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Summary

We have presented various results on di↵erent aspects of familial searching. Chap-
ter 2 explained how to conduct familial searches optimally, that is to minimize the
number of candidates to investigate while maintaining su�cient power to detect a
true relative whenever present in the database. Specifically, we compared four search
strategies and showed that the most e�cient strategy from a statistical point of view
is to select candidates for which the likelihood ratio exceeds a fixed threshold. On the
other hand, we found that investigating a candidate list of fixed length may be only
slightly detrimental to e�ciency.
Chapter 3 dealt with computational aspects. When a likelihood ratio threshold for
familial searching is set, it is useful to evaluate how such a threshold would perform.
One can estimate the probability of exceeding the threshold for true relatives as well as
unrelated persons. Computationally this can be extremely challenging, however, due
to the huge number of possible genotypic combinations to consider, with the exact
number depending on the number of loci that are used. We presented novel solu-
tions to this problem, which also appears in many other contexts in forensic genetics.
We have presented an e�cient algorithm that makes exact evaluation of exceedance
probabilities of likelihood ratio thresholds feasibile for much larger problems than was
previously possible. Moreover, we have demonstrated the use of importance sampling
to obtain highly accurate estimates even when exact evaluation is no longer possible
due to computational restrictions.
O↵ender databases typically consist of persons with unregistered ethnicities, which
makes it more di�cult to accurately predict the length of the candidate list in fa-
milial searching. In Chapter 4 we addressed this issue by characterizing the genetic
composition of an o↵ender database using a latent variable approach. We fit the
model to a snapshot of the Dutch o↵ender database and found that a model with
three subpopulations su�ces to explain a large fraction of the heterogeneity. The
largest inferred subpopulation was found to be very similar to a population sample of
persons with Dutch ancestry, while the smaller subpopulations were explained by the
presence of several immigrant groups. While the genetic portrait is interesting in its
own right, we have applied the model to predict the number of false leads obtained
in familial searches. The latent variable model gave reliable predictions consistently,
while a model not accounting for hetereogeneity led to severe underestimation of the
number of false leads in some cases.
Chapter 5 discussed a topic not directly related to familial searching. In forensic
genetics, evidence is evaluated using the likelihood ratio. For DNA mixture cases,
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it has been suggested to reinterpret a likelihood ratio by computing an exceedance
probability, more specifically a p-value. Such a p-value of the likelihood ratio does not
directly relate to the strength of the evidence and we have argued that p-values can
be highly misleading when nonetheless interpreted as a measure of the strength of the
evidence. Moreover, we have shown that there can be several numerically di↵erent
p-values and there is no obvious reason to prefer one over the others. We concluded
that p-values of the likelihood ratio should not be used to to explain the strength of
the evidence.
Finally, we investigated how much the e�ciency of familial searching will improve
when new DNA typing technology is used. Chapter 6 presented results on the e↵ec-
tiveness of familial searching when additional loci are introduced in the databases.
While familial searching is currently mostly limited to first-degree relatives and it
requires significant e↵ort to eliminate false leads, we found that database searches
are far more e�cient when 23 loci are used instead of 10 or 15. Especially searches
for parents/o↵spring of an unidentified o↵ender can be carried without the need to
eliminate many false leads, though significant improvements were also seen for full
sibling searches. Since, for parent/o↵spring searches the true positive rate came close
to 1, while the false positive rate is in the order of one in a million when 23 loci are
used, we concluded that such searches become feasible in large databases without the
need to eliminate many false leads.
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