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ABSTRACT

The NIJ Convicted Offender DNA Backlog Reduction Program has helped lalesator

in the U.S. to enhance throughput of single source sample processing technologies and
methods with the adoption of robotics, single amplification kits and multicapillary
instruments. With these advances, the bottleneck in forensic laboratories tdd&y is
analysis. Commercially available expert systems offer automaied and analysis,
expediting the process of DNA data analysis. The University of North Tex@siGor
Human Identification Research &Development Laboratory has been codtfacte

several population database construction projects, requiring a high throughput approach
for genetic processing of the single source samples. Summarized imptintsare the
comparison of two expert systems and the internal validation of a GeneMdppe8&2
(Applied Biosystems, Foster City, CAs an expert system. GeneMarker® HID v1.71
(SoftGenetics, State College,)Rd GeneMapper® v3.2 are the two expert systems
chosen for the initial evaluation. The features, user interface, and perforofigacd
software program were compared. GeneMarker HID and GeneMidpperformed

similarly, making accurate allele calls and appropriately dire¢ctiaganalyst's attention




to data that do not meet defined thresholds. The decision was made to internaltg valida
GeneMappelD as an expert system for STR data analysis of single source samples. The
expert system was successfully optimized for the analysis of sampbiified with

Identifiler® and Yfiler® PCR Amplification KitsApplied Biosystemand analyzed on

the 313@&I Genetic AnalyzerApplied Biosystems
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CHAPTER 1

INTRODUCTION AND PURPOSE

An expert system, as defined by Feingenbaum in Encyclopedia of ComputereSisenc
“a computer program that reasons, using knowledge, to solve complex problem&g4¢arch
in and development of expert systems began in the 1960s. It was in the 1980s that thest were
used. In the past 30 years, the number of expert systems being developed had saigtdine
growth. Expert systems are software programs that automate prgidem solving for specific
types of scenarios and are a subset of artificial intelligence. They makmdg and reason in
particular situations based on prioritized rules and “if-then” statementd) et@ate the
foundation of the program’s stored knowledge base. These rules and statemekeal ¢oa
data to mimic the human decision-making process accurately and consistehég.thW system
does not have the required information to make a decision, a signal or flag should be prompted,;
hence, an expert system is limited by the thoroughness of its knowledge base.o§tarhgror
expert systems, are extensively used in other disciplines such as medicastitagy
engineering, electronic scheduling/planning, and risk assessmenBy(2pmbining computer
power with expert system technology, productivity and quality can be improved.

In forensic sciences, DNA databasing of reference samples igldigticsolving crimes
and identifying human remains. For example, cases of property crime, sesaudlsas
homicides, and mass disasters all require the processing of referencepaoectitnDNA

profiles obtained from evidence (3). The number of reference samples in rigié tésting is
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vast. Combining changes in legislation with the time required for procebsimgcteasing
number of samples, a substantial backlog has developed. Recent advances in rioltgics, s
amplification multiplex STR kits, and multicapillary instruments have eoé@ forensic
laboratory efficiency; thus, the bottleneck in DNA processing time hasadhd data analysis
(4). Reports indicate that over 50% of the resources expended to designate a gdithet@rer
used for data analysis (5). Two analysts are required to visually inspeledinepherogram of
each sample in order to report the genetic profile (6), which consumes valoebbnt
resources . An expert system increases laboratory efficiency by dgigtdipanterpreting
nuclear DNA profile data. As opposed to manually reviewing every alleheeigenetic profile,
analyst intervention is only necessary for flagged data. Results obtainmguality scores and
meeting all defined criteria are labeled “pass” and are accepted asttial allele calls without
analyst review, thereby, drastically reducing the average anélye per sample. Although the
currently available expert systems do not eliminate the need for anagyptétation, they
greatly increase time and cost efficiency when incorporated into thesenabrkflow (7). The
National DNA Index System’s (NDIS) DNA Acceptance Standards stias¢®xpert system
technology is acceptable for review of convicted offender reference sampiéleal with an
NDIS approved its and provides guidelines for developmental and internal expem sys
validation are also provided in Appendix B (8). With the extensive backlog of convicted
offender samples serving as motivation, improvements and changes in the field of high
throughput forensic DNA databasing are needed and inevitable. Definitivelyt sxgptem
technologies can play an integral role in reducing the backlog of ddyaiangacilitating the

upload of critical convicted offender profiles.




Internal validation studies have been conducted to evaluate expert systerasaoflys
single source reference samples. Such studies have found that expert systeohsges
accurate and consistent at calling alleles (9). For a laboratory twmenternal or
developmental validation of an expert system, it must follow Section 8 of the QAsdilyance
Standards for Convicted Offender DNA Databasing Laboratories (10) andasiiid S
requirements for acceptability of the data (11). Validating an exsdrsydoes not simply
refer to the software program; the chemistry kit and the analysis pledi@r also variables in the
system. The NIJ’'s National Expert System Testbed Project has termmahthmation of
chemistry kit, analysis platform and expert system as the “compléte betny component of
the “complete set” is altered, additional validation is required. For examlaboratory that has
internally validated an expert system for analysis of samplesfeadpkith Identifiler PCR
Amplification Kit (Applied Biosystems, Foster City, Cad analyzed on the 3100 Genetic
Analyzer @pplied Biosystemsannot use the expert system for analysis of Identifiler data
analyzed on a 3130xl. Such analyses would require further validation.

The University of North Texas Center for Human Identification Researdh
Development Laboratory (UNTCHI R&D) has recently acquired sevegaiasts for population
database construction projects. These projects require high throughput autosbivisd TR
profiling of single source population samples. In preparation for the projects, IR@HRINR&D
team was very interested in implementing expert system technology titexgeta analysis.
The NDIS DNA Acceptance Standards are written specificallyhapproval of expert systems
for convicted offender samples and NDIS approved kits uploaded into CODIS. Population
samples and/or samples amplified with Y-STR kits (since there are no NDi&eppf-STR

kits) are not mandated under the NDIS guidelines. The UNTCHI R&D tearaquted with
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selecting and validating an expert system for population databasing purposetheisiagdards
set forth in Appendix B of the NDIS DNA Data Acceptance Standards (8) for tluataii
design. An internal validation consists of two phases: a calibration phase and a cw®orda
phase. In the calibration phase, the expert system'’s efficiency is ogdiloy adjusting the
settings and thresholds for rule firings. A set of 200 unique samples is requiestthe
proposed settings. Once the optimized settings are established, an additiohahspte
single source samples are used to validate the settings in the concordancé {hieastidy.
The size of the concordance phase sample set should be 1000 unique samples or 10% of the
laboratory’s annual single source sample throughput (whichever is fewer).

lllustrated here is the process of selecting and internally validatirexpert system for
the UNTCHI R&D Laboratory. First, two expert systems were evaluata preliminary
comparison study: GenemarRedID v1.71 SoftGenetics, State College, Rehd
GeneMappét ID v3.2 Applied Biosysten)s These software packages were evaluated with
respect to their accurate allele designations and appropriaterinds.fi Additionally, the
workflow, unique features, and user interface were also assessed. GendMapagthen
selected since every workstation already has a license for this sofandréhe expert system

was internally validated according to the NDIS Appendix B guidelines (8).




CHAPTER 2

MATERIALS AND METHODS

2.1 Preliminary Evaluation and Comparison of GeneMarker HID and GeneMapper ID

Two hundred buccal swabs were extracted with the Freedonf BE9®ecan Group
Ltd., Mannedorf, Switzerlandising DNA IQ™ system chemistrizZ{omega Corporation,
Madison, W). One hundred reference specimens were amplified with AmpFE&¥erutifiler®
PCR Amplification Kit and 100 reference specimens were amplified with fRevel6 System
(Promega. The Identifiler amplified products were electrophoresed on thexBGahetic
Analyzer, and the PowerPlex 16 amplified products were electrophoresed on the 3109 Genet
Analyzer @pplied Biosystems The Identifiler data set and the PowerPlex 16 data set were
extracted, amplified, and analyzed by the standard operating proceduret) bifTiGéll
Forensic Laboratory and paternity Laboratory, respectively. The sahegl¢.fsa files)
generated from these 200 reference specimens were used in the concautgncerese
electronic data were analyzed using both GeneMarker HID and Genefi#ppe3.2. When
possible, uniform parameter settings were used in all data analyses. A swaysis avas
performed on the sample sets using a 20% filter (often referred wglasa filter), which
disregards all peaks within a locus which are less than or equal to 20% of the laagesttpe
allele size range. For each analysis (with and without the 20% globg| fiétsulting allele calls

and rule firings (data flagged for violation of an established rule or threshetd)evaluated
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side-by-side. All rule firings were independently investigated in both sgstdime following
information was gathered from the cumulative results for each expetrsyst

o Total number of peaks detected

. Number of peaks accurately called and no rules fired

. Number of peaks accurately called and a rule fired

. Number of peaks called incorrectly and a rule fired

. Number of peaks called incorrectly and no rules fired

Additionally, the overall operations and features of GeneMarker HID wereatgdland
compared to GeneMappky. A workflow for GeneMarker HID was established using the Help
Tree and GeneMarker HID User Manual. The National Institute otcdistxpert Systems
Testbed Project previously established the workflow for GeneMdpp@). Each step in the
process was evaluated from the standpoint of a DNA analyst who is processing sanipies
databasing. User-interface, functionality and features of each programevewed, focusing
on the following integral processes:

. Establishing analysis settings and data processing

Verification of sizing quality

o Analyst navigation: investigation of rules fired and verification of controls
) Allele editing and audit trail

. Exporting results

. Printing results




2.2 Internal Validation of GeneMapper ID as an Expert System for High Throughput Analysis
of Single Source Samples

2.2.1 Internal Validation of GeneMap@d®@r for Analysis of Identifiler Data

The expert system calibration phase included 226 samples. All samples \péfiedm
with the Identifiler and analyzed using the 3%[3Benetic Analyzer. This sample set contained
164 family reference samples, amplified and electrophoresed in the Fdrainsratory, and 62
databasing samples, amplified and electrophoresed in the UNTCHI R&Ddtabyor For the
concordance phase of this study, a minimum of 120 single source reference saniflés ¢f
annual throughput) is recommended according to Appendix B of the NDIS standards; in this
study, 340 samples were used. All 340 samples were amplified and electrophotbeed i
Forensic Laboratory. A second calibration sample set containing 257 samplésdmapd
electrophoresed in the UNTCHI R&D Laboratory was also tested, totaling Bfilexain the
Identifiler concordance phase set.

The expert system analysis parameters were calibrated using 226 uniglesg&ae
Appendix A for the general workflow). The initial settings (Settings #1) wesedban the
established standard operating proceduterpretation Guidelines for STR Analysis)idated
by the Forensic Laboratory. The passing genotypes were exported akedctoeconcordance
with the manual calls using formulas designed in Micr6soffice Excel Microsoft
Corporation, Redmond, WA Any incorrect genotypes called by the expert system as “pass”
using Settings #1 were investigated and documented. The low quality locinaéreeal based
on the rules that fired. Subsequent rule adjustments were made in a stephigseifiesftfort to
optimize the expert system’s application. For each setting change, thedpast/pes were

exported and checked for concordance with the manual calls. The final set oftpesanas
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selected based on the optimization of the software. Once the parameterdabdished using
the 226 calibration samples, two sets of reference samples (340 from the UNJGI€RBIE
Laboratory and 257 from UNTCHI R&D) were used to check for concordance. Alidled c
with passing genotype quality were compared to the alleles called by Imewiaev using the
current interpretation guidelines of the UNTCHI R&D Laboratory. Anyirect allele calls

designated as “pass” by the expert system were evaluated and documented.

2.2.2 Internal Validation of GeneMapp®Br for Analysis of Yfiler Data

The expert system calibration phase included 200 samples. All samples \péfie@dm
with the Yfile®® PCR Amplification Kit Applied Biosystemsind analyzed using the 380
Genetic Analyzer in the UNTCHI R&D Laboratory. Since UNTCHI does egularly process
family reference samples with Yfiler, the concordance phase sampl@sselected to
approximately match the size of the Identifiler concordance phase ssenplé total of 337
samples were amplified and electrophoresed for Yfiler in the UNTCHD R&boratory and
used in this study.

The expert system analysis parameters were calibrated using 200 uniglesgaee
Appendix A for the general workflow). The initial settings (Settings #1) wersdbas the
optimization of GeneMappéD using a subset of samples amplified and electrophoresed in the
UNTCHI R&D Laboratory (N=133). The passing genotypes were exported and dHecke
concordance with the manual calls using concordance formulas designedasd#ti®ffice
Excel. The rules that fired for the low quality loci were evaluated; ad@rgs were made in a

stepwise fashion in an effort to optimize the expert system’s applicatioreaEloisetting
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change, the “pass” genotypes were exported and checked for concordanbe wignual calls.
The final set of parameters was selected based on the optimization ofweresoffOnce the
parameters were established using the 200 calibration samples, a set ofqropataples (337
from the UNTCHI R&D Laboratory) were used to check for concordance. datled with
passing genotype quality were compared to the alleles called throughl meseia using the
current interpretation guidelines of the UNTCHI R&D Laboratory. Argpirect allele calls

deemed “pass” by the expert system were evaluated and documented.




CHAPTER 3

RESULTS

In this chapter, the results of each phase of the study are summarizedn Sdctontains the
results of the comparison study between GeneMdppand GeneMarker HID. The key
features and limitations of each program are described, as are the oétudt performance
evaluation. Sections 3.2- 3.4 provide results for the internal validation of GeneNa@sean
expert system for the analysis of Identifiler and Yfiler data electr@skdron the 3130
Genetic Analyzer. Section 3.2 details the parameter settings used inlihegioal phase of the
Identifiler sample set. Similarly, Section 3.3 illustrates the pararsetengs used in the Yfiler
calibration phase. Section 3.4 provides the concordance phase results for both filerldediti

Yfiler sample sets.
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3.1

Preliminary Evaluation and Comparison of GeneMarker HID and GeneMapper ID

Table 1. Unique features of GeneMarker HID and GeneMappelD
The following table summarizesiquefeatures of each program for each step in the
analysis process. This is not a comprehensive list of each prograrmes$eat

Process

GeneMarker HID v1.71

GeneMapper ID v3.2

Establishing analysis
settings and parameters

The Run Wizard, which guides the setup
process, is very intuitive and user friendly.

Several parameters can be set specifically for
each locus rather than applied uniformly over all
loci {e.g., minimum heterozygote and
homozygote intensities; heterozygote imbalance
ratios).

Marker specific stutter ratios are pre-loaded.
-A filtering capabilities.

Each sample can be analyzed with different
settings, panel, andfor size standard.

Analysis

Automatically saves analysis progress every
ten samples.

“erification of sizing
quality

The 250bp peak sizes and statistics are provided
in the same window with the sizing standard
trace and sizing curves.

Yaerification of contral
concordance

The Contral Caoncordance (CC) rule fires if
positive control samples are called differently
from the known profile.

Review of fired rules
and analyst navigation

Main Analysis Window contains the
electropherogram, the allele call table, the rules
fired and the peak information all on one screen.
Less nawvigation is required.

Allele calls of questionable quality are placed in a
yellow or red box on the electropheragram to
clearly identify which peaks require analyst
intervention.

The repeated sample names can be hidden in
the Allele Report; samples are easily
distinguished.

Pink vertical bars indicate where a peak has
saturated the detection system, making it easy
to identify pull-up peaks in the other spectra.

The Allele Mumber (AN] rule fires if no alleles
are detected within a locus.

Sorting features (Bring Low Quality Samples to
Top, table setting options) allow the userto
focus only an the low quality loci.

Allele editingfaudit trail

Once an allele has been edited, it is flagged in
the Peak Table to clearly identify modified calls.

Project Comparison feature verifies that two
independently reviewed projects were assigned
concordant profiles.

Exporting results

Capable of exporting electropherograms as
JPEG files.

Capable of exporting each page of the Print
Report as a JPEG file.

Capable of exporting tables directly as Excel files
[.xls=).

Customizable table options using the Table
Settings tab of the GeneMapper Manager.

Printing results

Print Report dialogue box and Print Preview
feature simplify the printing process, allowing for
enhanced user control.

11




Table 2. Concordance Study Results with GeneMarker HID and GeneMappéD

The results from a concordance study with 100 Identifiler and 100 PowerPlefiesrgdimples. GeneMarker HID
(GMKR) and GeneMappdb (GMID) were the expert systems used for analysis. The first colurmedehe
amplification chemistry used for the 100 samples. The third column reports theutotagr of true alleles present in the
sample sets. Two analyses were conducted; the second applied a 20% globalidils&ioavn in the fourth column. The
fifth column reports the total number of peaks each expert system detected ungecifiedsanalysis settings. The sixth
column is the number of alleles correctly designated without requiring thes@sattention (no rules fired). The seventh
column reports the number of true allele peaks called but a rule was fired. af&eserectly called alleles; however, the
analyst was still flagged to review the loci. The eighth column is the number oflalenealextraneous peaks that each
system detected and called; all of these peaks were flagged for anatysinitid®. The final column displays that neither
system incorrectly called a peak as an allele without flagging thgsandhe sum of columns 5-8 yields the total number
of peaks detected by each expert system.

Total # of peaks # of correct peaks # of correct peaks # of extraneous # of extraneous
Sarmples ampli- 4 of | # of actual 20% filtering detected by each called and no rule called and rules peaks called and peaks called and no
fied with of samples alleles applied siystem firings fired rules fired rule firings
SMKR | GMID SR | GMID GMER | GMID GMER | GMID SR | GMID
Mo 2864 2863 2630 2672 126 134 a3 a7 1 a
[dentifiler 100 2806
Yes 2806 2806 27650 2733 56 73 a 1 1 a
Mo 3233 3253 2280 2x0 651 71 a0z 322 1 a
PowerPlex 16 100 2931
Yes 2843 2953 2667 2648 264 283 12 22 1 a

12




3.2 Internal Validation of GeneMapper ID for Analysis of Identifiler Data:
Calibration Phase

Table 3.1dentifiler Calibration Phase Results

226 unique samples were analyzed under seven different settings/paramiegers. T
expert system was optimized under Settings #7, and these settings were lised in t
subsequent concordance phase.

Parameter Settings 1 Settings 22 Settings 3 5 etting s 21
Stutter Filter Matk er specific Matker specific Marker specific Matker specific
Cut Off Walue 0 i} 1] i}
Peak detection (all dyes) 100 100 100 100
Min homozyote 200 200 200 250
Min heteronygote 100 100 100 100
Minus A fiter 0 0 0.2 (-1.5t0-0.25) 0.27-1.510-0.25
PHR 7% El% E% B0%
Pull up Ratio 00s 0.05 0.05 .05
Mo, # aleles 2 2 2 2
Guality Flag settings Defautt Drefault Cretault Defautt
Sizing Quality P azs 0.75-1.00 Fass 0.75-1.00 0.73-1.00 F aes 0.75-1.00
F ail 0004025 Fail 000025 0.00-0.25 F =il 0.00-0.2%5
Genatype Quality Pass 0.75-1.00 Pazs 0.73-1.00 0.73-1.00 P oz 0.75-1.00
Fail 0.000.75 Fail 0000735 0.00-0.75 F ail 0.00-0.75
Resuits
# passing & concordant loci 2559 2557 3076 3066
# dizcordant o 2 2 2 1
# L loci 657 629 540 550
Total # loci 3616 3616 3616 3616
Percernt of loc passing 1855 G2 61% G507 % #.79%
Parameter Settings 25 Settings 26 Sedtings =7
Stutter Filter Matk er specific Marker specific Marker specific
Cut Off Walue u 0
Peak detection (all dyves) = 100 100
n homozygote 200 273 200
n heterozygote 100 100 100
Minus A fiter 0.211.5t0 025 02115t 025 0.2 (1.5t0-0.25)
PHR B E0% E1%
Pull up Ratio 005 0.05 0.05
Ma. # alleles 2 2 2
Gty F sy setfings D efault Default Default
Sizing CuaElty Pazs 0.75-1.00 Pazs 0.75-1.00 Pazs 0./5-1.00
Fail 0.000.25 Fail 0.000.25 Fail 0.00-0.25
Genaotypoe Guality Paszs 0.75-1.00 Pass 0.75-1.00 Pazs 0.75-1.00
Fail 0.000.75 Fail 0.000.75 Fail 0.00-0.75
Results
# passing loci 2830 S0EE 3198
# dizcordant lod 0 i) 2
# Lot loci & abl 418
Tatal # lodi 3616 3616 3616
Fercent of loci passing EEL=EE 54.51% G5 .d44%
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3.3 Internal validation of GeneMapper ID for analysis of Yfiler Data:
Calibration Phase

Table 4.Yfiler Calibration Phase Results

226 unique samples were analyzed under seven different sets of settingshraramet
The expert system was optimized under Settings #5, and these settingsedare us
the subsequent concordance phase.

Parameter Settings A Settings #1 Settings #2
[
Allele tab Settings =
Min homozygote 100 100 100
Min heterozygote 50 50 50
PHR 60% C40% ) 40%
Pull up Ratio 0.05 0.05 0.05
Max. # alleles 2 1D 1
Quality Flag settings Default Default Default
Sizing Quality Pass 0.75-1.00 Pass 0.75-1.00 Pass 0.75-1.00
Fail 0.00-0.25 Fail 0.00-0.25 Fail 0.00-0.25
Genotype Quality Pass 0.75-1.00 Pass 0.75-1.00 Pass 0.75-1.00
Fail 0.00-0.75 Fail 0.00-0.75 Fail 0.00-0.75
Results
# passing & concordant loci 2922 2927 3037
# discordant loci 0 0 0
#LQ loci 449 449 163
Total # loci 3200 3200 3200
Percent of loci passing 91.31% 91.47% 94.91%
Parameter Settings #3 Settings #4 Settings #3
i 0] | 5
o R e ‘ I:‘.. [ — T :
Allele t2b Settings = ARl p——
Min homozygote 100 50 50
Min heterozygote 50 150 150
PHR 40% 40% 40%
Pull up Ratio 0.05 0.05 0.05
Max. # alleles 1 1 1
Quality Flag settings Default Default Default
Sizing Quality Pass 0.75-1.00 Pass 0.75-1.00 Pass 0.75-1.00
Fail 0.00-0.25 Fail 0.00-0.25 Fail 0.00-0.25
Genotype Quality Pass 0.75-1.00 Pass 0.75-1.00 Pass 0.75-1.00
Fail 0.00-0.75 Fail 0.00-0.75 Fail 0.00-0.75
Results
# passing & concordant loci 3039 3071 3136
# discordant loci 0 0 0
#10Q loci 161 129 64
Total # loci 3200 3200 3200
Percent of loci passing 94.97% 95.97% 95.00%
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3.4 Internal validation of GeneMapper ID: Concordance Phase

The number of loci genotyped correctly by GeneMappewithout firing any
rules (.e., not requiring human intervention) was totaled. In the concordance phase for
the Identifiler sample sets, 95.46% of the 5440 loci in the sample set werdlgorrec
genotyped by the expert system without firing any rules, and 85.59% of the 34@sampl
were correctly genotyped by the expert system at all loci withionig fany rules
(Table 5). A concordance rate of 100% was obtained for all green or “pass” genotypes
called by the expert system. The second concordance sample set (257 samples from
UNTCHI R&D) also obtained a 100% concordance rate for all passing genotypes.

In the concordance phase for the Yfiler sample set, 98.39% of the 5392 loci in the
sample set were correctly genotyped by the expert system withogtdimnrules, and
80.42% of the 337 samples were correctly genotyped by the expert systernat all |
without firing any rules (Table 5). A concordance rate of 100% was obtained for al
green or “pass” genotypes called by the expert system.

Table 5. Results of the Concordance Phase for Internal Validation of
GeneMapper|D (GMID)

0
The Complete Set Total # correctly Total # genotyped discordant
of samples ) of loci correctly without -
without any . loci/samples
. rulefirings
rulefirings
Identifiler/3130xI/GMID 340 85.59 5440 95.46 0
(Forensic Family Reference
Samples)
257 67.87 4112 93.26 0
Identifiler/3130xI/GMID
(UNTCHI R&D Pop. Samples)
Yfiler/3130xI//GMID 337 80.42 5392 98.39 0
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CHAPTER 4

DISCUSSION

4.1 Preliminary Evaluation/Comparison of GeneMarker HID and GeneMapper ID

Differences were observed between GeneMarker HID and GeneM&pmien
conducting an initial evaluation of the two expert systems. Multiple functiomyéeand
user-interface differences were documented that are unique to each ofwlaeesoft
programs used in this study (see Chapter 3, Table 1).

4.1.1 Analysis Setup

GeneMarker HID featuresRun Wizardwvhich takes the analyst step-by-step
through the analysis options. Prompts guide the entire process, from adding ragv sampl
files directly from the instrument through data processing. The softwhreedgnize
the user-defined conventions for naming samples to determine which samples are
positive controls, negative controls, and ladders. Samples are added to a projebeusing
Run Wizardas a guide (Figure 1). After samples are added, the raw data are displaye
The Sample Tree, a hierarchical list of the samples in the project, is désplape left
panel. The raw data view for individual samples can be launched by double-clicking the
file name. Thdrun Wizardsignals the user that no analysis has been performed (seen in
Figure 1, the third pane). ClickifRun initiates a wizard which guides the user in

analysis setup.
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Figure 1. Adding Samples to the Run Wizard in GeneMarker HID

The Run Wizard setup windows in GeneMarker HID for adding samples to a
project. The first frame is the screen seen when opening the softwarRuithe
Wizardis launched automatically and prompts the user to either open new data,
Open Data or open a previously saved projgdpen Project,which opens the
main analysis window (Figure 3) with all of the sample files. Clickipgn

Data opens the second window. Here, individual samples can be added by
clicking Add, or a folder of samples can be added by clickidd Folder. By
clicking OK, the raw data of selected samples are displayed. The third pane
illustrates the raw data window. The Run Wizard is still open as no analysis has
yet been performed. Clickirfgun launches a series of dialog boxes in which the
user defines the analysis parameters.
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After clicking Run, the windows open in series, beginning with Tleenplate

Selectionpane (Figure 2). The user can select a previously saved template name or can
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define a new template (kit panel and size standard information). All samphies av
project must be analyzed using the same panel and size standard. GeneMarker HID
includes panels for all commercially available multiplex STR flsceatly labeled kits
from Applied Biosystems and Promega Corporation. Using the Size Template Editor,
new size standards can be created. Analysis setup continues viddiaherocesgane,
where the user designates the analysis settings for data procesgifanélysis range,
smoothing and sizing algorithms, peak detection threshold). The software féattoes
Rangedetection for the raw data analysis and allele calls; however, the usehatse

to manually assign these ranges. InAleitional Settings pane, the user can either
manually select the ladder to be used for allele calls or can utiliZautbeSelect Best
Ladderfeature. GeneMarker HID calls unknown alleles using one laddéwutdf Select
Best Ladders chosen, the software will select and use the ladder which demonstrates the
best panel alignment. This setting is recommended since it saves thé¢ faoadysaving

to manually inspect each ladder’s alignments and re-analyze with the cadden |

Allelic ladders with poor sizing quality, bin alignment, or peak intensitylaggéd
accordingly. The user can inspect ladders by selecting the ladder usedysisdram

the Sample Tree. The software verifies the proper allele calls itettteopherogram
and/or Peak Table. Also displayed in this pane, is the user-defined peak score range in
which the software will pass the peak (and resulting genotype) or flag a peatalgst
intervention. Once the settings are established in this window, data processing is
automatically launched. Thgata Processingpane displays analysis progression and
reports the time taken to complete the process. GeneMarker HID reports the atimber

samples analyzed and the time taken for completion after each run. A batch of 47
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Identifiler samples was analyzed with each program. GeneMarker Hipletad the

data processing of these 47 samples in 22.34 seconds. GeneNbapps1pleted the

data processing of the same data set in approximately 32.30 seconds, conducting an
automatic save for every ten samples analyzed. These times are noteheitba@ach
repetition and will certainly vary with the processing capacity of the atenfpeing

used. The reported times were attained on a PC running XP SP3, 1.73 Pentium M, 1 GB
RAM. The times reported here indicate that there is little variationtenptacessing

times between the two systems. If choosing between these two expertssysie

recommended that no weight be placed on the processing times.
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Figure 2. The Run Wizard Analysis Setup Wndows
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Optimization of extraction methods, amplification protocols, instrument
parameters, and the expert system are all critical to the results dbtaikewise, for the
optimization of GeneMarker HID, the manufacturer has recommended estab#ishing
modified panel for each instrument. Modified panels are created by anaheifigt
run with no panel selected. The software simply sizes the fragments; noalkekre
made. In the Panel Editor, all markers are verified for precise bin aligribnesitan be
moved manually). The adjusted panel is named and used for all future analyses with that
particular instrument. This process is only necessary when analyzanfyatata
particular instrument for the first time. Also in the Panel Editor, Minimwmblkzygote
Intensity, Minimum Heterozygote Intensity and Heterozygote Imbalancessignad per
locus. These specifications allow the user to customize the settings ¢batiaeteristic
peaks in that locus. For example, the Minimum Homozygote Intensity foresr8dlR
loci can be set higher than larger STR loci since peak intensity often deongtdsallele

size in degraded or inhibited samples.

4.1.2 Size Quality Verification

GeneMarker HID and GeneMapgdér both automatically assesses the sizing
guality of samples. In GeneMarker HID, the Main Analysis Window is launched afte
data processing, and the sizing quality for each sample is shown in the Saraple Tre
Samples with good sizing quality display a green sheet icon whereas thiose wi
guestionable or poor sizing quality display yellow and red sheet icons, respecilively
view and verify sizing quality, the user clicks the Size Calibration Icon. Tlee Siz

Calibration window displays the trace and the size calling curve for eagiiesa
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GeneMappelD also displays the sizing quality of each sample using a color indicator.
Unique to GeneMarker HID, the sizing and statistical data for the 250 base fair pea
(and/or other omitted peaks) is provided (Figure 3).

Figure 3. The Size Calibration Window in GeneMarker HID
The Calibration Charts display the sample list (Pane A), the 250 bp peak statistic
(Pane B), the size standard trace (Pane C), and the sizing curves (Paoe®) i

window.
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4.1.3 Analyst Navigation

GeneMarker HID displays genotype quality rank icons, which can be seen in the
main analysis window. GeneMarker HID assigns a quality rank to each atlede than
to the locus. Any allele with a yellow or red flag has fired one or menaqarsly
defined rules, resulting in a reduced quality score. Each flagged allele should be
investigated, and the rule(s) fired can be found in the Peak Table (Table léelisitet

firings in GeneMarker HID and the analogous rules found in GeneM#pper
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Table 6. Abbreviations and Definitions of Rules Employed by
GeneMapperID (GMID) and GeneMarker HID (GMKR)

Rules in GeneMapperi D

Rules in GeneMarker HID

BIN
Out of Bin- displayed when the called allele’s paglex is out of the
bin boundary.

OB
Out of Bin- Peak is within the marker range butsalg of a bin.

PHR

Peak Height Ratio- two alleles are present and the
ratio between the lower allele height and the highe
allele height is below a defined threshold.

IMB

Peak Imbalance- Peak intensity does not exceeahithienum
percentage of the major peak within the markeeamshePanel
Editor Edit Markerbox.

AN

Allele Number- the number of alleles exceeds the
maximum defined number for the organigmno alleles are
found. That number is specified in the analysis method.

PL

Beyond Ploidy- When the number of peaks identifigithin a marker
exceeds the maximum number of peaks expected asthetPanel
Editor Edit Panebox. Note: The PL rule does not fire if no alleles|
are detected.

(O}
Off Scale- indicates an off scale result in thekeasize range.

When an off scale peak is detected, GMID placaslalyar at the
location in all dye colors. This feature is helpfuthen identifying
pull up peaks.

HI

High Intensity- indicated that a peak’s intensippeoaches and/or
exceeds the maximum peak intensity filter as sétéfRun Wizard
Data Proces$ox.

SR/SP

Saturated (repaired)- indicates the presence efiget peaks with
characteristic morphology are identified and "regdil for allele
calling.

Saturated (pull up)- Intense peaks may cause UYmilier additional
peaks to appear in other dye colors.

LPH
Low Peak Height- indicates that the alleles areciothat the
specified values and do not result in the propenisity.

LO

Low Intensity- fired when a single peak called betbhe Minimum
Homozygote Intensity threshold because a secoridypas detected
above the specified percentage value, as seeiadi Markerbox

OvL
Overlap- indicates that a peak in the overlap regaalled twice.

BC
Bin Conflict- indicates that a peak is within treage overlapped by
two or more bins.

SPU
Spectral Pull Up- fired when the marker signal eord bleed
through peaks (pull-up peaks).

BD
Broad Peak- fired if the called allele’s peak widthwvider than a
certain value. The default of this value is 1.5ebpair.

cC

Control Concordance- indicates that the designedetrol sample
does not exactly match the defined alleles for tiggker in the
panel being scored.

Note: OL in GMID denotes any allele which does catrespond
with a peak in the allelic ladder. It is an allebl, not a rule firing.

oL
Off Ladder- fired if a peak is outside of the markange.

Note: If a peak is within the marker range butgioet correspond to
a peak in the allelic ladder, GMKR reports the sizthe fragment (in
basepairs) and flags the analyst with the OB rivilegf

LS

Low Score- indicates a low Quality Score (base&igmal-to-Noise
Ratio and Peak Morphology and the Pass, Fail, Reaeges are set
in theRun Wizard Additional SettindgmXx).
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In GeneMarker HID, the analyst can visualize a sample’s electragpiaenppeak
details, allele calls, and rules fired all in one window (Figure 4). The Pddd dantains
a column titledHt_Ratio, containing the peak height ratios for heterozygote loci. This
information is an assessment of the heterozygote imbalance at a locus. Wheg thewi
electropherograms in GeneMarker HID, the bins are shown as brackets on the top and
bottom of the plot, and the gray vertical bars are indicative of the detected peads cent
These indicators help the analyst visualize the center of the peak falimg tive bin.

Figure 4. GeneMarker HID’s Main Analysis Window
The right pane is the Allele Report, and the left pane is the Sample Tree. The
middle pane displays the electropherogram with the Peak Table is beneath the
electropherogram. One dye is displayed in the electropherogram below. The
green box indicates passing allele calls. The yellow icon in the AllelerRep
seen in Sample 2, indicates the presence of a low quality peak at THO1 (-A
shoulder). Also seen in the Allele Report is a red, circular icon by the 20 allele
detected in the D3S1358 marker range of the positive control; this allele is a pull
up peak from a true allele at D8S1179 (not shown here).
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The Allele Report can be customized to show only those alleles with low quality
scores allowing the analyst to focus on the alleles requiring reviewtuasf@ehich
compares to the sorting abilities of GeneMagper GeneMarker HID, however, does
not assign a quality value to loci which do not contain any alleles. The allelercislum
simply blank which can create confusing results when utilizing the tabiegsettview
low quality loci (Figure 5). It is not mandatory to use the table filter tarately
analyze the low quality alleles, but such filtering features enhancanlazsis using an
expert system.

GeneMarker HID does not have an automated control concordance check like
other expert systems. The user must manually confirm concordance of tludsowitkr
the Profile Comparison feature. The analyst is still responsible for wgriftyat the
known profile is correctly genotyped using the expert system analysis.

GeneMappelD displays the allele calls and genotype qualities in the Genotypes
tab. The genotype table lists every analyzed locus in the sample set witle thengs.

This table is highly customizable. Using the Table Settings Editor, thearsereate
multiple table formats/templates for viewing the genotype results. xeange, the table
can be filtered to display only the DYS319 loci that have rules fired for Alleleddum

and Peak Height Ratio. Such filtering capabilities allow the user to sontcardieshoot
data efficiently. GeneMappdDd does not provide peak height ratios for heterozygote
loci. The Peak Height Ratio rule fires when the set threshold is not met, but tHie speci
ratios are not provided. GeneMapHerautomates positive control concordance check.
Under the Panel Editor, the user designates the profile of the positive contralfor ea

panel. During analysis, the software automatically checks the ediédefor the positive
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controls against the expected defined control alleles. If discordanca jdrsee
Concordance Check rule (CC) is fired. This feature expedites this mandatioyy qua
control procedure and ensures that the positive controls are checked copsiatntl

accurately for every analysis.

Figure 5. Allele Report Filter: Show Only Uncertain Alleles

GeneMarkeHID allows the user to customize the allele report. The table can bedilter
to Show Only Uncertain Alleles, allowing the analyst to focus on the low qpalgis.
GeneMarker HID does not assign a quality value to loci without any aitée This
example illustrates how this can be problematic if using the Show Only Uncerta
Alleles filter. Sample 4 contains nine loci which do not have any peaks detected, four
loci with passing genotypes and three loci with low quality genotypes. Whenéhésfil
applied, the green icons for all passing alleles are hidden and only the getiowd

icons are still seen. Those loci with no alleles detected, and thus no quality icon, appear
the same as the passing loci. For example, THO1 failed to genotype yet it apears

of the same quality as CSF1PO, a passing locus.
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4.1.4 Allele Editing and Audit Trail

GeneMarker HID allows the user to edit allele calls. In the Peak Talble o
Main Analysis screen, an allele call may be changed by opening the popup megu on an
row of the allele calls.. This menu can also be accessed by right-clibkiadjele in the
electropherogram. Alleles can then be added, deleted or edited. Opt@msfiolm and
Confirm All are additional in this program. TK®nfirm option labels the selected
allele asPass Confirm All labels all alleles within the dye color Rass however, the
initial Quality Reason can still be seen in the Peak Table. Once an alléledmasdited,

a pink indicator appears in the Peak Table. If the action is removed/negated, the pink
indicator will still be seen, documenting that a change has been made. Aleditslean

be viewed by selecting View History from the allele change popup menu. Inordert
View History,Record Data Edit History must be selected by the Administrator (under
the User Management window of the Help menu) to activate this feature. GidweeM
HID features the Project Comparison application. The software will contpaedi¢le

edits and profile designations for a project from the reviews of two independgstaina
Inconsistent genotypes are flagged for further investigation. This feapedites the
review process.

GeneMappelD also allows for allele edits. All edits are tracked in the View
History log. The Electropherograms can be customized to either show or bids #iat
have been deleted. When hidden, the analyst can delete an allele call, leaving no
evidence of the call on the electropherogram. It is not ideal that such chandes c

hidden, even when there is documentation in the Allele Edit History. Additionalig, the
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is no administrative control of such settings, so analysts have access histteattre

on or off.

4.1.5 Exporting Results

GeneMarker HID allows the user to customize the reports to be exported. In the
Peak Table, columns can be filtered/added for the exported report. The Abdealca
has several formatting options available, including the option to remove the repkeated fi
names. This feature makes sample distinction much easier in the reporbuki ta
reports can be exported as tab-delimited text (.txt) or directly exp@téiceosoft
Office Excel spreadsheet files (.xIs). Since many users report &, Exe ability to
directly export as an Excel workbook is beneficial. GeneMarker HID entiidasser to
export the electropherograms and Print Reports as JPEG files. These iamatfesde
further incorporated into other applications (such as Microsoft Word documentsgyor t
can simply be saved as a paperless reference to the reports an analgs¢gener
GeneMarker HID also contains a customizable report format for expo@BiE
(CMF1.0 or CMF3.0 reports) which can be exported for upload into the CODIS database.
GeneMappelD allows the user to export any of the tables created in the
software. These tables are highly customizable usinfiahke Settingsfunction found
in theGeneMapper Managetr Tables are exported as tab-delimited text (.txt) files or
comma-separated values (.csv) files. These files can then be opened and saved as
spreadsheets. GeneMapfiaralso includes a CODIS compatible export format. Allele
reports can be exported as CMF1.0 or CMF3.0 for upload into the CODIS database.

Electropherograms are not exportable from GeneMadjfper
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4.1.6 Printing Results

GeneMarker HID features a Print Report dialog box which allows the user to
select the components of the final report. The Advance button allows for further
customization of the printed report. The Preview button opens a Print Preview window,
showing the user the exact format of the report. In this view, the user has options to
change page settings, further alter report settings and export thea®palPEG file.

The printing options in GeneMarker HID are very user friendly, and they sintipéfy

printing process by giving the user more control over the final product prior tongrint

4.1.7 Concordance of Results and Rules Fired

Table 2 is a detailed accounting and comparison of the number of allele calls and
rule firings when using the different software programs and chemissrgikithe same
instrument platform. The total number of actual alleles for each sample populason w
counted. The Identifiler samples contained 2,806 actual alleles, and the FRovi&PI
samples contained 2,931 actual alleles. The total number of peaks detected (with and
without a 20% global filter), including actual allele peaks and extraneols, yeas
calculated. Also, the number of actual alleles called without firing a ragetabulated.
When using an expert system, these calls are accepted as correct with@it analy
verification. The number of actual (true) alleles flagged for analysvendon was
totaled. These flagged alleles are correctly identified by the exptensyput violate a
rule (e.g., heterozygote imbalance, allele number). The number of extranetass all

identified and not flagged for analyst attention was totaled. This result igcalcrit
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measure of an expert system’s effectiveness. Summing these four caluem§ 5-8 in
Table 2) for each system yields the total number of peaks detected.

Two hundred samples were analyzed in duplicate to evaluate concordance of
allele calls. Initially, the analysis settings were establishdwut applying a global
filter to all loci. Table 2 reports the results for 100 Identifiler and 100 Pdeve i
samples without utilizing a 20% peak filter. Neither GeneMarker HID moe®lapper
ID called an extraneous allele without flagging the analyst. The systefospest
similarly when analyzing the Identifiler samples. GeneMarker eHlled and flagged
174 peaks of the 2,864 peaks identified. Of the flagged peaks, 58 were extraneous alleles
and 126 were actual alleles requiring analyst intervention. GeneM&appalied and
flagged 191 peaks of the 2,863 peaks identified. Of the flagged peaks, 57 were
extraneous alleles and 134 were actual alleles requiring analyseitien. For the
PowerPlex 16 samples, GeneMarker HID called and flagged 953 peaks out of 3233 peaks
identified. Of the flagged peaks, 302 were extraneous alleles and 651 were sl all
requiring analyst intervention. GeneMapp@rcalled and flagged 1033 peaks out of
3253 peaks identified. Of the flagged peaks, 322 were extraneous alleles and 711 were
actual alleles requiring analyst intervention. Based on the analytiodkregaluated for
the 100 PowerPlex 16 samples, GeneMarker HID required less analyst inter\zatti
time than GeneMappéD. Both expert systems can potentially increase the analyst’s
efficiency by correctly calling the majority of the alleles withamiervention and
correctly identifying problem samples quickly.

The PowerPlex 16 data analyzed in this study had high baseline due to poor color

separation. Many samples, PowerPlex 16 and Identifiler, had -A shouldersebexaus
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much template DNA was added to the amplification, leading to incomplete atienyl
of the PCR product. The same data sets were analyzed a second time using dteptobal fi
of 20% with all other settings remaining constant. When processing high qualkty, hig
yield, single source samples, this filter is efficient at reducingtineber of baseline and
artifact peaks detected. Many laboratories responsible for highgthpatidatabasing use
filtering of this type. Table 3 displays the analysis results using the diivéal Neither
system incorrectly called a peak without flagging the analyst’s mttewhen using the
20% filter. Remarkably, neither GeneMarker HID nor GeneMalipealled any
extraneous peaks in the Identifiler samples. The majority of rule firmtdeei100
samples were due to PHR/IMB (Peak Height Ratio/Imbalance) sewadiere a locus
displays preferential amplification. The remaining rule firings wesstiy due to off-
scale intensities, indicating that the filter is very efficient at rengpthe extraneous
baseline and -A peaks. GeneMarker HID and GeneMdppperformed similarly for
the PowerPlex 16 data. The 20% filter greatly reduced the number of baselinanaks
artifacts (-A shoulders) detected and called in the PowerPlex 16 samey. M
laboratories may not be comfortable applying a non-specific filter tocll Note that
GeneMappelD has the option to filter -A shoulder peaks specifically. This feature was
not utilized in this study but would have improved the GeneMalpegsults without
applying the 20% global filter.

Off-scale peaks cause pull-up peaks in other dye colors due to spectral overlap.
GeneMappelD recognizes detector (CCD) saturation and flags the high intensity peaks
as off-scale (OS). The system then highlights the areas where pull-upmeake seen

with a pink bar; these peak(s) are flagged for analyst attention since oftiataimay
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present problems for interpretation, especially due to spectral pull up. In tontras
GeneMarker HID fires the High Intensity rule (HI) when a peak excéedassigned
maximum detection threshold. The program also recognizes the truncated wgyphol
of a saturated peak and will “repair”’ the peak for allele calling. When a psdieba
repaired, the SR (Spectral Repair) and SP (Spectral Pull Up) rules fiegttthalanalyst

of off-scale data and the resulting possibility of pull-up peaks. Pull-up peaks are
automatically corrected when processing the raw data and are removedtetymphen

the Pull Up Correction feature is selected. For this study, the Pull Up Conrésditure
was selected. Several loci were flagged by GeneMdppfer OS peaks and Spectral
Pull Up (SPU), but the loci were not flagged in GeneMarker HID because éi¢gheult-

up peaks were removed during raw data processing or the high intensity peak did not
exceed the maximum detection threshold (set at 8000RFU) (Figure 6). Itis
recommended that the saturation limit for detection be validated through independent
laboratory studies when using an expert system that applies a threshold tdleatsure

high intensity samples are adequately examined prior to assigning thgpgenot

Due to differences in smoothing algorithms, which function to reduce the noise
level of the baseline, different software systems do not report the same pgd&. hei
These differences must be taken into consideration when adopting an expert &ystem.
this case, GeneMappHD consistently reports lower peak heights than GeneMarker HID.
In this study, all samples were analyzed using an established peak detedtidiela
calling threshold of 100 RFU. On occasion, GeneMafipetid not detect a baseline
“noise” peak because it falls beneath the established threshold of 100 RFU for peak

detection and allele calling. In contrast, GeneMarker HID does detectlatidscpeak

32|



since the peak height assigned by this software is higher. The “noise” pgak wa
measured as 130 RFU in GeneMarker HID as opposed to 95 RFU as in Gendl@apper
(Figure 7). Thresholds should be established as they apply to the software beiad utili

as opposed to adopting previously used thresholds. Such settings should be determined

through a laboratory’s independent validation study for adopting an expert system.

Figure 6. Rule Firings for Off Scale Data in GeneMappel D and GeneMarker HID
GeneMappelD detects CCD saturation and alerts the analyst of such data using magenta
bars and the Off Scale (OS) rule firing. GeneMarker HID does not have phisilts.

The High Intensity (HI) rule fires when data exceed a user-defineshtbick set at

8000RFU in this example. Additionally, GeneMarker HID has a pull up correction
feature. The pull up peak seen in the GeneMalip&rindow is not present in the
GeneMarker HID window.
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Figure 7. Non-concordant Call R ——

between GeneMarker HID and - - , }
GeneMapperlD m |

The following figure is an example of
GeneMapper ID (GMID) and

This peak’s intensity is
‘ 95 RFU (as measured by

GeneMarker HID (GMKR) having ‘\ ‘ GMID); therefore, it is
. not detected and no rule
non-concordant peak calls. Since the H fircs.
reported peak heights are not { | |
AL

consistent between the two systems . N
the baseline peak is detected WItI’GMKR

GeneMarker HID and is not detected.... - —

with GeneMapperlD. Note that the -
stutter peaks are filtered appropriately

in both expert systems.
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The same peak has an
intensity of 130 RFU in
GMKR: therefore, it is
detected and the OB and
1,000 { | IMB rules fire.

Several loci violate the heterozygote peak balance rule in one program but not the
other. These inconsistencies are also a result of differences in smoogoiripals. On
several occasions, only one expert system fired a rule for heterozygotenpaince
(Figures 8 and 9). In one example, GeneMappdired a rule for PHR violation, but
the same locus did not fire the IMB rule in GeneMarker HID, although therfgte
parameter was set at 70% for both expert systems (Figure 8). The respdetshould
fire when a heterozygote peak is less than 70% of the major peak. The two peaks were
reported as 280 RFU and 401 RFU in GeneMafipewhich is a ratio of 69.82%. In
GeneMarker HID, the two peaks were measured as 293 RFU and 417 RFU, and the

system calculated the ratio as 70% (calculated as 70.26%). The PHR ruledvas f
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GeneMappelD but not in GeneMarker HID because of the differences in peak

intensities. A similar inconsistency in PHR/IMB rule firings was olesgin another

case, except GeneMarker HID was the system which fired the IMB rulearmeMapper

ID did not. The smoothing algorithms reduced baseline noise but altered major peak

intensities (Figure 9).

Figure 8. Inconsistent Rule Firing; Peak Height Ratio rule fired inGeneMapperl D
In this example GeneMappi flags the locus for PHR (Peak Height Ratio) violation

but GeneMarker HID does not fire the analogous rule, IMB (Imbaland®).rafios of

the peak intensities as reported by GeneMajipend GeneMarker HID are 69.82% and
70.26% respectively. Both systems fired the rule appropriately accooding t

established settings.
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Figure 9.
In contrast to Figure 6, this example shows a locus in which GeneM&appees not
fire the PHR (Peak Height Ratio) rule but, GeneMarker HID fires the analdg&@us
(Imbalance) rule. The ratios of the peak intensities as reported by GeneNMaaoer
GeneMarker HID are 71.15% and 70.00% respectively. Both systems fired the rule
appropriately according to the established settings.
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4.2 Internal Validation of GeneMapper ID as an Expert System for High Throughput
Analysis of Single Source Samples

The preliminary comparison/evaluation of GeneMarker HID and GeneM#pper
confirmed that both software programs are viable expert systems. Although &kaeM
HID offers many unique features and a user-friendly interface, the UNR&BI team
opted for GeneMappéD as their expert system for the immediate future. This decision
was primarily based in the fact that GeneMappeis already available and familiar to
the UNTCHI R&D analysts. Since the analysts already have a strokgg/or
knowledge of the software, the learning curve for implementing this exp&trsis
greatly decreased. In addition, the complete set of Identifiler/3130xDGMds$ already
been developmentally validated, requiring only an internal validation for incdigara
Adopting a novel expert system such as GeneMarker HID, requires a much more
extensive developmental validation, which the UNTCHI R&D Laboratory did not have

time to conduct prior to the impending population databasing project.

4.2.1 Internal Validation of GeneMapgd®€r for Identifiler Data: Calibration

Table 3 in Chapter 3 describes the expert system parameters as thegphede a
sequentially to the Calibration Sample Set. Parameters highlighted in perplevaor
modified from the previous run. If a setting is accepted, it appears in blue for the
subsequent runs. The starting point, Settings #1, is representative of the current
parameter settings utilized by the Forensic Laboratory for manugiretation. 81.83%
of the loci in this sample set qualified as “pass” by GeneMdRheOf the 2961 passing
loci, 99.93% (2959) of the genotypes were called correctly by the expert syshant

rule firings (discussion of the 2 discordant loci found on pages 40-43). For Settings #2,
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the peak height ratio threshold was decreased to 60%. Many loci were flagged for
analyst’s attention due to this violation alone (Figure 10). Decreasing the tdrbghol
10% allowed for 28 additional loci to be called as “pass”, and they were correctly
genotyped by the expert system. This adjusted parameter increasectitecgfbf the

expert system to 82.61%.

Figure 10. Peak Height Ratio (PHR) Rule Firing: Settings #1 vs. Settings #2

The top panel illustrates a rule firing for Peak Height Ratio (PHR) undiengaet1
which employs a 70% PHR threshold. These peaks represent a true heterozygous
result at D16S539, indicating that the PHR threshold is possible set to high. By
decreasing the threshold to 60%, the result seen in the bottom panel was obtained.
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-A shouldering was repeatedly detected in the Calibration Sample S&hg$S#3
added a 20% -A peak filter (Figure 11). The expert system correctly gedayp
additional 89 loci when this filter was employed, increasing the efficiehthye expert
system to 85.07%.

Figure 11. GeneMapperID’s -A Filtering Capacity: Settings #2 vs. Settings #3

The top panel illustrates a result obtained under Settings #2. The —A shoulders are
detected, causing rule firings for a peak out of bin (BIN), peak height ratio)(RH&R
allele number (AN). These rules are resolved by applying a —A filteeeasis the

lower panel.
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Settings #7 were selected for the concordance phase of the validation, which
include the decreased peak height ratio threshold and a -A filter. These sd¢iings
included a 7.5% global filter to decrease the number of extraneous baselinegtiedks c
as alleles. The global filter allowed for an additional 142 loci to be ctyrigetotyped
by the expert system. Under these settings, the expert system wafroient at calling
alleles correctly (88.44% of total loci qualified as “pass” and were conanahile
filtering extraneous and/or artifact peaks. It should be noted that this percertager
than one would expect for an optimized expert system. As described in Chapter 2.1, the
calibration phase sample set (N=226) included 62 databasing samples fraima vis
scientists work in the UNTCHI R&D Laboratory. The concentration of these sampl
was not determined prior to Identifiler amplification, and the resulting sasgpl
contained a high degree of off-scale data. This data caused a decrease in thatmptimi
during calibration phase. This data set is not representative of the data produued by t
UNTCHI R&D Laboratory

In Table 3, discordant loci are documented under multiple settings. These loci (2)
are from two different samples, and each sample was independently reviewed. An
increase in peak height imbalance due to sub-optimal input DNA for amplificatused
stochastic effects, leading to a higher degree of heterozygote peak inrebaldrec
overall signal of these two samples was uncharacteristically lgur@s 12 and 13). In
both cases of discordance, the more intense peak was greater than the minimum
homozygote intensity threshold (200 RFU), and the lesser peak was below the detection
threshold (100 RFU). GeneMapp®er called each locus as homozygote and no rule fired

because the lesser peak was not detected.
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Figure 12 Sample Electropherogram (59F), Discordant at Amelogenin

At the Amelogenin locus for this sample, the intensity of the X allele wasurezhat 88

RFU. The Y allele intensity is reported at 266 RFU. The expert systemeaitpr
genotyped this locus without firing a rule because the Y peak is greater thani200 RF
(the minimum homozygote intensity threshold) and the X peak is less than 100 RFU (the

peak detection threshold).
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Figure 13. Sample Electropherogram (60F), Discordant at D13S317

At the D13S317 locus for this sample, the intensity of the 11 allele was measured at 99
RFU. The 13 allele intensity is reported at 211 RFU. Because the 13saliedaier

than 200 RFU (the minimum homozygote intensity threshold) and the 11 allele is less
than 100 RFU (the peak detection threshold), the expert system incorrectlypgehoty

this locus without firing a rule.
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Successful attempts were made to resolve the discordant genotypes (8éttings
#6), but the efficiency of the expert system was compromised. Settings #asaelctiee
peak detection threshold in order for the expert system to detect the legser pea
Changing the peak detection threshold to 75 RFU resulted in GMID firing a ruléhat bot
loci for peak height ratio (PHR), resolving the discordant “pass” call. Hawinee

efficiency of the expert system is significantly decreased due teased baseline
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detection. Settings #4 and #6 were attempts to resolve the discordant calleasimc

the minimum homozygote intensity threshold. This approach resolved the discordant
“pass” calls as well because GMID fired a rule for low peak height (LR }ee expert
system efficiency was not decreased as significantly as witm&e#b. However, since
these samples are not characteristic of the data produced in the UNTCHitbaber

they are not considered of great consequence for the optimization of GeneNbapper

an expert system. Considering also the significant amount of flexibilibeistringency

of searches within reference databases, it can be expected that a sukitéastch can

be obtained when allele dropout is undetected at only one locus. For these reasons, the
concordance phase commenced using Settings #7.

Note: Two additional loci were flagged as discordant in the concordance check
spreadsheet (not provided here) due to differences in allele notation between the
manual call and the expert system call. When the allele size is gheatéhé
standard range for that locus, the Forensic laboratory uses a greater-than (>)
notation, whereas the expert system calls the allele based on the numbRr of ST
repeats detected. Since the expert system correctly called teethkse are not

true inconsistencies.

4.2.2 Internal Validation of GeneMapgd®er for Yfiler Data: Calibration

Table 4 of Chapter IIl describes the expert system parameters as tieegppked
sequentially to the Yfiler Calibration Sample Set. Parametergdinelblue are new or
modified from the previous run. If a setting is accepted, it is retained in timgsdtr
subsequent runs. The starting point, Settings A, is the starting point for calibration of
GeneMappelD for Yfiler data. These settings were established in a preliminary study
(data not included here) using 133 population samples amplified and analyzed in the

UNTCHI R&D Laboratory. 91.31% of the loci in this sample set qualified as “pgss” b

43 |



GeneMappelD and all were concordant. For Settings #2, the peak height ratio threshold
was decreased to 40% because the expected number of alleles was changed to 1. The
peak height ratio threshold was made less stringent since there is only oneilbdu®w
peaks. This change increased the expert systems efficiency slighalys#téngs were
implemented to add more confidence in the allele assignments for all locilather t
DYS385. The result is a rule firing for DYS385 every time there are twlealtletected.

In order to counter these rule firings, a table setting was establishedgenibiypes tab

which selects the DYS385 loci that are flagged solely because there are kswo pea

(Figure 14).
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Figure 14. The DYS385 Passing Table

Using the filtering capabilities of GeneMappBr, the Genotypes table can be set to display only the DYS385 loci that
only have the Allele Number (AN) rule firing. The analyst can export tHede ealls as true/correct, even though the
Genotype Quality (not shown here) is still red.
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Settings #2 increased the filtering distance for - A shouldering to -2 lbas&pa filter

threshold was maintained at 20%. DYS19 exhibits a documented -2 stutter attifzscivas

detected recurrently (Figure 15). By increasing the 20% filter distan2ebmsepair, the

majority of these rule firings were eliminated which increased thaexity of GeneMappdDb

to 95.97%.

Figure 15. The DYS19 -2bp Artifact: Settings #1 vs. Settings #2

The left panel illustrates a -2bp stutter peak detected under Settings #1 utTdfeBd
(BIN), Peak Height Ratio (PHR), and Allele Number (AN) rules fired forltgsis. In
contrast, the peak was effectively filtered under Settings #2, and the locus waggexd f
for analyst intervention.
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Settings #3 incorporate a +3 stutter filter for the trinucleotide locus DY SiB@2, lsci with
smaller repeat units exhibit a higher degree of plus stutter. Although thetartas not a large
contributor to the rule firings, there were several samples in which the +3 padtewas

detected, and a rule fired as a result (Figure 16).

Figure 16. The +3bp Stutter Peak Detected at DYS392: Settings #2 vs. Settings #3
The left panel illustrates a +3bp stutter peak detected under Settings #2. Thé{Dut of
(BIN), Peak Height Ratio (PHR), and Allele Number (AN) rules fired forltgsis. In
contrast, the peak was effectively filtered under Settings #3. The Genotyity (12Q) is
still red because of the Off Ladder (OL) pull up peak present.
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Many stutter peaks were detected in this sample set, even when the masifier tpter
ratios were applied. This was especially evident at the tetranucleatidatbDY S392.
Settings #4 increased the stutter percentage beyond the marker spdt#figatios that are
programmed in the software. For the tri- and tetranucleotide loci, the sttitevaa increased

to 15%. For the penta- and hexanucleotide loci, the stutter percentage was setiatd 086i s
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containing larger repeat units tend to exhibit a lower degree of stutter.ratichef loci called
correctly by GeneMappéD was then increased to approximately 96%. The final settings,
Settings #5 increased the global filter to 12% (from 7.5%). This allowed for iificrers
filtering of high baseline peaks and other artifacts such as spectral pulhoe.t&s global filter
is applied across the entire locus, any peak that is less than 12% of the prirkanytbea
marker range is filtered (stutter and -A peaks included). For that reasorg\lmiply
employed 10% stutter filter for the penta- and hexanucleotide loci is overridde® itSvas no
longer the parameter filtering the stutter peaks, the stutter valuetatszero. Under these

settings, the ratio of loci called correctly by GeneMatkewas finally optimized at 98%.

4.2.3 Internal Validation of GeneMapg®r. Concordance Phase

For the internal validation’s concordance phase of Identifiler/3130xl/Gapp&fiD, two
sample sets were analyzed under Settings #7. Table 5 in Chapter 3.3 provides the percent of
samples and loci that were correctly genotyped by GeneMé#éppe¥otably, no discordant loci
were seen during this phase for either sample set. The first sample sigtecbfamily reference
samples from the Forensic Laboratory. Settings #7 proved highly optimized fsathite set,
with over 95% of the loci called correctly by GeneMapjer A second sample set was
analyzed for the concordance phase, 257 population samples amplified and analyz#dteunde
UNTCHI R&D'’s standard operating procedures. This sample set was usedydheeri
accuracy and optimization of Settings #7 on data typical of this laboratorye 3éitisgs also
proved effective for the population samples, with over 93% of the loci called ¢tpiygct

GeneMappelD.
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Note: There are two loci which appear to be discordant in the concordance check
spreadsheet (not provided here). These were independently reviewed, and it was
determined that the cause was a difference in notation when calling aitedéssize
outside of the designated range for that locus. The expert system garadletd the
alleles and these are not true inconsistencies.

The internal validation’s concordance phase of Yfiler/3130xl/GeneMdpper sample
set of 337 population samples were analyzed under Settings #5. Table 5 in Chapter 3 provides
the percent of samples and loci that were correctly genotyped by GeneMappéotably, no

discordant loci were seen during this phase for either sample set.
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CHAPTER 5

CONCLUSIONS

This study evaluated the performance, workflow, user-interface and t&®afure
GeneMarker HID and GeneMapgdér. The role of an expert system is to alert the analyst of
extraneous peaks and rule violations; we closely evaluated the allelmadésusing these
expert systems. The concordance study demonstrated the ability of GeneVarke
accurately designate alleles as compared to routine manual review. (pgeeNdaan expert
system familiar to the forensic community, was also evaluated in the concerstady. Both
expert systems appropriately fires rules when loci contain peaks thaeé \ttedaestablished
parameters. Out of the two hundred samples included in the preliminary study, rysiider s
called any incorrect peaks without firing a rule; therefore, they peedas expected for an
expert system. The two systems performed similarly in the number otaltaiectly called
without requiring analyst intervention. The workflow and user-interface of GakeMdlD is
intuitive. The Main Analysis Window is comprehensive, displaying the electrogitaen, peak
data, rule firings, and allele table all in one window. GeneMarker HID alswsaffany unique
features: th&kun Wizardorompts the analyst through analysis setup; the Size Calibration
Window includes statistics on the 250 base pair internal sizing standard peakj¢iae Pr
Comparison feature facilitates quick comparison of second reads; and mamg @i
exporting options, including electropherogram export as a JPEG file. However, &é&reM
HID does not automatically verify the positive control profile which is perfdrinethe

GeneMappelD software. Additionally, GeneMarker HID analyzes all samples withinuthe r
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using the same analysis settings, panel, and size standard (whereas, GenEMalhpes the

analyst to custom define the parameters for each sample individually). I&rteetsoftware
programs performed so similarly, both are presented as a viable expert sysbanamgioffers
many user-friendly features and an intuitive user interface.

GeneMappelD was selected for the UNTCHI R&D Laboratory and was internally
validated according to the established standards. The internal validation of Geaelldapps
successful. Through a series of calibration tests for both Identifiler fled data, the system
was optimized. These optimized settings were then applied to a larger conceaapte set,
yielding a 100% concordance rate between the passing genotypes abgi@etwtMappeiD
and calls made thorough manual review. For the Yfiler data set, the tebiadibbilities of
GeneMappelD proved very useful in optimizing the expert system. Appendix C provides the
protocol for using GeneMappHD as an expert system for Identifiler and Yfiler data. The
UNTCHI R&D Laboratory has incorporated the protocol.

Expert systems are a needed addition to laboratories conducting high throughput
processing of reference samples and databasing projects. This techne&ityydgcreases the
time required for DNA data analysis by automatically sizing andhggadlileles of a genetic
profile using a strict set of rules and thresholds that must be met. Expemsydlow analysts
to focus solely on challenging samples, thus increasing laboratory mfficidecreasing the
probability of human error and reducing cost. The sizable backlog of referemglesas

motivation for laboratories to adopt an expert system.
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Appendix A

Approach to Calibrating the Expert System for Internal Validation of MapperlD

Obtain a data set of 200 samples; manually use GMID to
review every locus of every sample; make the appropriate
calls and export the genotypes into an Excel spreadsheet.

A4

Establish initial settings using
established interpretation guidelines
as a guide.

I

Adjust settings to further
maximize optimization;
analyze the rules that fired
to determine which
parameters should be
adjusted.

Expect an INCREASE in
efficiency.

Concordance: YES

v

Analyze data with GeneMapper ID ».

A

\ 4

In Genotypes tab, select the “Passing” Table Settings;
export the genotypes deemed passing by
GeneMapper /D into a new tab of the spreadsheet
containing the manual reads.

\ 4

Using a lookup command, retrieve the manual reads
for each locus.

\ 4

Using an if-then command, check that the manually
assigned genotypes are concordant with the passing
genotypes (assigned by the expert system).

Adjust settings to resolve
the discordant allele call(s);
determine which rule(s)
should have fired and
adjust the parameter
accordingly.

Expect a DECREASE in
efficiency.

Concoardance: NO
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Overview of the Workflow for GeneMa

Appendix B

ppHD and GeneMarker HID

Steps GeneMapperID v3.2 GeneMarker HID v1.71
Open GMID and seleé&dd Samplesto Project from | Open GMKR and sele@pen Datafrom theRun
theFile Menu. Wizard window.
1. Import
Data Navigate to the location of the samples and select.| Select eitheAdd for individual samples ohdd
Folder for a batch or run.
Click Add to List andAdd when list is complete.
Navigate to the location of the samples and select.
Click Ok to load samples.
2. View Raw (Raw data can be viewed at this time by selecting il:]gogégggmﬁ;)?t’\g ESa(Ijlifslay?htgz rﬁmgt?éa ](;?ralso
Data Raw Datafrom theView tab.) Pe np . YSIS. Y 9
be visualized at this point.
Under theSamples Tal define the following
parameters: panel, analysis method (previously set] . .
3. Setup ) & In the run wizard, chos&uto Run to analyze with the
Analysis sme_standard, sample types, and export (for CODI$ previously used template settings, or clitln to
i applications). .
Specifics chose another template/create new template setting
GMID allows for multiple panels and analysis
methods to be used in one run.
Green arrows appear by each sample indicating that ; —_
4. Analyze they are ready to analyze. Click tpeen Run At the end of t'he_Run leard,_cllcklng Ok
A automatically initiates analysis.
arrow in the toolbar to analyze the samples.
5. Inspect Samples with poor Size Standard quality will be
’ “LoF\:v In the SamplesWindow, check for “Low Quality” denoted by a yellow icon in the file tree and nhest
- Size Standards. investigated.
Quality’
Sti:’]zér;gr ds Analyst must investigate any flag in the Sizing Click on theSize Calibrationicon in the toolbar to
Quality (SQ) column. visualize the Size Standard scoring and linearity.
With ladder(s) selected in the Samples Select the ladder used for analysis from the Sample
6. Inspect Window, click on theGenotypes Tab Tree (it will be bolded). Verify proper allele tsain
Ladder(s) Select theSenotypes Plot icon(or click the electropherogram and/or Peak Table.
Analysis>Display Plotg. Scroll through the ladders
and verify correct alignment.
Scroll through the allele table and double cliok th
7. Examine Highlight the marker’s row in the Genotypes Windowmarker(s) with the “Low Quality” flag(s). GMKR
Low Quali Select théSenotypes Ploticon to see the automatically pulls up the electropherogram fot tha
Yy electropherogram for that locus. locus.
Genotypes/
Alleles You can also view the locus in the context of the To isolate or layer dye colors, toggle using $tew
sample by clicking th&amples Ploticon in the Color icon in the tool bar. Zoom out to see the mark
SamplesWindow. Raw data can also be visualized| alleles in context of the sample, or click Brwse by
All Color icon in the toolbar.
Click theSave Peak Tablécon in the toolbar to
Click theExport Table icon in the toolbar, which export detailed information on all called peaks.
exports the displayed information from the Genosype
8. Export Table. Click theSave Tableicon on the Allele Table to save
Table the allele calls only.

TheExport CODIS Table underFile exports a table
with CODIS specific information.

Electropherograms and Trace Data can be exported

under theToolstab.

Export CODIS is found under thApplications tab.

=
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Appendix C: GeneMapperlD Expert System Protocol
High Throughput STR Data Analysis Using the Expert System Capabilities of
GeneMappét ID v3.2

Purpose: To expedite data analysis of single source reference/population samples
amplified with Identifilef and/or Yfile PCR Amplification Kit by using the expert
system capabilities of GeneMapPéb v3.2.

Validated parameters optimize the accuracy and efficiency of allélegday the
software program. Rule settings and thresholds alert the analyst diatataquire
manual intervention. When using an expert system, the two reviewing anatystsyar
required to manually review loci which are flagged with a red octeepnRassing loci,
which are flagged with a green squem3, (are accepted as correctly genotyped and
require no analyst review.

Supplies
GeneMappelD v3.2
Procedure

A. First Read: Importing and Analyzing Identifiler or Yfiler Data

Note: If this is the first time analysis is being performed on a particular ca@mput
Analysis Methodmust be established. Refer to Appendix A for guidance.

1. Launch the GeneMapp#D software.
2. Click File > Add Samples to Project...

3. Navigate through the file tree to the location of the data. Select the run fplder(s
and clickAdd To List>>. The files will appear in thBamples To Adfield; click
Add. The samples now appear in ®@mplestab.

4. In the left pane, expand the run folder(s). Click on the first sample. In the right
pane, select thRaw Datatab. Establish the start and stop points for data
analysis by inspecting a few samples throughout the run. Ciek > Samples
to return to th&Samplestab.

5. Verify that theTable Settindield is set to display thID table.

6. SelectTools > GeneMapper Manager. Click on theAnalysis Methodstab and
selectExpert System Identifiler/Expert System Yfil€onfirm all settings with
Appendix A, Figures 1 or 2 accordingly. If necessary, adjus®éngal Range
for analysis under theeak Detectortab. Once all settings are confirmed, click
OK.

7. Verify that the appropriate identifiers are chosen inSample Typéeld (i.e.,
Allelic Ladder, Sample, controls).
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8. Establish the analysis parameters for the first sample in the project.

¢ In theAnalysis Methodield, selecExpert System Identifiler/Expert System
Yfiler from the dropdown menu.

e Click in thePanelfield. For Identifiler data, double-click
AmpFLSTR_Panels_\ahd then double-clicldentifiler_v1 For Yfiler data,
double-clickAmpFLSTR_ Yfiler_Panel_\#hd then double clicKfiler_v2

e Click in theSize Standarfleld. SeleciCE_G5 HID_GS50@rom the
dropdown menu.

9. Click in the column header fénalysis Metho@nd drag across to tisize
Standardheader to select the three columns. Chckt - Fill Down (or
Ctrl+D) to populate the settings for the all samples in the project.

10. Click the Green run arro'® in the icon toolbar.

11. Save the project with an extension ofAtL” which denotes that all .fsa files for
the run are in the project.

B. Quality Control Checks (Reported in worksheet Y:\R&D Worksheets\QC for Batch
Processing)

1. Verify the quality of the internal sizing standards. While still inSaenplestab,
quickly check that all samples contain green squims(theSQ column. If any
sample contains a re&l) icon (@), inspect the size standard. If the sizing issue
cannot be resolved, the sample should be removed from the GeneMapper Project,
and the .fsa file should be moved to a cherry picking folder for the batch.

Note: Do not delete any .fsa files. All .fsa files should be archived.

2. Inspect the allelic ladders for proper bin alignment. InShmplestab, highlight
all ladders (Ctrl+select). Click on tigample Plotsicorlil. Select only one dye
at a time, and verify that all ladder alleles are correctly call@adfifo with the
allelic ladder figures in Appendix B).

3. Inspect the negative control and reagent blank. IS#meplestab, select all
negative controls and reagent blanks (Ctrl+select). Click o8dh®ple Plots

iconlll. No peaks should be present. If any peaks appear, attempt to identify the
cause. If true alleles are present, consult with a supervisor.

4. Verify the control profile. Click on the Genotypes tab. InTable Settindield
selectControl Check.Any locus in the control that is not concordant with the
designated profile will have a red icon in tB€ column. Manually inspect these
loci.

Note: If this is the first time analysis is being performed on a particular
computer, the Control Check Table Setting must be established. Refer to
Appendix C for guidance.
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Note: In GeneMappelD, the default positive control profiles are 9947A and
007. If using 9948, it is necessary to change the control profile in the software.
Appendix D describes the procedure for verifying/changing the control @ofile

5. Click File = Save...

C. First Read: Manual Review of Low Quality Loci

Note: If this is the first time analysis is being performed on a particular
computer, specifidable Settingsnust be established. Refer to Appendix C for
guidance.

1. While in the analyzed project (namedAtL”), selectrile> Save Project As...
Name the project as desired with an extension #ifst.INT’, wherelINT is the
analyst’s initials.

2. Click on theGenotypestab.

3. For Yfiler data analysis onlyln theTable Settindield, selecDYS385 passing.
SelectEdit > Select All. Select theSample Plotsicon . Right-click on the red
GQ (@) icon and override the genotype quality for all DYS385 samples in this
window. These are only flagged because there are two alleles detected and can be
accepted as accurate allele calls. Close the window when finished.

4. In theTable Settindield, select.ow Quality.Only the loci which are flagged red
(@) in theGQ column will appear.

5. SelectEdit > Select All. Click on theGenotype Plotsiconil. Review every
locus and make the appropriate allele calls. If necessary, returnSarti@estab
and select th&ample Plotsicon il to view the locus in the context of the entire
sample (e.g., to diagnose spectral pull up peaks). Once changes are mag@e, the
icon turns green.

Note: Some loci may not require changes (e.g., those with off scale peaks or low
peak height ratio). If the genotype can be confirmed, right-click on the@ed
(®) icon and override the genotype quality.

Note: Once a change is made at a locusGReicon turns to green; it is
important to not edit a locus unless it is entirely interpretable. If amytgee is
uninterpretable, leave tl@Q icon red @).

6. Export the first reads and delete incomplete/uninterpretable samples. It is
important that the following steps be performed in order. All tables should be
exported as Tab- and Comma- delimited Text (*.txt, *.csv).

e Click on theGenotypestab. In theTable Settindield, selectPassing.
Click theExport Table icon®. In theFile namefield, name the batch
with an extension of “}partial and full.INT, whereINT is the analyst’s
initials. Navigate to the appropriate batch folder, and ope® kD
tablesfolder. ClickExport Table.
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¢ In the Genotypes tab, change Table Settindield to Low Quality
Any samples with uninterpretable loci appear with a red GQ @dn (
Click Edit - Select All Click on theSamplestab. The highlighted
samples contain uninterpretable loci. Note these sample names and add
them to the cherry picking list for retesting. Seledit - Delete from
Project.

¢ Click on theGenotypestab, and change thieable Settindield to
Passing Click theExport Table icon®. In theFile namefield, type the
batch name with an extension offtfll.INT”, wherelNT is the analyst’s
initials. Navigate to the appropriate batch folder, and ope kD
tablesfolder. ClickExport Table.

7. Return to thé&Samplestab and clickFile > Save...
8. Close GeneMappéD.

D. Second Read: Importing the project
1. Launch the GeneMapp#Dd software.
2. Click File - Open Project...
4. Locate the project with an extension oALL".
5

. Click File-> Save Project As... Name the project with an extension of
“* .Second.INT, whereINT is the analyst’s initials.

E. Second Read: Manual Review of Low Quality Loci
1. Click on theGenotypestab.

2. For Yfiler data analysis onlyln theTable Settindield, selecDYS385 passing.
SelectEdit > Select All. Select theSample Plotsicon . Right-click on the red
GQ (e) icon and override the genotype quality for all DYS385 samples in this
window. These are only flagged because there are two alleles detected and can be
accepted as accurate allele calls. Close the window when finished.

3. IntheTable Settindield, select.ow Quality.Only the loci which are flagged red
(@) in theGQ column appear.

4. SelectEdit > Select All. Click on theGenotype Plotsiconil. Review every
locus and make the appropriate allele calls. If necessary, returnSartipges
tab and select th®ample Plotsicon lll to view the locus in the context of the
entire sample (e.g., to diagnose spectral pull up peaks).

Note: Some loci may not require changes to verify the genotype (e.g., those with
off scale peaks or low peak height ratio). If the genotype can be confirigietd, ri
click on the red5Q (e) icon and override the genotype quality.
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Note: If any genotype is uninterpretable, leave @@ icon red @), and verify
that the sample was added to the cherry picking list.

5. Once all Low Quality Loci have been reviewed and edited, changeatiie
Settingfield to Passing All GQ icons should be greem).

6. Click theExport Table icor®. In theFile namefield, enter the batch name with
an extension of “‘second.INT; wherelNT is the analyst’s initials. Navigate to
the appropriate batch folder, and open@MID tablesfolder. ClickExport
Table.

7. Close GeneMappéD.

F. Concordance Check Between Manual Reads

The exportedPassingtables will be checked for concordance between the first and
second read. The two analysts will meet and resolve any discrepanciessthaf ex
the two analysts cannot resolve a discrepancy, a supervisor will be consulted.

G. Interpretation Guidelines for STR Analysis

Note: This is a guide for STR interpretation. These guidelines are to be used by the
analyst as an aid in making allele calls since it is not possible to developfaides
that address each result.

1. True alleles that fall outside the range of the allelic ladder are desigasDff-
ladder (OL) by the analysis software. If a true allele is one repésgooutside
of the allelic ladder, then it is to be manually called for population samples.
Alleles will reported with less-than (<) or greater-than (>) signsegalieg the
relevant lower or upper bound allele of the ladder.

2. Microvariants that fall between the rungs of the ladder for a given marker
category may be designated as off-ladder (OL) by the analysis seftwar
virtual bin has been defined. When it is possible to unambiguously determine the
proportions of the partial repeat, the allele should be reported withahenal
allele).X format, where X = .1 for one base, X = .2 for two bases and X = .3 for
three bases.

3. The general shape and appearance of a peak should be well-defined so as to
discriminate between a true allelic peak and artifacts (amplificatidacts,
electrophoresis artifacts, kit artifacts...).

A. Artifacts associated with amplification

e PCR artifacts may include minus A and stutter peaks. Minus A peaks
are one basepair shorter than the true allele an can be identified as a split
or shoulder on the true peak. Minus A is often seen in samples that have
been amplified with excessive template DNA. An identified minus A
peak can be removed by an analyst.
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Stutter peaks are one repeat unit shorter than the true allele (four
basepairs shorter for tetranucleotide loci). They are characterized by
their distinctive position and decreased intensity as compared to their
true allelic counterparts. Stutter percentages vary between loci and
between alleles within the same locus. Within a locus, stutter ratios tend
to increase with allelic size. If a peak is detected within a stutter
position that exceeds the GeneMapiedefault stutter filter ratio, the
related locus should be evaluated in the context of the entire profile to
assess whether or not a mixture is present. Due to instrument detection
limits, stutter percentages may be falsely augmented in overamplified
data.

B. Electrophoretic artifacts

Spikes can occur when air bubbles or urea crystals are present within the
polymer. Spikes have atypical peak morphology with a similar peak
width at the baseline and at the maximum peak height. Spikes are
usually seen in all dye colors at the same position. They are not
reproducible and may be resolved by re-injecting the sample.

Pull-up is an effect caused by spectral overlap of component dyes. It can
be observed as a bleed through peak in one fluorescent color that
corresponds within one or two scan data points of a true allele in a
different fluorescent color. Pull-up data are generally reproducible and a
result of off-scale peaks generated through over-amplification. If pull-
up is observed, especially in samples that do not contain off scale data,
then spectral calibrations for the affected dye sets should be performed.

Dye artifacts occur when fluorescent dyes detach from their respective
primers and migrate independently during capillary electrophoresis.
They are typically broad peaks consisting of only a single dye color.
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Appendix A (of protocol)

Establishing the “Expert System Identifiler” and “Expert SystemeNfAnalysis
Methods

Note: This procedure is required at the initial setup of the softwarbsequent
Identifiler and Yfiler data analyses will use the AnalySlsthod established here.
However, it is important to verify the analysis parameters shiow-igures 1 and 2
before using the Expert System Analysis Methods.

Launch the GeneMapp#D software.

Select thélools menu>» GeneMapper Managet
Select theAnalysis Methodstab and clickNew....
Select theHID radio button.

Under theGeneral Tab, type “Expert System Identifiler” in tidamefield. The
Descriptionandinstrumentfields can remain empty.

Select the tabs fdkllele, Peak Detector Peak Quality, andQuality Flags one at
a time, and verify that the parameters are set according to Figure 1.

Note: Under thePeak Detectortab, the partial range for analysis will vary.
Consult the raw data to establish a scan data point range which spans from the
75 bp peak through the 450 bp peak of the LIZ (orange) labeled internal sizing
standard signal.

Repeat steps 1-6 to create the “Expert System Yfiler” Analysis Methddct 8
tabs forAllele, Peak Detector Peak Quality, andQuality Flags one at a time,
verifying that the parameters are set according to Figure 2.
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Figure 1- Parameter Settings f@xpert System ldentifileknalysis Method
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Figure 2- Parameter Settings f&xpert System Yfileknalysis Method
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Plus Stutter Distance From | 223 0.0 0o 0.0
To | 375 0o 0o 0o
Amelogenin Cutoff

Range Fitter ..

Factary Defautts

Analysis Method Editor - HID
General || AleldPeak Detector Ireak cualty | Quality Flags

Peak Detection Algorithm:

Ranges Peak Detection
Analysis Sizing Peak &mplitude Threshalds:
Partial Ranoe = Partial Sizes v B: | 50 | R | 50 |
Start Pt: [-2000 Start Size:| 75
: G | ors0 |
Stop P [ 47000 Stop Size: | 450

rSmocthing and Bazselining

) Min, Peak Half Width: | 2 pts
Smoothing ) More
® Light Polynorial Degres: 3
Heav Peak Window Size: 135 pts
i
Baszeline Window: pits Zlape Threshold
Peak Start: 00
~Size Calling Method Peak Endt 00
O 2nd Order Least Squares

O Srd Order Least Sguares
() Cubic Spling Irterpolation
() Local Sauthern Method
(O Global Southern Method

Factary Defautts

E3

Cancel

Cancel

Analysis Method Editor - HID
General || Allele || Peak Deteciorual'rty Flags
Signal lewel

Homozygous min peak height

a0

Heterozygous min peak height

Heterozygote balance

Mir peak height ratio

Peak rorphology

Max peak width (basepairs)

Pull-up peak
’7 Pull-up ratio
Allele nurmber

Mz expected sleles

Analysis Method Editor, - HID

Guality weights are between 0 and 1.

rEuality Flag Setting
Spectral Pull-ug EI Control Concordance
Eroad Peak E Lo Peak Height
Cut of Bin Allels 0a Off-zcale
Cverlap E Peak Height Ratio

PEY Thresholds

Pags Range: Low Guality Range:
Sizing Guslity: From to10 From 0.0to
Conpecuty.  Fon (075 019 Fomooto

Factary Defaults

64 |




Appendix B (of protocol)

Identifiler Allelic Ladder

|D2s117e ||[D21811 | [D7s8z0 |[CSFIPO
100 200 300

D351358 | THO1 |DI38317 | D165539 | [D251338
400 200 ann

LT O A

14
585 ‘.?5 5 05?5
IIII

[D195433 ] WA ] MPOX ] [DIESET
100 200 300

DESEIE ] [FE&

100 200 300

“ II
(<11} 55 520]| (588

6?3
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Yfiler Allelic Ladder

[B_DY 5456 B_DY53821 [B_D¥5320 | [B_DY 538910 |
100 110 120 130 140 130 160 170 180 190 200 Eal] 220 230 240 230 260 70 230 230 300 0 320

L

13 |14 |15 (16 |17 18 |10 120 (21 |23 |23 (24 |25 |26 |27 [44 |25 (26 |27 (22 130 30 |31 |32 33 34
678 [707) P07 [&74]961] (797|806 |09 [T35[751 783|774 733 |7 55|663 641629 |752|704 [(03 680|667 |HIT |77 J6ad [774

03 fra LADDER e v2
G_DY548 ] [E_DYsi® ] G_DV5385 ]
100 Mo 120 130 140 150 160 170 130 190 200 20 220 230 240 250 260 270 290 290 300 0 320
At A
14 [13 [18 17 Jos oo Jan 10 (11 [12 [13 e 13 [i6 [17 Jus oo 7 o o Jwo [u[ra [1z Jue Jus ie Jor Jus e 2o [ar 2z a5 fe [fas
497|532 492510586 | 547 407 s01[405|4e5}476 (511|520 600 440 |a0s 42 473[300]435|s520|413|438530]510| 503 400|527 |65 | 540 53 617 s07 503|504 512
D755 ] ¥ DY&1 ] [F_DY5438 ] [F_DYSe38 ] Fovee
100 10 1200 130 140 150 €070 180 190 200 U] /0 240 250 260 70 0 90 300 oo a0 350

430 452 [400[4 536|500 | | [493[430]492 295 |339]40a]4 19437 |424]251]

0202_002 £3a. LADDER Yfler v}
[E_Y_GATA H# [EDYs4aT | [EDYs48 | [E_DVs448 ]
100 10 120 120 A4l 150 160 170 180 190 200 210 220 230 240 250 260 20 280 290 200 o 220 320

66 |



Appendix C (of protocol)

Establishing thé.ow Quality Passing, Control Check, and DYS385 Pas3ialgle

Settings

Note: This procedure is required at the initial setup of the software; subsequent
Identifiler and Yfiler data analyses will use the Table Settings ésttiall here.

A. Low QualityTable Settings

a s wnN e

Launch the GeneMapp#D software.

Select thélools menu—> GeneMapper Manager.

Select thélable Settings Editortab and clickNew....

Under theGeneral tab in theNamefield, enter “Low Quality.”

Select theGenotypestab. In theColumn Setting§eld, scroll down to Field
35, titledGenotype Quality In theFiltering column, selecEhow Low Quality
from the dropdown menu as shown below.

In theAllele Settingdield, enter “2” forNumber of Alleles
Click OK.

General | Sarmples | Genatypes

~Genotypes Table Settings:

—Column Settings: Fort Settings:
Showy | Column Fittering Caontent
20w L ORTHOl LOnCOrance Show All Records e Font: |Arial i |
3 Orverlap (HID) o Al Records A Size: | 11 |
M0 Crozz Talk /m Irs,
33 Genatype Qualiy Shaow Love Guslity
36 |:| User Defined Column 1 Show Al Records
~
Allele Settings

Puriber of Allele: ‘) [ keep &liele, Size, Height, &rea, Data Point, Mutstion and Comment together
N——
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B. PassingTable Settings

a s wnN e

Launch the GeneMapp#D software.

Select thélools menu—> GeneMapper Manager.

Select theTable Settings Editortab and clickNew....
Under theGeneral tab in theNamefield, enter “Passing.”

Select theGenotypestab. In theColumn Settingeld, scroll down to Field
35, titledGenotype Quality In theFiltering column, selecBhow Passrom
the dropdown menu as shown below.

In theAllele Settingdield, enter “2” forNumber of Alleles
Click OK.

(#] Table Setting Editor

General Samples| Genotypes

~Genotypas Table Settings:

—Column Settings: Fort Settings:

Showy | Column Filtering Caontent
20w LONTFOl LORCOrance Show Al Records LSS Font: |Arial Vl
3 Overlap (HID) Show &l Records | Size: | 11 |

34 |:| Crozs Talk

LT
/

35 Genatype Quality

36 |:| Uszer Defined Column 1 Show All Records

E

Allele Settings

Mumber of AIIEIE [[] Keep Allele, Size, Height, Area, Data Point, Mutstion and Comment together
~—~
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C. Control Checkrable Settings

8. Launch the GeneMapp#D software.

9. Select thél'ools menu> GeneMapper Manager.

10. Select theTable Settings Editortab and clickNew....

11.Under theGeneral tab in theNamefield, enter “Control Check.”

12. Select theGenotypestab. In theColumn Setting$eld, scroll down to Field
32, titledControl Concordance In theFiltering column, selecEhow Check
from the dropdown menu as shown below.

13.1In theAllele Settingdield, enter “2” forNumber of Alleles
14.Click OK.

(] Table Setting Editor

General Samples| Genatypes

~Fenotypes Table Settings:
rColumn Settings: Fort Settings:
Showe | Colutnn Filterirg Corternt
- A — - i Ev
1 5 Fl /Wﬁﬂ\\ ~ Font: |Ar|al |
32 Cantrol Concordance Q e | P Sizer | 14 |
33 Overlap (HID [5] = (TN
Showy Pass
C Talk P,
34 D ross e Showw Check
35 Genatype Quality Showe All Records M, =
R L | lzrr Defined Collin 1 P TRPATE - S T | ]
S | ||
[ show || Hice |

Allele Settings 0
Nutber of Sllele [ Keep &lele, Size, Height, Area, Data Pairt, Mutation and Comment together
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D. DYS385 Passinfable Settings

1. Launch the GeneMapp#D software.

2. Select thel'ools menu—> GeneMapper Manager.

3. Select thélable Settings Editortab and clickNew....
6.

4. Under theGeneraltab in theNamefield, enter “DYS385.”

5. Select theGenotypestab. In theColumn Settingield, scroll down to Fields
6, 19, 24-27, 29 and 33. In tRétering column, make the appropriate

selections and entries, using the following figures as guides.
In theAllele Settingdield, verify that “2” is entered for thidumber of Alleles
7. Click OK.
(7] Table Setting Editor
General | Samples | i
r Table Se
rColutn Settings: Font Settings:
Colurmn Filtering Cortert
= Fort: |arial v|
4 |Run Narme Showe Al Records B
Size: | 1 |
5 |Parel Show Al Records B
6 | Marker Show Records Con, | PYSIE5
7 |Dve Show Al Records |
G |Allele Showe All Records l¥|
_ & | & |
Allele Settings
Mutber of Aleles [ Keep Allele, Size, Height, Ares, Data Peirt, Mutation and Comment together
rColumn Settings: Font Settings:
Column Fitering Cortert
= Fart: |arial ~|
18 |Omit From Clustering (SNPIE | op o o) Records Ira, = . | " |
13 |Clf-scals Showy Pazs P&
20 Sharp Peak (M) Showy & Records Tia, =
21 |One Basepair Allele (M) Show & Records s,
22 |Single Peak AMTACt M) | Show Al Records | N |~
_ | & |
llele Settings
Mumber of Alleles [ keep Allele, Size, Height, Area, Data Poirt, Mutstion and Comment together
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able Setting Editor

| General | Samples || Genotypes
rGenotypes Table Setting

rColumn Settings: Fort Settings:
Colurnt Fittering Cortert

L [BINGIE FESK AITTACT (M) Show &l Records A n Forit: |Aria| V|
25 |Spit Peak (M) Show & Records [NV size: [ 11 |
24 1Out of Bin Allele Shawe Pa MiA

25 Pesk Show Pass N7, =

26 Lowe Pesk Height Shive Pass Mia,

hd
Ji I
rAllele Setting:

Murmber of Alleles [ keep Aliele, Size, Haight, Area, Data Poirt, Mutstion and Comment together

Table Setting Editor

| General | samples || Genot
~Genotypes Table Setting

rColumn Settings: Font Settings:
Column Fitteririg Cortent J
25 |Peak Height Ratia Show Pass i, = Fort; |aral ~|
26 Low Peak Height Show Pass s, j Size: | 11 |
27 Spectrad Pull-up Showy PAss RIS
26 |Allele Mumber Show Check i, =)
29 Broad Pesk Zhowe Pags RIS

LTe

_i |

i Allele Setting

Mumber of Aleles [ Keep Allele, Size, Height, Area, Data Poirt, Mutation and Comment together

able Setting Editor

| General | Samples || Genotypes
[ Genotypes Table Setting:

rColunn Settings: Fort Settings:
Calurnt Fittering Cortert J
Font: |arisl ~|
32 |Cortrol Concordance Showe All Records Mi2 i
Size: | 11 |
33 |Overlap (HID) Show Pass Wi,
34 |Cross Talk Show &l Records i
35 |Genotype Guality Showe All Records [REE
36 |User Detined Column 1 Shawe Al Records -
J | I

Alele Setting:

Mumber of Alleles [ Keep Allele, Size, Height, Area, Data Poirt, Mutation and Comment together
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Appendix D (of protocol)

Verifying/Changing the Positive Control Profiles

A. Verifying/Changing the Identifiler control profile
1. Select thélools menu> Panel Manager
2. Double-clickAmpFLSTR_Panels_v1

3. Click Identifiler_v1 In the right pane, the current control profile is displayed in
the Control Allelescolumn. Verify that the profile is correct.

4. To change the profile alleles, select the field for each marker andhigype
correct allele(s). Heterozygous alleles should be separated by a comma.
Homozygous alleles are only entered once. Figure 1 shows the control profile
for 9948.

5. Click Apply to save any changes a®@K to exit. ClickCancelif the profile is
correct and no changes were necessary.

Figure 1- The Identifiler profile for 9948

(] Panel Manager

File Edit Bins View
EEX B EE BN |onst |AmpFLSTR_BinS_v1 v| BEEEE EEEEEE
L L A Maker Hame Tye Color | Min Sime | Mo 3im  Cozrol Alleles  Marker Fepeat | Marker Spectic Soatter ratio | Commments | Ladder Alleles
= 1 pEsti7 Jbue  [1180 (1835 1248 4 0.0% nore  |8,10,11,1213,14,15,1617 1819
- 2 21511 |bue 1845|2475 (2830 4 0.09 nore  |24,24.2,2526,27 26,28.2,29,29.2,30,30
D7sa20 3 |D7SE20  |blue (2510  |2985 11 4 0.0 nore  |67,88,10,11,1213,14.15
CEFIPO 4 |csF1Po |bue  [30242 |3EE3 10011 4 003 none  |B782,10,11,121314,15
?:;1358 5 |D3S1358 |green (980 [1480 (1547 4 011 nore  12,1314,1516,1713.19
D337 & |THO! green 1590 [2050 (593 4 0.05 nore  |4567.89831011133
165539 7 D135317 |green 20565 |250416 |11 4 0.0 nore  |89,10,11,12,13.14,15
D251338 g |D165533 |green 2553  |301E1 11 4 04 none  |5,89,1011,12,13,1415
5;3:433 9 |D251338 |green 3048  |3703 23 4 041 nore  |15.16417,1819,2021,22,23 24,25 26,27
TROK 10 195433 |yelow 1010 [1480 1314 4 043 nore  |310,11,121221313.2,14,14.215,15 3
18351 11 e, yelow 1510|2135 17 4 043 nore  |11,12,13,14,15,16,17,18,19,20,21 22,2
AMEL 12 |[TPOX yelow |21699 |26089 @9 4 005 none  |B,7.8810111243
Egim o|[13]ptesst Jyetow (26048 [zmon rsae 4 047 nore  |78104102,11,12,13,132,1414.21518
3 » 14 |AMEL red 1060 1140 XY a oo none Y
= ra—— 15 DESE1E  |red 1280 1800 1113 4 0.07 nore  |7.891011,1213.14,15.16
16 FGA, red 0625 |3800 2426 4 015 nore  |17,1818,2021,22,23 24,25 26,26 2,77,
<
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B. Verifying/Changing the Yfiler control profile
6. Select thel'ools menu> Panel Managet
7. Double-clickAmpFLSTR_Yfiler_Panel_v2

8. Click Yfiler_v2 In the right pane, the current control profile is displayed in the
Control Allelescolumn. Verify that the profile is correct.

9. To change the profile alleles, select the field for each marker andhigpe
correct allele(s). Heterozygous alleles should be separated by a comma.
Homozygous alleles are only entered once. Figure 2 shows the control profile
for 9948.

10.Click Apply to save any changes a®& to exit. ClickCancelif the profile is
correct and no changes were necessary.

Figure 2-The Yfiler profile for 9948

() Panel Manager

File Edit Bins View
BEX M N WM enset amersRyner Bnsetve v| TSN B CH M (N[N (E e
ST '“—Tm”—'""'|» Maker Heme  Tye Color | Bin Sime | Dl Sime | Comtrol Alleles Marker T Mlirker {| Cormerts Ladder &lleles

B DY3456 1 PoDvsase  Jeue 1000 [1zvo |17 4 013 |none 1314,1516,17 18
B DvSaag 2 |[BDvYs3éA ke 1340 1780 |13 4 042 |none 10,11,12,13,1415
E_DYS390 3 [BDYS390 ke 1850 (2450 |24 4 01 none 18,18,20,21,22 23 24 25 26,
B_DYS3al 4 |BOvsIsal  |blue 2460 3020 |3 4 014 |none 242575 27,28,29,30,31 32,
g_g::::a 5 |G_Dvs4ss  |green  [1330 1650 |18 4 012 |none 141516,17,18,19,20
G DYS38s & |G_DYS9 green 1670 [2190 |14 4 011 none 10,11,12,13,14 15 16,1718,
¥ _DYS303 7 |G_DYS385  green  [235.0 (3230 11,14 4 014 none 7E,10,11,1213,1415,16;
¥_DYEIN g |Y_DYS393  |yelow [1040 [1440 |13 4 013 |none &3,10,11,12,1314,1516
¥_DYS439 -
¥ DYSE% a |¥_Dvs391  |yellow [1460 1810 |10 4 012 |none TE1011,1213
v Dys3an 10 ¥_DvS430  yellow [1920 (2380 |12 4 011 none 8910111213145
R_Y_GATS H4 |19 [¥_DvsE3s  |yelow [200  |2740 |2 4 011 hone 20,21,22,23,24,25 26
R_DYS437 12 [v_Dvs3m  |velow [286.0 (3380 [13 3 046 |none 78310,1112,13,14,15 16,
R_DYS438
- 7
& R_¥_GATA_Hd|red 1140 1300 |1z 4 011 none §9.10,11,12,13

< I 5 | |14 [RDvsesm  Jred 1740|2100 |is 4 008 hone 13,1415,16,17

- R_DYS438 d M55 |65 |11 5 004 §0,10,11,12,13

=lReference Samples 15 |R e none R
16 [R_DYS448  |red 730 |30 |19 & 005 |none 17,18,18,20,21,22,23.24
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