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There are two basic approaches to adjusting the DNA match probability
whenever a mixture is present: one is the random man not excluded method,
the other involves the use of the likelhood ratio.

1 Random man not excluded

Initial example: Consider the following common occurrence:

Four alleles detected in a mixture:

alleles A B,C,D

frequencies a,b,d,d
Possible consistent genotypes:

Four homozygotes: AA, BB,CC,DD.

Six heterozygotes: AB, AC, AD, BC, BD,CD.

Question: How does one allow for the multiple consistent genotypes?



Method 1: Brute force? Compute
Homozygotes frequencies: a? + b* + ¢ + d?.
Heterozgyote frequencies: 2ab + 2ac + 2ad + 2bc + 2bd + 2cd.
This equals: (a+ b+ ¢+ d)*

Method 2: Insight! Think of A, B,C, D as one allele E.
The frequency of E'is a + b+ ¢+ d.
The frequency of EE is (a + b+ ¢+ d)*.

Consistent genotypes are homozygous FFE.

Generalization to n alleles In general, if there are n alleles present, then
there are

n(n —1) B n(n+1)
n + 5 = 5
homozygotes heterozygotes total

possible genotypes; and if these have frequencies aq, as, ..., a,, then the match
probability is
(0,1 + a9+ ... + an)z.



2 The likelihood ratio

The scenario: Two persons are known to have contributed to a mixture.
The evidence:

E: Alleles present are A, B, C, D; defendant’s profile is A, B.
There are two competing hypotheses:

Hy: two random individuals contributed to the mixture;

Hy: the suspect and a random individual contributed to the mixture.
If Hy, then the possible genotypes of the two contributors are:

AB,CD AC,BD AD,BC
The probabilities of these are (using Hardy-Weinberg twice) respectively

2(2ab)(2cd) 2(2ac)(2bd) 2(2ad)(2bc)

(Note these are all equal to 8abed.) These add up to 24abed.

The likelihood ratio is therefore:

P(E | Hy) _ 24abed 19b.
PEH)  2dd




3 Some useful facts

The RMNE is not always conservative relative to LR To see this,

suppose that ¢, d are very small. Then
Prune =~ (a+b)? = 2ab + a® + b*; LR = 12ab.

One need not have
a’® + b* > 10ab.

For example, if a = b= 0.1,¢c = d = 0.01, then

Prune = (0.22)% = 0.0484; LR =0.12.

The RMNE can also be thought of as a likelihood ratio.

the evidence is
F: the suspect type is consistent with A, B, C, D

but his genotype is not supplied. Then

P(F | H, a+b+c+d)?
PEF:HZ’;:( : ) =(a+b+c+d)?

Suppose

Note that the RMNE calculation assumes less than is usually known
(since it ignores the genotype of the suspect) but the LR may assume more
than is known (since it uses the exact number of contributors to the mixture

is known).



4 The 70% rule

Suppose a mixture of DNA from two individuals is present in a sample;
and the two individuals have the same genotype A, B. Let ay,b; and as, by
denote the peak height contributions of the two individuals. If

aq a9
a< —<f and a<-—<f,
by bo

then
ai; + as

by + by

«

< .

Proof. One has ab; < a; and abs < ag, hence a(b; + by) < a; + ag, hence

ap + as
bi+ by

o <

Similarly, one has a; < by and as < by, hence a; + ay < B(by + by), hence

ap + as
by + by

< 0.

]

The point is that one cannot have a mixture of two A, B heterozygotes,
each satisfying the 70% rule, and yet the mixture of the two not satisfying
the rule.
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