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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.
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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.

1Cybergenetics, 160 North Craig Street, Suite 210, Pittsburgh, PA 15213.
2Kern Regional Crime Laboratory, 1215 Truxton Avenue, Bakersfield, CA

93301.
*Presented the 66th Annual Meeting of the American Academy of Foren-

sic Sciences, February 17-22, 2014, in Seattle, WA.
Received 6 Mar. 2014; and in revised form 8 Aug. 2014; accepted 15

Aug. 2014.

1© 2015 The Authors Journal of Forensic Sciences published by Wiley Periodicals Inc. on behalf of the American Academy of Forensic Sciences
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

J Forensic Sci, 2015
doi: 10.1111/1556-4029.12788

Available online at: onlinelibrary.wiley.com

Linear relationship 

10 30 100 300 1000

thousand

million

billion

trillion

quadrillion

quintillion

sextillion

culprit DNA (picograms/25 ul)

lik
e
lih

o
o
d
 r

a
ti
o



Cybergenetics © 2003-2016 4 

Inclusion probability 
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Genome of the marsupial Monodelphis domestica reveals innovation in non-
coding sequences 

Generation of the Monodelphis domestica sequence at the Broad Institute of MIT and 
Harvard was supported by grants from the National Human Genome Research Institute 
(NHGRI).  

For work from other members of the Opossum Genome Sequencing Consortium, we 
acknowledge the support of the National Institutes of Health (NHGRI, NIAID, NLM),  

the National Science Foundation,  

the Robert J. Kleberg Jr and Helen C. Kleberg Foundation,  

the State of Louisiana Board of Regents Support Fund,  

State of Colorado support funds,  

the Pittsburgh Foundation, 

Telemedicine and Advanced Technology Research Center TATRC/DoD,  

the UK Medical Research Council and the Australian Research Council.  

 

The Connectivity Map- Using Gene-Expression Signatures to Connect Small 
Molecules, Genes, and Disease 

National Cancer Institute,  

Howard Hughes Medical Institute,  

The Paul G. Allen Family Foundation.  

 

A Bivalent Chromatin Structure Marks Key Developmental Genes in Embryonic 
Stem Cells  
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Justice 

April 25, 2016 

Transparency 

• open crime lab data to outside scrutiny 
• open CODIS database to everyone 
• DNA mixtures solved ten years ago 
• no more money for failed government 
• replace bad government with good science 


