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Section 1 Use of the Applied Biosystems 3500x| Genetic Analyzer for Casework

1.1 Start the Software and Instrument

e Turn the computer on and log into the computer
Turn on the 3500xI Genetic Analyzer. Wait for the green status light to turn on.

e Ensure both the Daemon and Service Monitor has started by observing a green
checkmark icon in the lower right hand corner. This indicates that a‘l 35 services have
loaded. This may take several minutes.

e Launch the Data Collection Software: \

Start > Programs > Applied Biosystems > 3500

e Log in to the 3500 Series Data Collection Software (LQ

1.2  Preparing the Instrument
¢ Navigate to the Dashboard of the software ‘h
¢ Check consumables by clicking Refresh to u E& mable status.
o Refer to the 3500x! Instrument Maintenance % tructions section of this document
if any maintenance or instrument prepagagons required prior to running samples on
the instrument.

e Click Start Pre-heat to warm the gfre
e Check the pump assembly for s gnd run the Remove Bubble wizard if necessary.

1.3 Sample Preparation f 00xI
o Prepare a loading masteONy adding the following volumes of reagents to an
appropriately sized t
o #of samp IILS 600
0 #of sam es x 9.5l of Hi-Di Formamide

Note: Prepare en few extra reactions to allow for loss during pipetting.

e \Vortext ter mix and spin briefly. Transfer 10ul of master mix to appropriate
sample w§ls of a 96 well plate.

e Add 10pl of Hi-Di Formamide to unused wells of a set of 24 (i.e. A1-H3).

e Add 1pl of allelic ladder and 1pl of each amplified sample to the appropriate wells. When
all samples have been added, cover with plate septa.

e Briefly centrifuge the 96 well plate to remove any bubbles. Denature samples at 95°C
for 3 minutes and then snap chill for 3 minutes.

e Place the 96-well plate into the plate base provided with the instrument and snap the
plate cover onto the plate, septa, and plate base.

¢ Verify that the holes of the plate retainer and the septa are aligned.

¢ Place the plate in the autosampler with the labels facing you and the notched corner of
the plate in the notched corner of the autosampler. Close the instrument doors.
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1.4 Creating a Plate Record

1.4.1 Create a Plate Record from the Data Collection Software

In the dashboard click Create New Plate
In the Define Plate Properties screen:
o0 Enter a plate name (i.e. 10-1222KAL)
Select 96 for the number of wells
Select HID for plate type
Select 36cm for capillary length
Choose POP4 for polymer \

o Owner, barcode and description are optional fields.

Click Save Plate
Click Assign Plate Contents %
[

0O o0oO0oOo

Using either plate view or table view enter sample nam{s infhg corresponding wells.
Under the heading Assays, File Name Convention Its Groups click Add from
Library select the following Assay: ?B

0 PPlex16_15sec
Select a naming convention, and a results gr ur choice. Click add to plate and
then click close.

Select the wells for which to specify tj Ny file name conventions and results groups
and enable the checkbox next to thg N&g p assign it to the selected wells.

Click Save Plate and save.

N
N
Q-Q\z\
v
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1.4.2 Create a Plate Record from an Export File

Open a plate record template export file (i.e. .xls exported from instrument).
Copy and paste sample name info into the export file. (Rows not in use may be deleted
but do not delete any columns) Save the record.
Using the 3500xI Data Collection Software, click on Create New Plate on the
dashboard.
In the Define Plate Properties screen:
0 Enter a plate name (i.e. 10-1222KAL)
Select 96 for the number of wells
Select HID for plate type \

Select 36¢cm for capillary length

©o0oo0o

Choose POP4 for polymer

o Owner, barcode and description are optional fieldg® Q

Click Save Plate. k . »

Click Assign Plate Contents.

Click Import at the top of the screen and navigat\ ved plate record (make sure

Xls files are searched).
Click Save Plate and save. Q

1.5 Linking a Plate and Starting aR

Note:

Click Link Plate for Run. A mes€a m;ppear saying Plate loaded successfully.
Click OK.

Ensure plate is linked to pr. sition on 3500x.

Select Create Injection 4

Click Start Run.

Ensure all promp@ ared and the run begins before walking away.

1.6 Viewing DataYuring a Run
Refer to Applie ems 3500/3500x| Genetic Analyzer User Guide

Page 4 of 32

All printed copies are uncontrolled Approved by: DNA Technical Manager



Alaska Scientific Crime Detection Laboratory

3500xI| for DNA Casework

Issued: 8/1/2013 Version: 3500CW 2013 RO
Effective: 8/1/2013 Status: Archived

Section 2  Data Analysis with GeneMapper™ ID-X

References: GeneMapper™ ID-X Software User Guide
GeneMapper™ ID-X Software Tutorial
GeneMapper™ ID-X Software User Bulletin

Manager under the Tools drop-down menu, then clicking on the Analysig®Nethods tab

then double clicking to select a particular Analysis Method. Ara ofdalysis

Methods are available to analyze casework data. Options for gelysiNMethods vary by
a

The settings for the Analysis Methods are viewed by selecting Genertﬁr ID-X
f

analysis range. These methods shall not be modified. Ne s shall only be
created or modified with permission from the DNA Technj xoer.

The panel for casework on the 3500xl is: 3500_P0\ _Casework.

2.1 Analysis Methods Q
2.1.1 Casework Analysis Methods Q

3500CW-2400
3500CW-2800

3500CW-3200 A
3500CW-Blank @
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2.2 Allele Tab Settings
The Allele Tab Settings are viewed by opening a selected analysis method.

2.2.1 Casework Allele Tab Settings
These settings are consistent within all casework methods.

Analysis Method Editor

| General &Hele Peak Detector . Pegk Quallit',r | 5Q & GQ Settings | \
Bin Set: Promega_Bins_ID¥_alpha v/

I Use marker-specific stutter ratio and distance if available ‘b\

1 Marker Repeat Type: Tri Tetra Hexa
Global Cut-off Yalue .0 0.0
Minus4 Ratio 0.0 0.0
Minusa4 Distance 0.0 0.0

0.0 0.0
Global Minus Stutter Ratio ¥ ; 0.0 0.0
Global Minus Stutter Distance : 4,25 0.0
; 5.75 0.0
Global Plus Stutte . 0.02 0.0
Global Plus ter (Ngtance From 0.0 3.25 4.25 0.0
To (0.0 4.75 5.75 0.0
4
Amelogenin Cutoff 0.0
Range Filter.., Factory Defaults

Save As ][ Save ][ Cancel ][ Help ]
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The Analysis Range is the only setting that varies between the alternative Analysis
Methods. The Analysis Range is selected to ensure capture of the 80bp ILS peak for all
allelic ladders, positive controls, and questioned and known samples in the project. The

amplification controls, and samples that do not yield at least a partial pr

Analysis Range is selected to capture the primer peaks for reagent blgc%negative

2.3.1 Casework Peak Detector Tab Settings

The Analytical Threshold for all analyses is 150RFU.

Example: 2400 Casework Analysis Method

Analysis Method Editor

General | Allele Peak Quality | 50 & GQ Settings

Peak Detection algorithm: gdvanced

Ranges Peak Detection
analysis Sizing Peak Amplitude w4
Fartial Range w | |Partial Sizes W B: 150 R

Stark Size: |30
Stop Size: |600

Statt PE:| 2400
Stop PE: (14000

Smookhing and Baselining

z2 pk=
Smoothing ) None
3
(%) Light
(O Heavy alk Windaw Size: 15 pts
Baseline Window: |51 pe Threshold
Peak Stark: 0.0
Size Calling Methad Pk End: .

Mormalization
[ Use Normalization, if applicable

() 2nd Order Least 388

() 3rd Order Least Sq
() Cubic Spline Interpol Xgan
(#) Local Southern Method

() Global Southern Method

Factory Defaults

Save As H Save ][ Cancel H Help ]

Q
\’b\q'
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2.4 Peak Quality Tab Settings

These settings do not vary among the casework methods and they are not relevant in
analysis of any samples where the sample type is set to Negative Control.

Example: 2400 Casework Analysis Method

Analysis Method Editor

General | Allele | Peak Detector PE Quallty‘ 50 & GQ Settings
MinfMax Peak Height (LPH/MPH) Q

Haormaozygous min peak height 7F00.0

Heterozygaus min peak height 7F00.0

Max Peak Height (MPH) 12000.0 \
Peak Height: Ratio (PHR) g
Min peak height ratio 0.0

Broad Peak (BD)

Max peak width (basepairs) 1.5

Allele Mumber (AR

Max expected alleles %
Allelic Ladder Spike

Spike Detection Enable
Cuk-off Yalue ‘ nz

l Fackory Defaults

Save hs H Save H Cancel H Help ]
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These settings do not vary among any of the analysis methods, and they are not
relevant, as all samples are currently manually reviewed and interpreted, regardless of

flagging.

All Analysis Methods

Analysis Method Editor

Quality weights are between 0 and 1.
Sample and Cantral G0 Weighting

Broad Peak (BD)

allelic Ladder G Weighting
Spike {SSPEJSPK)

Sizing Quality:

S0 &G0 Ranges
ES nge:
w 0.75

Genokype Quality:  From  |0.75

Broad Peak (BD) 0.7 Allele Mumber (AR .
Cuk of Bin Allele (BIN) 0.7 Lowe Peak Height (LP )
Crverlap (OWL) 0.7 Maz Peak Height {MFQ )
Marker Spike (SPE) 0.3 CFF-scale (gl 0.3
Peak H H 0.3

Control Concordance {CC) Weight = 1.0 {Only applj congrdis)
S0 Weighting \

0.5
< - I CFF-scale (O5) 1w

ko 1.0 From 0,0 ko

ko 1.0 From 0,0 ko

0.25

0.25

’ Reset Defaulks

Save As H Save H Cancel H Help l
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2.6 Data Retention

All raw data files generated in the course of casework analysis shall be retained and
archived in a designated location. Because this manual contains sufficient information
to recreate the GeneMapper ID-X project from the raw data files, GeneMapper ID-X
project files are not retained long term and may be deleted after the technical and

administrative reviews of a batch are completed. (b
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Section 3 STR Data Interpretation

Interpretation of casework samples is based on the guidelines contained in this section,
as well as the qualified DNA analyst’s training and experience, experimental results,
and case specifics. In all cases, interpretations must be independently reviewed and
verified based on established peer review procedures. The DNA Technical Manager
may authorize the interpretation/reporting of data outside of the criteria defined herein
and will document this approval by initialing and dating comments on the relevant
electropherogram(s) and/or interpretation worksheet(s). (b

Casework STR Data Interpretation: N
e Reportable alleles are those alleles whose peak heigh e(¥al to or above
the 700RFU stochastic threshold and are generally r, ble when re-
amplified. Such alleles are routinely used in maki ofhpgrisons between known
and questioned sample genetic profiles under irkerpfetation guidelines stated
in this manual.

e Observed genetic data includes data (pe@low the stochastic threshold
(700RFU) and/or alleles whose peakheightssffre greater than the analytical
threshold (150RFU), but that are oducible in replicate amplifications of
the same DNA extract. Such al ) ot routinely included in the STR results
table. Observed alleles may jdered for use when reporting the presence
of multiple sources of DNA in le and/or when reporting the presence of

ding on the quality of the data and the nature of

male DNA. On occasio
the sample, such allel N be used to generate a composite profile, with the
QI?\e

documented appro DNA Technical Manager.

O
&
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3.1 Interpretation of Batch Controls

Prior to assessment of casework data, the analyst must first examine the batch controls
to ensure that the extraction, amplification and genetic analysis processes are
functioning correctly. These include: Internal Lane Standard (ILS), allelic ladder(s),
internal control specimen (ICS), positive and negative amplification controls, and
extraction reagent blanks. All or part of an extraction, amplification and/or run may
need to be repeated depending on the results of the batch controls. issues raised
by the performance of a batch control must be addressed prior to t e%e of affected
casework samples. Unresolved failure of a batch control requires & nical
Manager, or designated individual, to approve a course of acti

3.1.1 Internal Lane Standard (ILS)
The Promega PowerPlex16® System uses ILS 600. t should verify that all
peaks from 80-550 base pairs are present and Iabe\ own.

G

Y a475
azs 359 ars azn 450 550

P— L Lasres —
Fooo s000 2000 = 10000

The peak heights for the ILS peaks must be at least 150RFU (relative fluorescence
units) to be identified and labeled by the GeneMapper™ ID-X software with a casework
analysis method.

Failure of an ILS can often be resolved by re-prepping and/or re-injecting the affected
sample(s). If the ILS continues to fail after re-prepping and re-injecting, the analyst
should consult the Technical manager for a course of action.

Refer to the GeneMapper™ID-X Software User Guide for details on manually labeling
the size standard.
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3.1.2 Allelic Ladder

The GeneMapper™ ID-X software uses the allele calls of the ladder to assign allele
calls to all the other samples in the project. The allele calls for the Promega
PowerPlex16® System allelic ladder are shown below. The analyst should verify that all
peaks from the allelic ladder(s) are present and labeled as shown.

The allelic ladder contains the most common alleles determined for each of the 13 FBI
STR core loci, the Penta D and Penta E loci, and Amelogenin. In adgspn, alleles not
labeled in the allelic ladder (virtual alleles), may be detected and IaK some of the

samples analyzed.
ﬁ project with the

sample type designated as “allelic ladder”. All the peaks iQ®h Ic ladder must be
labeled correctly for the software to assign the correctaleN c@#S to samples in the run.
When more than one ladder in a project has the sa designated as “allelic
ladder”, the software will average the allelic Iaddq e the allele calls for the

At least one allelic ladder must be included in a GeneMappg&

samples in the project.

Artifacts such as spikes or “pull-up” peak
(OL) peaks in the allelic ladder. If all t

be present that are labeled as off- ladder
ele peaks are labeled correctly, such OL
peaks will not affect the sample alle .J¥a spurious peak (not a true allelic peak) is
labeled as a true allele (i.e. it falls w allele size range and is designated and

labeled as an allele) at any parx‘ cus, the remaining allele designations / labels at

the locus shift and will impac orrect allele call / labeling of the samples in the
project. Allelic ladders witigs ifacts cannot be used to analyze data in the project.
is usually appropriate.

In such instances, re-iC?
Additional inform@; the allelic ladder can be found in the Promega

PowerPlex16® S echnical Manual.
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PowerPlex16® Allelic Ladder

—————————————— ———————
A.foo__120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
[ p2siase | tHo1 | 021511 | [ D12251 | | Penta E
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2
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E mmtam

Joo 1z 1do 160 10 200 220 240
2 o R 5
® PPl AL dder (N2) 2 Yelkow ladder

Q_

3.1.3 Internalfontrol Specimen (ICS)

An internal control specimen (ICS) is a designated, predetermined quality control
sample whose expected profile is already known. The ICS is processed with an
extraction batch and carried through the batch concurrently with the other samples. The
purpose of this control is to demonstrate that all analytical processes are working
correctly. An ICS may include any known sample, including those obtained from
laboratory staff, where the individual has been previously typed to generate a genetic
profile.

At least one ICS shall be processed with each casework batch, and will typically be
extracted with the known reference samples. An electropherogram of the successfully
typed ICS shall be included in the central log folder.
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An ICS with a partial profile or no interpretable profile does not invalidate the batch,
provided other positive controls in the batch yield the correct results. The Technical
Manager, or other designated individual, shall determine whether or not to approve the
ICS when only a partial profile or no profile is obtained. The data quality of other positive
control samples in the batch and/or the quality of known /reference samples will be
reviewed to determine the approval process.

If an incorrect STR profile is obtained for the ICS in a casework ba ch,(t')hnalyst will
attempt to determine the cause of the discrepancy. The discrepanm documented
and corrective and future preventive actions may be taken as edwecessary by the
Technical Manager. @

individuals. Any one of these may be designated a for the batch. As good QA
practice, the analyst confirms that all profiles frorgQraVvi y typed individuals yield
expected profiles. This review is typically docu n the DNA worksheet for the
appropriate case.

3.1.4 Positive Amplification Contr :

A positive control is defined as a si ce sample whose genetic profile was
previously determined and fro ICN a Tull profile was developed; it is used to evaluate
the performance of the ampli N d typing procedures. Either standard DNA
template 9947A or 2800Mgjn c® with the Promega PowerPlex16® System, may be
used as a positive amtaf n control. A minimum of one positive amplification control

NOTE: Casework batches often contain multiple samg%&p reviously typed

must be amplified andfproc&ssed concurrently with each casework amplification.

It may be necess%'!-prep and/or re-inject the positive control if the cause of failure

appearstob || electrophoretic injection. As long as the re-prepped and/or re-
injected positi oftrol types successfully, the positive control is considered

successful.

Alternatively, other samples in an amplification may serve as a positive control (e.qg.
duplicate offender/staff sample, offender confirmation sample, casework known sample
with a verified profile, or a buccal swab freshly obtained from laboratory personnel
whose genetic profile(s) was/were previously determined and documented). Use of an
alternate positive control must have documented approval of the Technical Manager.

All casework samples co-ampified will be re-analyzed if no positive control was
successfully typed for that amplification. The laboratory will routinely include more than
one positive control with every casework amplification reaction, in order to prevent
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reanalysis of samples that are limited in DNA content. If at least one of these positive
control samples produces acceptable and expected results, the batch will not be
reanalyzed.

If all interpretable results agree for the samples between the first and second
amplification/run, and the positive amplification control yields a correct STR profile for
the second amplification/run, then the STR data obtained in the either amplification/run
may be used.

STR profile of 9947A

| D3s13s8 [ THO1 | D21811 ] [ D18S51 |
106 178 245 11’3
| | \ i
o T l h A T ﬁ;
14 8 30 12
1493 737 1646 2149 1334
1707 _955‘ 933
18-06 QPOS BO7 003 2006-05-18 3130-2.fsa |5-18-08 Q |F'uwerF'Iex 16 w14
D5S818 D135317__ | D7s5820 [ Die SF1PO Penta_D |
105 178 , 245 385 . 455
2100
| ] 1 1 I
o L ! 14 I il
10 12
1561 2441 4198
T
12 12
1402 1553
18-06_QPOS_B07_003_2008-05-18_3130-2 fsa | 5-18-06_QPOS [ PowerPlex_16_v1.4
TPOX 1| FGA |
315 385 455
1500
o L)
8 23
2873 1014
24
3 740
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STR Profile of 2800M

208b2 13-0306 D06 008 12-FO196.fsa [ POSb2 13-0306 [ PowerPlex 16 IDX alpha

20 180 270 360 450 540

f | f
Qo im T ll A' A
17 |le 29 16 7 14
1850, |2824 1382 1600 1110 850
: :
‘18 9.3 312 18
1640 2621 1261 1412
208b2 13-0306 DOB 008 12-FO196.fsa (PO

540

S0 180 270 360 450 %

2400 : ‘ J
ol 14 1 h VI

T T T 1 T

12 9 8 9 12 12

34786 1757 1808 3260 4650 | 15

: |

11 11 13 13
1602 1422 2564 \12

20Sb2 13-0306 DO6 008 12-FO196.fsa PO = x 16 1DX alpha
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o S W11 I
o 1 1 =
X 16 14
1554 1406 1654
i 19 15
1690 1408 1881

3.1.5 Negative Amplific COntrol and Extraction Reagent Blanks

A reagent blank is carged t gh the entire analytical process as part of each
extraction or type Qjag ctgn. It contains all the reagents - except DNA template -
used during extra o@ amplification and typing.

The negative M&§Cation control contains only the PCR master mix (reagents used to
prepare the PCR amplification mixture) for each batch of samples and the water used to
dilute the DNA samples.

The purpose of the negative controls is to detect systemic DNA contamination that
might occur from the reagents, the laboratory environment, between the samples being
processed, and/or due to improper handling of the samples by the analyst.

The negative controls must be run at the most stringent set of conditions for the batch.

Verification of the presence of amplified product in the negative controls is performed by
viewing the presence of unincorporated primer peaks.
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The negative controls should not yield any true STR allelic peaks above the analytical
threshold. When peaks greater than or equal to the reporting threshold are present in
the range between 80-550 base pairs, the analyst will determine if the peaks are
artifacts (e.g. spike, pull-up) or true allele peaks.

The presence of peaks above the reporting threshold will not invalidate the sample as
long as the peaks can be shown to be artifacts. Artifacts will be documented on the

electropherogram (b
When probable true allele peaks are detected above the reporting w d, at several
or all STR loci, the analyst will investigate possible causes. Te@al anager will then

be consulted to determine the appropriate course of action

Since the failure of a negative control may indicate a the extraction or
amplification level, a Quality Review Form may nee mpleted based on the
nature of the discrepancy.

Note: Although appropriate quality assura
enforced, it is not unexpected that low-le
in peak heights for allelic data that are
attributable to staff scientists and/or,
analytical steps of such a highly sen¥i

N

fr8m Artifacts

ework sample electropherogram separates interpretable
ts can occur in data and much of their nature and origin

d documented. Peaks that are determined to be artifacts are
documented iIr§1g a zoom view of the artifact that includes base pair sizing.
Artifacts are tl%ed as such, struck on the full view electropherogram, and initialed
by the analyst. When it is not possible to distinguish between an artifact and a true
allele, this is indicated on the STR results table and the electropherogram as
Artifact/True allele (A/TA). If the presence of a definite or possible artifact at a locus
impacts the suitability of that locus for either comparisons or statistical analysis, that is
documented on the STR table and the electropherogram. Artifacts are often associated
with an overabundance of template DNA. If the presence of many artifacts complicates
data analysis, it may be appropriate to re-amplify the sample with less template DNA.

es are stringently applied and
dventltlous DNA (i.e., levels that result
Laboratory’s reporting threshold)
le products directly involved in the
chnigue may be detected.

L,

3.2 Distinguishing
The initial assessmen of a

alleles from artifa
have been deter
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3.2.1 Baseline noise
The analytical threshold (AT) for analysis of casework samples is 150 RFU. Data below

the AT is considered indistinguishable from baseline noise and not suitable for
interpretation. However, if data below the AT exhibits consistent peak morphology and
alignment to bins, the analyst may note the possible presence of data below the
reporting threshold (DBRT) on the electropherogram. No further interpretation is
suitable for DBRT.

Ideally, true allele peak heights should fall between 3000 and 12,0 (Rb Samples

with peak heights near or above 12,000 RFU may include baseh e&ge that exceeds
150 RFU. Such baseline noise may be documented and strucﬁwever, if baseline
noise is difficult to distinguish from possible low-level DNA fit more appropriate
to re-amplify the sample with less template DNA. \

3.2.2 Stutter \

The PCR amplification of tetranucleotide STR Io% ally produces a minor product
peak four bases shorter (N-4), two bases gmer (N=2, infrequently observed), or four
base pairs larger (N+4) than the correspd % pase peak. This is the result of slippage
of the Taq polymerase and is referregflo gs W€ stutter peak or stutter product. In the

penta-nucleotide loci, the stutter pe typfcally five bases shorter than the
corresponding base peak.

The proportion of stutter prod \ative to the main allele peak is calculated by dividing
the height of the stutter ge y e height of the main allele peak. The stutter
percentage is fairly regffodugi®e for a particular locus. The following table lists the
values of the expe M Entage of N-4 stutter for the loci in the PowerPlex® 16
System when rur e Applied Biosystems 3500xl. The stutter values are based on

data obtaine irgrnal validation studies. These values, along with a universal N+4
stutter of 2%, as stutter filters used by the GeneMapper ID-X software.

o
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Expected N-4 Stutter Percentages for PowerPlex® 16 loci on the 3500x! (in single
source samples)

D3S1358 THO1 D21S11 D18S51 Penta E

14% 5% 13% 14% 7%

D5S818 D13S317 | D7S820 D16S539 CSF1PO Penta D
13% 10% 11% 11% 11% D
Amelogenin | VWA D8S1179 TPOX FGA

NA 14% 11% 6% 17%

Peaks in the stutter position greater than the listed v. & Indicate the presence of
DNA from more than one individual. However, eleveNed stkter is also associated with
both excess template DNA and very low amoun ate DNA. When there is no
indication of a mixture other than elevated stutte% nalyst will document the stutter

as such on the electropherogram.
3.2.3 Amplification and Injection |fQ
The following are examples of artif igh may be documented and struck on
electropherograms. Re-prep a%-l C

a

tion is not necessary if the artifact in
guestion is clearly distinguis K thus does not interfere with interpretation.
3.23.1 Pull-Up

Multi-component analyfis isgle process that separates the four different fluorescent dye
colors into distinct al gomponents. The four dyes (Fluorescein, JOE, TMR and
CXR) emit their fluorescence at different wavelengths, but there is some
overlap of thegmiS{on spectra. A spectral calibration is performed for a specific dye set
to create a ma corrects for the spectral overlap.

Pull-up is the result of incomplete separation of the emission spectra and is typically
observed as a non-allelic peak at the same base size as a peak in another dye. This
typically occurs at high RFU values, when an excess of template DNA has been
amplified.

3.2.3.2 Spikes

Spikes are non-allele peaks that may arise due to air bubbles, urea crystals or voltage
spikes. Spikes are typically quite sharp and easy to distinguish from a true allele. Spikes
usually appear in more than one color at the same base size and are not reproducible
by re-injection.
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3.2.3.3 Dye Blobs

Dye blobs, like spikes, are non-allele peaks that are easily distinguished from true
alleles. Dye blobs may be the result from residual dye molecules left over from the
synthesis of the primers or they may be dye molecules that fell off the primer during the
amplification.

3.2.34 Incomplete ‘A’ nucleotide addition (-A or split peaks)

While —A peaks are a documented artifact, none of these were observag in the 3500xI
validation studies. As such, any instances of —A require approval by %chnical
Manager before the sample injection may be used for casework.

3.2.3.5 Persistent Kit Artifacts Q

Occasionally, one or more lots of PCR kits may exhibit pgr§isggnt™ftifacts that may not
be observed in the verification process. These artifacts may ofgflay not appear as true
alleles. Sometimes, these artifacts are so common tht afe observed in a high
number of routine samples. Such artifacts will be nolRd jgghe verification process and
require approval by the Technical Manager.

3.2.4 Off-Ladder (OL) Alleles
The allelic ladder contains the most co bserved alleles for the STR loci. Alleles
ti n

which are not assigned a numeric d the standard ladder will be designated
as off-ladder (OL) alleles. Peaks th Ig#eled as OL (off ladder) at a particular locus
have a base size that is differenafgom\any of the alleles in the ladder and any of the

virtual alleles. These pea % alleles but additional analysis is required to
verify this. %

Before determining whietherga® OL is a true allele or an artifact, the analyst must
consider all other uses of OL occurrence.

When a true lies within the range of alleles for a particular locus, the allele will
be reported a iant of the integer (i.e. X.1, X.2, etc.). The appropriate allele call is
determined by ultaneously examining the base sizes for the sample allele peak and

the associated allelic ladder peaks in the relevant locus.

When the OL allele lies either above or below the largest or smallest allele in the ladder,
the OL allele will be designated as either greater than (>) or less than (<) the allele from
the ladder that is closest in proximity to the OL allele.

OL alleles considered to be true alleles may require re-amplification to confirm,

particularly when they are only observed in a mixture. If the OL allele is observed in a

double amplification of a single-source sample, or in multiple single source samples

each amplified once and injected simultaneously, further amplifications are not

necessary to verify the OL allele. The DNA Technical Manager must approve reporting
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an OL allele without re-amplification (e.g. limited amount of sample available for
analysis).

Documentation of the OL allele must include an electropherogram with both the sample
and the associated allelic ladder for the locus, showing the OL allele(s) in the locus, with
the bins and base pair sizes.

3.2.5.1 Tri-alleles (b
Occasionally, a single-source sample may be observed to have th% s at one
(rarely more) locus/loci. Tri-allelic patterns have been observegrmsinQée source
samples and there are documented instances where differe @s from the same

individual may or may not exhibit the tri-allelic pattern.
\ confirm the genotype

Samples exhibiting potential tri-alleles may be re-ang§if
observed at the locus (or loci). Statistical calculaf:'f\

ever, will not be performed
at these loci.

the analyst may include the locus with gle in the STR results table. If the

If the potential tri-allele containing samplmplified and found to be reproducible,
e
potential tri-allele is not reproducible; Freported as an Artifact/True allele (A/TA).

but from different tissue sour orexample, blood / semen / saliva / hair, with the
same STR profile, the potqutighN-&llele may be considered a reproducible observation

and may be included op#ne QTR results table without the A/TA designation. No re-
amplification of samplqs wo§ld be required in such instances.
3.3 Asse

Alleles are pe t are detected and labeled by the GeneMapper™ ID-X software
with a number 2§d should lie within the range of the alleles in the ladder, and they are
clearly distinguishable from artifacts. All alleles are examined and evaluated in the
process of data interpretation.

If the same tri-allelic pattern is x erved in multiple samples (from the same case)
f

Npterpretable alleles

In addition to the Analytical Threshold (AT) of 150 RFU, a Stochastic Threshold (ST) of
700 RFU is also used for casework analysis. Allelic peaks greater than or equal to the
ST are relied upon for casework interpretation without being reproduced by second
amplification.
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3.3.1 Alleles below the Stochastic Threshold

Stochastic effects result when limited DNA molecules are used to initiate PCR, and
unequal sampling of the two alleles present from a heterozygous individual leads to
peak height imbalance, elevated stutter, and/or allelic dropout. The ST of 700 RFU is
based on validation studies and represents the RFU value below which stochastic
effects are commonly observed. Alleles which fall between the AT and the ST are
subjected to a higher degree of scrutiny due to the possibility of stochgegic effects.
Alleles in this range are noted with an asterisk on the electropheroKﬁb

3.3.2 Reproducing Alleles Below ST for Interpretation

In most instances, allelic peaks below the ST must be deg®ngtrgied to be reproducible
by re-amplification in order to be included on the STR{bI§ arggfdeemed suitable for use
in comparisons and statistical calculations. Non-reqy®d#®™¥% alleles are struck and not
included on the STR table. \

Questioned samples with a quantification va
(or PCR target template estimate of less
duplicate to ascertain reproducibility ofgll

e of «05ng/ul and greater than zero

Samples with a quantitation result o 0 not require duplicate amplification.
Questioned samples with a Jication value >0.05ng/pl will not be routinely amplified
in duplicate. When a sam s not initially amplified in duplicate yields a DNA

contributor, re-amplificgtionynay be appropriate to assess allele reproducibility of the

mixture profile with thm've fraction being the minor or low-level component and/or
0 tributor.

amplifications e reported on the STR results table and considered suitable for
comparison.

minor componen%
Note: If a sa% mplified more than twice, the reproducible alleles in at least two
Il

3.3.3 Using Alleles Below ST Without Demonstrating Reproducibility

Ideally, any alleles below the ST should be demonstrated to be reproducible in order to
be reported in the STR table and used for statistic calculations. However, in a few
specific instances, alleles below the ST may be included on the STR table and/or used
in statistical calculations without demonstrating reproducibility.

Non-probative / intimate samples: If all the alleles below ST can be attributed to a non-
probative contributor (such as the owner on a body swab, the consent partner on a
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vaginal swab, etc.), then those alleles may be included in the STR table and used for
interpretation. Since they are attributable to a non-probative source, statistical
considerations do not apply.

Single-source profiles with heterozygous alleles below ST: In single source samples,
the primary concern with using alleles below ST is the possibility of allelic dropout. An
apparent homozygous allele below ST may in fact be a heterozygote with dropout of the
sister allele. If both sister alleles of a heterozygote are present below ST, dropout is
not a possibility and therefore the alleles may be included in the STR%and used for
statistical calculations.

Any other instances of using alleles below ST without dem reproducibility,
including compositing alleles from multiple amplifications r% documented approval

by the Technical Manager. \
3.4 Assessing for Genotypes
Genetic profiles from questioned samples may a single individual (single

. Asagésment of whether a profile is a
Acan be separated out into single source
» Documentation of interpretation,

e bench notes. This documentation may
ixture Interpretation Worksheet.

source) or from multiple individuals (mixture
single source or mixture and whether a mg

components impacts subsequent inter
including assumptions, must be incl
be written on the electropherogram

Assessment of a questioned %includes the determination of which loci are suitable
for comparison and/or for #{ge ation of population statistics. Loci considered to be

complete — that is, wit ircation of possible drop-out, either for the entire locus or
just for a resolved confponelt of a mixture — are suitable for exclusions as well as for

population statistj mfihere possible drop-out is evident may either be suitable for
exclusions only o table for comparison, depending on the number of sources
and the exten ossible drop-out.

The assessmen®of a questioned sample profile takes place with ‘sequential
unmasking’: initial assessment occurs before any probative reference samples are
compared to that profile. However, an evidence item taken directly from an identified
anatomical location (i.e., vaginal swab, penile swab, fingernail scrapings, etc.) and / or a
piece of intimate apparel (i.e., undershirts, panties, bra, etc.) typically will yield DNA
from the individual from which the evidence item was taken. In such circumstances, it is
common to recover a DNA mixture which includes DNA consistent with that individual.
In such cases it is useful to use the “owner’s” (or any other non-probative) reference
profile to assist in the interpretation of the questioned sample.
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3.4.1 Single Source Samples

Typically, each locus is characterized by one or two labeled peaks or alleles. If two
peaks/alleles (heterozygous locus) are detected at a locus, they should ideally be of
equal intensity — that is, the peak height ratio (PHR) is approximately 1:1.

Peak height ratios are calculated by dividing the peak height (in RFUs) of the lower RFU
allele by the peak height of the higher RFU allele, and then multiplying this dividend by
100 to express the PHR as a percentage. Based on validation studie e minimum
expected PHR for single-source samples, where there is no indica 'or%ﬂixture and
0.5 to 1 ng of template DNA is used, is 60%. This ratio, however, N} ower with
lower amounts of DNA. Peak-height-ratio imbalance may als It Twm degraded
DNA or the presence of PCR inhibitors. Allelic dropout ma degraded/inhibited
samples and the possibility of a second allele should be

A single source profile must have complete informag least 4 of the 13 core loci
to be deemed suitable for all comparisons. This g - profiles with a single source
of DNA as well as to deduced contributors and minor components from
mixtures. A profile with complete informatigg at thrg# or fewer loci may be suitable for
exclusions only.

3.4.2 DNA Mixtures

Indications of a DNA mixture s an include:
(1) more than two alleles at t w e loci,

(2) a peak in a stutter posigo t¥s unusually high

(3) significant peak heigimer imbalance for a heterozygous genotype
(4) Observation of low§level

Al/data below reporting threshold
In general, a %%h more than two alleles at two or more loci is deemed to be a
|

mixture. The m number of contributors may be assessed by evaluating the loci
that exhibit the most allelic peaks (i.e., if at most five alleles are detected at a locus, the
DNA results are consistent with having arisen from at least three individuals, provided
that none of those peaks are consistent with being elevated stutter. However,
phenomena such as tri-alleles, primer binding site mutations, or allele sharing between
close relatives can complicate the determination of number of contributors. In such
cases, the DNA Technical Manager should be consulted for an appropriate course of
action.
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Interpretation Flowchart

Major/Minor

comoorentT

YES
k4

h

CALCULATE
RMP
[singte source)
and
CPI/CPE
[mixture)

O

Adapted from:

YES l

I NO Single source NO
»2 lleles DMA sample —_
obsered — Can you exclude?
at 22 loci
YES l
YES l Mo
ETATIETIC
Mixed
DA sample
YES l
- - MO Stochastic
Differentiate a Fffects? =2

contributors?
Mot muitable
for comparison

N

ol
Mo
ETATISTIC

inoonsistent with

ownerfintimate

YES

Schnelder, P.M, & al {2009). The German Stain Commission: Recommendations for the Interpretation of mixed stains. Intemational Jowmal
of Lagal Medicine, 123, 1-5. [Orginally publishead In Garman in Rechtsmeadizin (3006) 16: 401-404.

MO

8l CLMLATE
—™ RMP

NO DMA consistent with
consensual/slimineation?

Match has no probative

Mo DMNA

sample value
W YES ¥
Mo MO
STATISTIC STATIETIC
NO \I . CALCULATE
— P T > CPIfCPE

Key:

RMP: Random Matwch Probability
CPI: Combined Probability of Inclusion
CPE: Combined Probability of Exclusion

3.4.2.1 DNA Mixture Type Categorization

It is not possible to anticipate the nature of all potential DNA results, or the nature of the
evidentiary samples from which they may be obtained. These categories do not exhaust
the possibilities that may be encountered by the forensic scientist, nor the conclusions
that may be rendered from his/her interpretation of the results.
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Three categories of mixed samples have been designated to guide general decision
making as illustrated in the Interpretation Flowchart. Mixtures with a known contributor

(i.e. intimate samples) are possible in each category:

e TYPE A: mixtures with indistinguishable contributors, including multiple major

contributors
e TYPE B: mixtures with major/minor contributors

e TYPE C: mixtures containing DNA from at least three sources and/or mixtures

that exhibit potential stochastic effects (e.g. 1 major plus 2 or

minor
contributors, 2 major plus 1 or minor contributor, indistinguik%

TYPE A

100 RFL

o RFU

Adapted from:
Budowle, B_, et al.
Profiles in Forensic

dxTure Interpretation: Defining the Relevant Features for Guidelines for the Assessment of Mixed DNA
. J Forensic Sci, Vol 54, No. 4, 810-821.
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TYPE A:

Description: If the amounts of biological material from multiple contributors are similar,
it may not be possible to further refine the mixture profile. When major or minor
contributors cannot be distinguished because of similarity in signal intensities (i.e. peak
heights), the sample is considered to be an indistinguishable mixture. In two source
mixtures where the “owner” can be assumed to be one contributor, the “owner”
reference sample may be used to deduce a single source unknown contributor.

The classification of indistinguishable does not imply that the profil@wterpretable.
r

Individuals may still be included or excluded as possible contri s »an
indistinguishable mixture. However, a minimum of 4 compl .e. loci suitable for
calculating population statistics) are required in order for Kj reS¥lved mixture to be

suitable for comparisons.

TYPE B:

Description: If the amounts of biological materi ultiple contributors are
dissimilar, it may be possible to further refine the re profile. When major or minor
contributors can be distinguished becausgfot &ferences in signal intensities (i.e. peak
heights), the sample is considered to hgra gouishable mixture. The difference is
evaluated on a case-by-case basis.

TYPE C: \A
In general, tyRe j

Description: ures contain DNA from at least three (3) individuals
and may also exhibit s a¥c effects.

If the sample de r a clear reproducible major component at a minimum of 4 of
13 core STR loci sion as to the source of the major contributor DNA may be
reported and cluded in statistical analysis. This may also encompass mixture
profiles that exNDit more than one major contributor.

If no clear major component is observed this type of genetic profile may be deemed
unsuitable for comparison. As such, this profile will not be included on the STR results
table and no statistical analysis will be performed.

A sample may be deemed not suitable for comparison if the majority of alleles in a
sample are not reproducible and/or insufficient DNA is detected (i.e. partial profile).
Additionally, if a mixture contains DNA from known close relatives a comparison may
not be appropriate.
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3.4.2.2 Separating Major and Minor Contributors in DNA Mixtures

Separating a two-source mixture into major and minor components is easier when the
number of loci exhibiting four alleles increases and the ratio of the major contributor to
the minor contributor increases above a 5:1 ratio. Since peak height ratios as low as
60% have been observed in single source samples with ideal concentrations of DNA,
and even lower peak height ratios have been observed with lower co trations of
DNA, peak height ratio information should be used very conservati e%paration of

&S 0s is not

g. dssessment of

IQouUYd be used very
brder to allow an analyst
cibility of alleles.

major and minor components. Quantitative assessment of peak h t
appropriate with the current platform; and qualitative informatiq
which peaks at a given locus are consistently higher or lowg
conservatively. Duplicate amplifications are recommendn
raor

to assess reproducibility of peak height ratios, as well

When applicable, an “owner” reference may alsq ¥ assist in separating the
major and minor components. @

If a mixture can be successfully separate ajor and minor components, the minor
component alleles are reported within es. Due to the possibility that the minor
contributor’s alleles may be shared or contributor and that such alleles may
be below reporting threshold, deter of the minor contributor profile may be

possible at only some loci.
An analyst may partially d@NA mixture profile into major and minor components

and report the locion t esults table in brackets (e.g. [10,11,12]) where an
unambiguous major ognindy component is not distinguishable. Peak height ratios may

be noted on the ogram or mixture interpretation worksheet to document
possible genotyp ropriate.

When evaluam minor component is suitable for comparison the number of
potential contrib®tors and whether the peak falls into stutter position should be
considered. A minor component is suitable for comparison if a complete minor profile is
determined for at least 4 of 13 core loci. This is rarely possible when there is more than
one contributor in the minor component; such instances require approval from the DNA
Technical Manager. Minor component alleles often are comparable in peak height to
stutter. Because of the possibility that a potential minor allele may be masked by being
in a stutter position to a major allele, a minor component whose alleles are close in
height to stutter peaks (i.e. about 14% of the heights of the major component alleles)
can only be considered complete when heterozygote minor alleles are detected outside
of stutter positions.
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The assessment of the major/minor assessment must be documented on either the
electropherogram or a Mixture Interpretation Worksheet; this documentation must be
included in the bench notes. Documentation includes a statement of any assumptions
made, such as number of contributors, as well as a brief explanation of the rationale
used to separate major and minor, such as subtracting an owner’s alleles or peak height
ratio information.

3.4.2.3 Deducing an Unknown Contributor in a DNA Mixt@

In instances of samples collected directly from an individual’s or ®tothing, where
DNA from no more than two individuals appears to be dete ay be possible to
use the “owner’s” profile to deduce the genetic profile for @& ugpk n contributor. It may
not be possible to deduce an unknown contributor at |, tRgSe loci which cannot be
deduced must be labeled as such. The unknown c profile must be deduced at
a minimum of four loci in order to be deemed sui mparison. A deduced

ofile for the purposes of drawing
loci can be deduced for a

a whole (including all complete loci),
tributor should be issued.

and a single source statistic for the degfc

The rationale for deduction of the gege ofile for an unknown contributor must be
documented in the bench note\' on the electropherogram or on a mixture

interpretation worksheet. %
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3.5 Comparison of DNA Results

The interpretation process generally results in one or more of the following conclusions:
Exclusion

Cannot exclude

Inconclusive

Insufficient DNA / Data

No genetic profile

Complex mixture (b
Exclusion: \

An exclusion is declared when the known sample has alleles t % e not observed in
the questioned sample, and there is no scientific explanati Wy absence.

Scientific explanations may include, but are not limite \ﬁ s such as inhibition,
degradation, low template DNA and/or primer bindiﬂ\s' e yariations or mutations.

Cannot Exclude:
For single source samples (including resolys
sample cannot be excluded as a source @
significant differences between the aljgfe

ixt&fes): The donor of the known
uestioned sample when there are no
ations obtained from these samples.

For unresolved mixtures: Whengllelgs ®tected in a known/reference sample are also
detected in at least 75% of the core STR loci in a DNA mixture, and when
there is a scientific explanatiolfoONgny inconsistencies, an individual may be considered
a potential contributor to t le.

%

avglbeen contributed by the individuals for whom known/

S were submitted for comparison with the questioned samples,
is sample may include a statement indicating that DNA that could
uted by X/Y/Z was detected in the sample.

If alleles that could
reference sampl
the conclusio
not have bee

QO

Inconclusive:
If the STR results support neither inclusion nor exclusion, the comparison will be
deemed inconclusive and reported as such. When a profile is deemed inconclusive, an
explanation must be included for the reason.
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Insufficient DNA/Data:

Low amounts of DNA can result in allelic drop out, elevated stutter, and non-
reproducibility of results. In many instances, incomplete loci cannot be appropriately
used to make exclusions or inclusions. When fewer than four loci can be considered
complete, this profile will be considered insufficient and will not be utilized for
comparison. As such, this data will not be included on the STR results table.

Note: If a genetic profile obtained from a sample does not satisfy t e%atory’s
inclusionary reporting criteria it is possible it may be utilized for exgdgiomefy purposes
only. The Technical Manager will be consulted to determine t@)r riate course of
action.

No genetic profile:
No genetic profile is declared when there is no repr % ata observed. This also
may include low-level data observed at less thar@ re STR loci.

Complex Mixture:

A complex mixture may be declared whe from multiple sources is detected in a
sample, there is evidence of stochasti .e. drop out) at several or all loci (from
limited DNA), a clear major compo be deduced, and/or a majority of the
alleles are not reproducible when a In duplicate. Accordingly, the sample will be
deemed not suitable for comp his is typically the case for mixtures with four or
more contributors, but may a true for mixtures with three contributors.

O
&
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