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 Over the past decades, forensic investigations have benefited significantly from 
advances, which have been made in the field of molecular genetics. Not to the least 
due to the discovery of new discriminating genetic markers and sensitised techniques, 
researchers are now able to produce informative (albeit sometimes incomplete) DNA 
profiles from degraded and minute quantities of cell material. These technological 
advances together with progressive changes in DNA legislation from 2001 onwards 
(which allowed many more cases to be eligible for DNA investigations) caused a 
strong increase in the use of DNA analyses in casework in The Netherlands. Next to 
the ability to provide very incriminating evidence, information from the DNA profiles 
found in criminal investigations can be stored in DNA databases. This provides a 
powerful tool as comparisons with DNA material obtained in other cases can be 
made. Information from DNA profiling is mainly used to address propositions on 
source level like: “Does the found DNA profile match the suspect?” or “Does the 
biological material on the suspect match that of the victim?” In addition, current practice 
uses different methods to obtain information regarding the type of cells present in 
the stain, as this may facilitate crime scene reconstruction by assisting elucidation of 
the circumstances that led to the deposition of the cellular material. Many forensic 
laboratories routinely employ microscopic and serology-based methods (which mainly 
involve immunological or enzymatic assays) to get an indication on what cell types are 
present. Next to the presumptive nature, it is known that several of these methods (1) 
can demonstrate some degree of cross reactivity with other tissues, (2) are sensitive 
for chemical contamination and (3) can give positive results with non-human samples. 
Furthermore, serology-based methods are only available for blood, saliva and semen 
while there exists a much broader range of other forensically relevant cell types. 
 As an alternative to these types of methods, RNA-based approaches can be 
considered. The potential for RNA-based methods as a forensic analysis tool for cell 
types was first described just over ten years ago. As every human cell type expresses 
a unique panel of mRNA molecules, profiling could result in specific profiles for 
each cell type with clear advantages over serology-based methods given the more 
definitive character of the assay and the fact that the method is not restricted to three 
cell types. RNA can be co-isolated while extracting DNA from the same biological 
stain. Furthermore, mRNA markers can be combined in a multiplex assay providing 
information on the presence of different types of tissue in one single assay. 
 In this thesis, novel RNA-based technology for inference of cell types in 
biological stains and its implementation within forensic casework is described. 
 Chapter 1 describes the development of a single multiplex (m)RNA profiling 
assay for the determination of five body fluids (blood, saliva, semen, vaginal mucosa 
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and menstrual secretion) and skin which represent the six cell types most commonly 
found on crime scenes. In addition, we present a novel co-extraction procedure for 
DNA and RNA for both small and large size RNA molecules from the same stain. For 
each tissue type present in the multiplex, a minimum of two markers was selected from 
literature yielding a total of 19 markers. The specificity of the markers was assessed 
by analysing 15 different sets of body fluids and skin that comprised eight donors. 
When designing these sets, emphasis was placed on skin samplings as skin represents 
a novel tissue to be identified using RNA profiling technology. Next to the specificity 
of the markers, two other forensically relevant aspects of the multiplex were evaluated 
namely the sensitivity and the multiplex’ capacity to type old stains. The sensitivity of 
the multiplex for blood, saliva and semen was assessed through a dilution series. The 
multiplex’ capacity to type old stains was tested on stains up to 28 years of age. 
 Sensitive and specific markers form the basis of any profiling method. To 
achieve successful implementation within a forensic laboratory, procedures for profile 
analysis and interpretation of results as well as strategies to translate results from 
researcher to reporting officer (RO) have to be standardised. In Chapter 2, a stepwise 
procedure is described which ascertains the unbiased assessment of a case and presents 
standardised means of interpretation of RNA profiling results. As RNA profiles can 
exhibit features generally not common in DNA profiles derived with commercial kits, 
different expertise is required in order to correctly interpret RNA profiling results. 
These features include the occurrence of dye blobs, severe unbalance in peak heights 
(caused by different expression levels of the mRNAs) and a high incidence of bleed-
through signals (as a consequence of the high peak disbalance). As major part of the 
stepwise procedure, guidelines were developed inspired by a methodology used for 
interpretation of low template (LT) DNA and means were developed for transfer of 
the results to the ROs. This procedure was assessed through DNA and RNA analysis 
of seven mock cases. Furthermore, RNA profiling results were compared to those 
of the presumptive tests, which are standardly performed on evidentiary items at the 
Netherlands Forensic Institute (NFI). Finally, we contemplate on how to formulate the 
findings of DNA and RNA analysis in a forensic report. 
 After focussing on the development and on general interpretation aspects of 
RNA profiling in forensic casework in the first two chapters, Chapter 3 concentrates 
on the subject of interpretation of mixtures, which are often encountered in forensic 
casework and can present a real challenge for the forensic researcher. For mixed 
DNA profiles, statistical models are available which can assist in deconvolution of the 
different profiles. Also on the RNA level, mixtures (presence of multiple cell types) 
can be detected which can relate to material from either one or more donors. In the
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case of multiple donors, association of cell type and donor might present valuable 
case information. To investigate whether this association could be made, peak height 
data of DNA and RNA profiles from two-component mixtures (cell types donated 
by different individuals) were analysed. Mixtures were prepared using six cell types in 
three ratios: 1:1, 1:5 and 5:1. In addition, for blood-saliva mixtures, the effects of the 
use of different donors and replicate RNA analysis as well as the effects of sample 
degradation were investigated. 
 In Chapter 4, we examined public objects to determine how much human 
cell material resides on these, from how much donors the cell material originates and 
which cell types are involved. From ten different public objects, which were presumed 
to be regularly touched by multiple individuals and likely to contain cell material, six 
independent samples were collected and subjected to DNA and RNA profiling to 
gather knowledge about the background level and the diversity of cell types. This 
inventory could provide valuable information for example for the teams who collect 
evidentiary items at the crime scene.
 The previous chapters all focus specifically on the use of the multiplex 
described in Chapter 1 for inference of body fluids and skin. Specific mRNA markers 
are also available for other tissue types, which can be of forensic relevance. Examples 
are organ tissues, which can be found on a variety of trauma-causing objects from 
violent crime scenes. In Chapter 5, the development of a multiplex for the inference 
of brain, lung, liver, muscle, heart and kidney is described. Markers were selected from 
an expression database and after various selection rounds an 18-plex was constructed. 
Performance of the markers in the multiplex was assessed on 36 autopsy tissues and 
49 frozen tissues sections from a biobank, resulting in a minimum of 10 samples per 
tissue. Additionally, RNAs of 20 different human tissues and five different body fluids 
and skin were analysed to assess the specificity of the markers in the multiplex.  
 Chapter 6 elaborates in more detail on the conclusions made in all previous 
chapters and presents a discussion on the use of RNA profiling in forensic casework 
now and in the future. 


