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DNA Match Prevents Crime 
UK: 45% hit rate 
   property crimes match offenders 
VA: 40% hit rate 
   sexual assaults match nonviolent 

Fast, complete DNA processing: 
 prevent 300 stranger rapes/day 

DNA Match Scenarios 
Property Crime 

Sexual Assault 

Mass Disaster 

unknown profiles reference profiles 
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TrueAllele® History 
1994 - Automated STR Genotyping 
  • AJHG paper published (stutter deconvolution) 
  • patents filed (6 issued) – licensing 
  • NIH grant funded 

2000 - FSS System 2 Deployment 
  • databank: reduced time, error, people 
  • > 1,000,000 databank & property crime samples  

2000 - TrueAllele System 3 
  • casework applications (mixture deconvolution) 
  • property crime, sexual assault, mass disaster 
  • goal: faster, better, cheaper than people 

TrueAllele® System 3 

Analysis View 

Database 
Data, Request 

Interpretation 

Profiles 
Match 

Matches 

Automated Quality Assurance for the Forensic DNA Laboratory 

Mark W. Perlin, PhD, MD, PhD     Pittsburgh, PA USA 

A Cybergenetics TrueAllele® System 3 Study 

ABSTRACT 
 
STR profiling is a scientifically reliable 
approach to human identification widely 
used in criminal justice and other critical 
applications.  A high quality DNA 
laboratory that consistently generates 
reproducible data supports society's 
confidence in the science.  Conversely, 
lower quality data can undermine the 
integrity of DNA identification and its 
acceptance as legal evidence.  Therefore, 
a key goal of the forensic community is to 
assure the quality of the DNA laboratory 
process. 
 
Yet quality assurance (QA) is currently a 
time consuming, labor intensive process 
that only partially characterizes the DNA 
process.  Labs conduct special studies to 
determine the reproducibility of certain 
STR data variables.  It would be useful to 
have a computer-based QA process that 
continuously monitored a wide range of 
STR variables on the actual forensic data.  
This computer process should operate 
automatically on lab data without human 
intervention, and provide ongoing 
reporting of its QA measurements.   
 
Cybergenetics TrueAllele® System 3 
provides this automated background QA 
process, supporting both reference 
samples and casework data (including 
mixtures).  Quality variables of interest 
include size precision, peak variability, 
background noise, PCR stutter and 
relative amplification.  Greater variation 
(i.e., less precision) suggests less reliable 
data.  A forensic scientist can examine 
how these variables change over time in 
order to assess STR data reproducibility.  
The early detection of data variability can 
p reven t p rob lems and f ac i l i t a t e 
troubleshooting.  
 
In this study, we present TrueAllele QA 
assessments performed on reference and 
casework STR processes from many 
public and private DNA laboratories 
across a variety of DNA sequencers and 
STR panels.  We show comparisons 
between DNA vendor labs that are helpful 
in quantifying quality, and in using high 
quality as an objective purchasing 
criterion (that complements low price).  
Quality comparisons within a laboratory 
illustrate how continuous QA can lead to 
c o n s i s t e n t r e s u l t s a n d q u a l i t y 
improvements over time.  Moreover, we 
show how such QA comparisons can help 
identify which instruments, panels, people 
and processes are more (or less) reliable.  
By shifting the burden of QA from 
scientists to their computers, continuous 
QA helps assure the integrity of the 
forensic DNA process.   

QUALITY 
 
H i g h q u a l i t y l a b o r a t o r y d a t a i s 
reproducible, and has small variation 
between experiments.  This low variation 
is statistically expressed by small 
standard deviations.   

Low quality laboratory data is less 
reproducible, and has large variation 
between experiments.  This high variation 
is statistically expressed by large standard 
deviations.   

METHODS & MATERIALS 
 
This section describes the STR data used, 
the computer method of performing the 
automated quality assurance, and how the 
results were stored and retrieved for 
scientific presentation.   
 
 
Vendor Sexual Assault Data 
 
The New York State Police (NYSP) 
contracts out some sexual assault cases 
to private vendor DNA laboratories.  The 
three labs participating in this study were 
Cellmark, LabCorp and ReliaGene.  After 
MOUs were instituted between the NYSP, 
Cybergenetics and the vendor labs, the 
labs sent their  electronic DNA sequencer 
data files to Cybergenetics for TrueAllele 
System 3 processing.  Over 100 cases 
were analyzed in this QA part of the NYSP 
TrueAllele study.   
 
 
TrueAllele Computer Processing 
 
Cybergenetics used TrueAllele Analysis to 
generate quality-checked quantitative 
peak information.  Computer processing of 
the sample names determined the sample 
lanes comprising a case.  Once the peak 
data and case requests were both 
uploaded to to a TrueAllele database, 
System 3 then automatically interpreted 
the data and determined the underlying 
statistical parameters of the laboratory.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quality Assurance Results 
 
TrueAllele system stores its QA results on 
the System 3 database.  To visualize the 
results as shown here, the computer took 
database download snapshots of the lab 
parameters.  
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MEASURES 
 
We report here on five of the comparison 
measures that the TrueAllele computer 
analyzed in the comparative QA study.  
These measures are visually defined 
below, and include:   

 • size precision 
 • correlated precision 
 • background noise 
 • PCR stutter 
 • peak imbalance.  

QUALITY HISTOGRAMS 
 
For each of the five QA measures, a 
histogram compares the di fferent 
laboratory processes, each shown in a 
different color.  Each lab's histogram 
shows the distribution of standard 
deviations (SDs) across the STR markers. 
Smaller SD values (left shifted) suggest 
better quality, since they indicate a more 
reproducible lab process.  Larger SD 
values (right shifted) suggest lower quality.  

SUMMARY CURVES 
 
A simple summary bell curve shows the 
quality results more clearly than a detailed 
histogram chart.  For each QA measure,  
the curves for each lab (in different colors) 
show the lab's process quality.  A curve 
summarizes the SD distribution across the 
STR markers.  Smaller SDs form a left 
shifted curve – better quality.  Larger SD 
values form a right shifted curve. 

Size Precision 

Correlated Precision 

Background Noise 

PCR Stutter 

Peak Imbalance 

#8 
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Property Crime 

Crime Scene Offenders 

MATCH 

unknown profiles reference profiles 

Time? 
Cost? 

New York State Police; example process 

4 interpret computers 
64 cases 
23 minutes 
3 cases/minute 
(or 1,000,000 cases/year) 

Productivity 
    1,000,000 cases  
x (2 reviews/case)  
x (1 analyst/200 reviews) 
=  10,000 analysts        1,000x faster 

x ($100,000/analyst) 
= $1,000,000,000          1,000x cheaper          
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Sexual Assault 

Crime Scene Offenders 

MATCH 

unknown profiles reference profiles 

Information? 

Allegheny County; screening process 

Orchid Cellmark; vendor process 

NIJ Mixture Study Design 

10% 
30% 
50% 
70% 
90% 

1,  1/2,  1/4, 1/8 ng 

STR Data Generation 

• premixed DNA templates: NIST 
• lab protocols: Cybergenetics 
• data generation (ten DNA labs) 
   Florida, New York, Ohio, Pennsylvania,  
   Virginia, Cellmark, UK FSS, Cybergenetics 
• DNA sequencers: 
   FMBio/II, 377, 310, 3100, 3700 
• STR panels: PowerPlex (1, 2, 16),  
   ProfilerPlus, Cofiler, SGMplus, Identifiler 
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No Suspect Test Case 

Contributors 
A: Victim 

G: Unknown Suspect 
 

Samples 
A1 (Victim) 

C1 (Mixture) 70% A + 30% G 

1 ng DNA, PowerPlex16, ABI/310 
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DNA Profile Uncertainty 
Preserve match information 

Use probability 

ab cc 

ac bc ? 
1/2 1/2 

genetic data 

a b 

ab 
bb 

2/3 

1/3 
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DNA Information 

Match Strength logarithm – 
Very large number: 
   “billion billion”  or  1018 

Use the exponent: 
                18 

Match Strength =  
Prob(match) 
Prob(random) 
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Conservative Human Review 
Avoid overcalling the results 

Report 0, 1 or 2 alleles 

uncertain data 

a b 

Allele 1: b 
Allele 2: anything 

1,000x better 
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Aggressive Human Review 
Try ruling out unlikely combinations 

Report list of allele calls 

uncertain data 

a b 

Allele calls: 
1. a b 

2. b b 

1,000x better 
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Mass Disaster 

Victim Remains 

Status? 

MATCH 

MATCH 

Personal Effects 

Family References 

World Trade Center 

unknown profiles reference profiles 

Real-Time TrueAllele Investigation 

Cybergenetics www.trueallele.net 

1,000x faster 
1,000x better 
1,000x cheaper 

Rapid DNA policing prevents crime 

NYSP Case Review 
John Brenner 
Russell Gettig 
Melissa Lee 
Maria Mick 
Shannon Morris 
Urfan Mukhtar 
Michael Portzer 
Laura Post 
Diana Seaburg 

Cellmark Case Review 
Christine Baer 
Jason Befus 
Julie Black 
Paula Clifton 
Kathryn Colombo 
Lisa Grossweiler 
Juliet Harris 
Jeff Hickey 
Jacki Higgins 
Christopher Knickerbocker 
Jason Kokoszka 
Lewis Maddox 
Jennifer Reynolds 
Leslie Rosier 
Ryan Satcher 
Alissa Shofkom 
Margaret Terrill 
Melissa Thompson 
Charlotte Word 
Cindy Zimmerman 

Scientific Collaborators 
Jeff Ban, DFS 
Robin Cotton, Cellmark 
Cecelia Crouse, PSBO 
Barry Duceman, NSYP 
Trevor Howett, FSS 
Jay Kadane, CMU 
Bob Shaler, OCME 
 

Cybergenetics Staff 
Bill Allan 
Meredith Clarke 
Matt Legler 
Donna Scheuble 
Alex Sinelnikov 

Participating Labs  
Albany, NY 
Allegheny County, PA 
Cellmark, MD 
FSS, UK 
Miami Valley, OH 
New York, NY 
NIST, MD 
Palm Beach, FL 
Richmond, VA 

NIJ Grant Award 
#2001-IJ-CX-K003 Cybergenetics
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Real-Time TrueAllele Investigation 

Cybergenetics www.trueallele.net 

1,000x faster 
1,000x better 
1,000x cheaper 

Rapid DNA policing prevents crime 


