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Lecture 2: Statistics for DNA Mixture 

Interpretation 

 
Learning Objectives 

Attendees of this lecture should be able to understand 

• the features of DNA Mixture Profiles 

• possible qualitative conclusions of a DNA mixture evidence  

• questions that can be answered from assessing statistical strength of a 

DNA mixture 

• concepts of inclusion and exclusion probabilities and  their limitations 

• likelihood ratio approach of mixture interpretation 

• mixture deconvolution and its impact of inclusion/exclusion 

probabilities and likelihood ratios 

• comments of more advanced issues 

 



Lecture 2: Statistics for DNA Mixture 

Interpretation 

 
Topics Covered 

• Meaning of DNA mixture and features of DNA mixture profiles 

• Possible conclusions of a DNA mixture observation 

• Questions answered for assessing statistical strength of a DNA 

mixture evidence 

• Inclusion/exclusion probabilities and their interpretations 

• Concept of likelihood ratio and its interpretation 

• Deconvolution of DNA mixture: Concepts of major and minor 

contributors – assumptions and limitations 

• More advanced issues (LCN, allele drop in and dropout) 

 



An Example of a DNA 

Mixture Profile 



What Constitutes a DNA 

Mixture? 

 
• Presence of three or more alleles at 

several loci typed 

  

 Rationale: Typically a single individual 

displays one or two alleles  

   However, exceptions do occur – e.g., three 

allele profiles at the TPOX locus   



•   Notable imbalance in alleles at a locus 

  

What Constitutes a DNA Mixture? 

 

 Rationale: Peak height/area difference, 

intensity difference, etc. caused by different 

contributions of amount of DNA from 

contributors of the sample.  



Common Mixture Interpretations 

• Profiles of the tested persons can explain all alleles detected 
in the mixture sample 
 

• Profiles of the tested persons do not explain the alleles 
detected in the mixture sample 

 

• Mixture contains unexplained alleles beyond the ones 
present in the profiles of the known persons profiled 

 

• Major and minor contributors 

 

• Interpretable and un-interpretable 

 

   



Frequentist Approach of Statistical 

Assessment for DNA Mixture 

 When the evidence mixture DNA profile fails to exclude a 
reference sample as a part contributor, and more commonly a 
set of reference samples together explains all alleles seen in 
the mixture, one or more of the following questions are 
answered: 

How often a random person would be excluded as a part contributor of 
the mixture sample? – also called Exclusion Probability, the complement 
of which is the inclusion probability, giving the expected chance of 
Coincidental Inclusion 

 (Note: This answer is based on the data on the evidence sample alone, 
without any consideration of the profiles of the reference samples) 



Frequentist Approach of Statistical 

Assessment for DNA Mixture (Contd.) 

 The second, and probably more informative, question is: 

 With a stipulation on the number of contributors, how often a 
random person’s DNA, mixed with that of one or more of the 
reference persons, would provide a mixture profile as seen in 
the evidence sample, given that the reference persons are 
also part contributors of the DNA mixture. (This is essentially 
a component of the likelihood ratio)  

  

 (Note: This answer considers data on the profiles of evidence sample as well as those 
of the reference samples stipulated to be part contributors) 



Mixture Interpretation 

Alleles considered first must meet  

interpretation guidelines for data analysis 

 RFU Threshold 

 Peak ratios/percent stutter 

 “Match” criteria 



Calculations for mixture profile interpretations 

are based on same  statistical assumptions and 

logic used for  calculating single source transfer 

evidence profiles  

Logic of Statistical Calculations for 
Mixture Interpretation 



Two common questions can be asked: 
 

•   

 

 How often would a random person be   

 excluded as a contributor of the observed 

 mixture? (Exclusion Probability) 

 

•   What statistical support is there for postulated 

 hypotheses on the origin of the mixture? 

 (Likelihood Ratio) 

 



LR in DNA Mixture 

Background 

Data: The DNA evidence profile, E (a DNA mixture) has alleles 

which are all explained by alleles present in the suspect’s 
DNA profile (S) and that of a victim’s DNA profile (V) 

Contrasting Hypotheses: 

 Hp: DNA in the evidence sample is the mixture of DNA of the  

suspect and that of the victim; (i.e., Hp: E = V + S) 

 Hd1: Evidence DNA  is a mixture of DNA from the victim and 
that of an unknown person (i.e., Hd1: E = V + UN)  

    Hd2: Evidence DNA  is a mixture of DNA from two unknown 
persons (i.e., Hd2: E = UN + UN) 



LR in DNA Mixture 

Computation 
Pr. (Data | Hp: E = V + S) = 1, since data represents all alleles in 

the mixture are explained by alleles present in V and S, and 
no extra alleles are present in V and/or S.  

 Hence under Hp: E = V + S, data observed is the only 
possible outcome, but  

Pr. (Data | Hd1: E = V + UN) = relative frequency of a random 
person, whose DNA, mixed with the DNA of the victim, would 
yield a mixture that matched the evidence sample,  

Pr. (Data | Hd2: E = UN + UN) = relative frequency of a pair of 
random persons, whose DNA mixture would match the 
profile seen in the evidence sample 



LR in DNA Mixture                                       

Interpretation 

LR for Hp vs. Hd1: = 1 / Pr. (Data | Hp: E = V + UN), 

 which becomes the reciprocal of the relative frequency of a 
random person, whose DNA, mixed with the DNA of the victim, 
would yield a mixture that match the evidence sample 

 Likewise,   

LR for Hp vs. Hd2: = 1 / Pr. (Data | Hp: E = UN + UN),  

 which is the inverse of the relative frequency of a pair of random 
persons, whose DNA mixture would match the profile seen in the 
evidence sample 



Other Considerations of Computing  

LR in DNA Mixture 

 Computations of numerator and denominator 
of LR in mixture interpretation depend on: 

Precise knowledge of the number of 
contributors in the DNA mixture 

Assumptions regarding the biological 
relatedness of the unknown contributors 
(between themselves, or with the reference 
individuals) 

Population origin of the contributors 



Compares the probabilities of a given 

observation under two different hypotheses 

 

A relatively subtle concept and LR 

computations should be explained with care 

 

An useful concept and used widely in statistics 

 

Likelihood Ratio 



No appreciable substructure 

All contributors of the same race 

Defined hypotheses 

No intensity differences 

All unrelated 

No allele dropout 

Independence 

Assumptions for LR 



Mixtures Likelihood Ratio 

1.  Hp - prosecution hypothesis 
 

2.  Hd - defense hypothesis 
 

3.  Mutually exclusive 
 
4.   Probabilities  ----   LR = Contrast of Hp/Hd 

Interpretation of mixture depends on 

circumstances of the case 



A3 

A4 

Victim 

A1 

A2 

Suspect 

A1 

A2 

A3 

A4 

Evidence 

Four Allele Scenario 



Four Alleles 

Two Match the victim - A3 A4 

Two Match the suspect - A1 A2 



DNA is from victim  

and suspect 

Prosecution 

Defense 

DNA is from victim  

and unknown person 

Mutually Exclusive Hypotheses 



Hp 
 

1 

Explain the evidence 

by the hypotheses 

Hd 
 

2p1p2 



LR = Hp/Hd 

1/ 2p1p2 



A3 

Victim 

A1 

A2 

Suspect 

A1 

A2 

A3 

Evidence 

Three Allele Scenario 



Three Alleles 

Victim is homozygote - A3A3 

Two alleles match the suspect - A1A2 



DNA is from victim  

and suspect 

Prosecution 

Defense 

DNA is from victim  

and unknown person 

Mutually Exclusive 

Hypotheses 



Hp 
 

1 

Explain the evidence 

by the hypotheses 

Hd 
 

2p1p2 



LR = Hp/Hd 

1/ 2p1p2 



A1 

A2 

A3 

A1 

A2 

Suspect Evidence 

Three Allele Scenario 

No assumption - 

# of contributors 



A1 

A2 

A3 

Evidence 



A1 

A2 

A3 

Evidence 



A1 

A2 

A3 

Evidence 

A1 + A2 + A3  = p  q = 1- p 

PE = 2pq + q2 



PEc =1- (1-PE1 ) (1-PE2 ) (1-PEn ) 

Combined Probability of Exclusion 



DNA Mixture Analysis with Multiple 
Populations and Substructure 

Fung and Wu (2008), pp. 113-146, discussed 
methods of calculation of: 

Exclusion Probability and Likelihood Ratio for 
DNA mixtures with adjustments of 
population substructure effect and 
contributors of DNA in the mixture from 
multiple populations 



Deconvolution of DNA Mixture 

•Deconvolution constitutes decomposition of alleles present 
in a DNA mixture into genotypes of different contributors 
•Two methods of deconvolution are suggested: Perlin and 
Szabady (2001 – Jour. Forens. Sc. 46(6):1372-8) and Wang 
et al. (2006 – Jour. Forens. Sc. 51(6):1284-97)  
•Both uses RFU (peak height/area) data along with repeat 
sizes of alleles to deconvolute a DNA mixture into 
component individual genotypes 
•Assumption of number of contributors is needed 
•Linear model is used for relative DNA concentration and 
peak height ratio of alleles from contributors 



Critical Issues of Interpreting DNA Mixture 

•Alleles present in the DNA mixture are to be precisely 
determined (without the bias of knowing genotypes of 
possible contributors) 

•Number of contributors must be known (if LR approach 
is to be used for mixture interpretation) 

•LR approach (combined over loci) is still an unresolved  
issue when one or more contributors in the mixture have 
low copy number DNA (LCN) in the mixture 

•Allele drop-out rate may not be independent across loci 



Thank You! 


