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ARTICLE INFO ABSTRACT
Article history: Complex mixtures and LEDMNA profiles are difficult to interpret. As yet there is no consensus within the forensic
Received 24 October 2012 biology community as to how these profiles should be interpreted. This paper is a review of some of the current
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interpretation models, highlighting their weaknesses and strengths. It also discusses what a forensic biologist re-
Accepted 17 July 2013

quires in an interpretation model and if this can be realistically executed under current justice systems,
© 2014 Forensic Science Society. Published by Elsevier Ireland Ltd. All rights reserved,

Keywonds:
Forensic DMNA inter pretation

http://www.cstl.nist.qov/strbase/training/ISFG2013workshops.htm
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Fig. 3. Summary of the relationship of the different models for forensic DNA interpretation.
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Binary model

1. Qualitative binary model (aka unrestricted...)

—Treats alleles as present or absent and does not take
Into account peak height information

2. Semi-quantitative binary model (aka restricted ...)

—Declares some of the combinations as possible or
Impossible
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Example
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Fig. 2. Artificial epg of four-peak locus for a two-person mixture.
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Fig. 2. Artificial epg of four-peak locus for a two-person mixture.

Suspect 7/11

H,: S+NN1, H,: NN1+NN2

Assume only combinations are 7/11, 9/13
2Py Py 1

R2

2P, Pe2Py P+ 2Py PP Py 4P Py
Ignoring peak information

LF\)1 — 2 p9 p13 — 1
24 p7 p9 pll pl3 12 p7 pll
LR, =3LR,
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Seml continuous models

 Artefacts:
—Drop-out
—Drop-in
—Stutters
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Fig. 1. Two examphkes of non-concordance where POl = 79. A large concordant 7 allde with no 9 peak observed | non-tolerable non-concordance) and B small concordant 7 allele with a
non-toncordant 9 peak visible sub-threshold (tolkerable non-conmomance ). Stochastic threshold = 300 RFU, limit of detecion 50 RFLL

Semi-continuous model includes a drop-out probability d

Software: LRmix (Haned), ...
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Continuous model

4500 -
4000 - n
- 6 genotype combinations
zzzg £7/9,11/13} {7/11,9/13} {7/13,9/11}
2000 {11/13,7/9} {9/13,7/11} {9/11,7/13}
1500 weighed according to a

15004 probability distribution
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Fig. 2. Artificial epg of four-peak locus for a two-person mixture.
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Fig. 2. Artificial epg of four-peak locus for a two-person mixture.

Suspect 7/11
H,: S+NN1, H,: NN1+NN2
IR = W, 2 Pg Py
W, 207 Pg 2 Py Prg + W, 207 Py 2 Pg Pyg -+ We 2P Pyy 2P, Prg
Qualitative binary model: w, =...=w; =1
Semi —quantitative binary model: w, =1, w, =w, =...=w, =0

Continuous models Norwegian University of Life Sciences 10



4500 - B
Vel
4000 - N

3500 4
3000 -
2500 -
2000 4
1500
1000 4
500 -

0

[ [ [ [ ‘
5 7 9 11 13 15

Fig. 2. Artificial epg of four-peak locus for a two-person mixture.

Suspect 7/11
H,: S+NN1, H,: NN1+ NN2
More terms with drop-out, drop-in (drop - terms)

LR: W22p9 p13
W, 2D, P2 Py Py + ...+ We 2Py Pyy 2 P; Py + drop —terms
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Computation

LR: W22p9 p13
W, 2D, Pg2 Py Py + ...+ We 2 Pg Py; 2 P; Py + drop —terms

e Hard part: Modelling and estimating weights
w; = Pr(peak heights|known contributors)

+» Bayesian networks (Graversen, Cowell, Lauritzen, ...
o0 DNAmixtures

s MCMC (Taylor, Bright,...)
0 STRmix http://strmix.esr.cri.nz/
oTrueAllele http://www.cybgen.com/

*» Numerical integration
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« Two person mixture

2500 -
Suspect=16/19
0L HP: suspect+NN
HD: NN1+NN2
1500 -
1000 -
500 -
0 - A

16 19 26.2 29.2
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Possible genotype combinations

N

Mo

Number Contributor 1 Contributor 2
1 19 29.2 16 26.2
2 16 19 26.2 29.2
3 16 29.2 19 26.2
4 19 26.2 16 29.2
5 16 26.2 19 29.2
6 26.2 29.2 16 19

© ESR 2013



Number | Contributor 1{ Contributor 2 | Product |Expected

Pr(O[S;M) | weight
1 19 | 29.2 16 26.2 26 0.208
2 16 19 26.2 | 29.2 76 0.608
3 16 | 29.2 19 26.2 7 0.056
4 19 | 26.2 16 29.2 12 0.096
5 16 | 26.2 19 29.2 3 0.024
6 26.2 | 29.2 16 19 0.008

D Wi Pr(S; | Hy)
J

LRC —
D w, Pr(S, | Hy)
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Likelihood ratio

« Assuming person of interest was 16,19

« Assume that according to other (unseen) loci POI

must be contributor 1

N

Vil

Number| Contributor 1 Contributor 2 Product |Expected

Pr(O[5;,M) | weight
1 19 29.2 16 26.2 26 0.208
2 16 19 26.2 | 29.2 76 0.608
3 16 29.2 19 26.2 7 0.056
4 19 26.2 16 29.2 12 0.096
5 16 26.2 19 29.2 3 0.024
6 26.2 | 29.2 16 19 1 0.008
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Likelihood ratio ]
Pr(E |H,)=0.608x2x f,, % f5,

Pr(E|H,)=0.208x2 % fig X [0, X2X fi5X frs, +
0.608X2x [ X flo X fr65 X [0, +
0.056 X2 X fo X fr9, X2 X fig X fre, +
0.096 X2 X fio X foos X2X f1c X [y, +
0.024x 2% fi X Lo, X2X f1o X fro, +
0.008%2 X foy X frg, X2 X f1 X f1o +

= 4][16][19][26.2]29.2
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Likelihood ratio, product rule

Allele Frequency
16 0.0456
0.0659

IR = 0.608 %2 f555 /295 "

4-ﬂ6-ﬂ9f26.2f29.2
~ 0.608

2 fi6hho
=101.2

Several combinations are unlikely and so
the binary model gives a lower value:

p— 1 ~
LRpinary=137 7.~ >0




Exercise

* Describe the three methods presented and discuss pros
and cons!

©ESR 2013 5/22/2014

20



	Continuous models for mixtures
	Slide Number 2
	Slide Number 3
	Binary model
	Example
	Slide Number 6
	Semi continuous models
	Slide Number 8
	Continuous model
	Slide Number 10
	Slide Number 11
	Computation
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Exercise

