Heat tiles supplied with the MultiPROBE® II PLUS HT EX platforms were modified to accept 
the SlicPrep™ 96 Device.  For testing, 1mL 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 37ºC 
and 65ºC. Temperature readings for specific outer and inner wells (i.e. A1, A6, A12, D1, 
D6, D12, H1, H6, 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 IQ™ 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 IQ 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 IQ™ protocol was designed to mimic the validated manual method, 
with minor modifications. Briefly, the changes include: 

o Increasing the volume of Extraction Buffer to 500µL; 
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; 
o CRS toroid magnet (P/N 5083175) was used for isolating the DNA IQ™ resin. 
o Instead of a single elution of 100µL, a double elution method (2 x 50µL) is used. 
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sample types were extracted together after being transferred to a SlicPrep™ 96 Device to 
allow automated processing.  
 

5.6.3. Resin volume 
The performance of the automated DNA IQ™ protocol was assessed when either 7µL or 
14µL of DNA IQ™ resin was used in the protocol.  
 

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 500µL. In each case, the volume of DNA 
IQ™ Lysis Buffer was kept at 2x the volume of extraction buffer. Samples extracted were 
blood swabs, prepared as per ???.  
 

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

6. Results and Discussion 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
EXTN A: 
WaterBlowoutFixedTips_08112007.prf 
WaterBlowout 175 ul DT_FW 13112007RESIN.prf 
WaterWasteFT_1 ml_27082007.prf 
WaterBlowout 1ml DT _QHSS09112007.prf 
WaterBlowout 175 ul DT_FW QHSS 13112007.prf 
WaterWaste 1 ml DT_FW QHSS12112007.prf 
 
EXTN B: 
WaterBlowout 1ml DT_QHSS23102007.prf 
WaterBlowoutFixed Tips_1ml_26102007.prf 
WaterWaste_1ml_27082007.prf 
WaterBlowout 175ul DT_FW 25102007.prf 
WaterWaste 1ml DT_FW 24102007.prf 
WaterBlowout 175 ul DT_FW 25102007RESIN.prf 
WaterBlowout 25ul DT_FW_QHSS_060907.prf 
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▪ 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.J. and Walker, J.M., Burrell, M.M., Enzymes of 
molecular biology. Methods Mol. Biol. Towanam NJ , 
(1993) 16, 306 
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Project 13. Report on the Verification of an Automated 
DNA IQ™ Protocol using the MultiPROBE® II PLUS HT 
EX with Gripper™ Integration Platform 
 
Nurthen, T., Hlinka, V., Muharam, I., Gallagher, B., Lundie, G., Iannuzzi, C., Ientile, 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 IQ™ protocol in 96-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 comparable 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 MultiPROBE® II PLUS HT EX platforms to perform automated 
DNA extraction using the DNA IQ™ system. 
 

2. Introduction 
The MultiPROBE® II 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 controllers to enable on-board lysis and incubation steps. 
Currently in DNA Analysis, the MultiPROBE® platforms allow walk-away operation of PCR 
setup protocols for DNA quantitation and amplification. 
 
The DNA IQ™ protocol has been verified or validated by various laboratories for use on the 
MultiPROBE® II 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 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 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% SDS) in the 
presence of Proteinase 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 polyester. In addition, the 
automated protocol utilises the SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
for simultaneous processing of samples in a 96-well format. 
 
 

TN-27

Page 571 of 639

LAY.010.011.0571



 

Page 2 of 16 

3. Aim 
To verify an automated DNA IQ™ protocol for use on the MultiPROBE® II PLUS HT EX 
platforms to allow extraction of DNA from various sample types.  
 

4. Equipment and Materials 
▪ MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer, Downers 

Grove, IL, USA) 
▪ Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-Toledo, 

Greifensee, Switzerland) 
▪ DNA IQ™ System (Promega Corp., Madison, WI, USA) 
▪ Extraction Buffer (10mM Tris, 1mM EDTA, 100mM NaCl, 20% SDS) 
▪ SlicPrep™ 96 Device (Promega Corp., Madison, WI, USA) 
▪ Nunc™ Bank-It tubes (Nunc A/S, Roskilde, Denmark) 
▪ 175μL non-conductive sterile filter RoboRack tips (PerkinElmer, Downers Grove, IL, USA) 
▪ 1000μL Conductive sterile filter Robotix tips (Molecular BioProducts, San Diego, CA, USA) 
▪ ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
▪ Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
▪ AmpFℓSTR® Profiler Plus Amplification kits (Applied Biosystems, Foster 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 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) 
▪ GeneScan™ 500 ROX™ Size Standard (Applied Biosystems, Foster City, CA, USA) 
▪ Hi-Di™ Formamide (Applied Biosystems, Foster City, CA, USA) 
▪ 3100 POP-4™ Polymer (Applied Biosystems, Foster City, CA, USA) 
▪ Cytobrush® Plus Cell Collector (Cooper Surgical, Inc., Trumbull, CT, USA) 
▪ 0.9% saline solution (Baxter Healthcare, Old Toongabbie, NSW, Australia) 
▪ Stem digital tilting head thermometer 
▪ For mock samples: 

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

 

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 II 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 R2, 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 R2, 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 1000µL conductive tips, and Blowout mode only for 
the 175µL non-conductive tips and fixed tips.  
 
For the addition of resin, a specialised performance file was created based on the 
performance file for 175µL tips in blowout mode, except the “Blowout Volume” column 
values were set to 0 to allow pipetting performance that is similar to waste mode. Retesting 
was performed to confirm accurate and precise pipetting with these settings.  
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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 4ºC. 
 

5.3 Cell Collection 
Buccal cells were collected using a modified Cytobrush® protocol (Mulot et al., 2005; Satia-
Abouta et al., 2002). The donor 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 4ºC. 
 

5.4 FTA cell Collection 
Cells 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™ 
paper to transfer the DNA. FTA™ cards were stored at room temperature. 
 

5.5 Heater tile temperature verification 
Heat tiles supplied with the MultiPROBE® II PLUS HT EX platforms were modified to accept 
the SlicPrep™ 96 Device.  For testing, 1mL 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 37ºC 
and 65ºC. Temperature readings for specific outer and inner wells (i.e. A1, A6, A12, D1, 
D6, D12, H1, H6, 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 IQ™ 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 IQ 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 IQ™ protocol was designed to mimic the validated manual method, 
with minor modifications. Briefly, the changes include: 

o Increasing the volume of Extraction Buffer to 500µL; 
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; 
o CRS toroid magnet (P/N 5083175) was used for isolating the DNA IQ™ resin. 
o Instead of a single elution of 100µL, a double elution method (2 x 50µL) is used. 
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sample types were extracted together after being transferred to a SlicPrep™ 96 Device to 
allow automated processing.  
 

5.6.3. Resin volume 
The performance of the automated DNA IQ™ protocol was assessed when either 7µL or 
14µL of DNA IQ™ resin was used in the protocol to extract blood samples.  
 

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 500µL. In each case, the volume of DNA 
IQ™ Lysis Buffer was kept at 2x the volume of extraction buffer. Samples extracted were 
blood swabs, prepared as per ???.  
 

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

6. Results and Discussion 

6.1 Gravimetric Evaluation of Pipetting Accuracy and Precision 
EXTN A: 
WaterBlowoutFixedTips_08112007.prf 
WaterBlowout 175 ul DT_FW 13112007RESIN.prf 
WaterWasteFT_1 ml_27082007.prf 
WaterBlowout 1ml DT _QHSS09112007.prf 
WaterBlowout 175 ul DT_FW QHSS 13112007.prf 
WaterWaste 1 ml DT_FW QHSS12112007.prf 
 
EXTN B: 
WaterBlowout 1ml DT_QHSS23102007.prf 
WaterBlowoutFixed Tips_1ml_26102007.prf 
WaterWaste_1ml_27082007.prf 
WaterBlowout 175ul DT_FW 25102007.prf 
WaterWaste 1ml DT_FW 24102007.prf 
WaterBlowout 175 ul DT_FW 25102007RESIN.prf 
WaterBlowout 25ul DT_FW_QHSS_060907.prf 
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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.J. and Walker, J.M., Burrell, M.M., Enzymes of 
molecular biology. Methods Mol. Biol. Towanam NJ , 
(1993) 16, 306 
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Project 1: Report on the Verification of automated Quantifiler™ 
Human DNA Quantification Setup using the MultiPROBE® II PLUS 
HT EX with Gripper™ Integration Platform 
 
Iman Muharam, Allan McNevin, Thomas Nurthen, Cathie Allen, Vanessa Ientile 
Automation Project, DNA Analysis QHSS (August 2006) 
 

1. Abstract 
The quantification of forensic DNA samples within DNA Analysis QHSS is performed using 
the Quantifiler™ Human DNA Quantification Kit (Applied Biosystems, Foster City, CA, USA), 
in combination with the ABI Prism® 7000 SDS instrument (Applied Biosystems, Foster City, 
CA, USA). The quantification procedure is currently performed manually in 96-well format. We 
have verified the use of the MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform 
to automatically setup a Quantifiler reaction in 96-well plate format. Data indicate that results 
from the automated procedure are comparable to those from the manual procedure. 
Contamination checks were performed using samples prepared in checkerboard and zebra-
stripe format, and results were as expected.  
 

2. Introduction 
The Queensland Government has allocated 11 million dollars to be spent over 3 years as part 
of the February 2004 “Law and Order” election commitment to clear the DNA backlog at 
QHSS. DNA Analysis QHSS has formulated a number of initiatives to address the backlog, 
including the recruitment of new scientific staff members, the refurbishment of existing 
laboratory space to enhance workflow efficiency, and the purchasing of additional 
instrumentation and equipment to improve efficiency and turn around times for DNA profiling.  
 
In October 2005, DNA Analysis decided to purchase four MultiPROBE® II PLUS HT EX with 
Gripper™ Integration platforms from PerkinElmer after an extensive tender evaluation 
process. The four platforms and their intended applications are tabulated below (Table 1). 
The PCR platforms were installed in DNA Analysis on 7 December 2005, while the extraction 
platforms were installed soon after on 3 January 2006. Installation was performed by Fraser 
Smith (PerkinElmer engineer) and training was delivered by Desley Pitcher (PerkinElmer 
Automated Liquid Handling Product Specialist). DNA Analysis’s purchase of the four 
platforms represents the largest automation project undertaken in a DNA Analysis facility 
within Australia. Whereas other Australian forensic laboratories have only purchased 
automated platforms with the view of automating specific steps within their DNA processing 
workflows, DNA Analysis QHSS aims to automate all DNA analysis steps from DNA 
extraction up to post-PCR setup and the analysis of data by expert systems.  
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Table 1. The proposed functions of the four MultiPROBE® II platforms in DNA Analysis. 
Platform Function 
Extraction (Reference) To extract and purify DNA from reference or non-casework samples in the form of 

FTA cards, blood stains or cellular materials. 
Extraction (Casework) To extract and purify DNA from casework samples, originating from a variety of 

matrices and sample types. 
Pre-PCR i. To perform set-up of DNA quantitation using Quantifiler real-time quantitative 

PCR (Applied Biosystems, Foster City, CA, USA), involving the addition of 
reaction mastermix, DNA standards and controls, and extracted DNA 
samples, into a 96-well reaction plate.  

ii. To perform set-up of STR genotyping reactions using Profiler Plus® and 
COfiler® AmpFℓSTR® PCR (Applied Biosystems, Foster City, CA, USA), 
involving the addition of reaction mastermix, DNA controls, and extracted 
DNA samples, into a 96-well reaction plate. 

Post-PCR To perform the set-up of 96-well plates containing a sub-sample of amplified DNA 
(PCR products) for capillary electrophoresis using the ABI Prism 3100 Genetic 
Analyzer (ABI Foster City, CA, USA). 

 
The MultiPROBE® II PLUS HT EX platform is a computer-controlled Cartesian X-Y-Z liquid 
handling system designed for the efficient automation of sample preparation. For the DNA 
Analysis platforms, liquid transfer is performed by an 8-tip system with VersaTip® and 
Varispan™ options, allowing the use of fixed and/or disposable tips, with variable probe 
spacing to access a wide variety of labware including microplates, tubes, vials and reagent 
containers. Each sample probe is capable of independent motion in the Z direction due to 
independent Z-drives. Accusense™ technology enables multichannel liquid level sensing 
using a capacitive mode of detection that also allows detection of low or non-ionic polar 
solutions and solvents. To perform pipetting, the platforms transfer liquid using a positive 
displacement of system liquid (nanopure H2O) driven by 8 individually-controlled syringes. 
The Gripper™ Integration platform (installed on all systems except the post-PCR instrument) 
allows relocation of labware across the deck and automated identification of labware via the 
scanning of barcodes. All platforms include the EXpanded Left Extension deck to provide 
increased microplate tile capacity.  
 
Control of the platforms is performed via WinPrep® application software using pull-down 
menus and simple user prompts. The application interface includes a virtual representation of 
the platform deck and functions via drag-and-drop operations. Standard tests (programs) are 
created by performing three basic steps: placing labware on deck, creation of procedures, 
and linking labware to procedure operation steps. A library of standard labware definitions is 
available which allows labware to be placed anywhere on the deck without the need to define 
additional labware parameters. Additional labware can be added to the labware library to 
meet user-specific application requirements. New labware only needs to be defined once for 
unlimited future use. Data logs or audit reports are generated by the software for every test 
run. An Enhanced Security Option upgrade to the existing WinPrep® application software was 
purchased to enable individual log-in options and account restrictions. 
 

3. Aim 
To verify the performance of the MultiPROBE® II PLUS HT EX with Gripper™ Integration 
Platform (“Pre-PCR MP II”) to prepare Quantifiler™ Human DNA Quantification assay 
(“Quantifiler plates”) for the quantitation of forensic DNA samples on the ABI Prism 7000 SDS 
instrument (“ABI 7000”). This includes a verification of the Pre-PCR MP II’s pipetting accuracy 
and precision, as determined colorimetrically and gravimetrically, and an assessment or 
comparison of the output data to the manual setup method. 
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4. Equipment and Materials 
 MultiPROBE® II PLUS HT EX with Gripper™ Integration Platform (PerkinElmer Life 
Sciences, Downers Grove, IL, USA) 

 Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-
Toledo, Greifensee, Switzerland), PN 7601823 

 Tecan Spectra Reader (Tecan GmbH, Salzburg, Austria)  
 ABI Prism® 7000 SDS (Applied Biosystems, Foster City, CA, USA)  
 Quantifiler™ Human DNA Quantification kits (Applied Biosystems, Foster City, CA, USA) 
 Tartrazine yellow (for colorimetric analysis) 
 25μL Conductive MP II sterile filter RoboRack tips (PerkinElmer) 
 175μL Conductive MP II sterile filter RoboRack tips (PerkinElmer) 
 Isoplate™ microtitre plates (Wallac Oy, Turku, Finland)  
 ABI Prism® 96-well optical reaction plates (Applied Biosystems, Foster City, CA, USA)  
 Microcon® Centrifugal Filter Devices (YM-100) (Millipore Corp., Bedford, MA, USA) 
 For mock samples: 

o FTA® Classic Card (Whatman Inc., Florham Park, NJ, USA) 
o Sterile cotton s abs (Medical Wire & Equipment, Corsham, Wiltshire, England) 

 Other general consumables were supplied by Analytical Section, DNA Analysis QHSS 
 

5. Methods 

5.1  Gravimetric Evaluation of Pipetting Accuracy and Precision 
The Gravimetric Performance Evaluation Option with Mettler SAG285/L balance (Mettler-
Toledo, Greifensee, Switzerland), hereby referred to as the “gravimetric kit”, was purchased 
from PerkinElmer (PN 7601823) as an optional accessory upon recommendations made by 
Forensic Science South Australia staff members. The gravimetric kit consists of a SAG285/L 
balance and various accessories including a humidified chamber and software for integration 
with the WinPrep® software. All components were installed by a qualified PerkinElmer service 
engineer, and subsequently calibrated by a Mettler-Toledo engineer for NATA certification. A 
NATA certificate for the kit (Report Number Q0737-001-1) was produced on 13 March 2006. 
 
Gravimetric analysis is performed by placing the balance on the platform deck and instructing 
the MP II to repeatedly pipette certain volumes of system liquid onto the balance pan. 
Readings are taken automatically by the software and compiled into a results table, which is 
then used to automatically generate an Excel-based results chart containing mean, %CV and 
%inaccuracy values. The mean values obtained are used to calculate R2, slope and Y-
intercept (offset) values to calibrate the system’s pipetting. 
 
The pipette tips required for use on the Pre-PCR MP II only include 25µL and 175µL 
conductive MP II sterile filter RoboRack tips, for the purposes of DNA sample delivery and 
mastermix dispensing respectively. Pipetting performance was assessed for various volumes 
using different tip sizes in order to calculate appropriate R2, 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 175µL tips, and 
Blowout mode only for 25µL tips. Retesting was performed to confirm accurate and precise 
pipetting with these settings.  
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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 to confirm accurate and precise pipetting.  

 

5.2  Colorimetric Evaluation of Pipetting 
Tartrazine yellow (Colour 102) was obtained from Food Chemistry (QHSS), and consisted of 
tartrazine at 80.3% purity (λ = 429nm). A saturated solution of tartrazine was made using 
nanopure water and used to perform all colorimetric assays. Briefly, using the Colorimetric 
Dilutions test program, the Pre-PCR MP II was used to add tartrazine solution (either neat or 
diluted 1:2) to the first column in a 96-well Isoplate™ (Wallac Oy, Turku, Finland). A serial 
dilution across the plate was then performed automatically by the Pre-PCR MP II (refer to 
Table 3). Nanopure water was dispensed into the 12th column to serve as a background 
control. Due to technical limitations, only 175μL conductive MP II sterile filter RoboRack tips 
were used for all pipetting procedures. Results were analysed using a Tecan Spectra Reader 
(Tecan GmbH, Salzburg, Austria), located in Virology, Public Health Unit, QHSS. 
Measurement wavelength was set at 450nm and reference wavelength was set at 620nm. 
 
 
Table 3. The arrangement of pipetting modes and serial dilution sets that were analysed via colorimetric 
assays. 

Plate ID Pipetting 
Mode 

Tartrazine 
concentration Serial Dilution Total Volume 

per well (μL) 
607 Blowout Neat 1:2 60 
608 Blowout Neat 1:2 60 
609 Waste Neat 1:2 60 
622 Blowout 1:2 1:2  1:5  1:5  1:5 set in tandem 80 
623 Waste 1:2 1:2  1:5  1:5  1:5 set in tandem 80 

 
 

5.3  Contamination Check via Checkboard and Zebra-stripe Patterns using Quantifiler 
Assays 
Promega Human Genomic DNA: Male (Promega Corp., Madison, WI, USA; Catalogue 
Number G1471, lot number 20479703) of a known concentration of 190μg/mL was diluted to 
25ng/μL and aliquoted into 40 tubes. Water blanks were prepared using in-house autoclaved 
nanopure water or Sigma Water (Sigma-Aldrich Corp., St. Louis, MO, USA; Catalogue 
Number W4502, lot number 83K2357). Quantifiler reactions in checkerboard and zebra-stripe 
patterns were prepared using these samples in alternating DNA-water-DNA arrangements. A 
representation of the plate layouts are shown below in Figure 2. The Quantifiler reagents 
used were as per the in-house validated method (QIS 21963). Reaction controls included 
“High” and “Low” dilutions of Promega Human Genomic DNA: Female (Promega Corp., 
Madison, WI, USA; Catalogue Number G1521, lot number 20683601) at 1ng/μL and 0.1ng/μL 
respectively. A reagent blank “RB” was included in every run and consisted of mastermix only 
(no DNA or water) to monitor the concentration of background contamination present in the 
Quantifiler kit reagents (Applied Biosystems, 2005 [letter]). Wells A11 and A12 were omitted 
from analysis due to the inconsistency of results from these positions, as reported previously 
(Hlinka et al., 2006).  
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Table 4. Pipetting performance for 25μL and 175μL Conductive MP II sterile filter RoboRack tips under 
Blowout and Waste modes. 

Tip Type Volume Blowout Mode Waste Mode 
25µL Mean (µL) 24.96 

 CV (%) 0.72 

 Inaccuracy (%) 0.15 

2µL Mean (µL) 2.06 

 CV (%) 6.53 

25μL Conductive MP II 
sterile filter RoboRack 

 Inaccuracy (%) 2.91 

Not tested 

175µL Mean (µL) 174.90 Mean (µL) 175.13 
 CV (%) 0.35 CV (%) 1.57 
 Inaccuracy (%) 0.06 Inaccuracy (%) 0.07 

15µL Mean (µL) 15.19 Mean (µL) 15.31 

 CV (%) 0.90 CV (%) 5.84 

175μL Conductive MP II 
sterile filter RoboRack 

 Inaccuracy (%) 1.25 Inaccuracy (%) 2.08 

 
 
 
Table 5. Calibrated slope and offset values for individual pipette types under different pipetting modes. 

Tip Size Pipetting 
Mode Performance File Slope Offset  

(Y-intercept) R2 Pipetting 
Range (μL) 

25μL Conductive 
MPII sterile filter 
RoboRack 

Blowout WaterBlowout 25 ul 
DT_FW_QHSS_11042006.prf 0.962803 -0.390539 0.999915 1-25 

175μL Conductive 
MPII sterile filter 
RoboRack 

Blowout WaterBlowout 175 ul 
DT_FW_QHSS_21032006.prf 0.978905 -1.082636 0.999991 15-175 

175μL Conductive 
MPII sterile filter 
RoboRack 

Waste WaterWaste 175 ul 
DT_FW_QHSS_27032006.prf 0.974194 -1.246471 0.999971 15-175 

 
 
 
 
Screenshots of the final Performance Files with pipetting performance sets and calibrated 
slope and offset values are presented in Figures 5, 6, and 7. 
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Initial pipetting performance at low volumes (1 and 2μL) using the 25μL tips was considered 
substandard due to the observation of sporadic “zero” volumes, where liquid did not appear to 
be pipetted and this error was not detected by the Pre-PCR MP II. This observation occurred 
at a frequency of at least once per 96-well plate. Discussions were made with colleagues at 
Forensic Science South Australia (Mark Webster and Chris Hefford). It was put forward that 
the dispense height is a critical factor for low volume pipetting, and dispensing approximately 
1.5mm above the liquid surface allows the expelled liquid to form a drop at the end of the tip 
which touches the liquid surface, whereby surface tension is then able to pull the drop off the 
tip. Based on these findings, the “Submerge before dispense (mm)” parameter was changed 
from 0 to -1.5 (Figure 5). The double negative value results in a dispense height 1.5mm 
above the liquid surface. This adjustment significantly enhanced pipetting performance at low 
volumes. To further ensure total delivery of all pipette tip contents, the Performance Set for 
each Performance File was also adjusted and tested to maximise pipetting accuracy/precision 
while maintaining minimal drip formation and cross-contamination risks.  

6.2  Colorimetric Evaluation of Pipetting 
Results for pipetting performance over a range of serial dilutions as determined via 
colorimetric detection are outlined below in Table 6. 
 
 

Table 6. Results of colorimetric assays to assess pipetting performance. 

Plate ID Pipetting mode Absolute Relative 

607* Blowout %CV 13.65 %CV 6.79 

  %Inacc 12.12 %Inacc 2.12 

  R2 0.99890    

608* Blowout %CV 18.80 %CV 11.73 

  %Inacc 2.92 %Inacc 0.27 

  R2 0.99852    

609* Waste %CV 10.63 %CV 9.23 

  %Inacc 13.18 %Inacc 4.22 

  R2 0.99966    

622† Blowout %CV 3.14 %CV 1.63 

  %Inacc 4.22 %Inacc 1.92 

  R2 1.00000    

623† Waste %CV 5.88 %CV 2.25 

  %Inacc 7.51 %Inacc 3.13 

  R2 0.99993    

* Plate consists of ten serial dilutions at 1:2. 
† Plate consists of four serial dilutions at 1:2  1:5  1:5  1:5 in tandem. 

 
 
 

TN-28

Page 599 of 639

LAY.010.011.0599



 
 
 
 

 

 

6.3  Contamination Check via Checkboard and Zebra-stripe Patterns using Quantifiler 
Assays 
The same sets of High and Low female control gDNA, Promega 25ng/µL gDNA, water blanks 
and DNA standards were used for both plates. The Promega 25ng/µL gDNA was purposely 
diluted to this concentration as splashback or carryover of 1µL from a well containing 
Promega 25ng/µL DNA into a well containing water blank would result in detectable 
contamination at the level of 0.04ng/µL. Carryover of 0.117µL would result in contamination at 
the lower limit of detection (0.00467ng/µL) as previously established by in-house validation of 
the Quantifiler system (Hlinka et al., 2006). This value is similar to the concentration of 
detectable background readings that are known to occur in Quantifiler reagents (Applied 
Biosystems, 2005 [letter]). 
 
All wells in the checkerboard pattern exhibited results as expected. Quantitation of Promega 
25ng/µL gDNA resulted in concentration values equal to or greater than 25ng/µL (mean 
30.65ng/µL, SD 3.65ng/µL). All of the reaction controls showed expected values and 
amplification was not detected in any of the water blank reactions. 
 
The zebra-stripe layout displayed expected results for all controls and Promega 25ng/µL 
gDNA. The majority of water blank reactions did not result in amplification, however a small 
number of reactions yielded low concentration values as presented in Table 7 below. 
 
 

Table 7. Water blank reactions that displayed 
amplification in the zebra-stripe pattern plate 1 (run 
ID: QUACWZebra).  

Sample ID Well Quantifiler value (ng/µL) 
Water_20 D7 0.000233 
Water_5 E3 0.000124 
Water_29 E9 0.00724 
Water_14 F5 0.00192 

 
 
The whole test was repeated and only the following reaction provided a DNA concentration 
value:                      
 
 

Table 8. Water blank reactions that displayed 
amplification in the zebra-stripe pattern plate 2 (run 
ID: QUACWZebra2). 

Sample ID Well Quantifiler value (ng/µL) 
Water_29 E9 0.00590 

 
 
Water_29 provided similar concentration values across two different Quantifiler runs. It was 
suspected that this tube may contain a DNA contaminant. The Water_29 sample (620µL of 
water) was given a DNA # ID (94355) and concentrated using a Microcon-100 device as per 
the in-house protocol (QIS 19544). Briefly, 500µL of the sample was transferred into a fresh 
tube and centrifuged for 6mins at 500g. The remaining 120µL was further transferred to this 
tube and centrifuged for 6mins at 500g. The Microcon-100 column containing concentrated 
DNA was inverted into a new tube and centrifuged for 3mins at 1000g. The retentate (approx 
260µL) was concentrated in a fresh Microcon-100 filter for 12mins at 500g. The filter was 
inverted and centrifuged for 3mins at 1000g. The final concentrate (45µL) was quantified in 
duplicate using the Quantifiler kit (run ID QF#748, setup manually) and resulted in 
undetermined concentration values (0ng/µL). The concentrated sample was amplified using 
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the AmpFℓSTR® Profiler Plus® kit at 20µL in a 50µL reaction (run ID CW#1184), which 
resulted in an NSD profile. It appears that the presumed contaminant present in the 
concentrated Water_29 sample was either too low in concentration and could not result in a 
detectable Quantifiler result or DNA profile, or the initial detected concentration values were 
the result of detectable background inherently present in the Quantifiler reagents (Applied 
Biosystems, 2005 [letter]). 
 
The contamination check in zebra-stripe pattern was repeated using sterile molecular grade 
Sigma Water (Sigma-Aldrich Corp., St. Louis, MO, USA; Catalogue Number W4502, lot 
number 83K2357). All controls and Promega 25ng/µL DNA showed expected results. The 
majority of water blank reactions did not result in amplification, but four samples yielded low 
concentration values as per Table 9 below.  
 
 

Table 9. Water blank reactions that displayed 
amplification in the zebra-stripe pattern plate 3 (run 
ID: QUACWZebra3). 

Sample ID Well Quantifiler value (ng/µL) 
Sigma Water_25 A9 0.0027 
Sigma Water_29 E9 0.000179 
Sigma Water_38 G11 0.00211 
Sigma Water_8 H3 0.000291 

 
 
All water samples that previously presented with DNA concentration values were re-quantified 
in 5 replicates using the Quantifiler kit, which resulted in undetermined concentration values 
(0.0ng/µL) for all reactions. These results suggest that there was no contamination of the 
original water samples by the MP II but rather is the result of the inherent detectable 
background within the Quantifiler reagents. 
 

6.4  Verification of the Automated Quantifiler Protocol 
Refer to Table 10 and Figure 8 for results from the comparison of automated versus manual 
Quantifiler setup. 
 
 

Table 10. Differences in run results between automated 
and manual Quantifiler setup methods for 132 DNA 
samples. 

Average CT difference  -0.1293939 
Average quant diff (%) -1.265 
Average quant diff (ng/μL) -0.003 
Maximum quant diff (%) 67.391 
Maximum quant diff (ng/μL) 0.460 
Minimum quant diff (%) -41.232 
minimum quant diff (ng/μL) -0.420 

Quant difference = automated result - manual result 
Quant difference % = (quant difference/manual result * 100) 
  
 

TN-28

Page 601 of 639

LAY.010.011.0601





 
 
 
 

 

 

Table 11. Comparison of standard curve parameter values between manual and automated 
Quantifiler plates. 

Run ID: QUACW20060419_01 QUACW20060419_02 
Parameter Threshold Manual 

Result 
Auto 

Result 
Manual 
Result 

Auto 
Result 

Slope -2.9 to -3.3 -3.037914 -3.176350 -3.190838 -3.168825 
Y-Intercept* 27.655034 - 28.367930 28.232313 28.142292 28.373604 28.046894 
R2 ≥0.98 0.995921 0.998229 0.992763 0.996018 

*Y-intercept range at 2SD. 
 
 
No amplified product was detected in the reagent blank reactions. Samples that did not 
contain sufficient DNA were undetermined on both the automated and manual plates, 
indicating reproducibility and consistency in results. This also indicates that the automated 
procedure does not introduce contamination into the DNA samples.  
 
 

7. Summary 
 
Results indicate that the automated setup of the Quantifiler assay for the purposes of 
quantifying forensic DNA samples is comparable in performance and reproducibility to the 
current manual setup.  
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Copyright protects this publication. However, Queensland Health has no 
objection to this material being reproduced with acknowledgment, except for 
commercial purposes.  
Permission to reproduce for commercial purposes should be sought from the 
QHSS DNA Analysis, 39 Kessels Rd, Coopers Plains 4108. 
(07) 3274 9178 
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