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Background

Quantitative evaluation of human latent
fingerprint depositions represents a major
challenge within the forensic field due to
high variability in the amount of DNA and
protein deposited with each touch.!

Objective

To better assess the effectiveness of
collection and analysis methods for touch
depositions, we present a method to
produce simple and customizable artificial
fingerprints. These artificial fingerprints
include the primary components of a typical
latent fingerprint, specifically sebaceous
fluid, eccrine perspiration, extracellular DNA,
and proteinaceous epidermal skin material
(ESM) (i.e., shed skin cells).234:6

Technical Approach

A commercially available emulsion of
sebaceous and eccrine material provides a
chemically-relevant suspension solution for
fingerprint deposition, simplifying artificial
fingerprint production. Extracted human
genomic DNA is added to accurately

mimic the extracellular DNA content of a
typical latent print and we demonstrate
comparable DNA yields from our artificial
prints to both latent and loaded prints
across multiple surface types. Capitalizing
on recent advancements in the use of
protein sequence identification for human
forensic analysis, these samples also contain
a representative quantity of protein,
originating from ESM collected from the
fingers and palms of volunteers.%/3°

Results

DNA analysis (DNA quantification and

STR analysis) demonstrates similar
reproducibility, quality, and overall DNA
yield comparing between artificial and latent
fingerprints. Liquid chromatography-
tandem mass spectrometry (LC MS/MS)
analysis indicates a high level of protein
similarity between artificial and latent prints.
DNA and protein loadings into artificial
orints can be precisely adjusted to mimic
nigh or low “shedders.”

Conclusions

Collectively, these artificial fingerprints
produce samples that accurately represent
typical human latent prints. By depositing
known quantities of DNA and protein into
each artificial print, this method enables
total DNA and protein recovery to be
guantitatively assessed across different
sample collection and extraction methods
to better evaluate extraction efficiency.
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Fig. 1: Development of simple and customizable artificial fingerprints.
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Fig. 2: Comparison of DNA yield and quality in latent and artificial fingerprints.
(A) Latent, loaded, and artificial fingerprints were deposited on various surfaces
and then the DNA was extracted to evaluate the total yield. (B) Comparison of
DNA degradation index across fingerprint deposition on multiple surface types (a
value of > 1.0 indicates DNA degradation).
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Fig. 3: Comparison of protein yield and quality between latent and artificial
fingerprints. (A) Comparison of ESM pre-homogenization (left) or following sieve-
based homogenization (right) shows reduction in the overall skin particle size.

(B) Evaluation of ESM size in deposited latent (left), loaded (middle), or artificial
(right) fingerprints on glass by light microscopy. (C) Range-finding of ESM amount
for artificial fingerprints to determine the corresponding protein amount in
typical latent fingerprints. Arrowheads indicate prominent bands found in both
latent and artificial fingerprints. (D) Protein recovery measured by a fluorometric
assay between latent and artificial fingerprint samples across two surface types.
The amount of protein recovered was quantitated and the relative amount
normalized to the surface-specific latent print average.

Sequence Coverage # Peptides

P35527 | Keratin, type | cytoskeletal 9 ——— fe—r—
P35908 | Keratin, type I cytoskeletal 2 epiderma
P04264 | Keratin, type Il cytoskeletal 1 1
P13645 | Keratin, type | cytoskeletal 10
P02533 | Keratin, type | cytoskeletal 14
P08773 | Keratin, type | cytoskeletal 16
Q86YZ3 | Hornerin | —
P13647 | Keratin, type Il cytoskeletal 5
ADADS2Z428 | HCG2039812
Q04685 | Keratin, type | cytoskeletal 17
P04259 | Keratin, type Il cyteskeletal 6B
P48668 | Keratin, type |l cytoskeletal 6C
QBUWNPS | Suprabasin
P13646 | Keratin, type | cytoskeletal 13
P19013 | Keratin, type |l cytoskeletal 4
Q72794 | Keratin, type Il cytoskeletal 1b |
Q5T749 | Keratinocyte proline-rich protein
P08727 | Keratin, type | cytoskeletal 19
P19012 | Keratin, type | cytoskeletal 15
Q02413 | Desmoglein-1
P25311 | Zinc-alpha-2-glycoprotein
Q8N1N4 | Keratin, type |l cytoskeletal 78
095678 | Keratin, type |l cytoskeletal 75
Q15323 | Keratin, type | cuticular Ha1
P15924 | Desmoplakin
P04406 | Glyceraldehyde-3-phosphale dehydrogenase
P29508 | Serpin B3
P12035 | Keratin, type Il cytoskelelal 3
P20930 | Filaggrin
Q14525 | Keratin, type | cuticular Ha3-ll
Q5XKES | Keratin, type |l cytoskeletal 79
ABNMYSE | Putative annexin A2-like protein |
P07355 | Annexin A2 |
Q01546 | Keratin, type Il cytoskeletal 2 oral
Q08188 | Protein-glutamine gamma-glutamyitransfer
PC5787 | Keratin, type Il cytoskeletal 8
Q508862 | Filaggrin-2
QBKBE6 | Keratin, type |l cytoskeletal 80
Q7Z3Y7 | Keratin, type | cytoskeletal 28 |
Q86Y486 | Keratin, type Il cytoskeletal 73
P08729 | Keratin, type Il cytoskeletal 7
Q7Z3Y8 | Keratin, type | cytoskeletal 27
Q7RTS7 | Keratin, type |l cytoskeletal 74
Q08554 | Desmocollin-1
Q2M2I5 | Keratin, lype | cytoskeletal 24
P35800C | Keratin, type | cytoskeletal 20
P04040 | Catalase
Q72320 | Keratin, type | cytoskeletal 25
PO5783 | Keratin, type | cytoskeletal 18
Q8N1AQ | Keratin-like protein KRT222
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Fig. 4: Comparison of proteome composition between artificial
and latent fingerprints. (A) Protein sequence coverage (left) and
number of peptides (right) in the 50 most common proteins
detected in artificial or latent fingerprint samples. (B) Overlap of
total peptides detected among proteins in artificial (AF) or latent
(LF) fingerprint samples on metal (M) or glass (G) surfaces.
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