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Summary
This thesis investigated the effects of sampling, analysis and interpretation strategies 

for complex forensic DNA research

In Chapter 1, we assessed whether the analysis of intimate post-coital vaginal 
samples in sexual assault cases can be improved by using nylon fl ocked swabs instead 
of the standard cotton swabs. Couples donated vaginal swabs, which were submitted 
to undergo (1) microscopic examination for the presence of male cells (both diploid 
and haploid), (2) presumptive tests for the detection of seminal fl uid and (3) DNA 
typing. The cellular elution was found to be six-fold more effi cient from the nylon 
fl ocked swabs as compared to the cotton swabs. This resulted in the microscopic 
analysis to be less time consuming, as the higher cell yield and better cell morphology 
simplifi ed the detection of male cells. Both swab types revealed similar results regarding 
the presumptive tests investigated and male DNA typing. After differential extraction, 
less DNA was left on the nylon fl ocked swabs and more male DNA was isolated 
in the sperm fraction. These results implied that the use of nylon fl ocked swabs for 
vaginal sampling may improve the forensic investigation of some sexual assault cases. 
Therefore, nylon fl ocked swabs were implemented in the Netherlands Sexual Assault 
Forensic Examination (SAFE) kit. The former version of this SAFE kit was developed 
over a decade ago. Revisions of this SAFE kit were warranted, not only due to the 
results from the nylon fl ocked swabs for intimate sampling, but also due to other 
advancements in the forensic fi eld. In Chapter 2, we described the steps that were 
undertaken and the products that were chosen and/or developed for the production 
and/or the implementation in the revised SAFE kit. The revisions are benefi cial for all 
parties concerned; i.e. less discomfort for victims or suspects of sexual assault, higher 
effi ciency for medical examiners, police investigators and laboratory personnel, and 
importantly, improved microscopic and DNA typing results. The revised SAFE kit was 
implemented for sexual assault casework in The Netherlands in December 2010, and 
aims to contribute to effective forensic investigation of sexual offences. 

In some cases, the ability to identify the origin of a biological trace can be crucial: 
For instance, in sexual assault cases, distinguishing vaginal samples from skin or saliva 
samples can be very important. Therefore, In Chapter 3, we explored the use of 
microbial fl ora to indicate the vaginal origin of human biological samples. First, we 
examined the vaginal microbiome for a large set of clinical vaginal samples using Next 
Generation Sequencing. From this dataset we then selected candidate probes targeting 
microbial genera or species and designed a microarray, with which we analysed DNA 
extracts from both vaginal samplings and samples from other body sites. These samples 
also included locations in close proximity of or in contact with the vagina. None of 
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the candidate probes were found to positively identify all of the DNA extracts that 
were of vaginal origin, while excluding DNA extracts of non-vaginal origin. For a future 
approach that uses microbial markers to indicate vaginal origin, we inferred that a 
reliable statement about the cellular origin of a biological trace should be based on the 
detection of multiple species within various genera. Microarray analysis of a sample will 
then render a microbial fl ora pattern that is probably best analysed in a probabilistic 
approach. Further work is required to achieve this. 

In Chapter 4 we investigated the stochastic amplifi cation effects which accompany 
low template (LT) DNA analysis by examining different consensus methods. These 
methods varied for the replicate number (number of PCR amplifi cations) and 
requested level of reproducibility (the number of times an allele needs to be detected 
to be assigned to the consensus profi le). We generated a large set of consensus DNA 
profi les and examined the effects of the consensus procedure on (1) the percentage of 
detected donor alleles, (2) the number of non-donor peaks (occurring from stochastic 
amplifi cation) and (3) the DNA database search results. From the obtained results, we 
concluded that the accuracy of LT DNA typing and the effi ciency of database searching 
improved when the consensus method is n/2 which refers to the inclusion alleles 
detected in at least half of the replicates, rounded up. The most functional number of 
replicates within this n/2 consensus method is four, although a replicate number of 
three suffi ces for samples showing >25% of the alleles in standard STR typing. This 
consensus approach was also the optimal strategy for the analysis of relatively simple 
two-person LT mixtures. 

Not only the consensus method, but also ‘pool profi les’ (obtained by blending PCR 
products of replicates prior to capillary electrophoresis) have been reported to assist in 
the analysis and interpretation of (LT) DNA typing results. In Chapter 5, we examined 
STR analysis of complex DNA mixtures using both approaches. The set of complex 
DNA mixture was diverse and included samples of only LT components, and with both 
LT and high template components. The number of contributors varied from two to 
four, and for several mixtures DNA of related individuals was used. Both approaches 
resulted in a similar increase in the percentage of detected alleles compared to 
individual profi les, and both rarely included drop-in alleles in case of mixtures where 
pristine DNAs were used. Interestingly, the consensus and the pool profi les often 
showed differences for the actual alleles detected for the LT component(s). By design, 
consensus profi les contain allele calls only, while pool profi les consist of both allele 
calls and peak height information, which can be of use in (statistical) profi le analysis. All 
advantages and limitations of the various types (and combinations) of profi les were 
assessed, and based on the results we inferred that both consensus and pool profi les 
(or a combination thereof) are helpful in the interpretation of complex LT DNA 
mixtures.
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In forensic casework, complex DNA mixtures as described in Chapter 5 are among 
the most challenging to interpret and report. We used four of the complex DNA 
mixtures to design mock cases by providing the reference profi les of a hypothetical 
victim and suspect, next to the individual amplifi cations and the consensus profi le for 
the mixture. In Chapter 6 we described the assessment of these four mock cases 
by reporting offi cers (ROs) following the stepwise interpretation approach currently 
in use at the Netherlands Forensic Institute (NFI). The interpretations by the ROs 
were compared to the likelihood ratios (LRs) obtained from a probabilistic model 
that allows the interpretation of LT DNA evidence, and both were compared to the 
true composition of the designed mixtures. The evaluation of cases with complex LT 
DNA profi les seems feasible, as the results obtained for each case were in general 
agreement with the design of the mixtures. The insight provided on the assessment 
of such cases by the ROs of the NFI may be informative to ROs elsewhere who are 
dealing with complex LT DNA profi les. Moreover, we emphasize that it is crucial to not 
only invest in methods that sensitize the analysis of LT DNA samples, but in addition 
support the implementation of LR approaches in case work and put an effort in 
developing guidelines to report the cases in an unbiased manner. The presented study 
has provided the foundation for such future projects.

In conclusion, this thesis aimed to contribute to improving forensic DNA research, 
and to provide insight into and tools for the analysis and interpretation of complex 
DNA results.




