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Crime scene #2 
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Crime scene #3 

Bathtub 
handle 
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Zip tie in road 

911 Call 
 
Girl: Hi.  
911: Hello, 911.  
Girl: Ah yes, there’s this guy.   
        He has my Mom naked.  
911: OK.  
Girl: And he had me blind-folded.  
911: OK. How old are you?  
Girl: Nine.  
911: Nine. Where’s your Mom at now?  
Girl: What?  
        You’re not my Dad.  
        You’re not my Dad. Get off.  
        (Scream) 
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DNA database hit 

Billy Ray Johnson Major contributor to DNA 
of zip tie in road 

Biological evidence 
Kern Regional Crime Laboratory 

thirty seven 
swabs and cuttings  

garments 
blankets 
apartment surfaces 
skin 
body cavities 
telephones 
zip ties  
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low-level DNA mixtures containing 3 or 4 people 

TrueAllele® Casework 

ViewStation 
User Client 

Database 
Server 

Interpret/Match 
Expansion 

Visual User Interface 
VUIer™ Software 

Parallel Processing Computers 
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Quantitative mixture data 
KRCL tested biological items, generated STR data 

zip tie in road 
locus D13S317 

Receive evidence data!

DNA largely inconclusive 

Threshold  

Over threshold, peaks are labeled as allele events  

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

Under threshold, alleles vanish 

Separate genotypes 
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 

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

Evidence genotype 

68% 

13% 19% 

DNA match information 

Prob(evidence match) 
Prob(coincidental match) 

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

10x 

68% 

7% 

Match information at 15 loci 
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Is the suspect in the evidence? 
A match between the zip tie 
and Billy Ray Johnson is:  

 
211 quintillion times more probable than  

a coincidental match to an unrelated Black person 

100,000,000,000,000,000,000 
20 zeros after the one 

 
10x10x10x10x10x10x10x10x10x10x 
10x10x10x10x10x10x10x10x10x10 

20 powers of ten 

Crime scene #1 matches 
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Receive reference data!

BRJ 
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Crime scene #2 matches 
BRJ 

6 
7 
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Crime scene #3 matches 
BRJ 

3 

20 

Informative DNA mixtures 
8 mixture items vs. 5 victims + 1 suspect 

DNA match statistics 
corroborate victim statements 

BRJ 

December 2013: Grand Jury 

Cybergenetics TrueAllele Report Arrest 
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March 2015: Trial 

Case Item Description 

C1147X 
 

Billy Ray Johnson  
13-CL-01721  C0431X Purse strap 1.63 

C0432X Phone cord 4.53 

C0984X Phone 4.62 

13-CL-01927  C0801S  Stain on pants 6.24 

C0802S Stain from pants 6.73 

C0806S Back of shirt 8.86 

13-CL-02349  C0929X Bathtub handle 2.74 

C0937X Zip tie 20.32 

Validation studies 
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TrueAllele! Genotype Identification on DNA Mixtures
Containing up to Five Unknown Contributors*

ABSTRACT: Computer methods have been developed for mathematically interpreting mixed and low-template DNA. The genotype model-
ing approach computationally separates out the contributors to a mixture, with uncertainty represented through probability. Comparison of
inferred genotypes calculates a likelihood ratio (LR), which measures identification information. This study statistically examined the genotype
modeling performance of Cybergenetics TrueAllele! computer system. High- and low-template DNA mixtures of known randomized composi-
tion containing 2, 3, 4, and 5 contributors were tested. Sensitivity, specificity, and reproducibility were established through LR quantification in
each of these eight groups. Covariance analysis found LR behavior to be relatively invariant to DNA amount or contributor number. Analysis
of variance found that consistent solutions were produced, once a sufficient number of contributors were considered. This study demonstrates
the reliability of TrueAllele interpretation on complex DNA mixtures of representative casework composition. The results can help predict an
information outcome for a DNA mixture analysis.

KEYWORDS: forensic science, DNA mixture, genotype modeling, validation study, likelihood ratio, probabilistic genotyping

Deoxyribonucleic acid (DNA) evidence is the forensic gold
standard (1). Millions of short tandem repeat (STR) (2) geno-
types have been assayed for forensic comparison. The principles
of STR interpretation are clearest on pristine, single source items
containing abundant DNA (typically about 1 ng). A definite
genotype can first be inferred, and then compared with another
definite genotype, in order to compute a random match probabil-
ity (RMP) statistic relative to a “random” population genotype.
This is certainly the situation when comparing the pristine DNA
of individual reference items.
However, crime laboratories today process DNA evidence that

is far less pristine. The biological evidence can be mixed (con-
taining two or more contributors), lower level (having under
200 pg of DNA [3]), or degraded. In some forensic DNA labo-
ratories, the majority of evidence items are mixtures, possibly
low level, that often contain three or more contributors. The
manual “threshold-based” data interpretation procedures (4),
originally developed for pristine samples, are not as effective on
mixed DNA data (5).
Computer interpretation methods that use more of the quanti-

tative STR peak height data (rather than thresholds) have been
used for twenty years (6). Basic “mixture deconvolution” of
forensic DNA mixture data into possible contributor genotypes
is performed by other software applications such as Applied

Biosystems’ Genemapper! ID-X and NicheVision Forensics’
ArmedXpertTM. Qualitative allele “dropout” methods put a proba-
bility to unobserved peak data, as in David Balding’s likeLTD
(7) and Adele Mitchell’s FST (8) software programs.
The “genotype modeling” method goes further and strives to

preserve DNA identification information by explaining the
observed STR data in terms of adding together contributor geno-
types (9,10). This method develops Bayesian probability model
equations that can explain the data and (when the solution space
becomes vast) uses statistical search methods to solve the equa-
tions. Such computer systems include DNAmixtures (11) and
related efforts (12), MixSep (13), STRmix (14), and TrueAllele!

Casework (15,16).
Cybergenetics TrueAllele Casework system separates complex

mixture data into its component genotypes. For each contributor,
at each locus, a genotype and its uncertainty is described by a
probability distribution over allele pair possibilities. This geno-
type summarizes the data’s identification information and
imparts to DNA mixtures the original simplicity of single source
interpretation. For example, the match statistic resembles RMP,
as inferred genotypes are compared with one another.
Previous TrueAllele validation studies have been published.

Two-person mixtures of known composition have been exam-
ined for their information response, with varying amounts of
template DNA (17) and on small quantities using joint interpre-
tation (18). Over 150 casework mixture items containing 2, 3, or
4 contributors have been analyzed for match information across
a broad range of mixture weights and quantities, with compari-
son made to human review methods (15,16,19). However, there
has not yet been a study of known mixtures with up to five
unknown contributors, where the mixture weights reflected real-
istic casework instead of simple integer ratios.
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Match error rates 
False positive rate in Specificity Table 8 
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Crime lab runs TrueAllele 

Concordant Kern lab report 
Independent TrueAllele processing 
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More information 
http://www.cybgen.com/information 

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

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

perlin@cybgen.com 


