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Abstract:

A new methodology, based upon probabilistic expert systems, for analysing forensic identification problems
involving DNA mixture traces using quantitative peak area information is illustrated.

The peak area is modelled with conditional Gamma distributions. The probabilistic expert system can be used for
ascertaining whether individuals, whose profiles have been measured, have contributed to the mixture, but also to
predict DNA profiles of unknown contributors by separating the mixture into its individual components. The
potential of our probabilistic methodology is illustrated on case data examples and compared with alternative
approaches. The advantages are that identification and separation issues can be handled in a unified way within a
single probabilistic model and the uncertainty associated with the analysis is quantified.

The methodology yields a coherent way of predicting genotypes of unknown contributors and assessing evidence
for particular individuals having contributed to the mixture. The advantages of a probabilistic model-based
approach are that there is a natural and directly interpretable quantification of all uncertainties associated with
the analysis; in particular, the posterior distribution of the mixture proportion can be computed.

Furthermore, the system itself would warn against trusting an uncertain prediction, by yielding an associated low
classification probability.

In addition, the analysis is extendable to similar but different situations using the modularity and flexibility of
the probabilistic expert system approach. The same approach can be used to deal with artifacts such as silent
alleles, stutter peaks and dropout alleles. It can also be used for analysing two-person and three-person mixtures
that combine peak area information from multiple independent samples. Also possible kinship relationships
between contributors to mixtures can be handled in this framework.



