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After attending this presentation, attendees will better understand the development of a novel trace method for the determination of body 
fluids based on epigenetic markers and sequencing techniques. The procedure involves a multiplex amplification of tissue-specific methylation sites 
followed by pyrosequencing and/or massively parallel sequencing to determine the identity of the tissue. 

This presentation will impact the forensic science community by providing results from an optimization study and evaluation of a multiplex 
reaction that combines previously developed singleplex reactions determined in prior studies. This presentation will contribute to efforts being made 
worldwide to expand the information that can be gleaned from an individual’s DNA for use in a forensic investigation. 

When investigating a crime, it can sometimes be more important to determine the origin of a DNA extract in order to prove criminal intent. 
For example, in situations such as child abuse, it is the type of body fluid present that is important and not the presence of the suspect. In recent years, 
multiple DNA methylation markers have been developed for use in the prediction of whether a DNA sample originated from blood, saliva, vaginal 
epithelia, or semen.1,2 These loci, known as tissue-specific Differentially Methylated Regions (tDMRs) can exhibit hypomethylation in one body fluid 
type while exhibiting relatively high methylation levels in other body fluids. Additionally, methylation markers have been found for the prediction of 
biological age, but demonstrate that the body fluid can influence the results.3,4 Therefore, it is necessary to first determine from which body fluid the 
DNA originated. The goal of this project is the development of a multplexed amplification that would permit the analysis of a single sample of genomic 
DNA for all body fluid types. Such a procedure can save valuable evidence and time, as well as permitting a quicker and more comprehensive result. 

In this experiment, a multiplex of previously published tDMRs, found in BCAS4, CG06379435, PFN3A, and ZC3H12D, was created and 
the amplification process was optimized for further analysis. This optimization was achieved by careful design of the primers to minimize mispriming 
events, as well as altering the concentrations of primers and Magnesium Chloride (MgCl2) in order to attain roughly equal representation of each 
amplicon in the final PCR product. Next, a set of 16 samples of extracted DNA — consisting of saliva, blood, vaginal epithelia, and semen — were 
treated with bisulfite in order to convert unmethylated cytosines to uracil.5 Methylated cytosines are not converted, permitting determination of relative 
levels of methylation based on sequence analysis. A multiplex amplification of the above tissue’s specific methylation sites was then performed and 
the resultant DNA sequenced using a pyrosequencer. The results of pyrosequencing were performed using four separate pyrosequencing runs of the 
amplified samples. An additional subset of samples was also analyzed simultaneously using massively parallel sequencing. The results of the 
pyrosequencing and massively parallel sequencing were compared to ensure that the same results were being attained in either method. 

The 16 DNA samples were correctly identified as belonging to one specific body fluid type. In either sequencing method, the percent 
methylation at each of the amplified regions was found to be consistent with the results of these methylated regions when amplified individually.6 
Going forward, it would be advantageous to build upon this multiplex by adding in age-specific methylation markers. These markers would rely on the 
identification of the body fluid in order to increase the accuracy of the age prediction model. 
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