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1. DNA Extraction
1.1. This section details numerous procedures for the extraction of DNA from forensic evidence and
reference samples for the purpose of STR analysis. It is at the discretion of the analyst to
determine which of these procedures is most useful for a particular sample. Evidentiary
samples must not be extracted along‐side reference samples to help avoid potential
contamination between what is typically a higher level DNA sample and a lower level DNA
sample. Analysts must also consider the potential concentration of DNA when selecting
samples for the same extraction. For example, samples expected to contain high levels of DNA,
such as a blood stain, should not be processed with samples expected to contain low levels of
DNA, such as a contact DNA swab. Further, analysts should evaluate the probative nature of
samples when selecting which samples to process together. For example, the vaginal swabs of
the complainant should not be processed next to the penile swabs of the suspect from the
same case. A contamination event between two such samples could significantly impact the
probative value of the test results. If the extraction of evidentiary and reference samples
cannot be separated by time, the evidentiary sample must be handled prior to the reference
sample and efforts to separate them by location should be made.
1.2. These procedures indicate recommended amounts of sample to be processed. Evidence
samples may be in limited supply. The analyst should add as much evidentiary sample to the
tube as possible, up to the quantities specified in the procedure, while retaining sufficient
sample for replicate analysis if possible. Examination documentation must reflect the quantity
of sample consumed during DNA extraction.
1.3. Prior to the start of any extraction, ensure all portions have been transferred into your personal
custody in the electronic chain of custody contained in LIMS.
1.4. Swabs and cuttings should be dissected into pieces of appropriate size. Use a clean cutting
surface for each sample.
1.5. Ensure sample is completely submerged prior to incubation. This may require a spin prior to
loading samples onto heat blocks. Alternatively, additional digestion reagents may be added to
ensure the sample is submerged. If any additional reagents are added to a sample, the same
must be done to the associated reagent blank. This must be noted on the extraction
documentation.
1.6. When the sample is expected to be limiting, or when quantification indicates that the amount
of DNA is limiting, DNA extracts may be concentrated to as low as 20 µL, to maximize the
concentration of DNA in subsequent amplifications. When combining and/or concentrating
DNA extracts of separate extractions to attempt a more complete DNA profile, a witness must
be present to observe the proper combination and/or transfer of DNA extracts. The
examination documentation must reflect the use of a witness.
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1.7. Exclusion or extraction confirmations (EC) are a quality control measure in which a reference
sample is re‐extracted to ensure that an incorrect profile that may have resulted from a sample
switch does not get reported. Other techniques, such as witnessing at the portion step,
strategically placing reference samples within an extraction set, or alternating between
genders, are other good ways to detect a sample switch prior to reporting. Engineering
controls, such as barcode readers, also help prevent possible sample switches that may occur
during the analysis process. Assumed contributors to intimate samples and CODIS
confirmations typically do not require this additional quality control measure to help detect a
possible sample switch. When multiple references of the same gender are extracted together,
engineering controls, strategic placement, or an EC is required; written approval from a
Forensic Biology Supervisor or the Technical Leader is required if none of these measures are
used.
1.8. When possible, swabbings should be used over cuttings of materials that may introduce
inhibitors to the extraction, such as blue denim, black denim, and leather.
1.9. Safety
1.9.1. Body fluids, tissues, and extracts may contain infective agents. Use universal precautions
during evidence handling. Follow instructions for reagent preparation.
1.10. Standards, Control, and Calibration
1.10.1. One reagent blank must be processed for each extraction batch as a negative control.
The extraction method used must be recorded on the DNA extraction worksheet.
1.11. Sample size
1.11.1. Add one of the following to a 1.5 ml microcentrifuge tube:
1.11.1.1. Blood samples‐ stains or liquid ‐ 1 cm2 bloodstain, 10 to 50 l whole blood, or 2 to
10 L buffy coat (approximately 105 white blood cells).
1.11.1.2. Saliva samples‐ including but not limited to oral swabs, filter paper, stamps,
envelope flaps, cigarette butts, oral contact swab: ~1 cm2 stain (including filter
paper, stamps, and envelope flaps), ~1 cm strip of paper covering end of cigarette
butt, or 0.25 to 1 swab.
1.11.1.3. Hair samples‐ Approximately 1 cm of root end of hair in one tube and a separate
tube for a ~1 cm portion of the adjacent shaft of each hair as a control. The root
portion should be gently cleaned in sterile distilled water prior to extraction.
1.11.1.4. Tissue samples‐ including but not limited to skin, muscle, and body organs.
Approximately 3‐5 mm2. It is helpful to mince the tissue prior to adding to digest
buffer.
1.11.1.5. Bone and Teeth ‐ One tooth or approximately 2 cm3 of bone (preferably flat bone
in adults‐i.e. pelvis, sternum, ribs). The exterior surface of each sample must be
cleaned thoroughly of all debris. Bones may be sanded using a Dremel tool to
remove debris. Teeth may be cleaned with sterile distilled water and bleach unless
there are surface fractures in which case only sterile water is used. Bone and teeth
DNA Analytical Procedures SOP
Issued By: Section Technical Leader
Uncontrolled When Printed

Document ID: 27513
Issue Date: June 26, 2018
Page 4 of 89

Biology/DNA
DNA Analytical Procedures SOP
Biology/DNA Division

samples are prepared by crushing them into a fine powder. This can be achieved by
using a single‐use coffee grinder. Approximately 0.5g of sample should be placed
into each 1.5 ml tube (this may take several tubes).
1.11.1.6. Miscellaneous‐ including but not limited to items containing shed skin cells, sweat
or other body fluids that may contain sufficient quantities of recoverable DNA.
Amounts used shall be at the analysts’ discretion.
1.11.2. It may be necessary to cut the item into smaller pieces to ensure the portion is fully
submerged in the extraction solution.
Check and make sure that the maintenance log has been filled out for that day. If the daily maintenance log has not been
completed, perform the required daily instrument maintenance. Daily maintenance should be performed by the first
person using the EZ1 each day.
Check for expiration dates of applicable reagents prior to use.
1.12. DNA Extraction ‐ QIAGEN BioRobot EZ1 Advanced XLs
1.12.1. This procedure uses the EZ1 DNA Investigator Kit and the EZ1 Advanced XL to digest and
extract DNA. This procedure uses magnetic beads which are coated with silica and
contain grooves. The silica has an affinity for nucleic acids under certain buffer and
temperature conditions and the grooves increase the surface area of the beads so they
hold more nucleic acids. The EZ1 Advanced XL is an automated instrument that is
programmed to extract DNA from samples using the magnetic beads in the EZ1 DNA
Investigator Kit. DNA is isolated from lysates in one step through its binding to the silica
surface of the beads in the presence of a chaotropic salt. The beads are separated from
the lysates using a magnet and the DNA is then washed and eluted.
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1.12.2. Additional Safety Information
1.12.2.1. The reagent cartridges contain ethanol, guanidine hydrochloride, and guanidine
thiocyanate, which are highly flammable, harmful, and irritant. The guanidine salts
can form highly reactive compounds when combined with bleach.
1.12.3. Equipment, Materials, and Reagents
 Vortex
 Water baths or heat blocks at ~56C
 EZ1 DNA Investigator Kit (QIAGEN), containing the following:
 Reagent Cartridges
 Disposable Tip Holders
 Disposable Filter‐Tips
 Sample Tubes (2ml)
 Elution Tubes (1.5ml)
 Buffer G2
 Proteinase K
 Carrier RNA
 MTL Buffer
 Sterilized water
 TE Buffer
 Sample tubes and spin baskets from Fitz Co. or Promega
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 Diluted Buffer ATL (dATL) (One part Buffer ATL diluted with two parts TE Buffer)
1.12.4. General Instructions
1.12.4.1. Swabs or stains should be dissected into pieces of appropriate size. Use a clean
cutting surface for each sample.
1.12.4.2. Equilibrate samples to room temperature before use.
1.12.4.3. Carrier RNA (cRNA) must be prepared from the EZ1 DNA Investigator kit and
aliquoted prior to use. Carrier RNA comes in the kit as a 310µg solid and a solution of
cRNA must be made by adding 310µL of water to the tube containing cRNA (310µg)
to obtain a solution of 1 µg/µL.
1.12.4.4. Dissolve the cRNA thoroughly.
1.12.4.5. Divide it into single use aliquots each containing 20µL of dissolved cRNA.
1.12.4.6. Label with lot # and expiration date and store frozen. The expiration date is
whatever is earliest: the expiration date of the EZ1 kit or the water being used.
1.12.4.7. Buffer G2 must be diluted with sterilized water before use with the Tip Dance
protocol. This is accomplished by diluting the Buffer G2 in sterilized water using one
part Buffer G2 and one part sterilized water. NOTE: This is done only when using the
Tip Dance Protocol. The Trace and Large Volume protocols use neat Buffer G2.
1.12.4.8. Invert the reagent cartridges before loading into the EZ1 instrument to ensure that
the beads are mixed up for proper performance. Note that the particles are
completely resuspended.
1.12.4.9. Substrates must be removed prior to loading on the instrument to prevent
jamming. This is performed after digestion and before loading onto the EZ1.
1.12.4.10. When using the Fitz Co. tubes, it is necessary to remove the snap tops completely
from the tube before loading it onto the EZ1 instrument.
1.12.4.11. Trace Protocol can be utilized for evidence samples in which the portion of
sample taken is 1 swab or less. It is also used on sperm fraction samples from the
QIAcube protocol.
1.12.4.12. Tip Dance Protocol should be utilized for reference samples.
1.12.4.13. Large Volume Protocol should be utilized for evidence samples in which the
portion of sample taken is 2 swabs or more and epithelial fraction samples from the
QIAcube protocol. If one sample in a run has to use the Large‐Volume Protocol, then
all samples in the run need to use that same protocol.
1.12.5. Procedure
1.12.5.1. Add sample to a 1.5 ml microcentrifuge tube. Use same sample
amounts/procedures found in section 7.11.
When using the Trace Protocol (Evidence samples consisting of one swab or less (or the
equivalent size of another substrate) and sperm fraction samples from the QIAcube protocol):
1.12.5.2. Lyse cells and suspend DNA:
1.12.5.2.1. Place the sample into a 1.5 ml microcentrifuge tube.
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1.12.5.2.2. Add 190l Buffer G2 or dATL, 10l Proteinase K, and 1 µL of aliquoted and
thawed cRNA. If the substrate has absorbed some or most of the reagents and
is not fully submerged, proceed to the Large‐Volume protocol which adds more
Buffer G2.
1.12.5.2.3. Mix thoroughly by vortexing and incubate at~56C for 6 hours to overnight,
as recommended for evidence samples (more than 24 hours is not
recommended). Record the date and time incubation begins and ends.
Update the dry bath/heat block temperature log for each day in use.
1.12.5.2.4. Briefly spin tubes to remove liquid from the inside of the cap. Transfer the
supernatant and substrate to a fresh 2ml Fitz Co. tube containing a basket, or
the equivalent (e.g., Costar 2.0ml tubes). Centrifuge the tube 5 minutes at
maximum RCF. Discard the substrate and the spin basket. If using a tube other
than a Fitz Co. tube, transfer all the liquid to an EZ1 sample tube.
1.12.5.3. EZ1 Advanced XL Setup and Run:
1.12.5.3.1 Make sure the Instrument is turned on.
1.12.5.3.2 Press “START” to start the protocol set‐up.
1.12.5.3.3 Press “ESC” to not create a report file.
1.12.5.3.4 Press “1” for Trace protocol.
1.12.5.3.5 Choose the elution buffer and volume:
 Press “2” to elute in TE.
 Press “1” to elute to a final volume of 40l or “2” to elute to a final
volume of 50µL. A 40l elution is appropriate in most instances.
1.12.5.3.6 Press “ENT” to proceed through the text shown on the display
and start the worktable setup below.
1.12.5.3.7 Open the Instrument door.
1.12.5.3.8 Inspect the foil on the reagent cartridges for breaks or holes in
the foil seal. Do not use if foil seal is not secure or disoriented.
Invert the reagent cartridges, ensure no bubbles have been
deposited at the bottom of the wells, and load one cartridge per
sample into the cartridge rack, ensuring that the cartridge clicks
into place.
1.12.5.3.9 Set‐up the tip rack as follows:
Load opened elution tubes into the first row (Row 1) of the tip rack, ensuring that the tube and
flip cap are fully seated into position
Load the tip holders containing filter‐tips into the second row (Row 2) of the tip rack
Load opened sample tubes containing digested samples into the back row (Row 3) of the tip
rack.
Ensure tubes are flush with the tip rack.
Get sample order verified by a second individual.
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Place the set‐up tip rack into the EZ1 instrument and close the instrument door
Press “START” to start the purification procedure
When the protocol ends, open the instrument door, remove the tip rack, and close the
elution tubes. Discard the sample preparation waste in the appropriate waste container.
Examine the extracts for inconsistent volumes. Measure the extracts of any
questionable volumes. If less than 30 µL is measured, using the same labware and
tubes, rerun the protocol. Document the initial and final elution volume(s) on
extraction paperwork and the appropriate instrument records.

When using the Tip Dance Protocol (Reference DNA samples):
1.12.5.4. Lyse cells and suspend DNA:
1.12.5.4.1. Place the sample into a 1.5 ml microcentrifuge tube or a 2ml sample tube
from the EZ1 DNA Investigator Kit.
1.12.5.4.2. Add 290l diluted Buffer G2 and 10l Proteinase K to the sample. If the
substrate has absorbed some or most of the reagents and is not fully
submerged, proceed to the Large‐Volume protocol which adds more Buffer
G2.
1.12.5.4.3. Mix thoroughly by vortexing and incubate at~56C for at least 15 min; 6
hours to overnight is recommended for evidence samples (more than 24
hours is not recommended). Record the date and time incubation begins
and ends. Update the dry bath/heat block temperature log for each day in
use.
1.12.5.4.4. Briefly spin tubes to remove liquid from the inside of the cap. Transfer the
supernatant to an EZ1 tube.
1.12.5.5. EZ1 Advanced XL Setup and Run:
1.12.5.5.1 Make sure the Instrument is turned on.
1.12.5.5.2 Press “START” to start the protocol set‐up.
1.12.5.5.3 Press “ESC” to not create a report file.
1.12.5.5.4 Press “2” for Trace Tip Dance (TD) protocol.
1.12.5.5.5 Choose the elution buffer and volume:
Press “2” to elute in TE
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Press “1” to elute to a final volume of 40l or “2” to elute to a final volume of 50µL. A 40l elution
is appropriate in most instances
Press “ENT” to proceed through the text shown on the display and start the worktable setup below.
Open the Instrument door.
Invert the reagent cartridges and load one cartridge per sample into the cartridge rack, ensuring
Inspect the foil on the reagent cartridges for breaks or holes in the foil seal. Do not use if foil seal is
not secure or disoriented. Invert the reagent cartridges, ensure no bubbles have been deposited at
the bottom of the wells, and load one cartridge per sample into the cartridge rack, ensuring that the
cartridge clicks into place.
o

Set‐up the tip rack as follows:
 Load opened elution tubes into the first row (Row 1) of the tip rack, ensuring that the
tube and flip cap are fully seated into position
 Load the tip holders containing filter‐tips into the second row (Row 2) of the tip rack
 Load opened sample tubes containing digested samples into the back row (Row 3) of
the tip rack
 Ensure tubes are flush with the tip rack.
 Get sample order verified by a second individual.






Place the set‐up tip rack into the EZ1 instrument and close the instrument door.
Press “START” to start the purification procedure.
When the protocol ends, open the instrument door, remove the tip rack, and close the
elution tubes. Discard the sample preparation waste in the appropriate waste container.
Examine the extracts for inconsistent volumes. Measure the extracts of any
questionable volumes. If less than 30 µL is measured, using the same labware and
tubes, rerun the protocol. Document the initial and final elution volume(s) on
extraction paperwork and the appropriate instrument records.
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When Using the Large‐Volume Protocol (Evidence samples consisting of two or more swabs
(or the equivalent size of another substrate) and epithelial fraction samples from the
QIAcube protocol):
1.12.5.6 Lyse cells and suspend DNA:
1.12.5.6.1 Place the sample into a 1.5 ml microcentrifuge tube.
1.12.5.6.2 Add 490l buffer G2 or dATL to the sample, 10L Proteinase K,
and 1 µL of aliquoted and thawed cRNA. Check to see if the
sample has absorbed some or all of the buffer. If necessary, the
sample may be divided between two tubes to ensure complete
submersion and combined later with a Microcon concentration.
However, the reagent blank must be subjected to the same
manipulations.
1.12.5.6.3 Mix thoroughly by vortexing and incubate at~56C for 6 hours
to overnight as recommended for evidence samples (more than
24 hours is not recommended). Record the date and time
incubation begins and ends. Update the dry bath/heat block
temperature log for each day in use.
1.12.5.6.4 Briefly spin tubes to remove liquid from the inside of the cap.
Transfer the supernatant and substrate to a fresh 2ml Fitz Co.
tube containing a basket, or the equivalent (e.g., Costar 2.0ml
tubes). Centrifuge the tube 5 minutes at maximum RCF.
Discard the substrate and the spin basket. If using a tube other
than a Fitz Co. tube, transfer all the liquid to an EZ1 sample
tube.
1.12.5.6.5 Add 400µL of MTL buffer to each sample tube.
1.12.5.7 EZ1 Advanced XL Setup and Run:
1.12.5.7.1 Make sure the instrument is turned on.
1.12.5.7.2 Press “START” to start the protocol set‐up.
1.12.5.7.3 Press “ESC” to not create a report file.
1.12.5.7.4 Press “3” for Large‐Volume protocol.
1.12.5.7.5 Choose the elution buffer and volume:
 Press “2” to elute in TE
 Press “1” to elute to a final volume of 40l or “2” to elute to a final
volume of 50µL. A 40l elution is appropriate in most instances
1.12.5.7.6 Press “ENT” to proceed through the text shown on the display
and start the worktable setup below.
1.12.5.7.7 Open the instrument door.
1.12.5.7.8 Inspect the foil on the reagent cartridges for breaks or holes in
the foil seal. Do not use if foil seal is not secure or disoriented.
Invert the reagent cartridges, ensure no bubbles have been
deposited at the bottom of the wells, and load one cartridge per
sample into the cartridge rack, ensuring that the cartridge clicks
into place.
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1.12.5.7.9 Set‐up the tip rack as follows:
Load opened elution tubes into the first row (Row 1) of the tip rack, ensuring that the tube and
flip cap are fully seated into position
Load the tip holders containing filter‐tips into the second row (Row 2) of the tip rack
Load opened sample tubes containing digested samples into the back row (Row 3) of the tip rack
Ensure tubes are flush with the tip rack.
Get sample order verified by a second individual.

Place the set‐up tip rack into the EZ1 instrument and close the instrument door.
Press “START” to start the purification procedure.
When the protocol ends, open the instrument door, remove the tip rack, and close the elution
tubes. Discard the sample preparation waste in the appropriate waste container.
Examine the extracts for inconsistent volumes. Measure the extracts of any questionable
volumes. If less than 30 µL is measured, using the same labware and tubes, rerun the protocol.
Document the initial and final elution volume(s) on extraction paperwork and the appropriate
instrument records.
1.12.5.8 Store samples refrigerated or frozen until ready to perform qPCR.
1.12.5.9 Perform the needed maintenance as listed in the Maintenance SOP.
1.12.5.10 To run another sample set, press “ESC” and follow the procedure from
step 3 onward. Otherwise, press “STOP” twice to return to the first screen
of the display.

Check and make sure that the maintenance log has been filled out for that day. If the daily maintenance log has
not been completed, perform the required daily instrument maintenance. Daily maintenance shall be
performed by the first person using the QIAcube each day.
Check for expiration dates of applicable reagents prior to use.
1.13 QIAGEN QIAcube Differential Extraction using the QIAamp DNA Investigator Kit
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1.13.1 To achieve the best profile results from a biological specimen, it is important to have
a DNA extraction method optimized for forensic processing. The extraction method
must be able to separate DNA molecules from other cellular material and
environmental debris. For sexual assault samples, the extraction process must also
be able to separate sperm cells from non‐sperm cells in a sample. The QIAcube
workstation was designed to automate the pipetting and centrifugation steps
required to separate sperm cells in sexual assault samples. The automated platform
minimizes sample handling and contamination risks and provides more consistent
sample to sample results.
1.13.2 The QIAcube can process up to 12 samples (11 samples + 1 reagent blank)
simultaneously. Lysis of the initial sample and removal of the substrate is performed
manually off‐robot. The lysate is then transferred to the QIAcube for separation.
The program is broken into two parts, Part A and Part B. Part A removes the
epithelial fraction to a new sample tube and performs two washes of the sperm
pellet. Part B performs two additional washes of the sperm pellet and then adds
sperm digestion buffer to the sample. A total of 4 sperm pellet washes are
performed. After separation, samples are purified on the EZ1 using the Trace
protocol for the sperm fractions and the Large Volume protocol for the epithelial
fractions.
1.13.3 Equipment, Materials, and Reagents
 QIAcube
 EZ1 Advanced XL
 Vortex
 Microcentrifuge
 Thermomixer and/or heat block
VENDOR
QIAGEN
QIAGEN
QIAGEN
QIAGEN
QIAGEN
QIAGEN
QIAGEN
QIAGEN
QIAGEN
PROMEGA
PROMEGA

CATALOG #
19076
19112
990452
1014636
19133
952034
990394
990393
990382
V1221
V3155

ITEM
BUFFER ATL (200ML)
BUFFER MTL (54ML)
1 ML WIDE BORE TIPS
BUFFER G2 (260 ML)
PRO K (10ML)
EZ1 DNA INVESTIGATOR KIT (48)
240 DISPOSABLE ROTOR ADAPTERS AND 240 ELUTION TUBES (1.5 ML)
REAGENT BOTTLES
1000 SAMPLE TUBES CB (2 ML NON‐SKIRTED SCREW‐TOP TUBES)
DNA IQ SPIN BASKETS
1M DTT

1.13.4 Procedure
1.13.4.1 Buffer Preparation
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1.13.4.1.1 Carrier RNA (cRNA) must be prepared from the EZ1 DNA Investigator
kit and aliquoted prior to use. Carrier RNA comes in the kit as a 310µg
solid and a solution of cRNA must be made by:
1.13.4.1.2 Adding 310µL of water to the tube containing cRNA (310µg) to obtain
a solution of 1 µg/µL.
1.13.4.1.3 Dissolve the cRNA thoroughly.
1.13.4.1.4 Divide it into single use aliquots each containing 20µL of dissolved
cRNA.
1.13.4.1.5 Label with lot # and expiration date and store frozen. The expiration
date is whatever is earliest, the expiration date of the EZ1 kit or the
water being used.
1.13.4.2 Diluted Buffer ATL
1.13.4.2.1 Check that the salt in Buffer ATL is completely in solution (no white
clumps). If not, heat Buffer ATL until solution is clear.
1.13.4.2.2 Prepare enough diluted Buffer ATL for entire batch of samples by
diluting stock ATL with TE using 1/3 volume of ATL and 2/3 volume of
TE buffer.
1.13.4.2.3 Diluted ATL buffer may be used the day it was prepared.
1.13.5 QIAcube Differential Protocol
1.13.5.1 Sample Preparation
1.13.5.1.1 Place the forensic sample in a 1.5mL tube.
1.13.5.1.2 Add 480μL Diluted Buffer ATL to the sample.
1.13.5.1.3 Add 20μL Proteinase K, and mix thoroughly by vortexing for 10
seconds.

OPTIONAL: Diluted Buffer ATL / Proteinase K master mix may be prepared, 500ul per
sample.
1.13.5.1.4 Incubate at 56°C for 2 hours at 900rpm in a thermomixer or at 56°C
on a heat block. Record the date and time incubation begins and
ends. Update the dry bath/heat block temperature log for each day
in use.
1.13.5.1.5 Centrifuge the tube briefly to remove drops from inside the lid.
1.13.5.1.6 Place the substrate and supernatant in a spin basket in a separate
tube. Centrifuge the tube 5 minutes at maximum RCF. Discard the
substrate and the spin basket.

The sample volume should be approximately 500μL.
1.13.5.2 Separation and Lysis 12 A
1.13.5.2.1 Use the loading chart in Appendix A to determine sample positions
based on number of samples being run.
1.13.5.2.2 Add empty EZ1 2ml sample tubes to appropriate position numbers on
the shaker position of the deck. Ensure tubes are seated all the way
in the shaker wells. Get sample order verified by a second individual.
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1.13.5.2.3 These tubes must be labeled with the appropriate epithelial fraction
sample names.
1.13.5.2.4 Ensure that a cap plug is located in only the positions containing
sample tubes.

These cap plugs tell the instrument how many
samples are being processed.
1.13.5.2.5 Add bottle of Buffer G2 to Position 1 of the Reagent Bottle Rack. Use
the table below to add enough reagent based on the number of
samples being processed.

# Samples
Volume of Buffer G2 (µL)
2
6620
3
8680
4
10740
5
12800
6
14860
7
16920
8
18980
9
21040
10
23100
12
27220
1.13.5.2.6 Add 2 ml QIAGEN CB tube of Sperm Lysis Buffer into Tube position A.
Use the table below to add enough reagents based on the number of
samples being processed. The “QIAcube Differential Extraction
Worksheet” includes the necessary volumes for the sperm lysis
buffer.
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The sperm lysis buffer should consist of the following reagents and
volumes based on the number of samples being processed:

# Samples
2
3
4
5
6
7
8
9
10
12

Total Volume of
Sperm Lysis
Buffer (µL)
363
534
680
836
1007
1158
1309
1485
1636
1973

Volume of
Buffer G2
(µL)
270
398
506
623
750
863
975
1106
1219
1470

Volume of
Proteinase K
(µL)
18
27
34
42
50
58
65
74
81
98

Volume
of 1M DTT
(µL)
72
106
135
166
200
230
260
295
325
392

Volume
of cRNA
(µL)
3
4
5
6
7
8
9
10
11
13

NOTE: The sperm lysis buffer may be prepared during “Separation and Lysis 12 A” and loaded prior to
starting “Separation and Lysis 12 B”




1.13.5.2.7 Fill both tip racks with “Disposable Filter‐Tips, 1000ul, wide bore”.
1.13.5.2.8 Setup rotor adaptors.
Load rotor adaptors on rotor adapter holder. If processing less than 12 samples, follow
Appendix A loading chart for correct sample positions.
Insert 1.5ml microcentrifuge tube into position 3 of adaptor and fold lid back into position
L3 (see figure below), if the lid hinge has not already been clipped. Positions 1 and 2 should
remain empty.
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Ensure 1.5 ml microcentrifuge tubes are pushed firmly to the bottom of appropriate slots.
Transfer fully loaded rotor adaptors to corresponding centrifuge positions. Get sample
order verified by a second individual.
Start the “Separation and Lysis 12 A” protocol and follow the prompts to confirm correct
deck setup.
After the run is complete, the epithelial fraction is found in the 2 ml tubes on the QIAcube
shaker. These samples can be removed at this point to start purification on the EZ1 or can
stay on the instrument until the “Separation and Lysis B” protocol is complete. See section
1.12.5.6 for purification of epithelial fraction using the EZ1.
1.13.5.2.9
Separation and Lysis 12 B
Refill tip racks with Disposable Filter‐Tips (1000ul, wide bore).
If sperm lysis buffer was not added to the deck in the previous steps add the buffer tube to
position A now.
Start the “Separation and Lysis 12 B” protocol and follow the prompts to confirm correct
deck setup.
After the run is complete, the sperm fraction (or pellet) with ~200µL total volume (150µL
sperm lysis buffer and 50µL leftover G2 wash buffer) is found in the 1.5mL tubes in rotor
adapter position 3. Remove tubes from rotor adaptors and close cap. Proceed to DNA
purification.
Perform regular maintenance steps.

1.13.5.2.10
DNA Purification using the EZ1
 Epithelial Fraction
o Add 400 µL of Buffer MTL and 1 µL of cRNA to each sample. If Buffer MTL contains
precipitate, heat at 70°C to dissolve particles.
o Extract on the EZ1 Advanced XL using the Large Volume Protocol.

Sperm Fraction
o Incubate at 70°C for 10 minutes at 900 rpm in a thermomixer or overnight on a heat
block at 56°C. Record thermomixer number and incubation times on extraction
worksheet/LIMS.
o Extract on the EZ1 Advanced XL using the Trace Protocol.
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Check and make sure that the maintenance log has been filled out for that day. If the daily maintenance log has
not been completed, perform the required daily instrument maintenance. Daily maintenance shall be performed
by the first person using the STARlet each day.
Check for expiration dates of applicable reagents prior to use.
1.14 Hamilton ID STARlet DNA Extraction using the PrepFiler Kits
1.14.1 The PrepFiler® Extraction Kits contain reagents optimized for use in performing cell
lysis, binding genomic DNA to magnetic particles, removing PCR inhibitors, and
eluting concentrated purified DNA. The PrepFiler® Forensic DNA Extraction Kit is
designed for common forensic sample types, including body fluid stains and swabs of
body fluids. The PrepFiler® BTA Forensic DNA Extraction Kit is designed for
challenging forensic sample types such as adhesive‐containing substrates including
cigarette butts, chewing gum, and tape.
1.14.2 The Hamilton ID STARlet workstation was designed to automate Applied Biosystem’s
PrepFiler chemistries. The ID STARlet contains a heater‐shaker and a magnet and
uses magnetic particles and a series of washes to purify DNA. The automated
platform minimizes sample handling and contamination risks. The ID STARlet can
process up to 96 samples simultaneously. The PrepFiler extraction programs for
forensic casework samples are pre‐loaded on the ID STARlet instrument and consist
of the following protocols: “Standard Protocol”, “High Volume Protocol”, and “BTA”.
Samples are added to 2 ml QIAGEN Lyse&Spin tubes and Lysis Buffer Master Mix
containing PrepFiler Lysis Buffer and 1.0M DTT for Standard and High volume lysis or
PrepFiler BTA Lysis buffer, 1.0M DTT, and Proteinase K for BTA lysis is added to each
tube manually. The samples are then spun in a centrifuge and spin baskets
containing substrates are removed. The following is a generalized protocol
describing the purification process that the ID STARlet follows once the lysate is
added to the deck:

DNA Analytical Procedures SOP
Issued By: Section Technical Leader
Uncontrolled When Printed

Document ID: 27513
Issue Date: June 26, 2018
Page 18 of 89

Biology/DNA
DNA Analytical Procedures SOP
Biology/DNA Division

 Bind DNA – Magnetic Particles are added to each sample and mixed. Isopropanol is
added to each well of the processing plate. The samples are transferred to the
processing plate. The plate is moved to the heater shaker to bind DNA to the Magnetic
Particles. The plate is moved to the magnet to move the Magnetic Particles to the sides
of the well and the supernatant is removed.
 Wash DNA – A series of washes (Wash Buffers A and B) is performed to remove any
remaining inhibitors.
 Elute DNA – Elution buffer is added to each well and mixed to release DNA from silica
membrane.
1.14.3 Equipment, Materials, and Reagents
 Hamilton STARlet ID
 PrepFiler Automated Forensic DNA Extraction Kit
o Includes:
 PrepFiler Lysis Buffer (One 500 ml bottle)
 PrepFiler Magnetic Particles (Thirteen 1 ml tubes)
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 PrepFiler Wash Buffer A Concentrate (One 500 ml bottle)
 PrepFiler Wash Buffer B Concentrate (One 250 ml bottle)
 Elution Buffer (One 200 ml bottle)
 PrepFiler BTA Forensic DNA Extraction Kit
o Includes:
 PrepFiler Lysis Buffer (One 35 ml bottle)
 PrepFiler Magnetic Particles (One 1.5 ml tube)
 PrepFiler BTA Lysis Buffer (One 25 ml bottle)
 PrepFiler Wash Buffer A Concentrate (Two 125 ml bottles)
 PrepFiler Wash Buffer B Concentrate (Two 30 ml bottles)
 PrepFiler Elution Buffer (One 12.5 ml bottle)
 Proteinase K (One 0.85 ml tube)
 Ethanol (95%)
 Isopropanol (100%)
 DL‐Dithiothreitol (DTT), 1M
 2.0 ml QIAGEN Lyse&Spin Tubes
 1.5 ml microcentrifuge tubes
 Reagent bottles
 Hamilton Pipetting tips with filters: 1000 µL, 300 µL, and 50 µL
 Eppendorf Thermomixer with 2 ml tube adaptor block
 2 ml tube centrifuge
*DO NOT USE BLEACH ON THE HAMILTON ID STARlet!*










1.14.4 Procedure
1.14.4.1 Preparation of the Buffers
1.14.4.1.1 Wash Buffer A:
If using the 500 ml bottle of Wash Buffer A Concentrate: add 740 ml of ethanol (95%) and
260 ml of Wash Buffer A Concentrate to a clean reagent bottle.
If using the 125 ml bottle of Wash Buffer A Concentrate: add 93 ml of ethanol (95%) to the
bottle containing Wash Buffer A Concentrate.
Date and initial the bottle.
Diluted Wash Buffer A can be stored at room temperature (15‐25°C) until the expiration date
of the buffer or six months, whichever comes first.
1.14.4.1.2 Wash Buffer B:
If using the 250 ml bottle of Wash Buffer B Concentrate: add 300 ml of ethanol (95%) and
200 ml of Wash Buffer B Concentrate to a clean reagent bottle.
If using the 30 ml bottle of Wash Buffer B Concentrate: add 19.5 ml of ethanol (95%) to the
bottle containing Wash Buffer B Concentrate.
Date and initial the bottle.
Diluted Wash Buffer B can be stored at room temperature (15‐25°C) until the expiration date
of the buffer or six months, whichever comes first.
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1.14.4.2 Lysing Samples and Processing on the STARLET ID
1.14.4.2.1 Before starting setup, ensure enough reagents are prepared for the
run.
Create a master mix of lysis buffer and DTT according to the following table:
Standard Protocol

High Volume Protocol

BTA Protocol

Lysis Buffer

Lysis Buffer

BTA Lysis Buffer

DTT

DTT

DTT

Proteinase K

Volume per
300 µL
3 µL
500 µL
5 µL
220 µL
3 µL
7 µL
sample*
*Add 1 or 2 to the number of samples to allow for waste, depending on batch size.
1.14.4.2.2 Retrieve sample in tube or place cutting of sample in 2 ml QIAGEN
Lyse&Spin tube.

Add the appropriate amount of lysis master mix to each sample according to the following table:

Standard Protocol
Volume per sample




300 µL

High Volume Protocol

BTA Protocol

500 µL

230 µL

1.14.4.2.3 Place each sample tube in the thermomixer at 70°C and 900 rpm.
Record thermomixer number and incubation times on extraction
worksheet/LIMS.
For reference samples, incubate samples for a minimum of 1 hour, not to exceed 16 hours.
For evidence samples, incubate samples for a minimum of 2 hours, not to exceed 16 hours.
1.14.4.2.4 Remove each tube from the thermomixer and spin in centrifuge at
20,000 x g for 2 minutes. Check that all lysate has transferred from
the spin basket to the bottom of the tube. If necessary, spin for an
additional 2 minutes. For gum samples, it is recommended to do an
additional 5 minute spin of the sample and transfer to a new tube
prior to extracting on the Hamilton.
1.14.4.2.5 Remove the spin basket from each tube.

Note: For BTA protocol samples, check the volume of the lysate. If the volume is less than 180 µL, add
enough BTA lysis buffer to bring the volume up to 180 µL.
Note: If using the BTA protocol, the samples need to be purified immediately or the PrepFiler Lysis
Buffer needs to be manually added to each tube prior to storing at room temperature for up to 24 hours
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before the run. If PrepFiler Lysis Buffer is manually added to the tubes, select the High Volume BTA
script.








ID Starlet Worktable Setup and Starting the Run
1.14.4.2.6 Add the same number of tube adaptors as there are samples to the
tube rack(s). Add samples to tube adaptors with lids open and tucked
behind prongs on adaptor. Note: There should be no gaps in the
carriers and there can be no extra adaptors in the carriers.
Ensure that all tubes are firmly placed all the way to bottom of rack and the lids are
securely back and out of the way from tube opening.
Ensure all barcodes are aligned properly and can be read by the barcode reader.
1.14.4.2.7 Add the same number of tube adaptors as there are samples to
another set of tube racks. Add elution tubes to tube adaptors with
lids open.
Ensure that all tubes are firmly placed all the way to bottom of rack and the lids are
securely back and out of the way from tube opening.
Ensure all barcodes are aligned properly and can be read by the barcode reader.
1.14.4.2.8 Ensure the STARlet is turned on.
1.14.4.2.9 Open the “Hamilton ID STARlet” program.
1.14.4.2.10 Click “Start Run”.
1.14.4.2.11 Ensure the Extraction information is filled in appropriately:
Input lab ware

Tubes

Output lab ware

Tubes

Use work list

Yes

Work list file

(browse to file)

Use barcodes

Yes

Protocol

(choose appropriate protocol)

Fill in kit lot number, kit expiration date, and user name.




1.14.4.2.12 Click “Start Run”.
1.14.4.2.13 The following message appears on the screen: If the magnetic beads
are stored at 4°C or if the tubes contain precipitate, incubate the
tubes at 37°C for 30 minutes, swirl the tube gently, then centrifuge
(100 rpm or less) for 2 seconds (pulse spin). This should never apply
as all components of PrepFiler kit must be stored at room
temperature. Click “Ok” to continue to loading step.
1.14.4.2.14 Load the samples:
Place input tube carriers in tracks 7‐9.
Click “Ok”.
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Note: If there is an error in scanning barcodes, a message appears on the screen. Ensure all barcodes
are aligned properly on the tubes. Click “Repeat” and then “Execute” to rescan the barcodes.

























1.14.4.2.15 Loading of High Volume Tips:
Ensure the appropriate number of 1000 µL filter tips needed for the current run are
loaded onto the tip carrier. The minimum number is displayed on the screen. Add
more if necessary.
Click “Ok”.
The software remembers the position of tips leftover from the previous run. Especially
if something was changed, ensure the appropriate tips are highlighted on the screen.
Do this by clicking and dragging to highlight multiple positions, clicking each position
individually, or typing the number(s) into the appropriate field(s).
Click “Ok”.
1.14.4.2.16 Loading Lab ware onto Carrier in Track 16:
Ensure the appropriate number of 50 µL filter tips are loaded into the rack in slot 1 of
the carrier. The minimum number is displayed on the screen. Add more if necessary.
Ensure the appropriate number of 300 µL filter tips are loaded into the rack in slot 2 of
the carrier. The minimum number is displayed on the screen. Add more if necessary.
Load a clean processing plate (ABI Part Number 4392904) onto slot 3 of the carrier.
Place two tubes of PrepFiler Magnetic Particles into slots 5.1 and 5.2 of the carrier. The
screen displays the minimum volume needed in each tube.
Click “Ok”.
The software remembers the position of 50 µL tips leftover from the previous run.
Especially if something was changed, ensure the appropriate tips are highlighted on the
screen. Do this by clicking and dragging to highlight multiple positions, clicking each
position individually, or typing the number(s) into the appropriate field(s).
Click “Ok”.
The software remembers the position of 300 µL tips leftover from the previous run.
Especially if something was changed, ensure the appropriate tips are highlighted on the
screen. Do this by clicking and dragging to highlight multiple positions, clicking each
position individually, or typing the number(s) into the appropriate field(s).
Click “Ok”.
1.14.4.2.17 Load Output tubes:
Place output tube carriers in slots 13‐15.
Click “Ok”.
1.14.4.2.18 Load Reagent Carrier (for small troughs):
Ensure a 60 ml trough is loaded into each slot of the carrier in track 22.
Add the appropriate volume of Isopropanol to the trough in slot 1 of the carrier.
Add the appropriate volume of Wash Buffer 1 (A) to the trough in slot 2 of the carrier.
Add the appropriate volume of Wash Buffer 2 (A) to the trough in slot 3 of the carrier.
Add the appropriate volume of Wash Buffer 3 (B) to the trough in slot 4 of the carrier.
Add the appropriate volume of Elution Buffer to the trough in slot 5 of the carrier.
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Click “Ok”.

Note: The minimum volumes necessary for the current run are displayed on the screen for each reagent.








1.14.4.2.19 Load Reagent Carrier (for large troughs):
Add 1 empty 120 ml trough to slot 3 of the carrier in track 23.
Click “Ok”.
For BTA protocol only: Add the appropriate volume of Lysis Buffer to a 120 ml trough
in slot 1 of the carrier. Note: Be sure to add regular Lysis Buffer, NOT BTA Lysis Buffer.
The minimum volume necessary for the current run is displayed on the screen.
1.14.4.2.20 Load Lab ware onto Heater Shaker Carrier
Ensure the 96 well Magnetic‐Ring Stand is loaded on to slot 2 of the fixed carrier (to
the far right of the deck, track 24).
Load a deep well plate onto slot 3 of the fixed carrier (for liquid waste).
Load a deep well plate into slot 5 of the fixed carrier (underneath slot 4).

The deck looks like this when setup is complete:



Click “Ok.” This starts the protocol.

Note: The cover must be CLOSED for the protocol to start and must REMAIN closed until the protocol is
finished.
1.14.4.2.21 When the protocol has finished, a message is displayed confirming
the samples have been processed. Click “Ok.” The STARlet
automatically unloads the carriers and finalizes the output file.
1.14.4.2.22 Cleanup worktable
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Remove sample tubes from rack and close caps. Samples are now ready for
downstream processing.
Prior to discarding it, examine the bottom of the processing plate for the presence of
magnetic particles in each well that contained a sample. If no magnetic particles are
visible, note this on the extraction paperwork, as it could be an indication that any
digested DNA was not purified.
Perform daily after run maintenance.
Turn off instrument.
1.14.5 Hamilton ID STARlet PrepFiler Workflow
1.14.5.1 Once the protocol is started, the following steps take place to process
samples:
1.14.5.1.1 For BTA protocol only: PrepFiler Lysis Buffer is added to each sample.
(1000 µL tips, 8 samples at a time, tips are discarded.)
1.14.5.2 Magnetic Particle resin is added to each sample. (50 µL tips, 2 samples at a
time, tips are discarded.)
1.14.5.3 Isopropanol is added to each necessary well of the processing plate. (1000 µL
tips, 8 samples at a time, the same tips are used for the whole plate and to
transfer the first set of samples.)
1.14.5.4 Samples are transferred to the processing plate. (1000 µL tips, 8 samples at a
time, tips are discarded.)
1.14.5.5 Processing plate is moved to the heater shaker for 8 minutes.
1.14.5.6 Processing plate is moved to the magnet for 8 minutes.
1.14.5.7 Supernatant (Isopropanol) is removed from each sample and discarded into
the waste trough. (1000 µL tips, 8 samples at a time, tips are discarded.)
1.14.5.8 Wash Buffer 1 is added to each sample. (1000 µL tips, 8 samples at a time, tips
are placed in the holding rack.)
1.14.5.9 Processing plate is moved to the heater shaker for 5 minutes.
1.14.5.10 Processing plate is moved to the magnet for 3 minutes.
1.14.5.11 Supernatant (Wash Buffer 1) is removed from each sample and discarded
into the waste plate. (The tips from step 7 are used, 8 samples at a time, tips
are discarded.)
1.14.5.12 Wash Buffer 2 is added to each sample. (1000 µL tips, 8 samples at a time,
tips are placed in the holding rack.)
1.14.5.13 Processing plate is moved to the heater shaker for 5 minutes.
1.14.5.14 Processing plate is moved to the magnet for 3 minutes.
1.14.5.15 Supernatant (Wash Buffer 2) is removed from each sample and discarded
into the waste plate. (The tips from step 12 are used, 8 samples at a time, tips
are discarded.)
1.14.5.16 Wash Buffer 3 is added to each sample. (8 samples at a time, tips are placed
in the holding rack.)
1.14.5.17 Processing plate is moved to the heater shaker for 5 minutes.
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1.14.5.18 Processing plate is moved to the magnet for 3 minutes. The heater shaker
starts heating to 50°C.
1.14.5.19 Supernatant (Wash Buffer 3) is removed from each sample and discarded to
waste plate. (The tips from step 16 are used, 8 samples at a time, tips are
discarded.)
1.14.5.20 Processing plate is moved to the heater shaker for 10 minutes for an
evaporation step.
1.14.5.21 Processing plate is moved to the magnet and Elution Buffer is added to each
sample (300 µL tips, 8 samples at a time, tips are placed in the holding rack.)
The heater shaker starts heating to 80°C.
1.14.5.22 Processing plate is moved to the heater shaker for 8 minutes.
1.14.5.23 Processing plate is moved to the magnet for 5 minutes.
1.14.5.24 Samples are transferred to the appropriate elution tube. (The tips from step
21 are used, 8 samples at a time, tips are discarded.)
1.14.5.25 Deck cleanup: Once the user clicks “Ok”, all carriers are unloaded from the
deck.
References
(1) Life Technologies. User Guide: PrepFiler and PrepFiler BTA Forensic DNA Extraction Kits.
Publication Part Number 4463348 Rev. C. Revised 01/2012.
(2) Houston Forensic Science Center. Internal Validation of PrepFiler® Forensic DNA Extraction Kit
Using the Hamilton Microlab® ID STARlet. January 2015.
1.15 Hamilton STAR Differential DNA Extraction using the QIAGEN Investigator Lyse&Prep Kit
1.15.1 The QIAGEN Investigator® STAR™ Lyse&Prep Kit contains reagents optimized for use
in performing cell lysis, binding genomic DNA to magnetic particles, removing PCR
inhibitors, and eluting concentrated purified DNA. The kit is validated for use with
epithelial and sperm fractions of differentially separated samples.
1.15.2 The Hamilton STAR workstation was designed to automate the Lyse&Prep
chemistry. The STAR contains 2 heater‐shakers and a magnet and uses magnetic
particles and a series of washes to purify DNA. The automated platform minimizes
sample handling and contamination risks. The STAR can process up to 84 samples
simultaneously. The Lyse&Prep extraction program for forensic differential samples
is loaded on the STAR instrument and includes the following options: epithelial or
sperm fractions, 300 µL protocol or 500 µL protocol, and elution into tubes or plates.
Samples are lysed manually and separated using the QIAGEN QIAcube instrument
prior to purification using the STAR. The following is a generalized protocol
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describing the purification process that the STAR follows once the lysate is added to
the deck:
 Bind DNA – Magnetic bead suspension, binding buffer, and sample lysate are
added to the appropriate wells of a 96 well deep well block. The plate is
moved to the heater‐shaker to bind DNA to the magnetic beads. The plate is
moved to the magnet to move the magnetic beads to the sides of the well
and the supernatant is removed. Depending on the protocol volume, the
binging step may be repeated for the remaining sample lysate.
 Wash DNA – A series of washes is performed to remove any remaining
inhibitors.
 Elute DNA – Elution buffer is added to each well and mixed to release DNA
from the silica membrane.
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1.15.3 Equipment, Material, and Reagents
 Hamilton STAR
 QIAGEN Investigator® STAR™ Lyse&Prep Kit
o Includes:
 Buffer ATL (Five 30 ml bottles)
 Buffer QSL3 (Five 45 ml bottles)
 Buffer QSW1 (Five 50 ml bottles)
 Buffer QSW2 (Five 160 ml bottles)
 Bead Suspension G (Five 15 ml bottles)
 Buffer ATE (Five 20 ml bottles)
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 Proteinase K (Two 6 ml bottles)
 Carrier RNA (Two 310 µg aliquots)
 DL‐Dithiothreitol (DTT), 1M
 DNA Grade Water
 1.5 ml microcentrifuge tubes
 Hamilton Pipetting tips with filters: 1000 µL and 300 µL
 Hamilton Reagent Troughs: 60 ml and 120 ml
 Nunc 2 ml Deep Well plate
 Additional deep well plates for tip isolator
 Optional: 96‐well PCR plate
1.15.4 PROCEDURE
1.15.4.1 Daily Startup Procedure
1.15.4.1.1 Open the Maintenance Run software.
1.15.4.1.2 Click the check box next to “Weekly Maintenance”
1.15.4.1.3 Push the green triangle “Play” button.
1.15.4.1.4 Follow the prompts on the screen.
Remove carriers and clean with DNA Away and alcohol wipe.
Clean the deck with DNA Away and alcohol wipe.
Empty the tip waste and wipe down metal tip eject piece with alcohol wipes.
NOTE: It is important to thoroughly wipe clean this piece between runs because reagent
residue will build up quickly.
Check the barcode scanner and wipe with alcohol wipe and/or Kim wipe as necessary.
Perform the channel tightness check.
Perform the cLLD check.
If maintenance is completed successfully, proceed with the days runs. If not, perform
maintenance again. If problems persist, contact Hamilton for instrument service.
1.15.4.2 STAR Worktable Setup and Starting the Run
1.15.4.2.1 Ensure the STAR is turned on and the cover is closed.
1.15.4.2.2 Open the “Lyse&Prep” program. Once the method has begun, the
cover can be open for loading.
1.15.4.2.3 Ensure the extraction information is filled in appropriately:
Select Work List
(Browse to file)
Run from beginning
Select Starting Point
(unless recovering a previous run)
Sperm Fraction or Epithelial
Select Source Samples
Fraction
Select Elution Labware
Tubes or PCR Plate
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NOTE: The protocol will default to “Run from beginning”. DO NOT un‐check the check
box. This will cause the instrument to run multiple protocols back to back. If the check
box is inadvertently un‐checked, close the program and start again.
1.15.4.2.4 Click “Continue”.
1.15.4.2.5 Select the volume protocol, 300 µL or 500 µL. Note: Select the 300
µL protocol when running sperm fraction samples and select the 500
µL protocol when running epithelial fraction samples.
1.15.4.2.6 Click “Continue”.
1.15.4.2.7 Load reagents and labware:

Calculate the volumes needed for each reagent:
Total Volume for 72
Reagent
Volume per Sample
Samples (Including ~10%
Waste)
DNA Grade Water
200 µL
16 ml
50 µL
Buffer ATE
(or designated elution
5 ml
volume)
Bead Suspension
A minimum of 6.4 ml is needed for 1‐48 samples
G
A minimum of 12.8 ml is needed for 49‐72 samples
720 µL for 300 µL Protocol
57.6 ml for 300 µL Protocol
Buffer QSL3
800 µL for 500 µL Protocol
64 ml for 500 µL Protocol
cRNA*
1 µL
80 µL
Buffer QSW1
500 µL
40 ml
Buffer QSW2
1000 µL
80 ml
*Add the appropriate volume to the Buffer QSL3 reagent trough.
Note: Always calculate the volumes per reagent using the number of sample plus 10% waste.
A minimum dead volume of ~5 ml is needed for each reagent, regardless of sample number.
For remaining Bead Suspension G, ATE, and DNA Grade Water, the trough can be capped and
sealed with parafilm until the next run. The troughs for the QSL3, QSW1, and QSW2 shall be
emptied into the appropriate waste container and then discarded into the biohazard waste.




Follow the prompts on the screen for loading tips, reagents, and plates. Note: The
instrument does not scan the tips or reagent troughs. It is important the user ensures the
deck is correctly setup prior to processing samples.
Ensure each carrier is inserted in the correct orientation. The back of each carrier contains
the barcode and should be positioned toward the back of the deck.
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The tip carrier in track 22 shall contain 1000 µL tips in positions 1‐3 and 300 µL tips in
positions 4‐5.
The tip carrier in track 28 shall contain 1000µL tips in all positions. A clean deep well block
shall be placed under the tips in positions 3‐5.
The reagent carrier in track 34 shall contain 60 ml troughs in positions 3‐5. Position 3 shall
contain DNA grade water. Position 4 shall contain Buffer ATE. Position 5 shall contain Bead
Suspension G.
The reagent carrier in track 35 shall contain 120 ml troughs in positions 1‐3. Position 1 shall
contain Buffer QSL3. Position 2 shall contain Buffer QSW1. Position 3 shall contain Buffer
QSW2.
If eluting into a PCR plate, place the plate in position 3 of the multiflex carrier in track 42.
The magnet shall always be in position 5 of this carrier.
Ensure all carriers are pushed all the way to the back of the deck.
o Click “Next Carrier” in each window.
o Load the ‘Clean Up Plate’ (Nunc 2 ml deep well plate) into position 4 of the
multiflex carrier in track 42. Ensure proper orientation of the ‘Clean Up Plate’.
The A should be positioned in the rear left corner and the notches should be
positioned toward the front. Ensure the deck is setup according to the following
diagram and tables. Click “Continue Method”.

Carrier
Tip Carrier 1
Tip Carrier 2 (Tip Isolator)
50 ml Reagent Trough Carrier
120 ml Reagent Trough Carrier
Tube Carriers (Input)
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Tube Carrier (Output)
Multiflex Carrier
Heater Shakers
Labware
1000 µL Tips w/Filter
300 µL Tips w/Filter
Clean, Empty Deep Well Block
1000 µL Tips w/Filter
50 ml Trough w/ DNA Grade Water
50 ml Trough w/ATE
50 ml Trough w/Bead Suspension G
120 ml Trough w/QSL3 Buffer
120 ml Trough w/QSW1 Buffer
120 ml Trough w/QSW2 Buffer
Sample Source Tubes (w/Lysate)
Sample Elution Tubes (if applicable)
Sample Elution Plate (if applicable)
Clean, Empty Nunc 2 ml Deep Well Plate
Magnet

39‐41
42‐47
48‐54 (Permanently Mounted)
Carrier
Tip Carrier 1
Tip Carrier 1
Tip Carrier 2 (Tip Isolator)
Tip Carrier 2 (Tip Isolator)
50 ml Reagent Trough Carrier
50 ml Reagent Trough Carrier
50 ml Reagent Trough Carrier
120 ml Reagent Trough Carrier
120 ml Reagent Trough Carrier
120 ml Reagent Trough Carrier
Tube Carriers (Input)
Tube Carrier (Output)
Multiflex Carrier
Multiflex Carrier
Multiflex Carrier

Position on Carrier
1‐3
4‐5
3‐5
1‐5
3
4
5
1
2
3
1‐32
1‐32
3
4
5

Add the same number of tube adaptors as there are samples to the tube rack(s).
Add samples to tube adaptors with lids removed or open and tucked behind
prongs on adaptor. Note: There should be no gaps in the carriers and there
should be no extra adaptors in the carriers. If the tube adaptors being used do
not have prongs, ensure the cap is out of the way of the tube opening.
o Always start in position 1 for each carrier. Position 1 is toward the back of the
deck when the carrier is inserted and toward the right when the carrier is
removed and placed horizontally in front of the user.
o Ensure that all tubes are firmly placed all the way to the bottom of rack and the
lids are securely back and out of the way from the tube opening, if applicable.
o Ensure all barcodes are aligned properly and can be read by the barcode reader.
Add the same number of tubes adaptors as there are samples to another set of tube racks.
Add elution tubes to tube adaptors with lids open and tucked behind prongs on adaptor.
o Ensure that all tubes are firmly placed all the way to bottom of rack and the lids
are securely back and out of the way from tube opening.
o Ensure all barcodes are aligned properly and can be read by the barcode reader.
o
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Load the samples:
o Place input tubes in carriers in tracks 36‐38. The tube carriers may be positioned
at the back of the deck or at the autoload position.
o Click “Next Carrier”.
Load the elution tubes:
o Place output tubes in carriers in tracks 39‐41. Note: If eluting into plates, this
step is skipped.
o Click “Continue Method”.
o NOTE: Be sure the cover is closed prior to pressing “Continue Method” and is not
opened during sample processing. The instrument cannot run if the cover is open
and the run will abort.
o The software will prompt the user to check the level of the liquid waste carboy.
Ensure the liquid is below the top line on the carboy and ensure there are no kinks
in the tubing.
o Click OK. This will start the protocol. The tubes will be scanned and the
instrument begins pipetting.
Note: If there is an error in scanning barcodes, a message will appear on the screen. Ensure
all barcodes are aligned properly on the tubes. Click “Repeat” and then “Execute” to rescan
the barcodes.
o When the protocol has finished a message is displayed confirming “Method
Complete”. Click “FINISH”. This officially ends the run.
Note: If an error occurs and a run is aborted, the processing can be continued from various
“checkpoints”. If this occurs, relocate the ‘Clean Up Plate’ to the starting position before
continuing.
o Cleanup worktable.
Remove sample tubes from rack and close caps. Samples are now ready for downstream
processing.
Discard the reagent waste into the “Organic Flammables” carboy.
Perform daily or weekly maintenance, as applicable.
Turn off instrument.
1.15.5 Hamilton STAR Lyse&Prep Workflow
1.15.5.1 Once the protocol is started, the following steps take place to process
samples:
1.15.5.2 Bead Suspension G is added to each well of the ‘Clean Up Plate’. (1000 µL tips,
up to 6 columns at a time, tips are used for the whole plate and then
discarded.)
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1.15.5.3 Binding buffer (Buffer QSL3) is added to each well of the ‘Clean up Plate’.
(1000 µL tips, 8 samples at a time, tips are used for the whole plate and then
discarded.)
1.15.5.4 Samples are transferred to the ‘Clean Up Plate’. (1000 µL at a time, 8 samples
at a time, tips are discarded.)
1.15.5.5 ‘Clean Up Plate’ is moved to the heater shaker for 10 minutes. No heat is
applied to the plate at this time.
1.15.5.6 ‘Clean Up Plate’ is moved to the magnet for 2 minutes.
1.15.5.7 Supernatant (Buffer QSL3) is removed from each sample and discarded into
the liquid waste. (1000 µL tips, 8 samples at a time, tips are discarded.)
1.15.5.8 If running the 500 µL protocol, steps 1.15.5.3 to 1.15.5.7 are repeated once
more.
1.15.5.9 The ‘Clean Up Plate’ is moved to the heater shaker and Buffer QSW 1 is added
to each sample. (1000 µL tips, 8 samples at a time, tips are placed back in the
holding rack.)
1.15.5.10 ‘Clean Up Plate’ is moved to the heater shaker for 30 seconds.
1.15.5.11 ‘Clean Up Plate’ is moved to the magnet for 1 minute.
1.15.5.12 Supernatant (Buffer QSW1) is removed from each sample and discarded into
the liquid waste. (The tips from step 1.15.5.9 are used, 8 samples at a time,
tips are discarded.)
1.15.5.13 The ‘Clean Up Plate’ is moved to the heater shaker and Buffer QSW2 is added
to each sample. (1000 µL tips, 8 samples at a time, tips are placed back in the
holding rack.)
1.15.5.14 ‘Clean Up Plate’ is moved to the heater shaker for 30 seconds.
1.15.5.15 ‘Clean Up Plate’ is moved to the magnet for 1 minute.
1.15.5.16 Supernatant (Buffer QSW2) is removed from each sample and discarded into
the liquid waste. (The tips from step 1.15.5.13 are used, 8 samples at a time,
tips are discarded.)
1.15.5.17 Steps 1.15.5.13 to 1.15.5.16 are repeated once more.
1.15.5.18 While the ‘Clean Up Plate’ is still on the magnet, DNA Grade Water is added
to 8 samples. (1000 µL tips, tips are held on pipetting channels.)
1.15.5.19 The instrument pauses for 20 seconds.
1.15.5.20 Supernatant (DNA Grade Water) is removed and discarded into the liquid
waste. (Tips from step 1.15.5.18 are used, tips are discarded).
1.15.5.21 Steps 1.15.5.18 to 1.15.5.20 are repeated for the remaining samples.
1.15.5.22 ‘Clean Up Plate’ remains on the magnet for 10 minutes for an air dry step.
1.15.5.23 ‘Clean Up Plate’ is moved to the heater shaker. The heater shaker is set to
70°C.
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1.15.5.24 Buffer ATE is added to each sample. (300 µL tips, 8 samples at a time, tips are
discarded.)
1.15.5.25 The ‘Clean Up Plate’ shakes for 5 minutes.
1.15.5.26 ‘Clean Up Plate’ is moved to the magnet for 1 minute.
1.15.5.27 Samples are transferred to the appropriate elution tube or well. (300 µL tips,
8 samples at a time, tips are discarded.)
1.15.5.28 Method Complete.
1.15.6 Hamilton STAR Troubleshooting
1.15.6.1 Error handling
1.15.6.1.1 The most common errors can be recovered from easily. If one of the
following errors occurs, fix the issue and click “Repeat”, then click
“Execute”. The instrument will attempt the step again. If problems
persist, contact Hamilton for instrument service.
1.15.6.1.2 No Tip Error

The instrument did not detect a tip, ensure tips are present in
the tip rack.
1.15.6.1.3 Tip Pick Up Error

The instrument detected a tip but could not pick it up. Ensure
the tip carrier is pushed all the way to the back of the deck
and that the tip rack is properly seated on the carrier.

If this doesn’t fix the issue, the tip itself may be defective.
Replace the tip with a new one.
1.15.6.1.4 Liquid Level Error

The instrument did not detect enough liquid in the reagent
trough. Add more of the appropriate reagent. Note: Evaluate
the previous set of samples to ensure they have the correct
volume of the reagent in each well. It may be necessary to
add more reagents to those samples if the volume is low.
1.15.6.1.5 Hardware Error

This may occur after tip ejection.

Click “Initialize”. The instrument should continue processing.
1.15.6.2 Low Elution
1.15.6.2.1 Low elutions were not observed during validation. However, this
could potentially be caused by one of the following:

The instrument added the proper volume of elution buffer to
the well but did not remove the full volume.
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With the plate on the magnet, carefully remove the elution
buffer manually.
1.15.6.2.2 The instrument did not add enough elution buffer to the well.

This will be evident by the fact that no elution buffer remains
in the well.

Add more buffer and let the beads incubate so that any
remaining DNA will release from the beads.

With the plate on the magnet, carefully remove the elution
buffer manually.
References
(1) Technical Information: Investigator® STAR™ Lyse&Prep Kit
(2) Application Note: QIAGEN’s DNA Investigator® chemistry on the Hamilton® Microlab® STAR™
Liquid Handling Workstation
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2. DNA Quantification
2.1. Safety
2.1.1. Body fluids, tissues, and extracts may contain infective agents. Use universal precautions
during evidence handling. Follow instructions for reagent preparation.
2.2. Instrument Overview ‐ Fluorescence Detection
2.2.1. Detection on the Applied Biosystems 7500 Real‐Time PCR System
2.2.1.1. A tungsten‐halogen lamp directs light to each well on the reaction plate. The light
excites the fluorescent dyes in each well of the plate.
2.2.1.2. During the run, the CCD camera detects the fluorescence emission.
2.2.1.3. The SDS software obtains the fluorescence emission data from the CCD camera and
applies data analysis algorithms.

2.2.2. Starting the 7500 Real‐Time PCR System
2.2.2.1. Overview
2.2.2.1.1. Starting the 7500 Real‐Time PCR System involves:
 Starting the Computer, if not already on
 Powering on the Instrument
 Starting the 7500 SDS Software
2.2.3. Starting the Computer
2.2.3.1. Open the laptop computer by pushing in the front center button, holding it, and
lifting the lid.
2.2.3.2. Press the power button on the computer.
2.2.3.3. Enter the username associated with the computer, if applicable.
2.2.3.4. If required, type the corresponding password in the password field.
NOTE: Wait for the computer to finish starting up before powering on the 7500 instrument.
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2.2.4. Powering on the Instrument
2.2.4.1. Press the power button on the lower right front of the 7500 instrument.
2.2.4.2. The indicator lights on the lower left of the front panel cycle through a power on
sequence.
2.2.4.3. When the green power indicator is lit (not flashing), communication is established
between the computer and the instrument.
NOTE: If the green power‐on indicator is flashing or the red error indicator is lit, see the Applied
Biosystems 7300/7500/7500 Fast Real‐Time PCR System Installation and Maintenance Guide (PN
4347828)

2.2.5. Starting the 7500 SDS Software
2.2.5.1. Start the 7500 System Software.
2.2.5.2. The software starts and displays the word "Disconnected" in the status bar on the
bottom‐right corner. The status changes to "Connected" only after the New
Document Wizard is completed, the software is initialized, and the software is
connected to the 7500 instrument. If the connection is successful, the software
displays

in the status bar on the bottom‐right corner.

Check for expiration dates of applicable reagents prior to use.
2.3 Quantifiler® Trio DNA Quantification
2.3.1

The Quantifiler® Trio DNA Quantification Kit (PN 4482910) is designed to simultaneously
quantify the total amount of amplifiable human DNA and human male DNA in a sample.
The results obtained using the kit can aid in determining:
 If the sample contains sufficient human DNA and/or human male DNA to proceed with
STR analysis.
 The amount of sample to use in STR analysis applications.
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 The relative quantities of human male and female DNA in a sample that can assist in
the selection of the applicable STR chemistry.
 The DNA quality, with respect to both the DNA degradation level and the inhibition
level. This metric is useful for determining if the STR loci with larger amplicon sizes will
likely be recovered in the STR profile.
 If PCR inhibitors are present in a sample that may require additional purification
before proceeding to STR analysis.
2.3.2

The Quantifiler® Trio DNA Quantification Kit contains all the necessary reagents for the
amplification, detection, and quantification of a two human‐specific DNA targets and a
human male‐specific DNA target. The reagents are designed and optimized for use with
the Applied Biosystems 7500 Real‐Time PCR System and HID Real‐Time PCR Analysis
Software v1.2.

2.3.3

The DNA quantification assay combines four 5’ nuclease assays:
 Two separate target‐specific human assays; one with a short PCR amplicon and one
with a long PCR amplicon
 A target‐specific human male DNA assay
 An internal PCR control (IPC) assay

Target
Human Target: Small Autosomal
Human Target: Large Autosomal
Human Male Target
Internal Positive Control

Amplicon Length
80 bases
214 bases
75 bases
130 bases

Dye/Quencher Labels
VIC®/NFQ‐MGB
ABY®/QSY7®
FAM™/NFQ‐MGB
JUN®/QSY7®

The small autosomal target should be used for the normalization of DNA in preparation for STR
amplification. The ratio between the small and large autosomal targets, or degradation index, can be
used to determine if the DNA in the sample is degraded. The degradation index (DI) is calculated by
dividing the concentration of the small autosomal target by the concentration of the large autosomal
target. According to the manufacturer, a DI ≤ 1 indicates the DNA is not likely degraded. A DI between 1
and 10 indicates moderate DNA degradation that may affect STR amplification. A DI >10 indicates that
the sample could be severely degraded. If the DI is blank (indicating no quantification for the small
and/or large autosomal target), the sample could be severely degraded or inhibited, or contain no DNA.
2.3.4

Equipment, Materials, and Reagents
 Quantifiler® Trio DNA Quantification Kit (Part # 4482910)
 Automation Enhancer
 Vortex
 Centrifuge for microtube pulse spins
 AB7500 thermocycler, computer, and data collection and analysis software
 96‐well Optical Reaction Plates (AB part # 4306737)
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 Optical Adhesive Covers (AB part # 4311971)
 Centrifuge with plate adaptor
 MicroAmp Splash Free Support Base (AB part # 4312063)
2.3.5 Standards, Controls, and Calibration
2.3.5.1 Human DNA standards ranging from 0.005 to 50 ng/µL must be run in duplicate in
each plate, to estimate the concentration of human DNA. At least one
quantification blank consisting of 18 µL of master mix and 2 µL Dilution Buffer will
be run in one well of each plate as a negative quantification control.
2.3.6 Kit Contents and Storage
2.3.6.1 Each Quantifiler® Trio DNA Quantification Kit contains materials sufficient to
perform 400 reactions at a 20‐μL reaction volume. Store the entire kit at −15 °C to
−25 °C upon receipt. Store the kit at 2°C to 8°C after first thaw, as described below:

NOTE: Keep Primer Mix and PCR Reaction Mix protected from direct exposure to light. Excessive
exposure to light may affect the fluorescent probes and/or the passive reference dye.
NOTE: It is highly recommended that the first thaw occurs overnight in the fridge.
2.3.7 Reaction and Plate Setup Procedure
2.3.7.1 Allow the Quantifiler® Trio kit components to equilibrate to room temperature. Mix
the Primer Mix by brief vortexing followed by a short centrifuge. Gently vortex and
briefly centrifuge the Quantifiler® THP PCR Reaction Mix before using it.
2.3.7.1.1 Upon first use of the reaction mix tube, add 1.2 µL of automation enhancer
to the tube. Put a plus sign on the top of the tube with the date. The
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expiration of that tube expires 6 months from addition of the automation
enhancer, or the kit expiration date, whichever is sooner.
2.3.7.2 Make a set of positive standards as described in the following section (entitled
"Preparing the DNA Quantification Standards").
2.3.7.3 Prepare a Master Mix consisting of the following reagents and volumes:
2.3.7.3.1 The “Quant Trio Worksheet” includes the necessary volumes for the master
mix.
2.3.7.3.2 The worksheet includes a correction factor for pipetting loss.
Component

Volume Per
Reaction (µL)

Quantifiler® THP PCR Reaction Mix

11

Quantifiler® Trio Primer Mix

8.8

2.3.7.4 Vortex the Master Mix for approximately 3 to 5 seconds, then briefly centrifuge the
tube.
2.3.7.5 Make sure the plate is correctly oriented, A1 is to the top left.
2.3.7.6 Dispense 18 µL of the Master Mix into each reaction well.
2.3.7.7 Add 2 µL of each sample, standard, or control (Dilution Buffer for negative
control) into the applicable wells.
2.3.7.8 Seal the reaction plate with the adhesive cover.
2.3.7.9 Centrifuge the plate at ~3000 rpm for about 20 seconds in a tabletop centrifuge
with plate holders to remove any bubbles.
2.3.7.10
Push the tray door to open it.
2.3.7.11
Load the plate into the plate holder of the 7500. Ensure that the plate is
correctly aligned in the holder, with the notched A12 position at the top‐right of
the tray.
2.3.7.12
Close the tray door.
2.3.8 Preparing the DNA Quantification Standards
Make a standard curve dilution series consisting of:
Standard

ng/µL

1

50

2

5

3

0.5

4

0.05
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5

0.005

2.3.8.1 To create this series of standards, perform the following tasks:
2.3.8.1.1 Label five RNAse Free microcentrifuge tubes A, B, C, D, and E.
2.3.8.1.2 Dispense 10 µL of Quantifiler® THP DNA Dilution buffer into microcentrifuge
tube A.
2.3.8.1.3 Dispense 90 µL of Quantifiler® THP DNA Dilution buffer into the other four
microcentrifuge tubes.
2.3.8.1.4 Prepare Standard A:
 Vortex the Quantifiler® THP DNA Standard 3 to 5 seconds
 Using a new pipette tip, add 10 µL of Quantifiler® THP DNA
Standard to the tube for Standard A
 Mix the dilution thoroughly
2.3.8.1.5 Prepare Standards B through E:
 Using a new pipette tip, add 10 µL of the prepared standard to the
tube for the next standard (e.g. 10 µL of Standard A into the tube
for Standard B; the resulting mixture will contain 10 µL of the
previous standard and 90 µL of Quantifiler® THP DNA Dilution
buffer)
 Mix the dilution thoroughly
 Repeat the above steps until the dilution series is complete
NOTE: Any unused standard can be labeled with the analyst's initials and date of creation (e.g.
ABC010101) and stored at 2°C to 8°C for up to two weeks.
2.3.9 Create an Experiment
2.3.9.1 Create an experiment in the software
2.3.9.1.1 In the Home screen, click the Quantifiler® Trio icon
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2.3.9.1.2 In the Experiment Properties screen, enter a name for the experiment
 All other settings are automatically set or are optional
2.3.9.1.3 Create plate setup
 Option 1: Manual plate set up
o In the left navigational panel, click Setup‐>Plate Setup.
 Targets are automatically specified



Define samples by clicking Add New Sample, then type the name for the sample.
Repeat for remaining samples



Click Assign Targets and Samples
o Targets are automatically assigned and the standard quantities
are automatically specified
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o

2.3.9.1.4

Assign the samples to the plate wells
 In the Assign sample(s) to wells section to the left of the plate
layout, locate a used well and select the checkbox in the Assign
column next to the sample name that corresponds to that
particular well. The target for each sample is set by default.
Repeat for remaining used wells.

Create plate setup with Tecan file
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Alternatively, an experiment template can be created using the file created from
the Tecan
Select File‐> New Experiment, then select the application for the template
Specify settings and plate layout a needed
Select Save ‐> Save As Template. Templates are saved as .edt files.
Click Open, then navigate to the template of interest.

2.3.10 Setting Thermal Cycler Conditions
2.3.10.1
In the left navigational panel, click Setup ‐> Run Method to view parameters.
2.3.10.1.1 The parameters are automatically specified.

2.3.10.2

Assure that the thermal conditions are as follows:
 95°C for 2 minutes
 40 cycles of:
o 95°C for 9 seconds
o 60°C for 30 seconds

2.3.11 Saving the Plate Document and Starting the Run
2.3.11.1
Save the file.
2.3.11.2
Click Start Run.
2.3.12 Data Analysis and Results
2.3.12.1
To analyze a run after it is complete, complete the following steps:
2.3.12.1.1 Launch the software
2.3.12.1.2 Click File > Open
2.3.12.1.3 Navigate the dialog box to find the run file and click Open (or double‐click
the run file)

DNA Analytical Procedures SOP
Issued By: Section Technical Leader
Uncontrolled When Printed

Document ID: 27513
Issue Date: June 26, 2018
Page 45 of 89

Biology/DNA
DNA Analytical Procedures SOP
Biology/DNA Division

2.3.12.1.4 Alternatively, you can double‐click the run file and the software will be
launched.
2.3.12.1.5 Optional: Verify the analysis settings:

Click Analysis Settings in the upper‐right corner of the window.
Click the CT Settings tab.

Verify that the settings are as shown below.

IMPORTANT! If the analysis settings differ from those shown here, change them to match the settings,
then click Apply Analysis Settings.
2.3.12.1.6 Click Analyze.
2.3.13 Examining the Standard Curve
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2.3.13.1
In the left navigational panel, click Analysis > Standard Curve.
2.3.13.2
In the detector drop‐down list, select All.
2.3.13.3
When verifying the results of the standard curve:
2.3.13.3.1 A slope close to ‐3.3 indicates optimal, 100% PCR amplification efficiency.
Slope
Small Autosomal Target Large Autosomal Target
Y Target
Acceptable Range
‐3.6 to – 3.0
‐3.7 to ‐3.1
‐3.6 to – 3.0
2.3.13.3.2 Y‐intercept indicates the expected CT value for a sample with Quantity = 1 (1
ng/μL).
Y‐Intercept
Small Autosomal Target Large Autosomal Target
Y Target
Acceptable Range
25.6 – 28.2
23.5 – 26.2
24.9 – 27.7
2.3.13.3.3 The r2 value measures the closeness of fit between the standard curve
regression line and the individual CT data points of quantification standard
reactions. A value of 1.00 indicates a perfect fit between the regression line
and the data points. The r2 value must be >0.98.
NOTE: A limited number of outlier points may be omitted from the curve to bring these values within
acceptable range by right clicking the well and selecting omit. If these values are still not within range,
the procedure must be re‐run. The removal of more than 3 data points, the removal of both data points
of a given standard, other than standard 0.005 ng/µL, or the use of quant data with an out of range
slope, y‐intercept, or r2 value must be approved by the Technical Leader, Operations Coordinator, or a
Forensic Biology Supervisor.
NOTE: The figure below shows an example of the standard curve plots. The gap between the Small
Autosomal, Large Autosomal, and Male CT values may vary depending on the relative slopes of the two
targets and instrument performance.
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2.3.14 View the Amplification Plot
2.3.14.1
In the left navigational panel, click Analysis > Amplification Plot.
2.3.14.2
Select a plot color in the drop‐down list.
2.3.14.3
Select the target(s) to view in drop‐down list located under the amplification.
2.3.14.4
Select the applicable sample(s) in the Plate layout.
2.3.15 Export the Results
2.3.15.1
In the Experiment Menu, click Analysis. Click any Analysis screen, then click
either View Plate Layout or View Well Table.
2.3.15.2
Select the wells to export
2.3.15.3
In the toolbar, click Export

2.3.15.3.1
2.3.15.3.2
2.3.15.3.3
2.3.15.3.4
2.3.15.3.5
2.3.15.3.6

Select Results as the type of data to export
Select Separate Files or One File in the drop‐down list
Enter a file name and export location.
Click Start Export to export the data to the file(s) that you selected.
Export the file as a TXT file to use for automated amp setup.
When the export is complete click Export More Data to export different
types of data for the same samples or click Close Export Tool.
2.3.15.4
Save data as PDF report.
2.3.15.4.1 In the toolbar, select print report.
2.3.15.4.2 Add checkmark next to type(s) of data to add to the report.
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2.3.15.4.3 Select print preview to generate PDF.
2.3.15.4.4 Click save (disc icon).
2.3.15.4.5 Save to USB then transfer PDF to appropriate location on shared drive or
print the pages needed for case file.

2.3.16 Review data

Check the internal PCR control (IPC) CT values for all standards and samples.
Typical reactions are expected to show relatively consistent IPC amplification
for samples with concentrations ≤ 5 ng/µL. Since PCR inhibitors could also
affect the amplification efficiency of the large autosomal target more than the
small autosomal target, the degradation index should be evaluated in
combination with the IPC results to determine if the sample is degraded,
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inhibited, or both. To determine if samples are inhibited, the IPC cycle
threshold (Cт) of the sample can be compared to the average IPC Cт of the
standards. Since high template concentrations of sample can also delay the
IPC, the 50 ng/µL standard is not used in the IPC Cт standard average
calculation. The IPC is flagged if the sample IPC Cт is ≥2 cycles higher than the
average standard IPC Cт to indicate that the sample is either inhibited or
contains a high concentration of DNA. If the sample IPC is flagged, the sample
should be closely evaluated as the actual concentration and the DI of the
sample may be skewed.
The small autosomal target should be used for the normalization of DNA in
preparation for STR amplification.
The ratio between the small and large autosomal targets, or degradation index,
can be used to determine if the DNA in the sample is degraded. The
degradation index (DI) is calculated by dividing the concentration of the small
autosomal target by the concentration of the large autosomal target.
According to the manufacturer, a DI ≤ 1 indicates the DNA is not likely
degraded. A DI between 1 and 10 indicates moderate DNA degradation that
may affect STR amplification. A DI >10 indicates that the sample could be
severely degraded. If the DI is blank (indicating no quantification for the small
and/or large autosomal target), the sample could be severely degraded or
inhibited, or contain no DNA.
The negative control must have less than 5 x 10‐3 ng/µL of detectable DNA
present. If more DNA is detected, the plate must be re‐run.
Samples in which the concentration exceeds the highest standard shall be
interpreted with caution and re‐quantified using a dilution, if necessary.
Samples in which the concentration is below the lowest standard must be
amplified using the maximum amplification template volume.
The total human to male ratio for single‐source male samples is expected to be
close to 1. However, if a difference is noted, per validation, it is expected that
the male quantity will exceed the total human quantity, indicating a single‐
source sample.

2.4 Reporting and Sample Retention
2.4.1 The Quantifiler® Trio DNA Quantification Kit’s use of multiple‐copy target loci improves
the overall kit sensitivity and reproducibility of negative results. Thus, the DNA process
for samples quantified using Quantifiler® Trio may be discontinued if quantification
results are negative for the presence of human or male DNA. Further, the DNA process
for samples quantified using Quantifiler® Trio may be discontinued if quantification
results for human or male DNA are below a “stop at quant” threshold. Samples for
which the quantification result is below the “stop at quant” value are unlikely to yield
interpretable STR results and/or foreign STR results, in the case of sexual assault
samples.
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2.4.2

Non‐Sexual Assault Samples (Or Samples for Which the Presence of Male DNA Will Not
Be Used as a Screening Tool)
2.4.2.1 Samples that quant at or greater than 0.001 ng/µL of detectable human DNA (small,
large, or male target) may proceed to STR analysis.
2.4.2.2 If more than 0.0 ng/µL of human DNA (small, large, or male target) but less than
0.001 ng/µL of human DNA (small, large, or male target) is detected, DNA testing
may be discontinued. These samples are reported as “insufficient” for the presence
of human DNA. (Example conclusion: “The quantity of human DNA detected at
quantification was insufficient. No further testing was performed on this item.”)
2.4.2.3 Samples for which no human DNA (small, large, and male target) is detected are
reported as negative for the presence of human DNA at quantification. (Example
conclusion: “This item was negative for the presence of human DNA at
quantification. No further testing was performed on this item.”)

2.4.3

Sexual Assault Samples (Or Any Samples for Which the Presence of Male DNA Will Be
Used as a Screening Tool)
2.4.3.1 Samples that quant at or greater than 0.001 ng/µL of detectable male DNA are
reported as positive for the presence of male DNA. These samples may proceed to
DNA analysis. Case specifics and the probative nature of male‐positive samples may
be used to determine which positive samples, if not all, should proceed to STRs.
2.4.3.1.1 For example, if only one assailant is alleged with no recent consensual
sexual partner, it may be appropriate to send only the most positive and/or
probative sample forward to STRs. Alternatively, if multiple suspects are
alleged, or there is indication of a recent consensual sexual partner, it may
be more appropriate to send all male positive samples forward to STRs.
2.4.3.2 If more than 0.0 ng/µL of male DNA but less than 0.001 ng/µL of male DNA is
detected, DNA testing may be discontinued. These samples are reported as
“insufficient” for the presence of male DNA. (Example conclusion: “Analysis for the
presence of male DNA at quantification was insufficient. No further testing was
performed on this item.”
2.4.3.3 Samples for which no male DNA is detected are reported as negative for the
presence of male DNA at quantification. (Example conclusion: “This item was
negative for the presence of male DNA at quantification. No further testing was
performed on this item.”)
2.4.3.4 Samples for which greater than or equal to 0.001 ng/µL of male DNA is detected but
a ratio of human to male DNA is greater than or equal to 70, DNA testing may be
discontinued. These samples are reported as positive for male DNA but report
conclusions indicate an elevated ratio and the discontinuation of testing.
(Conclusion Example: “The detection of male DNA was positive on this item.
However, the male DNA was in a significantly lower proportion to the total human
DNA. This item was not processed further.”)
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2.4.4

The decision to cease testing now on a sample does not preclude future testing. Sexual
assault samples for which testing stops due to a “stop at quant” scenario may be
evaluated for the potential application of Y‐STR DNA analysis.
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3. DNA Amplification
3.1. Safety
3.1.1. Body fluids, tissues, and extracts may contain infective agents. Use universal precautions
during evidence handling. Follow instructions for reagent preparation.
IMPORTANT! The fluorescent dyes attached to the primers are light sensitive. Protect the primer set
from light when not in use. Amplified DNA, AmpFlSTR Allelic Ladders, and Gene Scan‐500 LIZ Size
Standard must also be protected from light. Keep freeze‐thaw cycles to a minimum.
3.2. Equipment, Materials, and Reagents
 calculator
 microcentrifuge
 microcentrifuge tubes, 1.5 ml
 microcentrifuge tube rack
 pipet tips
 pipettors, adjustable
 vortex
 ProFlex™ PCR System
 0.2 mL reaction tube strips or 0.2 ml 96‐well Optical Reaction plate
 GlobalFiler PCR Amplification Kit or Yfiler Plus PCR Amplification Kit
 TE Buffer
 MicroAmp® 8‐Cap Strip
Check for expiration dates of applicable reagents prior to use.
3.3. Standards, Controls, and Calibration
3.3.1. An amplification positive control, consisting of kit Control DNA 007 (GlobalFiler and Y‐
STR), must be included within each amplification.
3.3.2. An amplification negative control must be included within each amplification. This
negative control consists of all amplification reagents with TE Buffer added in place of
sample DNA.
3.3.3. The QAS requires that reagent blanks are amplified using the same concentration
conditions as required by the forensic sample(s) containing the least amount of DNA.
However, it is recommended practice that the maximum volume (10 µL for Yfiler Plus or 15
µL for GlobalFiler reactions) is used to amplify reagent blanks on the initial amplification.
This generally ensures that more than 10 or 15 µL is not consumed, should a sample need
re‐amplification using a larger template volume. If the maximum volume of the reaction is
not used, a Forensic Biology Supervisor or the Technical Leader must approve the use of a
smaller volume.
3.4. GlobalFiler™ PCR Amplification
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3.4.1. The GlobalFiler™ PCR Amplification Kit is a short tandem repeat (STR) multiplex assay that
amplifies 21 autosomal STR loci (D3S1358, vWA, D16S539, CSF1PO, TPOX, D8S1179,
D21S11, D18S51, D2S441, D19S433, TH01, FGA, D22S1045, D5S818, D13S317, D7S820,
SE33, D10S1248, D1S1656, D12S391, and D2S1338), one Y‐STR (DYS391), one
insertion/deletion polymorphic marker on the Y chromosome (Y indel), and the sex
determining marker (Amelogenin) in a single reaction.
Reaction and Plate Setup Procedure
Times and Temperatures for GlobalFiler kit
PCR
Instrument

ProFlex

Initial
Incubation
Step
95oC
1 min.
hold

29 cycles each
Denature

Anneal/Extend

94oC
10 sec.

59oC
90 sec.

Final
Extension

Final
Step

60oC
10 min.
hold

4o C
hold
(forever)

3.4.2. The ProFlex thermal cycler should be programmed according to the chart above.
3.4.3. Label the reaction plate directly with the appropriate information (e.g., date and initials).
3.4.4. Vortex PCR reaction mix and primer set briefly and spin tubes briefly to remove any liquid
from the caps.
3.4.5. Prepare a Master Mix by adding the following volumes to an appropriately sized tube:
3.4.5.1. 7.5 l GlobalFiler Master Mix X # of samples
3.4.5.2. 2.5 l GlobalFiler Primer Set X # of samples
3.4.6. Mix by vortexing for approximately 3 seconds, then spin briefly to remove liquid from cap.
3.4.7. Dispense 10 l of reaction mixture into each amplification well.
3.4.8. Add approximately 0.5 to 1.0 ng of sample DNA, using the Quantifiler Trio’s small
autosomal target quant value, to the appropriate amplification wells, not to exceed 15 l
in total sample volume. Non‐Trio quantification data may also be used to determine the
appropriate input volume. Addition of more or less sample DNA is acceptable to obtain
optimum results; a DI >1 may suggest degradation and may warrant the addition of more
sample. For samples with high concentrations of DNA (i.e. >2 ng/l), dilute these samples
with TE buffer to attain an appropriate concentration. Enough TE should be added to
template volume to ensure a total reaction volume of 25 l.
3.4.9. Set up a positive control (5 l to 10 l, or ~0.5 to 1.0 ng of Control DNA 007 plus
remaining volume balance in TE buffer) and a negative control (15 l of TE buffer) to wells
containing the Master Mix.
3.4.10. Seal the plate with strip caps.
3.4.11. Centrifuge the plate at about 3000 rpm for about 20 seconds in a tabletop centrifuge
with plate holders to remove any bubbles.
3.4.12. Place tray in ProFlex™ PCR System Thermal Cycler and start the appropriate program.
DNA Analytical Procedures SOP
Issued By: Section Technical Leader
Uncontrolled When Printed

Document ID: 27513
Issue Date: June 26, 2018
Page 54 of 89

Biology/DNA
DNA Analytical Procedures SOP
Biology/DNA Division

3.4.13. After amplification, remove the samples from the ProFlex™ PCR System Thermal Cycler
and store away from light. Store samples refrigerated short periods (less than 2 weeks), or
frozen for longer periods.
3.5. Yfiler® Plus PCR Amplification
3.5.1. The Yfiler® Plus PCR Amplification Kit is a short tandem repeat (STR) multiplex assay that
amplifies 27 Y‐STR loci (DYS576, DYS389I/II, DYS635, DYS627, DYS460, DYS458, DYS19,
YGATAH4, DYS448, DYS391, DYS456, DYS390, DYS438, DYS392, DYS518, DYS570, DYS437,
DYS385a/b, DYS449, DYS393, DYS439, DYS481, DYF387S1a/b, and DYS533) in a single PCR
reaction.
Reaction and Plate Setup Procedure
Times and Temperatures for Yfiler Plus kit
PCR
Instrument

ProFlex

Initial
Incubation
Step
95oC
1 min.
hold

29 cycles each
Denature

Anneal/Extend

94oC
4 sec.

61.5oC
1 min.

Final
Extension

Final
Step

60oC
22 min.
hold

4o C
hold
(forever)

3.5.2. The ProFlex thermal cycler should be programmed according to the chart above.
3.5.3. Label the reaction plate directly with the appropriate information (e.g., date and initials).
3.5.4. Vortex Yfiler® Plus Master Mix and Yfiler® Plus Primer Set, then spin tubes briefly to
remove any liquid from the caps.
3.5.5. Prepare reaction mixture by adding the following volumes to an appropriately sized tube:
3.5.5.1. 10 l Master Mix X # of samples
3.5.5.2. 5 l Primer Set X # of samples
3.5.6. Mix by vortexing for approximately 3 seconds and spin briefly to remove liquid from cap.
3.5.7. Dispense 15 l of reaction mixture into each amplification well.
3.5.8. Add approximately 1.0 ng of male DNA to the appropriate amplification wells, not to
exceed 10 l in total sample volume. Addition of more or less sample DNA is acceptable to
obtain optimum results. For samples with high concentrations of DNA (i.e. >2 ng/l),
dilute these samples with TE buffer to attain an appropriate concentration. Enough TE
should be added to template volume to ensure a total reaction volume of 25 l.
3.5.9. Set up a positive control (1 l of Control DNA 007) and a negative control (10 l of TE
buffer) to wells containing the reaction mixture.
3.5.10. Seal the plate with strip caps.
3.5.11. Centrifuge the plate at about 3000 rpm for about 20 seconds in a tabletop centrifuge
with plate holders to remove any bubbles.
3.5.12. Place tray in ProFlex™ PCR System Thermal Cycler and start the appropriate program.
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3.5.13. After amplification, remove the samples from the ProFlex™ PCR System Thermal Cycler
and store away from light. Store samples refrigerated short periods (less than 2 weeks), or
frozen for longer periods.
3.6 ProFlex™ PCR System
3.6.1 The user interface consists of a touchscreen with a graphical display that shows the
time, status, and temperature for each run. A touchscreen keypad allows you to enter
information into fields on the display screen.
3.6.2 The instrument has interchangeable blocks, and detects which module is present on the
system automatically. Only the 1x96 Well Sample Block is used for current applications.

3.7 Powering on the Instrument (ProFlex™ PCR System)
3.7.1 Flip the power switch on the ProFlex instrument.
3.7.2 When the ProFlex™ System Touchscreen Home appears, the instrument is ready for use.
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4. Automated Sample Set‐up for DNA Quantification and Amplification
4.1 The HID EVOlution™ ‐ qPCR/STR Setup System automates qPCR and STR PCR reaction setup. It
currently can be used for plate set‐ups for protocols including Quantifiler Trio, GlobalFiler, and
Yfiler Plus. Additional scripts can be created and manipulated to better fit the laboratory's
changing throughput needs.
4.2 Safety
4.2.1 Body fluids, tissues, and extracts may contain infective agents. Use universal precautions
during evidence handling. Follow instructions for reagent preparation. Gloves must be
worn during testing. Clothing may protect unbroken skin; broken skin must be covered.
4.2.2 With any machinery, several warning labels exist on the machine that need to be heeded
at all times. Below is a diagram of the Tecan Freedom EVO series with the respective
warning labels and where they are affixed on the machine along with a table describing
the meaning of the symbols.

Symbol

Meaning

Explanation

WARNING

Generally, the triangular warning symbol indicates
the possibility of personal injury or even loss of life if
the instructions are not followed.
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PINCH POINT,
MECHANICAL
HAZARD

Pointed tips and other sharp‐edged elements, which
might cause injuries when you reach into the
working area with the safety panel open.
ALWAYS be aware of the mechanical hazards.

Electromagnetic RF waves from a cellular phone
may affect the function of the liquid detection.
Faulty detection of the liquid surface may be the
consequence which causes the system to produce
incorrect results. Turn off all cellular phones. Do
not use or keep them on standby near the Tecan.
WARNING! The machine moves automatically. The parts of the pipetting head are moved with great
force. Injuries (crushing and piercing) are possible when you reach into the working area of the
pipetting head. Make sure that all safety covers are in place before starting the instrument. DO NOT
REACH INTO THE WORKING AREA OF THE INSTRUMENT WHEN IT IS ACTIVE.
The label reader is a Class 2 laser product which can cause injury (blindness) if viewed directly.
WARNING! Do not stare into beam.
WARNING! Adjustments to any of the axes can lead to damage to the instrument. Please exercise
extreme caution when making any such adjustments.
ATTENTION:
Disturbance of
functions by
electromagnetic RF
waves

4.3 Equipment, Materials, and Reagents
 2.0 mL micro centrifuge tubes
 TE Buffer
 USA Scientific 5 ml PP storage vial with screw cap (PN 50819830)
 LiHa disposable tips, 50ul: Conductive, With Filters, Tecan Pure (PN 30032114)
 LiHa disposable tips, 200µL: Conductive, With Filters, Tecan Pure (PN 30000629)
 Disposable troughs (PN 10613049)
 MicroAmp® Optical 96‐Well Reaction Plate (PN N801‐0560)
 MicroAmp® Optical Adhesive Film (PN 4311971)
 MicroAmp® 8‐Cap Strip (PN N801‐0535)
 Degassed water in 50 L carboy (PN 30010530)
 20 L Waste carboy (PN 30010531)
 Quantifiler® Trio DNA Quantification kit (PN 4482910)
 GlobalFiler™ PCR Amplification kit (PN 4476135)
 Yfiler® Plus PCR Amplification kit (PN 4484678)
 Electronic file storage device
 STR PCR Reagent block (stored at 4ºC when not in use)
 7500 Real‐Time PCR System
 ProFlex™ PCR System
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Check and make sure that the maintenance log has been filled out for that day. If the daily maintenance log has not
been completed, perform the required daily instrument maintenance. Daily maintenance shall be performed by the
first person using the Tecan each day.
Check for expiration dates of applicable reagents prior to use.

4.4 Instrument Overview
4.4.1 qPCR/STR Setup on the Tecan Freedom EVO series
4.4.1.1 Starting the Tecan Freedom EVO involves:
4.4.1.1.1 Starting the computer
4.4.1.1.2 Powering on the instrument
4.4.1.1.3 Starting the EVOware software
4.4.2 Starting the Computer
4.4.2.1 Locate and depress the power button on the front panel of the computer.
4.4.2.2 Enter the username associated with the computer, if applicable.
4.4.2.3 If required, type the corresponding password in the password field.
4.4.3 Powering on the Instrument
4.4.3.1 Press the power button on the lower right front of the Freedom EVO.
4.4.3.2 An indicator light within the power button cycles through a power on sequence and
the system initializes.
4.4.3.3 When the indicator light is steady (not flashing), the EVO is ready to use.

4.4.4 Starting the EVOware software
4.4.4.1 Double click the EVOware Standard icon on the computer's desktop. (Alternatively,
you can find the EVOware Standard folder in the computer's Start Menu). See the
picture below for the software's icon.

DNA Analytical Procedures SOP
Issued By: Section Technical Leader
Uncontrolled When Printed

Document ID: 27513
Issue Date: June 26, 2018
Page 59 of 89

Biology/DNA
DNA Analytical Procedures SOP
Biology/DNA Division

4.4.4.2 The software begins. After its initial startup process, a login screen as the one seen
below appears. Enter the username and password as directed and press the green
triangle to complete software startup.

4.5 Operating the Instrument
4.5.1 Make sure to read all instrument prompts thoroughly. Ensure that you have addressed all
issued presented before continuing to the next step.
4.5.2 qPCR/STR Protocol setup
4.5.2.1 qPCR/STR Protocol setup on the Tecan requires the following steps:
4.5.2.1.1 Setting up the Reagent Block
4.5.2.1.2 Setting up the Samples in the Sample Racks
4.5.2.1.3 Setting up the Destination & Dilution (if necessary) Plate(s)
4.5.2.1.4 Setting up the TE Buffer Trough
4.5.2.1.5 Running the Protocol in the EVOware Software
The following picture shows the workstation set up for any qPCR reaction setup protocol.
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The following picture shows the workstation set up for any STR reaction setup protocol.

4.5.3 Setting up the Reagent Block
When not in use, the empty aluminum reagent blocks for amplification are stored refrigerated.
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The picture below shows the proper set up for Quantifiler® Trio. If the instrument is to make the
standard dilution, the slots for standards will be empty tubes; if the instrument does not need to make
the standard dilutions, insert the correct dilution into the correct slot.

The picture below shows the proper set up for GlobalFiler.

The picture below shows the proper set up for Yfiler Plus.
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4.6 Setting up the Samples in the Sample Racks
4.6.1 To set up the samples in the sample racks, it is important to open the samples carefully to
reduce the risk of contamination. Vortex and pulse spin tubes prior to opening. Place
the samples into their respective sample rack as diagrammed in the following picture.
Sample tubes shall be examined for sufficient sample volume prior to loading on the
instrument (e.g., 10‐15 l of DNA extract).

4.6.2 Open the samples and push the lids into the lid seat in the rack. Be sure that the lids do
not obstruct the liquid handling arm as it inserts the tip into the sample. Though the
first sample does not have to be added to the first position of S1, samples must be
added in a sequential fashion. In other words, do not skip places once the first sample
has been added. See the picture below for two examples on proper sample addition.
NOTE: Samples MUST be added in first position of S1 and in sequential fashion when running
Quantifiler Trio, GlobalFiler and Yfiler Plus scripts.
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4.6.3 The order and identity of tubes shall be “witnessed”. This can be accomplished by using
barcoded samples or by a second individual. The order and identity of the samples on
the machine must match to the order and identity of tubes in the Tecan
software. When samples are verified by a second analyst they shall denote their
verification on the examination documentation. If barcoded samples are used, then this
should be denoted on the paperwork.
4.7 Setting up the Destination & Dilution (if necessary) Plate(s)
4.7.1 To set up the necessary plate(s), refer to the previous worktable setup diagram.
4.7.1.1 For quantification, an empty 96‐well plate is needed in position 9.
4.7.1.2 For amplification:
4.7.1.2.1 An empty 96‐well plate is needed in position 12 for the amplification plate.
4.7.1.2.2 An empty 96‐well plate is needed in position 11 for the dilution plate.
4.7.1.2.3 If excessive dilutions are required, an empty 96‐well plate is also needed in
position 10.
4.8 Setting up the TE Buffer Trough
4.8.1 Assure that a filled TE buffer trough is in place (position 7 on the above layout diagrams).
This is the middle trough position immediately to the right of the flush position. The TE
buffer trough requires a dead volume of at least 5 mL of TE to properly pipette the
regent into its respective sample tubes. Ensure that a minimum of 5 mL of TE is in the
trough before continuing.
4.8.1.1 TE buffer trough is not necessary when running Quantifiler Trio script.
4.8.1.2 Label the TE buffer trough with the following: TE lot#, TE expiration date, TE QC
date, and the “replace by” date.
4.8.1.3 TE buffer must be replaced at least weekly.
4.9 Quantifiler Trio
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4.9.1 Creating the .csv File for Sample Naming Import (example file name: RDG110717_B55)
4.9.1.1 The .csv file should be created in excel utilizing the following format‐
Column A: Tube Rack (S1, S2, etc.), Column B: Position (1‐16), Column C:
Barcode, Column D: Sample Name
4.9.1.1.1 If barcodes are not being used, leave column C blank
4.9.2 Once logged into the EVOware software, a startup screen as seen below will display.

4.9.3 Choose "Run an existing script". Select the Quant Trio_HFSC protocol as displayed below.

4.9.4 Click the green arrow in the bottom right corner. This will bring you to the run script page.
Click expandable view button to view the edit script page.
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4.9.5 Click green RUN (triangle at bottom center of screen)
4.9.6 Follow prompts for notating kit lot number and kit expiration date.
4.9.7 Follow prompt for master mix preparation.
4.9.7.1 Type ‘0’ for manual creation. (Note: Quarterly volume verification is no longer
performed on the liquid class used for creating master mix.)
4.9.8 Follow prompts for barcode scanning
4.9.8.1 Enter ‘yes’ or ‘no’ to scan barcodes and scan plate
4.9.9 Browse for the sample input file to import
4.9.9.1 A prompt after importing the file will provide sample and tube rack numbers based
on the input file. Confirm these are correct.
4.9.9.1.1 The max number of samples that can be run using the Quantifiler Trio script
is 85. This does not include standards or the no template control.
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4.9.10 Place the sample tubes in the tube racks starting at the back of rack 1.
4.9.10.1
Ensure at least 15 µL is present in each tube and the tubes are loaded
continuously with no gaps.
4.9.10.2
Samples need to be in 2 mL dolphin nose tubes.
4.9.10.3
The Tecan will scan barcodes to ensure the tube order is consistent with the
input file. Follow instrument prompts if the instrument could not scan a barcode or
if tubes are not in the correct order.
4.9.11 Follow prompts for fresh standard preparation.
4.9.11.1
Type ‘yes’ if the Tecan will be creating fresh standards or ‘no’ if previous
standards will be used or standards will be manually created.
4.9.12 Create master mix in a 5 ml tube according to the volumes in the prompt and place
master mix on the deck.
4.9.13 Follow prompts for standard preparation
4.9.13.1
If standards are being made fresh by the Tecan, ensure at least 30 µL of 100 ng
standard is in the tube and 200 µL is in the dilution buffer tube. Place both on the
deck. Place empty tubes for standards on the deck.
4.9.13.2
If standards are being reused or manually created, ensure at least 50 µL is in the
dilution buffer tube and place on the deck. Place standards on the deck.
4.9.14 Place quant plate on the deck.
4.9.15 Follow prompts in the software to confirm instrument setup is complete.
4.9.15.1
Check water waste and volume, emptying tip waste, setting disposable tips.
4.9.16 Select ‘OK’ to begin run.
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4.10 Running the GlobalFiler and Yfiler Plus protocols in the EVOware software
4.10.1 Start up the Freedom EVOware software, select ‘run an existing script’ and select
appropriate script: ‘GlobalFiler_HFSC’ or ‘YFP_HFSC’
4.10.2 Follow prompt indicating if the 1000 reaction positive control will be used.
4.10.2.1
Enter ‘yes’ or ‘no’
4.10.3 Follow prompts for notating kit lot number and kit expiration date.
4.10.4 Follow prompt for master mix preparation.
4.10.4.1
Type ‘0’ for manual creation. (Note: Quarterly volume verification is no longer
performed on the liquid class used for creating master mix.)
4.10.5 Follow prompts for barcode scanning.
4.10.5.1
Enter ‘yes’ or ‘no’ to scan barcodes and scan plate.
4.10.6 Browse for the 7500 results file and the sample input file to import.
4.10.6.1
7500 results file is the TXT results file exported from the 7500
4.10.6.2
Sample input file
4.10.6.2.1 The .csv file should be created in excel utilizing the following format – Column
A: Tube Rack (S1, S2, etc.), Column B: Position (1‐16), Column C: Barcode,
Column D: Sample Name, Column E: Target
4.10.6.2.2 If barcodes are not being used, leave column C blank.
4.10.6.2.3 Ensure the file name has no spaces or symbols prior to importing.
4.10.6.3
A prompt after importing both files will indicate how many sample matches
between the input file and 7500 results file there are. The prompt will also provide
sample and tube rack numbers based on these files. Confirm these are correct.
4.10.7 Place the sample tubes in the tube racks starting at the back of rack 1.
4.10.7.1
Ensure at least 15µL present in each tube and the tubes need to be loaded
continuously with no gaps.
4.10.7.2
Samples need to be in 2mL dolphin nose tubes.
4.10.7.3
The Tecan will scan barcodes to ensure the tube order is consistent with the
input file. Follow instrument prompts if the instrument could not scan a barcode or
if tubes are not in the correct order.
4.10.8 Follow prompt for dilution plate(s).
4.10.8.1
The prompt will indicate the need and location on the deck for a dilution plate(s).
4.10.8.2
Ensure the file contains quantification data for the samples, for example by
checking the GlobalFiler dilution table; if no quantification data is contained in the
file, the Tecan will use the maximum template input volume for each sample.
4.10.9 Follow prompts for TE‐4 and master mix preparation.
4.10.9.1
Place the minimum amount of TE needed for sample normalizations in trough on
the deck.
4.10.9.2
Create master mix according to the volumes in the prompt and place master mix
on the reagent block.
4.10.9.3
Master mix should be made in a 5ml tube
4.10.10 Place control tube on the reagent block.
4.10.10.1 Ensure at least 25 µL is present in the tube.
4.10.11 Place reagent block and amp plate on deck.
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4.10.12 Follow prompts in the software to confirm instrument setup is complete.
4.10.12.1 This includes checking water waste and volume, emptying tip waste, and setting
disposable tips.
4.10.13 Select ‘OK’ to begin run.
4.10.14 Transfer GlobalFiler Dilution Table and 3500 file from Tecan to make amp worksheet
and CE setup template.
NOTE: The instrument automatically reserves a spot for a ladder at each of the following wells: A1,
B4, C7, and D10. The protocol places the positive and negative controls for autosomal
amplifications in the two available wells after the last sample being amplified.
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5

3500 Genetic Analyzer Sample Preparation
Amplified samples can be analyzed by injection into a capillary on the Genetic Analyzer 3500. An
internal lane size standard is loaded with each sample to allow for automatic sizing of the PCR
products and to normalize differences in electrophoretic mobility between injections.
GeneMapper ID‐X software is then used for automatic analysis and genotyping of alleles in the
collected data.
5.1 Safety
5.1.1 Body fluids, tissues, and extracts may contain infective agents. Use universal precautions
during evidence handling. Follow instructions for reagent preparation.
5.1.2 Exposure to formamide may have chronic health effects, and may be toxic to internal
organs; avoid ingestion or inhalation.
5.2 Related Forms –
5.2.1 3500 Maintenance, 3500 As‐Needed Maintenance
5.3 Equipment, Materials, and Reagents

3500xl Genetic Analyzer (instrument, computer and appropriate software)

Manual: 3500/3500xl Genetic Analyzer User Guide

3500XL & 3500 capillary array 36 cm (PN 4404687)

MicroAmp® Optical 96‐Well Reaction Plate (PN N801‐0560)

Plate septa 96‐well (PN 4315933)

MicroAmp splash free 96‐well base (PN 4312063)

MicroAmp® 8‐Cap Strip (PN N801‐0535)

3500 series reservoir septa

GlobalFiler PCR Amplification kit ladder

Yfiler Plus PCR Amplification kit ladder

GeneScan 600 Liz size standard

Matrix Standard Set DS‐36

HiDi formamide (PN 4311320)

Conditioning Reagent

Anode Buffer Containers

Cathode Buffer Containers

Deionized water

vortex

microcentrifuge tubes 1.5 ml

microtube racks

pipets

pipet tips

ProFlex PCR System Thermal cycler
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Check and make sure that the maintenance log has been filled out for that day. If the daily maintenance log has not
been completed, perform the required daily instrument maintenance. Daily maintenance shall be performed by the
first person using the 3500 each day.
Check for expiration dates of applicable reagents prior to use.

5.4 Standards, Controls, and Calibration
5.4.1 An appropriate allelic ladder, an amplification positive control, and amplification
negative control will be included with each genetic analyzer run. A “run” refers to the
collection of injections that are part of an individual plate record. An internal size
standard (GS600 LIZ) will be added to each sample.
5.5 Instrument Maintenance for the 3500xl Genetic Analyzer
5.5.1 Record all maintenance tasks in the log book each time maintenance is performed on
the instrument.
5.6 Starting the 3500xl Genetic Analyzer
5.6.1 The instrument must be started before turning the computer on. First, ensure the oven
door is closed and locked and that the instrument doors are closed.
5.6.2 Then turn on the instrument, wait until the instrument displays a steady green light.
Once the green light has been displayed it is acceptable to turn on the computer.
5.6.3 Turn on the computer.
5.6.4 After logging into the computer, launch the software.
5.6.5 Once the 3500 application is launched, the 3500 Series Data Collection Software
launches and the Dashboard is displayed.
5.7 Create a Plate
5.7.1 Create a Plate from a Template
5.7.1.1 In the Dashboard, click Create Plate from Template to display the Open Plate
Template from Library dialog box.
5.7.1.2 Select the template, then click Open.
5.7.1.3 In the Define Plate Properties screen, select the plate type. Set remaining plate
properties then select Save
5.7.1.4 Click Assign Plate Contents
5.7.1.4.1 Assign sample names and sample types (required)
 Click a well, then type a sample name directly into the well, then press Enter
 At the bottom right of the Assign Plate Contents screen, expand the Customize
Sample Info Pane
o In the plate view, click‐drag to select wells of interest.
o Specify the sample type for the selected wells, then press enter
5.7.1.4.2 Assign assay (required)
 Select the wells for which to specify an assay
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 Enable the checkbox next to the assay name to assign it to the selected wells.
5.7.1.4.3 Assign filename convention (optional)
 Same steps as assigning assay
5.7.1.4.4 Assign Results Group (optional)
 Same steps as assigning assay
5.7.1.4.5 Delete wells not being used
5.7.1.4.6 Save Plate
5.7.2 Import a Plate
5.7.2.1 Access the Assign Plate Contents screen: Click the Main workflow arrow in the
Dashboard, then select Assign Plate Contents in the navigation pane.
5.7.2.1.1 Click import, then select the plate import file
5.7.2.1.2 Click Assign Plate Contents
5.7.2.1.3 Delete wells not being used
5.8 Preparing Samples for Loading on the 3500xl
5.8.1 Internal size standards and allelic ladders, along with amplification positive and negative
controls, are included in every run on a genetic analyzer. It is advisable that at least two,
well‐spaced ladders are included on each run. The manufacturer recommends at least one
ladder every 24 samples.
5.8.2 STR Fragment analysis sample preparation for GlobalFiler and Yfiler Plus:
5.8.2.1 Bring GeneScann‐600 LIZ, GlobalFiler or Yfiler Plus Ladder and Hi‐Di formamide to
room temperature
5.8.2.2 Label the plate
5.8.2.3 Prepare the master mix for GlobalFiler or Yfiler Plus amplification reactions as
follows:
5.8.2.3.1 (0.4 µL LIZ_Genescan600) x (# of samples)
5.8.2.3.2 + (9.6 µL HiDi‐Formamide) x (# of samples)
5.8.2.3.3 NOTE: Be sure to include the allelic ladders in the calculations
5.8.2.4 Pipette 10 µL of master mix into each well that will contain a sample. Fill any wells
within one injection that do not contain a sample with 10μl of HiDi Formamide or
extra Master Mix as calculated by the workbook(s). 24 capillaries will be injecting
DNA simultaneously from 3 columns, so liquid must be in all wells of the three
column injection (e.g. if 7 columns contain samples, the 8th and 9th columns must
contain HiDi formamide).
5.8.2.5 Add 1 µL of amplified product or Allelic ladder to the appropriate well, place a
septum on the plate. Centrifuge briefly. Heat denature for 3 minutes at 95°C on a
ProFlex, using the “Denature” program. Snap cool the plate in the freezer for 3‐5
minutes.
5.8.2.6 Place the sample plate into the plate base, snap the plate retainer onto the plate and
plate base. Ensure the plate retainer holes are aligned with the holes in the septa
strip.
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5.8.2.7 Press the tray button to bring the autosampler to the front of the instrument. When
the autosampler finishes moving, open the door and place the plate assembly on the
autosampler and close the instrument doors.
5.9 Running Plate
5.9.1 In the Assign Plates for Run screen, click Link Plate for Run
5.9.1.1 As needed, click Switch Plates to assign the plate to the other position in the
autosampler
5.9.2 In the Load Plates for Run screen click Create Injection List
5.9.2.1 Displays the Preview Run screen where you can modify the injection list before
starting the run. Click on HFSG_GF to make sure it highlights all your samples for the
designated injection(s) and ensure any unused wells are deleted.
5.9.3 Start Run
5.9.3.1 Displays the Monitor run screen
5.9.4 To modify the injection list at any time before a run or during a run, select an injection,
then click Move Up or Move Down and Delete as needed
5.9.5 To specify a duplicate injection, select an injection, then click the button with two arrows
pointing down.
5.9.5.1 To use a different protocol for a replicate injection, specify a re‐injection in the
Monitor Run screen after the run is started.
5.10 Sample Re‐Injection
5.10.1 Check the Sizing Quality Flag for all samples.

5.10.2 Select any samples that do not have a green check mark for the Sizing Quality. You can
select multiple samples by holding control down.
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5.10.3 Select Re‐Inject from the menu at the top. In the following window select Reuse
existing Protocol and Following all injections.

5.10.4 Now return to the Monitor run window and Resume the run.

5.10 References
(1) 3500/3500xl Genetic Analyzer User Guide
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6

Automated CE Plate Set‐Up
6.1 Standards, Controls, and Calibration
6.1.1 An appropriate allelic ladder, an amplification positive control, and an amplification
negative control shall be included with each genetic analyzer run. An internal size
standard (GS600 LIZ) shall be added to each sample
6.2 Safety
6.2.1 Body fluids, tissues, and extracts may contain infective agents. Use universal
precautions during evidence handling. Follow instructions for reagent preparation.
6.2.2 Exposure to formamide may have chronic health effects and may be toxic to internal
organs; avoid ingestion or inhalation.
6.2.3 With any machinery, several warning labels exist on the instrument that need to be
heeded at all times. Below is a photo of the Tecan Freedom EVO 100. Note the
respective warning labels and where they are affixed on the machine; the table below
describes the meaning of the symbols.
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Symbol

Meaning

Explanation

WARNING

Generally, the triangular warning symbol indicates the possibility
of personal injury or even loss of life if the instructions are not
followed.

PINCH POINT,
MECHANICAL
HAZARD

Pointed tips and other sharp‐edged elements, which might cause
injuries when you reach into the working are with the safety panel
open.
ALWAYS be aware of the mechanical hazards.

Electromagnetic RF waves from a cellular phone may affect the
ATTENTION:
function of the liquid detection. Faulty detection of the liquid
Disturbance of
surface may be the consequence which causes the system to
functions by
electromagnetic produce incorrect results. Turn off all cellular phones. Do not use
or keep them on standby near the Tecan.
RF waves
WARNING! The machine moves automatically. The parts of the pipetting head are moved with great
force. Injuries (crushing and piercing) are possible when you reach into the working area of the
pipetting head. Make sure that all safety covers are in place before starting the instrument. DO NOT
REACH INTO THE WORKING AREA OF THE INSTRUMENT WHEN IT IS ACTIVE.
The label reader is a Class 2 laser product which can cause injury (blindness) if viewed directly.
WARNING! Do not stare into beam.
6.3 Equipment, Materials, and Reagents
 Degassed water in 50 L carboy (PN 30010530)
 20 L Waste carboy (PN 30010531)
 Reagent block (stored refrigerated when not in use)
 MicroAmp® Optical 96‐Well Reaction Plate (PN N801‐0560) Plate septa 96‐well (PN 4315933)
 MicroAmp® 8‐Cap Strip (PN N801‐0535)
 GlobalFiler™ PCR Amplification kit ladder (PN 4476135)
 Yfiler® Plus PCR Amplification kit ladder (PN 4484678)
 GeneScan 600 Liz size standard
 Matrix Standard Set DS‐33 (P/N 4345833)
 HiDi formamide (PN 4311320)
 vortex
 microcentrifuge tubes 1.5 ml
 microtube racks
 pipets
 pipet tips
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Check and make sure that the maintenance log has been filled out for that day. If the daily maintenance log has not
been completed, perform the required daily instrument maintenance. Daily maintenance shall be performed by the
first person using the 3500 each day.
Check for expiration dates of applicable reagents prior to use.

6.4 Instrument Overview
6.4.1 CE Setup on the Tecan Freedom EVO 100
6.4.1.1 Starting the Tecan Freedom EVO involves:
6.4.1.1.1 Starting the computer
6.4.1.1.2 Powering on the instrument
6.4.1.1.3 Starting the EVOware software
6.4.2 Starting the Computer
6.4.2.1 Locate and depress the power button on the front panel of the computer.
6.4.2.2 Enter the username associated with the computer, if applicable.
6.4.2.3 If required, type the corresponding password in the password field.
6.4.3 Powering on the Instrument
6.4.3.1 Press the power button on the lower right front of the Freedom EVO.
6.4.3.2 An indicator light within the power button cycles through a power on sequence and
the system initializes.
6.4.3.3 When the indicator light is steady (not flashing), the EVO is ready to use.

6.4.4 Starting the EVOware software
6.4.4.1 Double click the EVOware Standard icon on the computer's desktop. (Alternatively,
you can find the EVOware Standard folder in the computer's Start Menu). See the
picture below for the software's icon.
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6.4.4.2 The software begins. After its initial startup process, a login screen as the one seen
below appears. Enter the username and password as directed and press the green
triangle to complete software startup.

6.4.5 Setting up the Reagent Block
6.4.5.1 The reagent block is located in the bottom right position on the worktable. It is a 6 x
4 aluminum reagent carrier and holds tubes with or without lids on the worktable.
Two separate naming systems exist for the slots available on the reagent block. One
method begins with 1 in the top left corner and counts down sequentially to end at
the bottom right corner with 24. The photo below shows a block that has been
labeled according to that system. A second system labels each row with letters (A‐
D) and each column with numbers (1‐6) so that the top left corner slot corresponds
with A1 and the bottom right corner slot corresponds with D6. The photo below has
been overlaid with the letter/number system.
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6.4.5.2 When not in use, the empty aluminum reagent blocks are stored refrigerated.
6.4.5.3 Based upon the number of samples to be processed, the setup of the reagent block
differs slightly. After ascertaining the total sample number, the script provides
prompts to inform the user of exact volumes and locations of reagents on the block.
6.4.6 Setting up the Amp Plate(s) and CE Destination Plate(s)
6.4.6.1 The following worktable setup diagram shows the location of amp and CE
destination plates:

6.4.6.2 The set‐up as seen on the actual instrument’s worktable is shown below:
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6.4.6.3 If only one CE plate is to be prepared, the front row is used for the amp and
destination plates. If two plates are to be prepared in the same run, the front and
middle rows are used for the amp and destination plates.
6.4.7 Running the Protocol in the EVOware Software
6.4.7.1 Once logged into the EVOware software, a startup screen as seen below displays:

6.4.7.1.1
6.4.7.1.2

Choose "Run an existing script"
Click the green arrow in the bottom right corner. The existing scripts on the
software then display in a dialog box as seen in the below picture:
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6.4.7.1.3 Select appropriate script
 The “GF_YFP_CE_SETUP_Houston” protocol should be used for GlobalFiler and
Yfiler Plus
6.4.7.1.4 Click the green arrow in the bottom right corner. This starts the protocol.
The following instructions show the necessary setup steps to complete the
instrument's startup.

6.4.7.1.5
6.4.7.1.6

Assure that "Run full script?" is still checked
Click the green RUN arrow on the bottom right of the box.

6.4.7.1.7

The following table contains the continuing set of dialog boxes that appear
before the run begins and the potential interactions required by the user.
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Dialog box
1.

Notes

CE Plate setup requires that the samples
on the amp plate do not skip wells. The
transfer of amplified product to CE plate
proceeds forward, only skipping wells A1,
B4, C7, and D10 to place a ladder.

2.

Input the number of samples to be placed
on the CE destination plate from the amp
plate. NOTE: Only 92 samples can be
placed on the CE plate (4 spots are
reserved for ladders).

3.
Input “yes” if a second plate is to be
processed on the same run and go to Step
4. Input “no” if only one plate is to be
processed and go to Step 6.
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4.
Input the number of samples to be placed
on the CE destination plate from the amp
plate. NOTE: Only 92 samples can be
placed on the CE plate (4 spots are
reserved for ladders).

5.
Input “yes” if each plate uses the same
ladder. Input “no” if each plate has a
separate type of ladder.

6.
Assure that the number of plates and
number of samples in each plate are
correct. Click OK only after verifying those
numbers.

7.
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8.

9.

If any of the 24 wells in a given injection
has a sample in it, all other wells are filled
with the Hi‐Di Formamide/LIZ Master Mix
as well as a ladder placed into the
appropriate well.

10.
Follow the instructions listed in the dialog
box to create the Master Mix. This
number changes based upon previously
determined total number of samples to
process. The Tecan defaults to 0.4 μl LIZ
per sample for Master Mix preparation. It
is permissible to adjust to an approved
volume.
Tube color is not as important as the type
of tube used.
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11.

See the “Setting up the Reagent Block”
section for clarification of position
nomenclature.

12.
See the “Setting up the Reagent Block”
section for clarification of position
nomenclature.

13.
If processing two plates in the same run,
proceed to Step 14. If processing one
plate, proceed to Step 16.

14.
See the “Setting up the Reagent Block”
section for clarification of position
nomenclature.
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15.

16.

17.

If necessary, centrifuge the Master Mix
briefly before placing into the reagent
block.
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18.
If System Liquid is low, additional diH2O
needs to be added to the System Liquid
container. This liquid needs to be
degassed and requires resting after adding
to the bottle. IMPORTANT! Do not add
diH2O immediately preceding a run
without allowing time to degas.

19.

Upon clicking the OK button on this dialog
box, the instrument begins processing the
tubes. IMPORTANT! Do not click the OK
button until absolutely ready to do so.

6.4.7.1.8

Upon completion of the dialog box set, the instrument begins the processes
of setting up the CE plate.
6.4.7.1.9 Each step in the process is visible in the “Comments” box while that
particular step is being performed.
6.4.7.1.10 Upon completion of the CE plate setup, the following dialog box appears:

6.5.4.1.11 Amplified DNA product may be discarded in biohazard trach once a DNA
report is issued for the samples associated with the amplification product and/or it is
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determined that additional post‐amplification processing is not warranted for samples
associated with the amplification product.
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Appendix A: QIAcube Loading Chart
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