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Short tandem repeat

Take me out to the ball game
take me out with the crowd
buy me some peanuts and Cracker Jack
I don't care if I never get back
let me 
root root root root root root root root root root 
for the home team,
if they don't win, it's a shame for it's one, two, 
three strikes, you're out
at the old ball game

"root" repeated 10 times, so
allele length is 10 repeats

23 volumes in 
cell's

DNA encyclopedia

DNA locus paragraph

DNA genotype

10, 12
1 2 3 4 5 6 7 8

ACGT

1 2 3 4 5

A genetic locus has 
two DNA sentences,

one from each parent.

locus

Many alleles allow for
many many allele pairs. 

A person's genotype 
is relatively unique.

mother
allele

father
allele

repeated word

An allele is the number
of repeated words. 

A genotype at a locus
is a pair of alleles. 9 10

6 7 8 9101112

DNA evidence interpretation
Evidence 

item
Evidence 

data
Lab Infer
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Evidence 
genotype

Known 
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10, 12

10, 12

CompareDNA from
one person
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DNA mixture interpretation
Evidence 

item
Evidence 

data
Lab Infer

10   11   12

Evidence 
genotype

Known 
genotype

10, 11 @ 20%
11, 11 @ 30%
11, 12 @ 50%

11, 12

CompareDNA from
two people

Computers can use all the data
Quantitative peak heights at locus TH01

peak
height

peak size

How the computer thinks
Consider every possible genotype solution

Explain the
peak pattern

Better 
explanation
has a higher 
likelihood

One person’s 
allele pair

Another person's 
allele pair
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Objective genotype determined solely from the DNA data.
Never sees a comparison reference.

Evidence genotype

58%

18%
11% 8%3% 1%

DNA match information

Prob(evidence match)

Prob(coincidental match)

How much more does the suspect match the evidence
than a random person?

10x
58%

5%

Match information at 15 loci
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Is the suspect in the evidence?

A match between the beer bottle
and Ronald Meadow is: 

471 million times more probable than 
a coincidental match to an unrelated Black person

28 million times more probable than 
a coincidental match to an unrelated Caucasian person

22.6 million times more probable than
a coincidental match to an unrelated Hispanic person

Specificity for Ronald Meadow

People of New York v Ronald Meadow

November 6, 2014
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TrueAllele reinterpretation

Virginia reevaluates DNA evidence in 375 cases
July 16, 2011

“Mixture cases are their own little nightmare,” says 
William Vosburgh, director of the D.C. police’s crime 

lab. “It gets really tricky in a hurry.”

“If you show 10 colleagues a mixture, 
you will probably end up with 10 different answers”

Dr. Peter Gill, Human Identification E-Symposium, 2005

Data summary – “alleles” 

Threshold 

Over threshold, peaks are labeled as allele events

All-or-none allele peaks,
each given equal status

Allele Pair
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MIX05: Thresholds not reproducible
National Institute of Standards and Technology

Two Contributor Mixture Data, Known Victim

31 thousand (4)

213 trillion (14)

SWGDAM 2010 guidelines

Threshold 

Under threshold, alleles less used

Allele Pair
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Higher threshold for human review
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MIX13:	An	interlaboratory study	on	the	present	state	of	DNA	mixture	interpretation	in	the	U.S.	
Coble	M,	National	Institute	of	Standards	and	Technology	

5th	Annual	Prescription	for	Criminal	Justice	Forensics,	Fordham	University	School	of	Law,	2014.

MIX13: Thresholds falsely include

TrueAllele® Casework

ViewStation
User Client

Database
Server

Interpret/Match
Expansion

Visual User Interface
VUIer™ Software

Parallel Processing Computers

Validated genotyping method
Perlin MW, Sinelnikov A. An information gap in DNA evidence interpretation. PLoS ONE. 

2009;4(12):e8327.

Ballantyne J, Hanson EK, Perlin MW. DNA mixture genotyping by probabilistic computer 
interpretation of binomially-sampled laser captured cell populations: Combining quantitative data 

for greater identification information. Science & Justice. 2013;53(2):103-14.

Perlin MW, Hornyak J, Sugimoto G, Miller K. TrueAllele® genotype identification on DNA mixtures 
containing up to five unknown contributors. Journal of Forensic Sciences. 2015;in press. 

Greenspoon SA, Schiermeier-Wood L, Jenkins BC. Establishing the limits of 
TrueAllele® Casework: a validation study. Journal of Forensic Sciences. 2015;in press.

Perlin MW, Legler MM, Spencer CE, Smith JL, Allan WP, Belrose JL, Duceman BW. Validating 
TrueAllele® DNA mixture interpretation. Journal of Forensic Sciences. 2011;56(6):1430-47.

Perlin MW, Belrose JL, Duceman BW. New York State TrueAllele® Casework validation study. 
Journal of Forensic Sciences. 2013;58(6):1458-66.

Perlin MW, Dormer K, Hornyak J, Schiermeier-Wood L, Greenspoon S. TrueAllele® Casework on 
Virginia DNA mixture evidence: computer and manual interpretation in 72 reported criminal 

cases. PLOS ONE. 2014;(9)3:e92837.  
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Sensitivity
The extent to which interpretation 

identifies the correct person  

101 reported genotype matches 
82 with DNA statistic over a million

True DNA mixture inclusions

TrueAllele sensitivity
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log(LR) match distribution

Other software loses information
Simple two person mixture, 10% minor contributor
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STRmix
LRmix
LabRetriever

Threshold and 
drop parameter

An investigation of software programs using “semi-continuous” and 
“continuous” methods for complex DNA mixture interpretation. 

Coble M, Myers S, Klaver J, Kloosterman A, Leiden University, The Netherlands, 
9th International Conference on Forensic Inference and Statistics, 2014. 
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Specificity
The extent to which interpretation does 

not misidentify the wrong person  

101 matching genotypes x 10,000 random references
x 3 ethnic populations,

for over 1,000,000 nonmatching comparisons

True exclusions, without false inclusions
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TrueAllele specificity

– 19.47

log(LR) mismatch distribution

Reproducibility

MCMC computing has sampling variation

duplicate computer runs
on 101 matching genotypes
measure log(LR) variation

The extent to which interpretation 
gives

the same answer to the same question
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TrueAllele reproducibility
Concordance in two independent computer runs

standard deviation
(within-group)

0.305

Comparison of methods
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Accuracy
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TrueAllele Virginia outcomes
144 cases analyzed

72 case reports – 10 trials

City Court Charge Sentence
Richmond Federal Weapon 50 years
Alexandria Federal Bank robbery 90 years
Quantico Military Rape 3 years
Chesapeake State Robbery 26 years
Arlington State Molestation 22 years
Richmond State Homicide 35 years
Fairfax State Abduction 33 years
Norfolk State Homicide 8 years
Charlottesville State Homicide 15 years
Hampton State Home invasion 5 years

Eliminated NYS DNA backlog

Expert system on-line
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TrueAllele Expert System On-Line

Reanalyzed WTC DNA data

18,000  
victim remains

2,700     
missing people

match
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Preserves more match information

0

5

10

15

20

25

2A 2C 2H 2D 2B 2F 2G 2E

lo
g
(L
R
)

LR2

CPI

7.03

6.24
13.26

Lots more match information

That other methods discard
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Approved

TrueAllele user meeting
California
Louisiana
Maryland
Massachusetts
New York
Pennsylvania
South Carolina
Virginia
Australia
Oman
Prosecutors Bear Mountain Inn, New York

September, 2014

TrueAllele in New York State

Counties:
• Cayuga
• Chemung
• Onondaga
• Schenectady
• St. Lawrence
• Tompkins
• Westchester

Cybergenetics analyzes DNA case evidence

Crimes:
• murder
• rape
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TrueAllele in criminal cases

Testimony:
• state
• federal
• military
• foreign

Used in over 200 cases for DNA evidence

Crimes:
• armed robbery
• child abduction
• child molestation
• murder
• rape
• terrorism
• weapons

TrueAllele admissibility

State Year Challenge Outcome
Pennsylvania 2009 Frye admitted
Pennsylvania 2012 Appellate court precedent
California 2013 Kelly-Frye admitted
Virginia 2013 Spencer-Frye admitted
Ohio 2014 Daubert admitted
Louisiana 2014 Daubert admitted
New York 2014 Frye pending

TrueAllele in the United States
Laboratory systems or case reports in 23 states

initial
final
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DNA mixture crisis
375 cases/year x 4 years = 1,500 cases

320 M in US / 8 M in VA = 40 factor
1,500 cases x 40 factor = 60,000 inconclusive

1,000 cases/year x 4 years = 4,000 cases
320 M in US / 8 M in NY = 40 factor

4,000 cases x 40 factor = 160,000 inconclusive

+ under reporting of DNA match statistics

DNA evidence data in 100,000 cases
Collected, analyzed & paid for – but unused

Turn on the light
TrueAllele Casework at the NYS Police

• Approved
• Installed
• Validated
• Trained
• Certified
• Documented

Forensic Investigation Center
New York State Police

Albany, NY

More TrueAllele information
http://www.cybgen.com/information

• Courses
• Newsletters
• Newsroom
• Presentations
• Publications
• Webinars

http://www.youtube.com/user/TrueAllele
TrueAllele YouTube channel

perlin@cybgen.com


