Use of Microbial Forensics to Explore the Visualisation

of Fingerprints

SUMMARY

Advancements in microbial characterisation potentially

place forensics sciences at the cusp of new opportunities
enabling identification and proof of physical contact between
individuals. An unresolved challenge. Applying advanced
microbial and mass spectrometry technologies, we have
explored the methods underpinning the visualisation
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of fingerprints on skin, which would assist major crime

investigations.

This interdisciplinary, timely and blue-sky research project has made a
il g | o V-\ MM S\ [e] 2 pioneering exploration of methods potentially enabling visualisation of

fingerprints on living skin —a 50-year-old challenge. This potential new

capability will lead to faster suspect identification/confirmation — particularly in the investigation of
offences where physical touch is a key component (e.g Violence Against Women and Girls (VAWG),
such as rape and serious sexual offences, and strangulation). The challenges included, amongst other,
microbiome variability and low biomass, difficulties in breaking bacterial cell walls, and contamination.

INNOVATIVE RESEARCH

The project has combined microbial
metagenomics and mass spectrometry, to explore
and develop methods enabling the detection of
the microbiome in fingerprints.

The design of experiments was driven by
foundational knowledge gathered by mapping
the landscaping and state-of-the-art of analysis
of the skin microbiome (Ralebitoso-Senior et al,
Scidus, submitted).

A subsequent body of work consisted in
metagenomically charactering the most frequent
microbial populations detected in human
fingerprints and determining whether different
digits carried significantly different microbiomes.

Reference methods were subsequently developed
to characterise the composition of the human
microbiome encompassing again metagenomics
(for DNA analysis) and mass spectrometry
(underpinning lipidomics for lipid detection,

and proteomics for protein detection). These
reference methods were then transferred to the
analysis of the microbiome in the fingerprints

of donors, with some instances of time course
experiments to assess persistence of microbial
deposits.

From a metagenomic point of view, strong donor-
specific microbial signatures could be recovered
at time 0. On average, 27% of the total amplicon
sequence variants (ASV) identified were unique
to a single donor, despite only present on a single
finger and not shared between different fingers.

Over the course of 1 month, microbial profiles
remained distibguishable between donors, with

high classification performance. Unique ASVs
were identified on each finger of each of the 100
donors but they did not persist, with only 8%

of donors showing the survival of some of their
unique ASVs beyond 24 hr.

These findings demonstrate that donor-unique
ASVs are highly transient and do not represent
stable markers of individual identity; this suggests
that individual identification is not primarily

driven by rare donor-specific ASVs, but rather

by the overall microbial community structure.

The association between the person touching an
object and the object itself was poor —this may be
associated with poor or low transfer.

Whilst a method was developed for the release,
digestion and detection of bacterial proteins, the
application of proteomics is to date unsuccessful
due to low reproducibility linked to variability

in the resilience of the bacterial cell walls to
disruption. Lipidomics proved to be a much better
strategy with all the reference skin isolates in a
fingerprint providing distinct lipid content.

NEXT STEPS

Complete the lipidomic analysis to identify
microbial signatures and to analyse the
fingerprints collected from the 75 donors, with
the aim to identify clusters, potentially indicating
personal information (lifestyle, hobbies, sex).

Adapt the lipidomics methodology to image these
microbial lipid signatures in fingerprints to provide
the link between the biometric and the contextual
intelligence, thus informing imaging of fingerprints
on skin.

Future research should also focus on whether the
stable, genomic-scale identifiers persist through
transfer and environmental exposure to enhance
real-world forensic applicability.
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