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Ladd et al. 2001. Croatian Medical Journal 
43(3): 244-246

Mixture Interpretation Possibilities

• 1. Qualitative statement (‘..cannot exclude..’)

• 2. Interpret as since source from peak height differences, 
differential extraction, etc. and calculate random match 
probability

• 3. Calculate probability of exclusion (CPE)

• 4. Calculate likelihood ratio

Mixture interpretation

• How many contributors?

• Exclusion probability (CPE)

• Likelihood ratio calculations comparing two 
alternative hypotheses
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Estimate genotype frequency:

1. Frequency at each locus

Hardy-Weinberg Equilibrium

2. Frequency across all loci

Linkage Equilibrium

3. Corrections (NRC II)

‘θ’ correction

minimum allele frequency

confidence interval

Hardy - Weinberg Equilibrium
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Random match probability = .000001

Random match probability = 1/1,000,000

Exclusion probability = .999999
Exclusion probability = 99.9999%

What do the numbers mean?
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Exclusion Probability =

the combined frequency of all 
genotypes that could be excluded 
from the mixture, assuming H-W 
equilibrium for the genotype 
frequencies.

All possible genotypes

• 3 alleles:    A1, A2, A3

• A1A1, A1A2, A1A3, A2 A2, A2A3, A3A3

• 4 alleles:    A1, A2, A3, A4

• A1A1, A1A2, A1A3, A1A4, A2A2, A2A3, A2A4, A3A3, 
A3A4, A4 A4

• k alleles:   k(k+1)/2 genotypes;   HWE

A1

A2

Suspect

A1

A2

A3

Evidence

Three Allele Scenario

No assumption about the
number of contributors



Statistical Analysis of Mixtures – G.R. Carmody February 19, 2008

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 5

A1

A2

A3

Evidence

A1

A2

A3

Evidence

pA1 + p A2 + pA3 = p Pinc = p2

PE = 1 - Pinc = 1 - p2

Combined Exclusion Probability =

1 - [Pinc, 1 x Pinc, 2 x Pinc, 3 x Pinc, 4 … ]

- multiply inclusion probabilities together 
across independent loci 
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Assumptions:

• Independence
• All contributors of same racial group
• All unrelated
• No allele dropout
• No intensity differences

Exclusion Probability

Not as powerful as LR   

(ie: number not as large)

Possibilities:

Calculate using PE for all loci

Calculate RMP for single contributor 
loci only

Use more definitive hypotheses
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With STRs and intensity differences, an 
evidence profile may have...

some loci where the contributors can be 
determined as single sources

and others where this may not be possible

loci with peaks below the LOQ should not be 
used in the CPE calculation

LOD = mean background + 3 s.d.

LOQ = mean background + 10 s.d.

peak height imbalance

stutter percentage

Bayes formula (odds form):

posterior odds =(likelihood ratio) x (prior odds)

G = guilt;    E = DNA evidence 1 )GP(P(G) =+

mutually exclusive
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Bayes formula (odds form):

H1 = hypothesis #1            H2 = hypothesis #2 
E = DNA evidence

mutually exclusive 

posterior odds =(likelihood ratio) x (prior odds)
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• LR can range from  0            1                               ∞
• LR < 1; the genetic evidence has more support from 

denominator hypothesis than from  numerator hypothesis

• LR=1; the genetic evidence has equal support from both 
numerator/denominator hypotheses

• LR > 1; the genetic evidence has more support from 
numerator hypothesis than from denominator hypothesis.

Likelihood ratio - interpretation

• LR                   Verbal equivalent

• 1 - 10                 ‘limited support’

• 10 - 100              ‘moderate support’

• 100 - 1,000         ‘strong support’

> 1,000               ‘very strong support’

Likelihood ratio - interpretation

• from:
• - Evett, I.W. & B.S. Weir. 1998. Interpreting DNA Evidence. (p. 226)



Statistical Analysis of Mixtures – G.R. Carmody February 19, 2008

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_MixtureWorkshop.htm 9

• LR                   Verbal equivalent

• 1 - 10               ‘limited support’

• 10 - 100            ‘moderate support’

• 100 - 1,000       ‘moderately strong support’

1,000 – 10,000  ‘strong support’

> 10,000           ‘very strong support’

Likelihood ratio - interpretation

• from:
• - Evett, I.W. et al. 2000. Science & Justice. 40:233-239.

Bayes formula (odds form):

H1 = hypothesis #1            H2 = hypothesis #2 
E = DNA evidence

posterior odds =(likelihood ratio) x (prior odds)
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Mixtures  - Likelihood Ratio Approach

• 1. Hp - prosecution hypothesis

• 2. Hd - defense hypothesis

• 3. Mutually exclusive hypotheses

• 4. LR = Prob(evidence|Hp) / Prob(evidence|Hd)
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Likelihood Ratios for Two Person Mixtures 

• Scenario 1. Victim is in the mixture 

• (eg.: intimate sample)

• Scenario 2. Victim is not in the mixture

‘unrestricted combinatorial approach’

A3

A4

Victim

A1

A2

Suspect

A1

A2

A3

A4

Evidence

Four Allele Scenario
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Four Alleles

Two Match the victim - A3 A4

Two Match the suspect - A1 A2

LR = Prob(evidence|Hp)/Prob(evidence|Hd)

1/2p1p2

A3

Victim

A1

A2

Suspect

A1

A2

A3

Evidence

Three Allele Scenario
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Three Alleles

Victim is homozygote - A3 A3

Two Match the suspect - A1 A2

LR = P(E|Hp)/P(E|Hd)

1 / 2p1p2

A2

A3

Victim

A1

Suspect

A1

A2

A3

Evidence

Three Allele Scenario
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Three Alleles

Victim is heterozygote - A2 A3

Suspect  is homozygote- A1 A1

Three possible genotypes
can explain the evidence

Given that the victim
is heterozygote - A2A3

The possible genotypes to 
explain the evidence:

A1A1, A1A2, A1A3

p1
2 2p1p2 2p1p3

A1A1            A1A2             A1A3

+ +
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LR =P(E|Hp)/P(E|Hd)

1/(p1
2  + 2p1p2  + 2p1p3)

Victim SuspectEvidence Hp Hd

A1A1 A1A1A1A1 1 p1
2

A1A2 A1A2A1A2 1 p1
2 +2p1p2+p2

2

A1A1 A2A2A1A2 1 2p1p2+p2
2

A1

A2

Suspect

A1

A2

A3

A4

Evidence

Four Allele Scenario

victim not present
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Four Alleles

Two match the unknown - A3 & A4

Two match the suspect - A1A2

Hp

Suspect is A1A2

Unknown is A3A4

2p3p4

Hd

Unk 1 Unk 2

A1A2 A3A4

A1A3 A2A4

A1A4 A2A3

A3A4 A1A2

A2A4 A1A3

A2A3 A1A4

2p1 p2 x 2p3 p4

2p1 p3 x 2p2 p4

2p1 p4 x 2p2 p3

2p3 p4 x 2p1 p2

2p2 p4 x 2p1 p3

2p2 p3 x 2p1 p4

24p1 p2 p3 p4

3

3
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LR = P(E|Hp)/P(E|Hd)

2p3p4

24p1 p2 p3 p4

1
12p1p2 

A1

A2

Suspect

A1

A2

A3

Evidence

Three Allele Scenario

Three Alleles

The unknown contributes - at least A3

Two match the suspect - A1A2
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Hp

Suspect is A1A2

Unknown is A3A3 
or A1A3 or A2A3

p3
2 + 2p1p3 + 2p2p3 

Hd
Unk 1 Unk 2
A1A2 A1A3

A1A2 A2A3

A1A2 A3A3

2p1p2 x 2p1p3

2p1p2 x 2p2p3

2p1p2 x p3
2 

A1A3 A1A2

A1A3 A2A3

A1A3 A2A2

2p1p3 x 2p1p2

2p1p3 x 2p2p3

2p1p3 x p2
2 

A2A3 A1A2

A2A3 A1A3

A2A3 A1A1

2p2p3 x 2p1p2

2p2p3 x 2p1p3

2p2p3 x p1
2 

A1A1 A2A3

A2A2 A1A3

A3A3 A1A2

p3
2 x 2p2p3

p2
2 x 2p1 p3

p3
2 x 2p1p2

12p1p2p3 (p1+p2+p3)
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LR = P(E|Hp)/P(E|Hd)

12p1p2p3 (p1 +p2 +p3)

p3
2 + 2p1 p3 + 2p2 p3 

12p1p2 (p1 + p2 + p3)

p3 + 2p1 + 2p2  

Number of Contributors

2 alleles - 2, 3, 4 contributors

3 alleles - 2, 3, 4 contributors

4 alleles - 2, 3, 4 contributors

Bayes formula (odds form):

posterior odds = likelihood ratio x prior odds

H1 = hypothesis #1;     H2 = hypothesis #2 

E = DNA evidence
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