
Fig. 1:  Establishment of a workflow to stratify, extract, prepare, and analyze protein and DNA forensic signatures from a single touch deposition. 
(A) The overall stratification approach permits parallel analysis of protein (B) and DNA (C).   

Fig.3:  Assessment of stratification on DNA fraction as 
measured by qPCR. (A) Total DNA yield from human 
eccrine-loaded fingerprints. (B) Total DNA yields from 
artificial touch depositions with 10 ng (green), 5 ng (yellow), 
or 0 ng (black) of genomic DNA.5 (C) Effects of reducing the 
DNA fraction volume from 50% of the total volume to 20%. 
This approach illustrates workflow flexibility by maximizing 
protein recovery and permitting sufficient DNA yield to 
generate full STR profiles.  

Fig. 2: Assessment of stratification on protein fraction. 
(A) Comparison of total human protein group detections 
by LC-MS between stratified (blue) and non-stratified 
(orange) samples. (B) Comparison of total protein 
recovered from stratified (blue) or non-stratified (orange) 
samples using a fluorometric assay. (C) Comparison of 
the proteomic composition of the soluble (supernatant -
green) and insoluble (pellet - yellow) protein fractions 
following collection with RapiGest. 

Fig. 4: Potential for proteogenomic analysis of human touch samples. (A) Protein sequence coverage (left) and number of peptides (right) 
in the 50 most common proteins detected in artificial (AF) or latent (LF) fingerprint samples collected from metal (M) or glass (G) surfaces. 
(B) Random match probabilities calculated using a conservative “marginal” approach and an internal method (manuscript in preparation), 
modeling marker drop-in rates across an internally-assembled GVP panel. Multiple artificial fingerprint samples at representative protein 
concentrations (encompassing low and high protein “shedders”) were used to generate GVP profile data. 

Background
Human touch samples represent a significant fraction of DNA 
casework analysis each year.1 However, these samples present 
a unique challenge for forensic analysis as the DNA, primarily 
extracellular, may be washed away prior to deposition (e.g., hand 
washing) or degraded over time (e.g., UV exposure).2 Proteins 
deposited in a touch sample within shed skin cells (stratum 
corneum) represent a class of biomolecules that are highly 
abundant and significantly more environmentally robust than 
DNA. Mass spectrometric-based proteomic analysis is used to 
identify single amino acid polymorphisms (SAPs) present within 
genetically variable peptides (GVPs) of proteins collected from 
a touch sample.2 These SAPs can be associated with non-
synonymous single nucleotide polymorphisms (nsSNPs) of 
known allele frequencies.3,4 However, many protein collection 
and analysis methods are destructive to potential DNA within 
the sample, limiting the potential for the implementation of 
protein analysis in forensic laboratories. 

Objective and Technical Approach
We have created a workflow that permits the collection and 
partial stratification of human touch samples into individual DNA 
and protein fractions. Centrifugation is used to partially stratify 
the sample, pelleting cellular material while extracellular DNA 
remains in the supernatant. The two resulting fractions can then 
be separately prepared for forensic analysis. 

Results
Using this approach, we have demonstrated sufficient DNA 
and protein can be obtained from single human fingermarks to 
enable forensic analysis of each. Centrifugation produces partial 
stratification of the sample, providing a simple pathway for 
protein enrichment. The volume of the DNA fraction can be 
customized to maximize either DNA or protein yield based 
on laboratory requirements. The workflow routinely permits 
the identification of full STR profiles using typical casework 
methodology (i.e., Globalfiler) resulting from a range of DNA 
fraction volumes. The remaining protein fraction contains 
sufficient material to generate GVP profiles with forensically 
relevant random match probability (RMP) values. Using an 
internal method for calculating random match probability 
(RMP) and a GVP panel developed for human skin (manuscripts 
in preparation), we demonstrate that humans can be identified 
with RMPs as low as 1 x 10-15.  

Conclusions
Taken together, our novel sample extraction and preparation 
strategy provides a potentially transformative capability for the 
analysis of human touch samples. Critically, our surfactant-based 
extraction method for fingerprint samples maximizes protein 
recovery (microgram quantities per fingerprint) while permitting 
parallel DNA analysis (nanogram quantities per fingerprint), 
precluding the requirement for forensic laboratories to prioritize 
one type of analysis over the other (i.e., protein vs. DNA). 
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