Accepted Manuscript

Title: Accurate assessment of the weight of evidence for DNA GENETICS
mixtures by integrating the likelihood ratio

Author: K. Slooten

PII: S1872-4973(16)30210-1

DOI: http://dx.doi.org/doi:10.1016/j.fsigen.2016.11.001
Reference: FSIGEN 1610

To appear in: Forensic Science International: Genetics
Received date: 18-5-2016

Revised date: 26-10-2016

Accepted date: 6-11-2016

Please cite this article as: K. Slooten, Accurate assessment of the weight of evidence
for DNA mixtures by integrating the likelihood ratio, </[CDATA[Forensic Science
International: Genetics]]> (2016), http://dx.doi.org/10.1016/j.fsigen.2016.11.001

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.fsigen.2016.11.001
http://dx.doi.org/10.1016/j.fsigen.2016.11.001

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Accurate assessment of the weight of evidence for DNA mixtures by
integrating the likelihood ratio

%Netherlands Forensic Institute, P.O. Box 24044, 2490 AA The Hague, The Netherlands,
VU University Amsterdam, De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands

Abstract

Several methods exist for weight of evidence calculations on DNA mixtures. Especially if dropout is a
possibility, it may be difficult to estimate mixture specific parameters needed for the evaluation. For
semi-continuous models, the LR for a person to have contributed to a mixture depends on the specified
number of contributors and the probability of dropout for each. We show here that, for the semi-
continuous model that we consider, the weight of evidence can be accurately obtained by applying
the standard statistical technique of integrating the likelihood ratio against the parameter likelihoods
obtained from the mixture data. This method takes into account all likelihood ratios belonging to every
choice of parameters, but LR’s belonging to parameters that provide a better explanation to the mixture
data put in more weight into the final result. We therefore avoid having to estimate the number of
contributors or their probabilities of dropout, and let the whole evaluation depend on the mixture data
and the allele frequencies, which is a practical advantage as well as a gain in objectivity. Using simulated
mixtures, we compare the LR obtained in this way with the best informed LR, i.e., the LR using the
parameters that were used to generate the data, and show that results obtained by integration of the
LR approximate closely these ideal values. We investigate both contributors and non-contributors for
mixtures with various numbers of contributors. For contributors we always obtain a result close to the
best informed LR whereas non-contributors are excluded more strongly if a smaller dropout probability
is imposed for them. The results therefore naturally lead us to reconsider what we mean by a contributor,
or by the number of contributors.

Keywords: Likelihood ratios, DNA mixtures, Semi-continuous model, Allelic dropout, Low Template
DNA, Deconvolution, Weight of evidence

1. Introduction

Several methods exist for weight of evidence calculations on DNA mixtures where dropout is a
possibility. Broadly speaking, there are two types of such methods: the semi-continuous models that
take into account the set of recorded alleles of the mixture and calculate a mixture likelihood using
as parameters the number of contributors to the mixtures and parameters that describe dropout and
possibly also drop-in probabilities; and continuous models that take also the peak heights into account
and need a more refined probabilistic model that allow to compute a likelihood for the observed peak
heights, also needing as input parameter the number of contributors. In this article we will focus on the
semi-continuous models. Several of these exist, e.g. LRmixStudio (www.lrmixstudio.org, see also [1]),
LabRetriever (cf. [2]), LikeLTD (cf. [3]), and our own implementation MixKin (cf. [4]). In practice it
may be difficult to assess the number of contributors and the probabilities of dropout. The latter are
sometimes (e.g., for LRmixStudio) chosen by the user and can then be varied to carry out a sensitivity
analysis, or they can be estimated by the software (as is the case for LikeL.TD). It is therefore logical that
estimating and modelling the probability of dropout has received considerable attention in the literature,
cf. [5], [6], [7], and so has the question how well the number of contributors to a mixture can be estimated
(cf. [8], 9], [10], [11]).

On the other hand, the notion of number of contributors is perhaps less useful in case the contributors
do not have all their alleles recorded in the mixture. It should intuitively not make much difference
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