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DISCLAIMER

Names of commercial manufacturers are provided for 
identification purposes only, and inclusion does not imply 
endorsement of the manufacturer or its product or services 
by the ATF.

The views are those of the author and do not necessarily 
reflect the official policy or position of the ATF or the U.S. 
Government.



Probabilistic Genotyping

“Probabilistic genotyping refers to the use of 
biological modeling, statistical theory, 
computer algorithms, and probability 
distributions to calculate likelihood ratios 
(LRs) and/or infer genotypes for the DNA 
typing results of forensic samples (“forensic 
DNA typing results”).” – SWGDAM Guidelines for the 
Validation of Probabilistic Genotyping Systems



Probabilistic Genotyping

Two Main Functions of Probabilistic 
Genotyping (Prob Gen):

• Mixture deconvolution – based on data in 
DNA profile, agnostic to race or ethnicity

• Calculation of the statistical weight of a 
comparison to a Person of Interest (POI) 
– based on relevant population databases



Evolution of DNA Mixture 
Interpretation



Evolution of DNA Mixture 
Interpretation



The Forensic Community is 
Moving Toward the Use of Prog 
Gen



 Quality Assurance Standards (QAS) for Forensic DNA 
Testing Laboratories

 ANSI / ASB
 OSAC
 UK Forensic Science Regulator
 DNA Commission of the International Society of Forensic 

Genetics 

Validation Standards / 
Guidance in the Forensic 

Community



• Ensure that the software is fit-for-purpose
• Validation performed using the types of evidence 

samples expected to be encountered in casework 
(template amounts, mixture ratios, number of 
contributors, degradation, inhibition, etc.)

• Accuracy
• Precision
• Sensitivity (true contributors, Type I errors)
• Specificity (non-contributors, Type II errors)
• Comparison to previous methods

Common Themes of 
Validation



• Validation determines the limits of the conditions 
where the software is expected to produce reliable 
results – find the breaking points

• The results of the laboratory’s validation are used to 
inform the software use and interpretation protocols

Common Themes of 
Validation



PCAST Report (2016)



Validation
 PubMed search “Probabilistic Genotyping” - > 800 publications listed
 Every US laboratory that has implemented some form of Prob Gen has 

performed an internal validation (> 80)
 Difficult to publish validations because they are not considered novel by 

the journals



Calibration:
• Logical expectations
• Turing expectations
• Hannig et al.
• Ramos and Gonzalez-Rodriguez



DNA Analyst Training:
• Basic DNA interpretation and mixture interpretation
• Expected variation in DNA profiles (stochastic effects, 

stutter, peak height balance, degradation, inhibition, etc.)
• Manual deconvolution of mixtures is critical
• Underlying principles of Prob Gen software used
• Limits of the software used based on the validation



DNA Analyst Training:
• Background training then allows the analyst to evaluate 

the Prob Gen results to ensure they meet logical 
expectations – not a “black box”



Benefits:
• Better use of the genetic data in the DNA profile

• Increased discrimination results in higher 
exclusion of non-contributors

• Reduced subjectivity during interpretation
• Greater consistency over time within the laboratory 

and between analysts within the laboratory



Weaknesses:
• Conveying the meaning of an LR to a lay person
• Interpretation and review are more complicated and 

time-consuming
• Validation of software is very time consuming and 

labor-intensive (6 months to 1 year or more)



THANK YOU
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