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Mixture evaluation

Likelihood ratio

To evaluate whether there is evidence that a PoI S with genotype g
has contributed to a mixture M, one evaluates the likelihood ratio

LR(M, g) =
P(M | S = g ,Hp)

P(M | S = g ,Hd)
,

where

I M are the mixture data that are evaluated

I Hp states that S is a contributor

I Hd replaces S by an unknown contributor
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Models

Likelihoods

A probabilistic model is needed to compute P(M | H∗).

Model types

I Binary/semi-continous models consider M to be the set of
recorded alleles, allowing for dropout and drop-in

I Continuous models consider M to be the recorded alleles and
their peak heights.

Continuous models treat more data, hence need a more
sophisticated probabilistic model.
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Parameter choices

Semi-continuous

Parameters are:

I number of contributors n

I Dropout probability d1, . . . , dn per donor

I Drop-in parameter c

Parameters can be chosen in several ways

I Based on the mixture data, and uncontested contributors;
then used for both hypotheses

I For both hypotheses separately (e.g. using Maximum
Likelihood estimates)
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Likelihood ratio versus deconvolution

If we take the same model under both hypotheses, then

LR(M, g) =
P(M | S = g ,Hp)

P(M | S = g ,Hd)

=
P(S = g | M,Hp)

P(S = g | M,Hd)
.

LR interpretations

The LR says:

I How much more probable the mixture data are when the PoI
is supposed to be a donor than if not

I How much more likely the PoI is to have the genotype g if he
is a donor than if not

Without θ-correction or relatedness, P(S = g | M,Hd) = pg
(population frequency). We continue with this assumption.
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Consequences

LR never more than for single source

LR(M, g)pg = P(S = g | M,Hp) ≤ 1⇒ LR(M, g) ≤ 1

pg
.

LR distributions

Based on the mixture data we can

I Calculate the LR for every genotype

I Equivalently, calculate the probability of every genotype to be
that of the searched donor

I Obtain LR-distributions both for Hp and Hd (for power
calculations)

See also K. Slooten, T. Egeland, Likelihood ratios and exclusion probabilities with applications to mixtures, Int. J.
Legal Medicine 130, 2016
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MixKin

Calculations have been carried out with Mathematica script
MixKin.

I Dropout probability per donor

I LR calculations

I Relatedness under Hp (familial searching) or Hd (discriminate
from relative)

I LR distributions to see expected LR’s for non-donors, relatives
of donors and donors

I Donor genotype probability distribution

I ROC curves

See also

I K. Slooten, Familial Searching on DNA mixtures with dropout, Forensic Science International: Genetics 22,
128–138, 2016

I K. Slooten, Discriminating between donors and their relatives in complex DNA mixtures, Forensic Science
International: Genetics 21, 95–109, 2015
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Example

Mixture with dropout (d1, d2, d3) = (0.2, 0.3, 0.5) and c = 0.05:

Donor 1 (with d1 = 0.2):
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FGA: donor is (24, 24)
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D16S539: donor is (12, 13)
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D21S11: donor is (28, 29)
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Two mixtures

Deconvolute each mixture

I Mixture M: obtain probabilities P~d ,c
(D = g | M) based on

the chosen dropout probabilities ~d and drop-in c

I Mixture M ′: obtain probabilities P~d ′,c ′
(D ′ = g | M ′) based on

the chosen dropout probabilities ~d ′ and drop-in c ′

Match the donors

I H1: D = D ′, i.e., common donor

I H2: D 6= D ′, i.e., no common donor

I Then the LR becomes

LR(M,M ′) =
P(M,M ′ | H1)

P(M,M ′ | H2)

=
∑
g

P~d ,c
(D = g | M)P~d ′,c ′

(D ′ = g | M ′)
p(g)

.

12 / 20



Properties

Special case: person-mixture

If M ′ is a single source trace (e.g. reference sample) with genotype
g0 then

LR(M,M ′) =
∑
g

P~d ,c
(D = g | M)P~d ′,c ′

(D ′ = g | M ′)
p(g)

reduces to

LR(M, g0) =
P~d ,c

(D = g0 | M)

p(g0)
=

P~d ,c
(M | D = g0)

P~d ,c
(M)

,

which is the previously discussed LR to test contribution of a PoI.

Therefore LR(M,M ′) can be seen as a natural extension of the LR
method, for comparison of any pair of traces, each of which may
but need not be a mixed one.
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Power for two-person mixtures, no dropout, on the 15
NGM loci
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Power for two-person mixtures, no dropout, on the 21
GlobalFiler loci
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Dutch DNA database

Data

1417 two-person mixtures
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(a) Histogram of the
number of loci for which
the mixtures from the
database are typed.

10 15 20
0

50000

100000

150000

200000

250000

(b) Histogram of the
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the mixture pairs are
compared.

Figure 1: Breakdown of database mixtures and mixture comparisons
according to number of loci
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Results

Parameters

I Dropout (0, 0.5), c = 0, test for major donor to be the same

I Reason: sometimes a partly derived profile is entered instead
of whole mixture

Results

1, 417 · 1, 416/2 = 1, 003, 236 LR’s calculated, of which 204,870
non-zero:
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Matches above Log10(LR)-threshold t



t Matches
0 3558
1 1288
2 410
3 118
4 43
5 32
6 26
7 26
8 22
9 16

10 12
11 7
12 6


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Follow-up

True positives

I All matches with LR > 105 were investigated

I In all cases, these turned out to indeed correspond to mixtures
with a common donor

False negatives

I Two pairs were not found above the threshold

I These had LR equal to 6 resp. 1200
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Conclusions

Summary

I LR calculation for contribution of a donor amounts to
deconvolution of the mixture

I One can then ’match’ two deconvoluted mixtures

I This yields LR for the mixtures to have/not to have a
common donor

I This LR is a generalization of the trace-person LR usually
considered

I Provides additional investigative information to connect cases
with each other.

I False positive rate can be controlled by LR-threshold

Contact

k.slooten@nfi.minvenj.nl
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