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ARTICLE INFO ABSTRACT

Keywords: A review of the literature on DNA transfer and persistence highlights many difficulties that are encountered when
DNA conducting research of this nature. One of the main problems highlighted repeatedly in the literature is the
Transfer prevalence of inherent uncontrolled variation that accompany these studies, and in turn, the results obtained.
Ezr:;if:;ce This work aims to decrease the amount of intrinsic variability associated with DNA transfer and persistence

experiments using a realistic proxy solution which is adaptable, of known composition, reproducible, and
capable of being standardised. This proxy is composed of three parts: a synthetic fingerprint solution, cellular
DNA, and cell free DNA. In this proof-of-concept study the proxy was tested with a small-scale DNA transfer and
recovery experiment and the data obtained suggests that the use of a solution that mimics real fingerprint se-
cretions, over an alternative (such as buffer or a body fluid), is important when working with non-donor provided
trace DNA samples. This is because the DNA deposit solution likely impacts the transfer of DNA from fingers/

Synthetic fingerprint solution
Cell free DNA
Cellular DNA

hands to a surface as well as the ability to recover the biological material once deposited.

1. Introduction

A recuring problem in DNA transfer and persistence (T&P) experi-
ments is their highly variable nature, in particular the input DNA
[1-10]. Due to the multiple complex factors that affect DNA T&P,
experimental designs are open to many sources of uncontrolled variation
[1,2,11,12]. Decreasing the inherent variability within these experi-
ments would lead to better experimental designs for T&P studies [1,11,
13,14]. The need for a standardised approach to DNA T&P experiments
and reporting has been previously highlighted [11,13,15]. The aim of
DNA T&P experimental designs should be to eliminate as much of the
inherent intrinsic and extrinsic variability associated with these studies
to allow the production of relevant empirical data which can be used to
inform probabilities given case circumstances [13,16]. One area of the
experimental design that is susceptible to a wide variation, and one of
the easiest to find a solution for, is the sample DNA deposits themselves.
We hope the data presented in this paper will show that there is a viable
solution to eliminate variation caused by input DNA.

The term ‘touch DNA’ is often used when referring to a DNA profile
obtained which cannot be attributed to a body fluid [8,17]. This term
implies the DNA was deposited on an item through the activity of
touching or handling, which can usually not be confirmed [18-20].
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Therefore, the term ‘trace DNA’ has been proposed for a DNA profile
obtained in the absence of a body fluid giving no inference to the mode
of deposition of the DNA [2,19]. Thus, we will adopt the term trace DNA
herein.

Historically, most DNA T&P research has been carried out using
human volunteers who have been instructed to carry out a series of
strictly prescribed [3,21] or leniently prescribed actions [18,22-24].
After completion of these actions the deposits left behind by the vol-
unteers would be analysed and conclusions made regarding DNA T&P.
An extensive review of the existing research has recently been provided
by van Oorschot et al. [19]. As highlighted several times in previous
research there are challenges when analysing results with uncontrolled
volunteer made deposits [7-9]. One main issue encountered by these
experiments is the inherent variability between deposits even from the
same volunteer [5,6,9,10,25]. This variation results in deposits which
are not reproducible making the quantity of input DNA in the deposits
impossible to know and the comparison between replicates highly
problematic if not impossible.

Some research has attempted to decrease the variability in the de-
posit DNA material within DNA T&P experiments by taking a different
approach. These studies have not relied on natural deposits created from
volunteers handling items but have instead used a semi-controlled DNA
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solution (purchased or created from volunteers) as the experimental
deposits [7,9,10,17,26-28]. Some of the deposits in these studies consist
of a body fluid which allow the target DNA to be deposited with ease
onto the target item [9,26,28]. Though this goes some way to solving the
variation problem associated with using human donor deposits, it cre-
ates another issue. Trace DNA cannot be attributed to a body fluid and
thus using a body fluid as the vector for depositing control DNA is not
representative of a real-life trace DNA sample. Some experiments avoid
this problem by using a suspension buffer to deposit a controlled amount
of target DNA [9,10,26]. This method avoids the use of body fluid and
thus does a better job at re-creating a trace DNA deposit however, it still
falls short of creating a deposit that accurately represents trace DNA
found at crime scenes, as a buffer solution is not representative of the
hands of people committing crimes.

A small group of DNA T&P studies have aimed to address this
shortcoming by taking advantage of an advancement that, until
recently, was predominately used to standardise the creation of latent
fingerprints for testing novel development methods [7,17]. For
simplicity, we will use the term fingerprint when referring to the field of
fingermark and fingerprint examination. The chemical composition of
fingerprints has been thoroughly documented in the literature and
summarised in a review by Girod et al. [29] and more recently Steiner
et al. [30], and is now considered well understood. In short, there are
three types of secretory glands in the human body, only two of which
can be found on the finger: the eccrine and sebaceous glands [29].
Eccrine glands are located all over the body and their excretion is made
up of mostly water containing small amounts of organic and inorganic
compounds with the major components being: inorganic salts, amino
acids, and proteins [29-31]. Sebaceous glands are located all over the
body excluding the palms of the hands and soles of the feet [29].
Sebaceous excretions consist of five major groups of organic compounds:
glycerides and free fatty acids, wax esters, cholesterol, squalene and
cholesterol esters [29-31]. For a detailed account of the literature on the
composition of fingerprints and factors which influence their variability
see the review by Girod et al. [29]. The field of fingerprint analysis
(development and chemical analysis) has recently utilised the under-
standing of fingerprint chemistry paired with the accepted concept that
donor produced latent fingerprints are inherently variable to justify the
creation and use of artificial fingerprint materials [29-35]. The use of
these materials has recently become more common in experimental
designs within the field of fingerprint development aiming to eliminate
the variability that is characteristic of real latent fingerprints [31-33,
36]. This advancement is of significant importance for DNA T&P ex-
periments as well because it has been previously reported that the
sebaceous portion of human fingerprints is an important vector for DNA
transfer [37,38]. Therefore, using a DNA deposit solution that is dis-
similar to the makeup of normal donor fingerprints would not accurately
represent real life scenarios and could adversely affect DNA T&P results.

Only two relevant studies have explored using this kind of artificial
fingerprint material for DNA depositions, neither of which focus on DNA
transfer or persistence directly [7,17]. These studies utilised a version of
artificial fingerprint material to investigate the loss of DNA during
forensic collection and extraction [17] and for validation purposes [7].
The current studies however, fall short in two main ways: 1) they only
use a portion of the fingerprint material (eccrine or sebum portion) and
are thus not adequately replicating the complexity of the biochemical
composition of a natural fingerprints [17] or; 2) the experimental de-
signs do not adequately address or explore/control for which biological
material the DNA being recovered is coming from e.g. cellular material
or cell free DNA (cfDNA) [7,17]. These studies did, however, show that
the use of a synthetic fingerprint solution does create a suitable,
controllable, adaptable, and reproducible, alternative to donor provided
trace DNA samples for DNA T&P studies as fingerprint secretions are
likely to aid in the transfer of DNA [37,38]. To the authors knowledge,
there are no study’s that utilise a synthetic fingerprint solution with the
intention to eliminate the characteristic variability of donor provided
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trace DNA deposits in a study that investigates DNA T&P despite in-
dications that the solution could easily be adapted for this kind of work
[7,31].

In the past there was a widely held assumption that the DNA present
in trace DNA deposits was from shed skin cells [2,14] being transferred
to the surface of an object. Based on this misconception-that is still held
by many-experiments focused on creating DNA deposits from shed
human skin cells without the consideration of other kinds of biological
material [8,39,40]. The focused use of solely cellular material as the
origins of the DNA in these types of deposits may, however, be
misguided as our current understanding of the DNA content of trace
deposits, though growing, is still limited [10,41,42]. In contrast other
experiments use whole hand washes as their DNA deposits which would
include all possible DNA sources (which would be indistinguishable
from each other) that are washed from the surface of the hand [7,43].
Recent research, though still limited at this time, has aimed to identify
the biological and cellular origins of DNA recovered from trace DNA
deposits [8,41,42,44-46]. This research has proposed that the DNA in
trace deposits can be associated with one of three sources: shed kerati-
nocytes, nucleated epithelial cells, and c¢fDNA and that its likely these
sources represent the majority of the DNA obtained [42,44,45,47-49].
To the authors knowledge no DNA T&P experiments in the literature
have taken into consideration assessing the ability of different sources of
trace DNA to transfer and persist on handled/touched objects. A limited
number of experiments have highlighted a relatively simple way to
investigate this question and that is by using a cell culture model as the
cellular DNA component of trace deposits [10,26]. Other experiments
have used a control cfDNA in experimental deposits [9]. The use of cell
culture and control cfDNA allows for a known and controllable amount
of DNA, attributable to each biological material, to be deposited in each
replicate thus avoiding unwanted variation within deposits and
providing a better model to assess transfer, persistence and recovery of
each cellular and cfDNA.

This work presents a standardised method of sample deposition for
DNA T&P experiments in which the DNA type and amount are accu-
rately known. This proxy trace DNA will allow for decreased variability
between DNA deposits and increased repeatability within and between
experiments and replicates. This allows a more accurate estimate of the
effects of each individual factor influencing the transfer, persistence and
recovery of the DNA. The need for this kind of data was highlighted by
Taylor et al. [13] and more recently reiterated by van Oorschot et al.
[11]. Additionally, this allows for the manipulation of cellular and
cfDNA composition of the deposit which will allow for better determi-
nation of the behaviour of these separate components to the transfer and
persistence of DNA.

To address these needs we created a proxy deposit that consists of
three components: 1) a synthetic fingerprint solution that acts as the
deposit medium as described by Sisco et al. [31]; 2) sonicated rainbow
trout DNA which represents the cfDNA fraction of trace DNA deposits
and, 3) mouse embryonic fibroblasts (MEF) which represent the cellular
component of trace DNA deposits. We show that by using this proxy we
can control the consistency of the deposit medium which allows us to
accurately mimic real human fingerprints all the while controlling the
origin and quantity of the input DNA. This will allow us to accurately
assess and compare the transfer and recovery behaviours of cellular and
cfDNA in the same deposit while avoiding concerns of contamination
and profile interpretation issues which often accompany working with
trace DNA samples. The utilisation of this kind of proxy means the
empirical data produced by experiments will more accurately represent
the variable being analysed (for instance the time variable in persistence
experiments) without the external factor of uncontrolled sample varia-
tion impacting the results. In providing this proxy we hope to offer a
solution which will aid in the reduction of variability in future DNA T&P
experiments, as the need for this is highlighted repeatedly in the liter-
ature [1,8,13,19]. Thus, in this proof-of- concept study we present a
proxy for creating trace DNA samples which we test using a small-scale
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DNA transfer and recovery study. In doing so we hope to bring the
benefits of this proxy solution to the attention of the wider scientific
community. Helping improve future experimental designs by elimi-
nating the variability of donor provided DNA deposits, for the wide-
spread use in further DNA transfer, persistence, prevalence and recovery
(TPPR) studies.

2. Materials and methods
2.1. Sample DNA

Rainbow trout were provided by a local fisherman. DNA was
extracted from the livers using a standard phenol/chloroform extraction
and stored frozen in 10 mM TrisHcl pH 8.0 (EB buffer) until required
[50]. 500 pL of the extracted high molecular weight (HMW) DNA was
then sonicated for 30 min to reduce the molecular weight of the DNA
since cfDNA is of relatively low molecular weight or degraded [20,42,
48,51] see Burrill et al. [8] for a detailed review. The size of the DNA
fragments produced by sonication was assessed by electrophoresis on a
1% agarose gel. It was determined that the sonication had produced a
stock of trout DNA containing fragment sizes between 400 and 600 bp in
length.

MEFs were provided by Dr Simon Hawley (School of Life Sciences,
University of Dundee). They were removed from tissue culture flasks by
trypsinisation and washed 3 times in phosphate buffered saline (PBS) by
centrifugation. Cell concentration was determined by staining with 4’,6-
diamidino-2-phenylindole (DAPI) and counting nuclei in a haemocy-
tometer. Cells were then re-suspended at a concentration of 1 x 106/mL
in 20% glycerol phosphate buffered saline pH 8.0 and stored at —20 °C
until required. Before use the cells were centrifuged and re-suspended in
Tris-buffered saline pH 8.0 to the required concentration. All experi-
ments were conducted with these DNA sources.

2.2. Synthetic fingerprint solution

The procedures for the creation of the synthetic eccrine solution,
synthetic sebum solution and the final emulsion solution was as
described by Sisco et al. [31] with some small alterations which are
highlighted herein. The synthetic sweat solution and the synthetic
sebum solution were prepared separately before being mixed to create
the final synthetic emulsion.

Table 1

Components and the amounts used to create the eccrine portion of the synthetic
fingerprint solution as seen in Sisco et al. [31]. Supplier for all chemicals was
Sigma Aldrich (UK).

Class of chemical Chemical Amount (mg)
Inorganic Salts Potassium Chloride 700
Sodium Chloride 650
Sodium Bicarbonate 125
Ammonium Hydroxide 87.5
Magnesium Chloride 20
Amino acids Serine 137.5
Glycine 67.5
Ornithine Monohydrochloride (Ornithine) 55
Alanine 40
Aspartic acid 20
Threonine 20
Histidine 20
Valine 15
Leucine 15
Other Lactic acid 950
Urea 250
Pyruvic acid 10
Acetic acid 2.5
Hexanoic acid 2.5
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2.2.1. Synthetic eccrine (sweat) solution

The synthetic eccrine solution was prepared, from the components,
listed in Table 1 which were weighed and placed into a 500 mL volu-
metric flask and dissolved in 495 mL of ultrapure (Type 1) water. The
solution was then sonicated for 15 min. Following sonication, the so-
lution was pH adjusted to 5.5 using 5 M NaOH. The solution was made
up to 500 mL and filtered through a 0.22 pm filter using a vacuum
filtration unit. The resulting eccrine solution was used immediately or
portioned into 50 mL aliquots and stored at —20 °C for future use.

2.2.2. Synesthetic sebum solution

The synthetic sebum solution was prepared as described by Sisco
et al. [31], with the omission of oleic acid. The components listed in
Table 2 were weighed (solids) or pipetted (liquids) and mixed in a 10 mL
clear glass vial. The mixture was then sonicated at 35 °C for 15 min. The
resulting sebum solution was used immediately or stored at —20 °C for
future use.

2.2.3. Synthetic emulsion

The synthetic emulsion was prepared using the freshly made eccrine
and sebum solutions. This synthetic emulsion was comprised of equal
parts eccrine solution to sebum solution, by weight, to create a 1:1
eccrine/sebum solution. The emulsifying agent Brij® S20 (Sigma
Aldrich, UK) was added to the 1:1 solution at a concentration of 0.5% by
mass to aid in the emulsification process [31]. The solution was then
sonicated for 15 min to ensure a proper homogeneity throughout the
solution. As indicated by Sisco et al. [31] and also observed by Steiner
et al. [32] the solution was a thick white opaque paste at room tem-
perature but after heating during the sonication process it became a
transparent, colourless, highly viscous liquid. This 1:1 eccrine/sebum
solution containing Brij® S20 will be referred to as the synthetic
emulsion and all downstream dilutions will use this as the starting point.
The preparation of the dilutions is described in detail in the results

Table 2

Components and the amounts used to create the sebum portion of the synthetic
fingerprint solution as seen in Sisco et al. [31]. The volumes, for chemicals liquid
at room temperature, was calculated based on their density and the amounts
listed below. Supplier for all chemicals is Sigma Aldrich (UK) except for * which
is Fisher Scientific (UK).

Class of Chemical Amount Volume
chemical (mg) (uL)
Free fatty acids Hexanoic acid 250 270
Heptanoic acid 250 272
Octanoic acid 250 275
Nonanoic acid 250 276
Dodecanoic acid 250
Tridecanoic acid 250
Myristic acid 250
Pentadecanoic acid 250
Palmitic acid 275
Stearic acid 275
Arachidic acid 250
Linoleic acid 275 299
Triglycerides Glyceryl Trioleate (Triolein) 1375 1511
Glyceryl Trioctanoate 100 104
(Tricaprylin)
Glyceryl Tridecanoate (Tricaprin) 100
Glyceryl Tridodecanoate 100
(Trilaurin)
Glyceryl Trimyristate 100
(Trimyristin)
Glycerol Tripalmitate 100
(Tripalmitin)
Other Squalene 600 700
Cholesterol 150
Cholesterol n-Decanoate 200
(cholesterol ester)
n-Hexadecyl Palmitate (Cetyl 775

Palmitate)*
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section.

2.2.4. DNA deposit solutions

There were three different types of DNA deposits used, the first so-
lution contained only trout cfDNA, the second solution contained only
mouse cellular DNA and the third solution contained both trout cfDNA
and mouse cellular DNA. These three DNA types were used at three
different concentrations: 1 ng/pL, 5 ng/pL, and 10 ng/pL and were
deposited in 5 pL aliquots. Thus, the total DNA deposit amounts were 5
ng, 25 ng, and 50 ng respectively (when trout and mouse DNA were
present in the same sample the amount indicated is for each DNA type,
not total). In addition, the samples, as described, were prepared in both
EB buffer and 1:120 dilution of the synthetic emulsion (synthetic
fingerprint solution) as illustrated in Fig. 1.

2.2.5. Sample deposits
In this study we tested five different experimental parameters.

1) Samples placed directly into the extraction tube (direct to tube) were
used as positive controls. The direct to tube samples were created by
taking 5 pL of each of the 18 solutions and pipetting them directly
into separate empty 1.5 mL tubes (Sarstedt AG & Co. KG, Germany),
in triplicate. The samples were immediately extracted (see 2.5 for
extraction protocol) and stored at —20 °C until quantification.
Samples were deposited directly on to a swab (direct to swab) and
used as an estimate of maximum possible extraction efficiency. The
samples were pipetted directly onto a dry cotton tipped swab
(Technical services consultants Ltd, UK). The swab tip was then cut
directly into its own empty 1.5 mL tube and stored at —20 °C until
extraction.
Test samples were deposited onto a glass slide (direct to glass) and
dried. These samples aimed to estimate the recovery of DNA from a
glass surface. Samples were deposited to the glass slide by pipetting
directly onto the glass (Fisher Scientific, UK). The samples were
allowed to sit at room temperature (~19 °C) until visually confirmed
to have fully air dried (~30 min) and were then collected using a
cotton swab.
4) Samples were deposited directly on to a volunteer’s finger (direct to
finger) and spread over the whole fingerprint (distal phalanx) using
the tip of the pipette. Samples were allowed to air dry (~5 min) then

2

—

3

—

DNA deposits suspended in 1:120
synthetic fingerprint solution

Total DNA in 5uL deposit

Sng 10* ng
25ng 25ng 50" ng
‘ ¥ )
%
)
[
50 ng 50 ng 100* ng

\ DNA Concentration ,
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5 ng/pL @ @ I

10 ng/uL
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the fingertip was swabbed for sample collection. This was designed
to estimate the range of recoverable DNA from the finger surface.
5) These samples follow the finger deposits as described above in 4)
however, once the sample had dried the volunteer was asked to
create a fingerprint on a new glass slide (transfer from finger to
glass). This fingerprint was then immediately swabbed for sample
collection. These samples were used to estimate transfer efficiency.

All swabbed samples (3, 4, 5) were collected using a swab moistened
with 50 pL of EB buffer, immediately cut into a 1.5 mL tube and stored at
—20 °C until extraction.

Additionally, all the experiments were carried out in triplicate and
the entire study was carried out twice on two different occasions.
Negative control swabs were taken including blank swabs, glass slides,
synthetic fingerprint solution, fingers, and extraction buffer where
appropriate and all produced the expected negative result.

2.3. DNA extraction

Swabs in this experiment were extracted using our in-house extrac-
tion protocol as described by Gray et al. [52] as preliminary experiments
showed this method maximised DNA recovery over the available com-
mercial methods. Briefly, swabs were extracted using a poly-
vinylpyrrolidone (PVP)/tween 20 solution containing proteinase K
followed by a heating step to kill proteinase K activity and then direct
gPCR of the extract.

2.4. DNA quantification and data analysis

The trout and mouse DNA was quantified, in duplicate, using a
StepOnePlus Real-Time PCR system (ThermoFisher Scientific, UK). Ten
microliter reactions were created using 5 pL of the extracted DNA and 5
pL of Luna Universal qPCR master mix (New England Bio Labs,UK) and
0.5 pM of each primer. The trout specific primer pairs were; forward-
TCAGCAATCAGATGGGGAGG and reverse-TTTCAATGATGGCCTAG
TGGGT (Eurofins, Germany) producing a 110 bp amplicon. The mouse
specific primer pairs were; forward- GACGAGGGGGAGCTTTACTTG and
reverse- ATTGACTGTCTTGTGGACATGGG (Eurofins, Germany) pro-
ducing a 231bp amplicon. Each estimate was carried out using in-house
standard curves ranging from 10 ng to 0.0137 ng and a 0 ng blank. The

DNA deposits suspended in EB buffer

Total DNA in 5uL deposit \
P q
@ i I

5ng 5ng 10* ng

’)

25ng 25ng 50* ng

50 ng 50 ng 100* ng

Fig. 1. Working solutions created for deposits. The * indicates that half of the total DNA was contributed by trout cfDNA and the other half was contributed by mouse

cellular DNA.
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cycling parameters were 95 °C for 2 min, 40 cycles of 95 °C for 30s, 65 °C
for 30s, 70 °C for 30s. A melt curve was created with the parameters
95 °C for 15s, 75 °C for 1 min, 85 °C for 15s. The qPCR data was analysed
using the StepOne Software (version 2.3, life technologies), Microsoft
excel and SigmaPlot (version 14.5).

3. Results
3.1. Depletion series

The synthetic emulsion was highly viscous and a solid at room
temperature meaning that it was impossible to dispense with a pipette
(Fig. 2). In addition, the use of this mixture would not accurately reflect
the amount of material one could reasonably expected to encounter on a
normal finger or hand considering that hands and fingers are not nor-
mally covered in a paste of fingerprint secretions. Therefore, we aimed
to create a workable dilute form of the solution that would still accu-
rately represent donor provided trace DNA samples from fingerprints.

To determine an appropriate concentration of the synthetic emulsion
to use, dilutions of the emulsion were prepared. The emulsion was
heated to 56 °C to obtain a liquid, thoroughly mixed using sonication,
and serially diluted in eccrine solution to the required concentrations.
These dilutions were then tested in a fingerprint depletion series in
comparison to natural and sebum loaded (neck/forehead rub) finger-
prints. To create the natural fingerprints a volunteer was asked to wash
and dry their hands before touching, using moderate force (about
enough to flick a light switch), their index finger on a piece of glass
consecutively five times to create a set of depletion fingerprints. To
create the sebum loaded fingerprints, the volunteer was asked to follow
the same procedure as the normal fingerprints however was asked to rub
their index finger on their face and/or neck before touching the glass.
One set of natural and two sets of sebum loaded fingerprints were
created. Due to the COVID-19 restrictions in place at the time this work
was completed access to only one fingerprint donor was permitted.
Though this deviates from the guidelines for phase 1 studies provided by
the International Fingerprint Research Group (IFRG) [53] we deter-
mined that since the donors hands were washed prior to creating sam-
ples, and the enhancement, collection and identification of fingerprints
was not the aim of this research, the variation introduced by the

Fig. 2. The synthetic emulsion at room temperature (A) and heated to
56 °C (B).
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volunteer would have a minimal effect on the results. The synthetic
emulsion was diluted in the eccrine solution to create 5 test solutions:
1:20, 1:40, 1:80, 1:120, and 1:160. The volunteer was asked to wash and
dry their hands after which 5 pL of the first dilute solution was spread
evenly over the fingerprint and allowed to dry (~5 min). The volunteer
was instructed to place their finger on the glass to create a set of 5
depletion fingerprints, as before. The volunteer then repeated the above
procedure until all test solutions were deposited on the glass. The fin-
gerprints were developed using Magneta Flake, black fingerprint pow-
der (Crime Scene Investigations, UK) and imaged using a FujiFilm
LAS-3000 luminescent image analyser (Raytek Scientific Limited, UK).
The results of this experiment are shown in Fig. 3.

The purpose of the depletion series was to identify a workable
dilution of the synthetic emulsion for use in downstream processes,
which would accurately represent a real fingerprint. The aim was to
create a synthetic fingerprint ranging between the volunteer created
natural and sebum loaded prints. It was determined that the 1:120 so-
lution (Fig. 3) was the dilution that best represented this and thus would
be used for all downstream processes.

The authors would like to reiterate that the sole purpose for this
depletion series was to choose a dilution that was a reasonable repre-
sentation of real fingerprints in which the working solution could easily
be pipetted and therefore reliably used for downstream DNA deposits.
The most important aspect of choosing a solution was that it could be
easily manipulated and could remain consistent throughout all experi-
ments with less emphasis put on having a solution exactly mid-way
between a donor provided sebum and natural print. Since donor prints
are known to be highly variable this proximation was deemed accept-
able. As shown in Fig. 3 dilutions at 1:20, 1:40 and 1:80 all more closely
resemble the sebum loaded fingerprints than the natural fingerprint.
Additionally, at these dilutions the solution was still slightly more
viscous than optimal for pipetting. This left the 1:120 and 1:160 di-
lutions to be considered. The 1:120 solution was selected for the DNA
deposits based on the visual observation that it seemed to fall more
evenly between the natural fingerprint and the sebum loaded fingerprint
where the 1:160 more resembled the natural fingerprint (Fig. 4). Based
on the results of the depletion series the decision was made to proceed
with the synthetic emulsion at a 1:120 dilution. This 1:120 dilution will
henceforth be referred to as the synthetic fingerprint solution.

The synthetic fingerprint solution used for DNA deposits was created
in two steps. First, the synthetic emulsion was diluted, using the eccrine
solution, 20-fold to create a 1:20 dilution. Second, the 1:20 solution was
diluted, using the eccrine solution, 6-fold to create the 1:120 dilution. To
create the 1:20 solution the synthetic emulsion was warmed (56 °C
water bath) and sonicated for 5 min before use and was diluted 20-fold
using warmed (56 °C water bath) eccrine solution. The 1:20 mixture was
then sonicated for 5 min before the next dilution. The newly created
1:20 solution was warmed and diluted 6-fold using warmed eccrine
solution and sonicated for a further 5 min. Working with warmed so-
lutions made the pipetting and mixing of the solutions more manageable
(Fig. 2). The 1:20 and 1:120 dilutions were created fresh for each
downstream experiment.

3.2. DNA recovery

To assess whether the synthetic fingerprint solution, used to make
the DNA deposits, has an impact on the recovery of trace DNA we
compared the percent recovery of cfDNA and cellular DNA from the
synthetic fingerprint solution and EB buffer under four different exper-
imental parameters; direct to swab (DS), direct to glass (DG), direct to
finger (DF), and transfer to glass (TG) (methods 2.3.3). For each of the of
the experimental parameters (DS, DG, DF, TG) DNA was deposited in
triplicate at 3 different concentrations as detailed in Fig. 1. For each
sample the percentage of DNA recovered relative to the direct to tube
samples (as described in 2.3.3 experimental parameter 1) was deter-
mined by duplicate qPCR reactions. The final percent recovery for each
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Deposit 1

Deposit 3

Deposit 4 f

Deposit 5

N SL1

1:160 1:120 1:80
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1:40 1:20 SL2

Fig. 3. Depletion series used for dilution determination. N column represents normal fingerprints. SL1 indicates one set of sebum loaded fingerprints and SL2 in-
dicates a second set of sebum loaded fingerprints. The remaining columns represent the 5 dilute solutions of the synthetic emulsion.

SL1

1:160 1:120 1'80 1:40

1:160 1120 180 1:40

1: 20 SL2

1:20 SL2

Fig. 4. Close up view from deposit rows 2 (A) and 4 (B) of Fig. 3.

experimental parameter and DNA type was calculated as the mean and
standard deviation of the percentage recoveries at all concentrations.
This results in a mean and standard deviation based on 18 qPCR de-
terminations and 9 samples 3 for each DNA concentration. The data
presented in Fig. 5 is the pooled data from two independent experiments
and results in 36 qPCR determinations and 18 data points for each DNA
type and experimental condition for samples suspended in both the
synthetic fingrerprint solution and EB bulffer.

Although the data set is small, we would like to highlight that the
performance between the synthetic fingerprint solution and the EB
buffer provides preliminary support that the synthetic fingerprint solu-
tion does not cause any unwanted adverse effects on DNA in solution
when the solution is made fresh and used immediately. This is made
evident as the recovery of DNA from samples where DNA is added direct
to either EB or the synthetic fingerprint solution show no significant

difference (see supplementary data). Considering samples added direct
to swabs (Fig. 5A) there appears to be little difference between EB buffer
and the synthetic fingerprint solution in most cases. In the direct to glass
samples there appears to be a slight enhancement of recovery when
using the synthetic sebum solution over the EB buffer in the case of
cellular material (Fig. 5B). Additionally, there may be slight increase in
recovery when the synthetic fingerprint solution is used to deposit DNA
directly on fingers (Fig. 5C) and when it is used in the transfer from
fingers to glass scenario (Fig. 5D). The small differences between the
synthetic fingerprint solution and the EB buffer in the direct to glass
experiment (Fig. 5B) and the slight increase in the recovery from fingers
(Fig. 5C) when the synthetic fingerprint solution is used to deposit the
DNA could account for the observed increase in the recovery in the
transfer experiment (Fig. 5D) if the transfer is facilitated by the synthetic
fingerprint solution. This has implications in the design of transfer
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Fig. 5. Comparison of recovery of cfDNA and cellular DNA in EB buffer or synthetic fingerprint solution (SFS). The figure shows (A) direct to swab, (B) direct to glass,
(C) direct to finger, (D) transfer from finger to glass. Where ‘free’ indicates samples containing only trout cfDNA and ‘cells’ indicates samples containing only mouse
cellular DNA. Samples indicated as ‘mix’ specify the DNA analysed from a mixture of both trout cfDNA and mouse cellular DNA.

experiments using seeded DNA since, in reality, fingers and hands can
normally be expected to contain fingerprint secretions.

4. Discussion

This preliminary study indicates that research in DNA T&P could
benefit from the use of a synthetic fingerprint solution which is already
well established in fingerprint research [31-33,35,36]. Future iterations
of these experiments could consider implementing a fingerprint stamp,
like the one used by Sisco et al. [31], for DNA deposition. This would add
another level of control to DNA T&P experiments by eliminating
possible unwanted background DNA effects unavoidable when using
donor prints and/or allowing for the integration of known levels of
background DNA into an experiment. Having this controlled method for
investigating background DNA could lead to a better understanding of
the role background DNA plays on transfer and persistence of self-DNA
(DNA originating from a depositor/known contributor) and non-self
DNA (DNA not originating from the depositor/known contributor).
Further experiments concerning DNA T&P with the synthetic fingerprint
solution will help determine the impact the solution has on the recovery
of DNA. Although the DNA recovery using the solution was not sub-
stantially different than that of the samples deposited in EB buffer the
data does show that there is a slight difference in terms of efficiency of
transfer. This study aimed to illustrate that this proxy alternative (to
water or buffer) could lead to more controlled DNA T&P experiments
whilst not needing to compromise on the realism of the samples. How-
ever, regardless of the performance on DNA recovery between the two
DNA solutions, the synthetic fingerprint solution is more representative
of real-life circumstances where the EB buffer is not. We advocate that

the synthetic fingerprint solution should be used regardless of its per-
formance against the EB solution for experiments investigating DNA
T&P. Using the solution that provides the best recovery to simply
maximise recovery in an experiment is not appropriate, for example, if
cells transfer poorly in the presence of fingerprint secretions that is
exactly why experiments need to be using a synthetic fingerprint solu-
tion for transfer experiments as it will avoid over estimations of recovery
efficiency from real scenarios. The alternative is also true, for example, if
cells transfer well in fingerprint secretions and a synthetic fingerprint
solution is not being used it could lead to underestimating the ability to
recover cells in a crime scene setting. Thus, using the synthetic finger-
print solution allows more realistic transfer and recovery rates (either
good or bad) which will allow experiments to provide data that could
reasonably reflect real case circumstances.

In our experiments we elected to use non-human DNA which allowed
us to avoid contamination issues and profile interpretation issues which
are often encountered when dealing with human trace DNA deposits.
This model provided us with a simplified method to do a preliminary
investigation of the proxy deposits using cell free and cellular DNA in the
context of DNA T&P while avoiding the increased complications using
human DNA would have caused at this stage. However, this model could
easily be adapted for use with human DNA. If using human DNA, it
would be essential to ensure that the cellular and cfDNA have very
distinct STR profiles as it is essential for the two biological materials to
be easily distinguished from each other. Cellular DNA can be obtained
using a cell culture method as proposed by Feine et al. [10] and cell free
control DNA could be purchased from a supplier. This approach would
ensure the biological material contained in the samples are an accurate
representation of exclusively cellular and cell free samples. Once the
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experiments using the synthetic fingerprint material with added human
DNA are completed, creating a baseline, experiments with donor pro-
vided prints can then use this baseline to inform the design of more
complex transfer and persistence experiments involving donor provided
deposits.

Future work into the use of a proxy synthetic fingerprint solution for
DNA T&P studies will focus on testing different surface types (porous
and nonporous) and different concentrations of DNA/biological mate-
rials in solution. Additionally, tests using more complex transfer sce-
narios and an investigation into persistence will also be carried out. Most
importantly for forensic science, these experiments (once a baseline is
established using the proxy DNA) need to be transitioned into imple-
menting the use of human DNA and analysed using STR profiling. This
will increase the knowledge of how fingerprint secretions impact the
transfer, persistence and recovery of biological material found on hands
and will produce more empirical data that can be utilised in Bayesian
networks when addressing activity level propositions [13,54].

5. Conclusions

The data in this paper shows support for the use of a synthetic
fingerprint solution for DNA transfer, persistence and recovery studies
as it is a reasonable alternative to volunteer-based deposits. Using these
types of synthetic deposits also has many advantages over donor pro-
vided samples such as: eliminating contamination issues, allowing for a
known amount of starting material and providing a diverse, reproduc-
ible, and standardisable starting point. This allows researchers to have
complete control over the deposit material, while keeping the deposits
closer to a realistic representation of true crime scene samples than has
been presented in past research. These benefits will help decrease the
inherent variability commonly encountered in DNA transfer and
persistence experiments and allow for easier, more accurate, analysis of
the experimental variable. It is our intention to use this proxy in a large-
scale persistence experiment in hopes to add case realistic data to the
existing pool of empirical data, and thus lead to a better understanding
of the transfer and persistence of DNA from handled items.
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