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ABSTRACT: Materia recovered from 374 fingerprints left by eleven laboratory workers on three different substrates (glass, wood, metal) at a
standard pressure time of 30 s, with and without preliminary handwashing, was submitted to morphological, quantitative, and type analysis. Mor-
phological and agarose-gel electrophoresis analysis showed that a non-negligible amount of epidermal corneal cells presented apoptotic aterations.
The quantity of DNA recovered from fingerprints ranged between 0.04 to 0.2 ng, and in asignificant number of experiments no DNA was detected.
Handwashing reduced the amount of DNA recovered from fingerprints. The “ shedder status” of the donor was a very important factor, causing in-
ter-individual variations in the amount of DNA left by fingerprints. Spurious alleles from laboratory-based and secondary transfer contamination,
stutters, and other artifacts described when analyzing |ow-copy-number DNA and capable of affecting correct profiles were observed.
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Most crimes committed are against property (theft, robbery) and
against the person (bodily harm, sexual violence, murder), but very
often the perpetrators are not punished, since traces with analyz-
able biological material that could identify them cannot be found.
In Italy in the year 2000, 86.95% of crimes remained unpunished,
apercentage that increases to 96.12% in the case of theft (1). Apart
from thefew casesin which crimes are planned and precautions are
taken to prevent leaving any biological traces at the scene, in most
crimes of thistype, i.e., theft, robbery, bodily harm, etc., criminals
do not wear gloves or other devices, and fingerprints are the only
evidence available. The literature contains preliminary studies or
case histories on the possibility of recovering DNA from finger-
prints left on the skin or on rope, cord, wire, etc., used for stran-
gling, on gloves, knives, solid parts of cars and other objects, and
ontheinterference by substances used to highlight fingerprints dur-
ing later genetic analysis (2,3). These works report isolated exper-
iments dictated by the need to resolve definite cases. Systematic
studies of various factors influencing the success of analysis, such
as recovery techniques, interference by contaminants, i.e., latent
fingerprint enhancers, and amplification protocols of low-copy-
number (LCN) DNA usually recovered from fingerprints, are in
progress (4-9). Systematic studies of the influence of various
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modes of contact and type of substrate in the success of PCR anal-
ysis have not been exhaustively carried out. Lastly, the relevance
of contamination by different subjects due to secondary and tertiary
transfers affecting the robustness of results and the usability of an-
alytical results in court must al be considered more deeply. The
same origin of the DNA found in these skin contact traces and the
influences of individual and exogenous factors in the number of
cells left with the fingerprint still remain unclear. Therefore, the
use of this substrate for genetic identification is a subject of pas-
sionate debate in the forensic community, and further contributions
are still necessary to highlight the advantages, difficulties and lim-
itations of DNA analysis from fingerprints.

This study was carried out with the aims of investigating the
amount of DNA recovered from various substrates and the influ-
ence on it of individual and exogenous factors, as well as the suit-
ability of DNA recovered from fingerprints for personal identifica-
tion by DNA microsatellites. The importance of contamination by
exogenous DNA transfer and the stochastic effects on analysis
from sampling minimal amounts of DNA recovered from finger-
prints were a so considered.

Materialsand Methods
Collection of Samples

The fingerprints from eleven persons working in the laboratory
were applied to the following clean substrates. glass, meta (alloy
metallic surfaces), and wood (cortex of hard wood). Experiments
were carried out without washing the hands and immediately after
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vigorous handwashing with antiseptic soap. Fingerprint formations
were carried out by pressing for a standard time of 30 s. Three sets
of specimens were collected, prepared according to the above con-
ditions, and each was used for morphological, quantitative, and
qualitative analyses for atotal of 374 samples.

Morphological Analysis

Forty-four thumb fingerprints, four from each of the eleven sub-
jects, prepared from washed hands, were directly applied to dlides,
air-dried overnight, stained with hematoxylin-eosin or Feulgen,
and examined under the light microscope. “Blank” dlides used as
negative controls were submitted to the same procedures to detect
laboratory contamination.

Quantitation Analysis

One hundred and ninty-eight fingerprints, 18 from each subject,
from the five fingers of a hand, were prepared from washed (99)
and unwashed (99) hands on three different substrates (66 for each
substrate).

Typing Analysis

One hundred and thirty-two fingerprints, prepared and subdi-
vided as for quantitation analysis, were analysed.

Recovery of Fingerprint and Extraction of DNA

The surfaces of substrates were first swabbed with digestion
buffer (10 mM Tris-HCI ph 8, 10 mM EDTA pH 8, 100 mM NaCl,
0.5% SDS), and residual moisture was then recovered by swabbing
the surfaces with a dry swab. Both swabs were immediately im-
mersed in 400 pL of the same digestion buffer. Ten microlitres of
2-mercaptoethanol and 25 pL of Proteinase K (10 mg/mL) were
added, and samples were incubated at 56°C overnight (10). DNA
was extracted with phenol-chloroform (11). The Microcon-30®
device (Amicon, Inc., Beverley, MA) was used to concentrate sam-
plesup to 20 pL.

Quantitation of DNA

Quantitation was carried out using the dot-blot procedure with a
primate-specific alpha satellite probe, D17Z1 (Gibco-BRL,
Gaithersburg, MD) (12). Qualitative tests were performed in 1%
agarose-gel stained with ethidium bromide.

Amplification and Electrophoresis of DNA

All material recovered from fingerprints was amplified with the
AmpF(STR Profiler Plus™ kit (PE/AB) on a GenAmp System
9700 thermal cycler (PE/AB), following the manufacturer’s rec-
ommendations. PCR amplification was performed in a fina vol-
ume of 50 pL, composed of 20 wL PCR reaction mix, 10 pL
primer set, 1 wL AmpliTag Gold DNA polymerase, and 20 p.L con-
centrated samplein thefollowing conditions: 1 cycleat 95°C for 11
min; 28 cycles at 95°C for 1 min, at 59°C for 1 min, at 72°C for 1
min; alast cycle of extension at 60°C for 45 min.

For LCN amplification, experiments were performed by in-
creasing the number of amplification cycles from 28 to 34, as sug-
gested by Gill et al. (6), using as PCR template both the DNA from
cell line 9947A (diluted to 100, 75, 50, and 25 pg) and fingerprint
extracts.

Capillary electrophoresis was carried out on an ABI Prism 310
Genetic Analyzer (Applied Biosystems, Foster City, CA). One mi-

crolitre of amplified product and 0.5 pL of internal size standard
(GeneScan-500 Rox, PE/AB) were added to 12 pL of deionized
formamide. After denaturation, PCR products were run as de-
scribed previously by Tagliabracci et a. in 1999 (13). Ladders
wererun at the start and end of the work session. Thelength of am-
plified fragments was established from the internal run standard by
the Southern Local method using Genescan Analysis 3.1.2 soft-
ware (PE/AB).

Sample Genotyping

Only peaks above 100 RFU were considered for allele typing,
which was carried out by Genotyper 2.5 software (PE/AB). Stutters
were recorded when extra bands one full repeat shorter than the
main band were present in the pherogram (14). Spurious alleles
were identified by comparison with the known genotypes of sub-
jectsinvolved in the experiments. All peaks resulting from capil-
lary electrophoresis analysiswere in any case recorded for analysis
of amplification dynamics from fingerprints.

Quality Assurance/Quality Control

All pre-PCR operations were made in a vertical laminar flow
hood using DNA-free plasticware. Recovery of DNA from sur-
faces was carried out immediately after fingerprint formation.
Negative controls were included in extraction and PCR stages, and
positive controlswereintroduced at the PCR step (15,16). Controls
were also made on clean swabs and on swabs passed over clean sur-
faces without fingerprints.

Satistical Analysis

The inter-individual variability of epidermal corneal cells left
from the print of asingle finger was analyzed by estimating the co-
efficient of variation separately for numbers of nucleated cells and
of stripped nuclei.

Correlations between epidermal cells left on a slide and DNA
recovered from glass substrates (samples in the washed hands
condition) were estimated by Spearman’s rank correlation coeffi-
cient (rg).

The Fisher exact test was performed to verify differencesin pro-
file distribution among substrates. Comparisons among substrates
for washed and unwashed experimental conditionswere performed
using non-parametric analysis of variance for repeated measures
(Friedman Test) (17).

A level of probability lower than 5% was considered as statisti-
cally significant. The Statistical Analysis System (SAS 8.2; SAS
Ingtitute Inc. Cary, NC) was used for all statistical analyses.

Results and Discussion
Quantity of DNA Recovered from Fingerprints

In general, the amount of DNA that can be recovered varied in
different experiments for the same donor, ranging from no DNA at
al to afew tens or hundreds of picograms. The maximum quantity
of DNA recovered from substrates printed for 30 s was 3 ng when
the object was touched without preliminary hand washing. In most
experiments, however, the amount of DNA recovered was on aver-
age between less than 100 and a few hundred picograms. Espe-
cialy with washed hands, in a high percentage of experiments (48
to 84%, depending on substrate), the amount of DNA recovered
was under the detection threshold of 40 pg, which constitutes the
cut-off value of the quantitation method adopted (Table 1). Only
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TABLE 1—Range of quantities of DNA (in nanograms) obtained from each subject in 198 tests and total of experiments, expressed in percentages,
with detectable quantities of DNA (>0.04 ng).

Glass Wood Metal
Subject Washed Unwashed Washed Unwashed Washed Unwashed
1 n.d—0.04 n.d-0.4 n.d—0.2 n.d.—0.2 n.d.—0.04 n.d.—0.2
2 n.d.—0.04 nd-0.4 nd-0.1 n.d.-0.2 n.d. n.d.-0.2
3 n.d. n.d. n.d—0.2 0.2-1 n.d. 2-3
4 n.d. 0.04-0.2 0.04 n.d.—0.04 n.d. n.d.-0.2
5 n.d. 0.04-0.1 n.d. 0-0.1 n.d. 0.04-0.1
6 n.d. nd-0.1 n.d. 0.1-04 n.d. 0.04-0.1
7 0.2-04 0.04-0.1 n.d. n.d.—0.04 n.d. 0.04-1
8 0.2-1 n.d-0.2 n.d. n.d—0.04 n.d—0.04 0.04-0.1
9 0.2-04 0.04-0.2 n.d.—0.04 0.2-2 n.d.—0.04 0.2-04
10 0.04-2 n.d.-0.2 n.d.—0.04 nd-0.1 n.d. 0.04-0.1
11 0.04-0.1 0.2-1 n.d.—0.04 0.4-1 n.d.—0.04 0.2-2
Total >0.04
n (%) 17 (52) 19 (57) 12 (37) 26 (79) 5(16) 30(91)
TABLE 2—Comparison of DNA recovered from three different substrates from washed and unwashed hands:
results of non-parametric analysis of variance.
Substrates Median (25""-75™ percentile)

Mode No. Glass, ng Wood, ng Metal, ng Fr (p)*
Washed 11 0.04 (0-0.4) 0.04 (0-0.1) 0(0-0.04) 5.27 (p > 0.05)
Unwashed 11 0.2(0.1-0.4) 0.2(0.1-1) 0.2 (0.04-1) 0.46 (p > 0.05)

* Friedman test.

for some subjects whom we could classify as good shedders did the
amount of DNA recovered reach afew nanograms at most. Among
our samples, there were three donors (Table 1: Donors 9,10,11)
who deposited on average much more DNA than others, with pos-
itive amplification and typing results in all experiments when the
hands were unwashed.

Differences in the maximum quantity of DNA recovered from
the three substrates were not statistically significant with either
washed or unwashed hands (Table 2).

The quantity of DNA recovered in controlled experiments was
less than that reported by van Oorschot and Jones (4) and Ladd
et al. (18), but in those experiments the objects were handled for a
long time, or severa times, or with the palms rubbed together or
against the objects. Our experimental results agree with those per-
formed using similar methods of collecting samples (10). The arbi-
trary time of 30 sfor printing that we adopted was not an important
factor for DNA recovery, because DNA isnormally lost at the first
contact (4), and this printing time only represents a standardized
procedure to verify other factors that may influence DNA analysis
from fingerprints.

The quantity of DNA that can be recovered from fingerprints
generally depends on two main factors: (1) the amount of DNA |eft
by touching objects; (2) the suitability of recovery and extraction
techniques. Other factors, such as substrate characteristics, action
of atmospheric agents, contact times, etc., are secondary factors,
which occasionally intervene but which are in any case capable of
influencing results.

In experiments in which substrate, time, and mode of touching
are al standardized, the reasons for the different quantity of DNA
left in fingerprints depend on individual factors. The experiments

of Loweet al. (9) showed that the amount of DNA |eft on an object
by touching it presents an inter-individua variability that allows
subjects to be grouped as good or poor shedders. Apart from dis-
eases affecting keratinization and desquamation of the stratum
corneum, such as psoriasis and carcinoma, this increased loss of
corneal cells may be due to accelerated turnover of epidermal mat-
uration and differentiation under overexpression of epidermal
growth and transforming growth factors, aswell asthe influence of
other agents regulating keratinocyte cycle times (19).

The second factor affecting DNA recovery depends on the suit-
ability of techniques for its recovery from different materials. It
must be borne in mind that the quantity of DNA Ieft on the sub-
strate and lost during the extraction procedure may be up to 90%,
depending on substrate and extraction methods used (20).

To differentiate between these two main aspects of the matter,
morphological analysis of fingerprints left by subjects was carried
out in order to verify the amount of nucleated cells |eft on a dlide
after thumb pressure for 30 s (Table 3). Nucleated cells and
stripped nuclei left from the print of asingle finger were generally
limited to a few units (median = 3; range = 0 to 14) and, as ex-
pected, depended on the surface of contact, i.e., finger size. In some
individuals, however, the number of nucleated cells and stripped
nuclei left on the substrate was always greater than in others (up to
14 units) and independent of the surface of contact, according to the
different amounts of DNA harvested from the fingerprints.

The recovery of DNA resulting from quantitation analysis is a
small percentage of that expected from the number of cells ob-
served in morphological analysis, indicating that most DNA islost
during harvesting and extraction operations. Another factor to be
considered isthe quality of the DNA recovered, because the loss of
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epidermal corneal cellsisrelated to apoptosis, aso known as pro-
grammed cell death, in which nuclei are affected by alterations
causing DNA fragmentation into multiples of 180 to 200 bp or
larger (21). This may be important in the successive step of ampli-
fication, because the presence of many competitive DNA template
targets deriving from fragmentation processes may affect the suc-
cess of amplification, even with large amounts of template. The
quality of DNA recoverable from fingerprints was evaluated by
both agarose-gel electrophoresis and morphological analysis of
epidermal corneal cells left by fingerprints. Since the detection
threshold was close to 1 ng, only in the cases of good shedders,
wherethe recovered DNA exceeded thislimit, did agarose gel elec-
trophoresis show positive results, with relevant amounts of de-
graded DNA. According to molecular evidence, “stripped nuclel”
and “tingible bodies’ (Fig. 1), expressions of apoptosis, were com-

TABLE 3—Interindividual variability of epidermal cellsleft on a dide
after thumb pressure for 30 s (max number of cells from four
experiments). Considerable inter-individual variability was
observed for both nucleated cells and stripped nuclei.

Nucleated Stripped

Subject Cels Nuclei Total

1 1 1 2

2 1 3 4

3 2 0 2

4 3 0 3

5 1 2 3

6 0 0 0

7 1 2 3

8 5 3 8

9 9 4 13

10 6 8 14

11 0 1 1

Mean 3 2 5
Standard Deviation 3 2 5
Coefficent of variation (%) 100 100 100

A B

FIG. 1—Direct microscopic examination of fingerprints imprinted on
dide: A: keratinocyte (left) and stripped nucleus; B: tingible body (Feulgen).

monly found together with nucleated cellsin morphological analy-
sis of fingerprints directly stained on glass (Table 3).

The statistical correlation existing between the maximum quan-
tity of DNA recovered and the number and features of epidermal
cells left on fingerprints was evaluated by Spearman’s test. The
rank correlation coefficient showed a good correlation of 0.80 for
stripped nuclel (95% C.I. 0.58 to 1.02) and a low one of 0.43 for
nucleated cells (95% C.1. 0.06 to 0.92).

Dataindicated different effectiveness of recovery and extraction
methods of DNA from nucleated cells and stripped nuclei, perhaps
because extraction of DNA from stripped nuclei is easier than that
from nucleated cells. A further consideration is that the status of
“good shedder” depends on the number of stripped nuclel in the
keratinized corneal layer of epidermidis and left on fingerprints.
This status thus depends on individual accelerated turnover in the
differentiation of keratinocytes.

DNA Typing

Amplification was carried out on a set of DNA samples without
preliminary quantitation, since early experiments showed that the
DNA that could be recovered from fingerprints was in most cases
insufficient for either approach. Complete profileswere obtained in
only 31.8% of experiments, and negative results, with no profiles
at al, were observed in 13.6%, whereas the largest quota (54.5%)
was composed of partial profiles (Table 4). No statistical signifi-
cant differences were observed among the different printing
substrates, but preliminary handwashing drastically reduced the
success of amplification due to the minimal amount of DNA that it
was possible to recover in such circumstances. Locus dropouts
mainly involved high-molecular-weight loci (only 9.09% for
Amelogenin, as opposed to 60.6% for D18S51), whereas allele
dropouts were evenly spread among different loci, as observed in
similar experiments with LCN of DNA (7).

Peak heights were generally below the level of 150 RFU sug-
gested by the manufacturer for allele assignment, but clear differ-
entiation from background noise could still be made.

Spurious aleles, that is, alleles present in the pherogram but not
belonging to the subject who has fingerprints (6) and stutter bands
(14) were recognizable in some cases. According to the better re-
sults in the amplification of low-molecular-weight loci, spurious
aleles were more often associated with Amelogenin, D3S1358,
and D8S1179 and, as expected, mainly in experiments with un-
washed hands (Table 5). Spurious alleles for Amelogenin (8/66
amplifications) and D7S820 (2/66 amplifications) were also ob-
served in fingerprints left on clean surfaces touched with washed
hands, probably due to laboratory-based contamination. Stutters
also occurred, often associated with D3S1358, VWA, D8S1179,
D21S11, and D5S818 loci.

TABLE 4—Results from AmpFISTR Profiler Plus amplification of 132 fingerprints. Fisher exact test does not show statistical differences among
substrates for each (washed/unwashed) experimental condition.

Washed Unwashed
Complete Negative Partial Complete Negative Partial
Profile, Profile, Profile, Profile, Profile, Profile,
n, (%) n, (%) n, (%) p* n, (%) n, (%) n, (%) p*
Glass 6(27.3) 4(18.2) 12 (54.5) 0.067 10 (45.5) 2(9.0) 10 (45.5) 0.600
Wood 0(0) 4(18.2) 18(81.8) 10 (45.5) 0(0) 12 (54.5)
Metal 4(18.2) 6(27.3) 12 (54.5) 12 (54.5) 2(9.0) 8(36.4)

* Fisher exact test.
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TABLE 5—Spurious alleles observed in AmpFISTR Profiler Plus amplification of 132 fingerprints.

AMEL D3S1358 D8S1179 D5S818 VWA D21S11 D13S317 FGA D7S820 D18S51
GU 2 2 2 2
wu 12 2 4 2 2 2
MW 2
MU 8 2 2 2

WW = washed hands on wood.
WU = unwashed hands on wood.

GW = washed hands on glass.
GU = unwashed hands on glass.

MW = washed hands on metal.
MU = unwashed hands on metal.
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FIG. 2—Amplification of LCN DNA. Pherograms obtained by amplification at 28 (a) and 34 (b) cycles of decreasing amounts (100-75-50-25 pg) of DNA
standard from cell line 9947A. After 34 cycles of amplification, positive results with peak heights exceeding 150 RFU were obtained up to 25 pg of DNA

template.

The combined presence of stutters, heterozygote imbalance, and
allele dropouts when amplifying <100 pg of total genomic DNA
(LCN) has been described elsewhere (6,7). These studies also
demonstrated that |aboratory-based contamination when amplify-
ing LCN of DNA isimpossible to avoid and that this drawback is
proportional to the stressing conditions of amplification, mainly the
increased number of cycles adopted to enhance the reaction. Spuri-
ous bands, or peaks, depending on the typing platform used, are
therefore expected events that may hinder correct alele identifica-
tion and genotype assignment. To minimize these problems and to
make the analytical results of LCN analysis of DNA applicable,
various strategies have been proposed regarding conditions of
amplification and the adoption of guidelines to interpret elec-
trophoretic results (6,22). The small amount of DNA normally re-
coverable from fingerprints, which means that the entire extract
must be used for amplification in order to attempt positive results,
makes one of these proposals, i.e., replication of PCR amplification
to obtain consensus and to avoid therisk of designating spuriousal-
leles (23), difficult to apply in casework.

Attempts to improve results were carried out by increasing the
cycle number of amplifications from 28 to 34. Experiments per-
formed with a series of stock DNA dilutions with distilled water
from ahuman cell line gave afull DNA profile from up to 25 pg of

starter template (Fig. 2). The same experiments with DNA ex-
tracted from fingerprints did not improve the results meaningfully,
because the increase in the peak heights of true alleles was associ-
ated with a corresponding magnification of artifacts and the
appearance of further peaks, previously absent or masked by back-
ground noise, in the alele range. In some instances, spurious alle-
leswith peak heights exceeding those of correct alleles, giving rise
to perfect false genotypes, were also observed, as well as multiple
ladder-like amplification products (Fig. 3). Amplification controls
containing PCR reagents and distilled water did not yield any de-
tectable peaks. The different results obtained from the two tem-
plates suggest that the LCN method enhances the amplification of
spurious alleles present in fingerprints, but laboratory-based con-
tamination cannot be excluded, since standard negative controls of
amplification cannot reveal lower levels of contamination (6).
Contamination by secondary transfer or |aboratory-based con-
tamination is therefore a serious problem when working with min-
imal amounts of template. The high number of spurious peaks may
be explained not only by the contamination of fingerprints derived
from objects handled by various persons. The low quantity of start-
ing template, which normally enhances the appearance of spurious
aleles and stutter bands (6,22), must also be taken into account.
Lastly, we must consider that some artifacts are determined by
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FIG. 3—Artifactsthat may result when typing LCN of DNA fromfingerprints (34 cycles of amplification). Pictures 1a and 2a: correct profiles obtained from
1 ng of DNA extracted from saliva at 28 cycles of amplification from two different subjects. Pictures 1b and 2b: artifacts in amplification at 34 cycles per-
formed on DNA recovered from finger prints of same subjects. A decreasein peak heights of larger fragments (1b at FGA and VWWA) for true allelesisalso vis-
ible. 1a: allele assignment: D3 15-16, VWA 15-18, FGA 23. 1b: accessory alleles for D3 and VWA loci with peak heights greater than those of true alleles.
2a: allele assignment: Amelogenin X, D8 10-15, D21 29-30, D18 13-16. 2b: Y-accessory allele for Amelogenin and ladder-like accessory peaks for D8.

degradation of DNA by apoptosis and physical or chemical exoge-
nous agents capable of damaging nucleated epidermal cells and
producing DNA fragments of afew hundred basepairs (19,25,26).

DNA Transfer and Assessment of a Profile

All studies carried out on DNA fingerprints from fingerprints
have dealt with secondary transfer of DNA, a condition in which
one individua transfers DNA left by another person, on hands or
objects (skin to skin to abject, or skin to object to skin). Tertiary
transfer has also been described when the DNA lost on one object
istransferred by apoor shedder to a different object (skin to object
to skin to object). The impact of these phenomena in the field of
forensicsis a serious problem, because their variable contributions
in fingerprint formation can give, each time, mixed or poorly inter-
pretable profiles or profiles |eft by individuals not involved in the
crime scene. In a series of experiments using a model of manual
strangulation, Rutty (27) recently observed the persistence of con-
tamination from offender fingersfor at |east ten days after the con-
tact. In their experimental conditions, Ladd et al. (18) reached the
conclusion that secondary transfer is unable to affect the interpre-
tation of DNA profiles from case samples, because of the minimal
contribution from the second individual, but the possible different
combinations of “shedder status’ hypothesized for donors may
compromise the identification of the correct or last handler of the
object, as observed by Van Oorschot and Jones (4).

The impact of DNA transfer in our experiments was established
by evaluating the percentage of accessory alleles added to correct

profiles combined with the decrease in accessory alleles between
experiments with unwashed and washed hands. When fingerprints
were made after subjects had touched objects of routine use, in-
cluding computer keyboards used by many people, mixed alleles
from multiple donors were observed. In many cases, the peaks of
accessory allelesreached those of true aleles, hindering definite al-
lele typing. When allele dropouts were associated in these cases
and only two alleles were present, incorrect assignments were
sometimes made. Since small alleles are preferentially amplified
even in minimal amounts, asin the case of contamination, the num-
ber of spurious aleles was inversely proportional to the size of the
loci considered, according to locus dropout data.

Conclusions

Our study confirmed that it is possible to recover DNA from fin-
gerprints with quali-quantitative features suitable for positive iden-
tifications. The quantity of DNA recovered from an object after a
single contact islimited to afew nanograms at most. The amount of
DNA leftin fingerprints probably depends on donor shredder status
and on random factors rather than on scientific rules. Most DNA is
lost during harvesting and extraction procedures, and a further
amount is degraded by apoptosis affecting epidermal corneal cells.

Amplification is able to generate full or incomplete profilesin a
high percentage of experiments. Additional aleles derived from
DNA transfer by unprotected hands or |aboratory-based contami-
nations are observed with non-negligible frequency. Profiles are
also affected by locus dropout, spurious alleles, and stutters, arti-



facts described in LCN analysis of DNA. Nevertheless, almost one
third of the number of fingerprints left on various objects by pres-
sure could be typed correctly for al ten loci investigated in this
study, and a further relevant percentage gave partial but correct
profiles. This study therefore showed that genetic fingerprintsfrom
fingerprintsisapromising tool in theforensic scenario and may be-
come courtroom-spendable when a series of precautions are taken
to ensure very careful and proper analyses, avoiding or minimizing
factors that could affect the results in any analytical step and lead-
ing to incorrect identifications in casework.

First of al, therecovery of DNA from evidence surfaces should be
performed on thelargest possible number of sites, aswell ason those
where the suspect is believed to have | ft fingerprints. The combined
evaluation of profilesobtai ned from different pointsof the object may
give useful information on possible mixtures of DNA by multiple
handlers and DNA transfer. Restrictions on the number of people
touching the evidence and measures avoiding primary transfer from
investigators and laboratory staff must be adopted, as well as strict
anti-contamination practice in later analytical steps involving not
only work area and equipment but also analytical strategies. A
database containing the genetic profiles of laboratory personnel isa
necessary measure to detect accessory alleles from this source. Neg-
ative controlsfor extraction and negative/positive controlsfor ampli-
fication should also be considered. The LCN of DNA available for
analysis also means that laboratory conditions such as those sug-
gested for mtDNA analysis by the ISFG (28) should be arranged and
set up to minimize the possibility of contamination.

Typing results must be evaluated like those deriving from other
biological evidence, when the above-mentioned precautions and
the rules of allele assessment suggested by Gill et a. (6,14) to dif-
ferentiate them from artifacts are observed. A full or partial profile
with peaks clearly emerging from the background noise, above
the rfu threshold adopted in one’s own laboratory—which may
vary from one to another—showing one or two aleles for all loci
investigated, should be considered as a positive result for later
comparison with the genetic profile of asuspect. The possible con-
temporary presence of artifacts deriving from amplification
of LCN and DNA recovered from fingerprints left on objects by
multiple handlers means that the use of multiple allele profiles is
problematic, even when proposed rules for interpretation of mixed
profiles are observed (29). However, the influence of DNA trans-
fer in interpreting a match should always be kept in mind when
dealing with this particular matrix.

Acknowledgment

This work was partially supported by a grant from MURST
(2001065132_002).

References

1. http://www.giustiziait. Report on the |talian administration of justice, by
the Attorney-General of the Supreme Court of Appeal (January 2001).

2. Bohnert M, Faller-Marquardt M, Lutz S, Amberg R, Weisser H, Pollak
S. Transfer of biological tracesin cases of hanging and ligature strangu-
lation. Forensic Sci Int 2001;116:107-15

3. Wiegand P, Kleiber M. DNA typing of epithelia cells after strangula-
tion. Int JLegal Med 1997;110:181-3

4. Van Oorschot RAH, JonesMK. DNA fingerprints from fingerprints. Na-
ture 1997,387:767

5. Van Hoofstat D, Deforce DLD, De Pauw IPH, Van den Eeckhout EG.
DNA typing of fingerprints using capillary electrophoresis: effect of
dactyloscopic powders. Electrophoresis 1997;20;2870-6.

6. Gill P, Whitaker J, Flaxman C, Brown N, Buckleton J. An investigation
of the rigor of interpretation rules for STRs derived from less than 100
pg of DNA. Forensic Sci Int 2000;112:17-40

ALESSANDRINI ET AL. « FINGERPRINTS AND DNA TYPING 7

7. Whitaker JP, Cotton EA, Gill P. A comparison of the characteristics of
profiles produced with the AMPF(STR SGM Plus multiplex system for
both standard and low copy number (LCN) STR DNA analysis. Foren-
sic Sci Int 2001;123:215-23

8. Kloostermann A, Kersbergen P. Efficacy and limits of genotyping low
copy number (LCN). DNA samples by multiplex PCR of STR loci. Per-
sonal communication at 19th International Congress| SFG, Munster, Ger-
many, 28 August—1 September, 2001. In Programme and abstracts, p. 51.

9. Lowe A, Murray C, Richardson P, Wivell R, Gill P, Tully G, et al. Use
of Low Copy Number (LCN) DNA in forensic inference. Personal com-
munication at 19th International Congress |SFG, Munster, Germany, 28
August—1 September, 2001. In Programme and abstracts, p. 51.

10. Van Renterghem P, Léonard D, De Greef C. Use of latent fingerprints as
asource of DNA for genetic identification. In: Sensabaugh GF, Lincoln
PJ, Olaisen B, editors. Progressin forensic genetics. Vol. 8. Elsevier Sci-
ence B.V., 2000;5014

11. Budowle B, Baechtel FS. Modifications to improve the effectiveness of
restriction fragment length polymorphism typing. Appl Theor Elec-
trophoresis 1990;1:181-7

12. Waye JS, Presley LA, Budowle B, Shutler GG, Fourney RM. A simple
and sensitive method for quantifying human genomic DNA in forensic
specimen extracts. Biotechniques 1989;7:852-5.

13. Tagliabracci A, Buscemi L, Sassaroli C, Paoli M, Rodriguez D. Allele
typing of short tandem repeats by capillary electrophoresis. Int J Legal
Med 1999;113:26-32.

14. Gill P, Sparkes R, Kimpton C. Development of guidelines to designate
dlelesusing an STR multiplex system. Forensic Sci Int 1997;89:185-97.

15. Fregeau CJ, Germain O, Fourney RM. Fingerprint enhancement revis-
ited and the effects of blood enhancement chemicals on subsequent pro-
filer Plus fluorescent short tandem repeat DNA analysis of fresh and
aged bloody fingerprints. J Forensic Sci 2000;45(2):354-80.

16. Andersen J, Bramble S. The effects of fingermark enhancement light
sources on subsequent PCR-STR DNA analysis of fresh bloodstains. J
Forensic Sci 1997;42(2):303-6.

17. Siegel S, Castellan J. Statistica non parametrica. Milan: McGraw-Hill,
1988.

18. Ladd C, Adamowicz MS, Bourke M T, Scherczinger CA, LeeHC. A sys-
tematic analysis of secondary DNA transfer. J Forensic Sci 1999;
44(6):1270-2.

19. Holbrook and Wolff. The structure and development of skin. In: Fitz-
patrick TB, Eisen AZ, Wolff K, Freedberg IM, Austen KF, editors. Der-
matology in general medicine. New Y ork: McGraw-Hill, 1993;97-113.

20. Balogh MK, Bender K, Schneider PM, Burger J, Alt KW. Fingerprints
from fingerprints. Personal communication at 19th International
Congress ISFG, Munster, Germany, 28 August—1 September 2001. In
Programme and abstracts, p. 152.

21. Stadelmann C, Lassmann H. Detection of apoptosis in tissue sections.
Cell Tissue Res 2000;301:19-31.

22. Gill P. Application of low copy number DNA profiling. Croat Med J
2001;42:229-32.

23. Taberlet P, Griffin S, Goossens B, Questiau S, Manceau V, Escaravage
N, et al. Reliable genotyping of samples with very low DNA quantities
using PCR. Nucleic Acid Res 1996;24:3189-94.

24. Findlay I, Taylor A, Quirke P, Frazier R, Urquhart A. DNA fingerprint-
ing from single cells. Nature 1997;389:555-6.

25. Moller P, Wallin H, Holst E, Knudsen LE. Sunlight-induced DNA dam-
age in human mononuclear cells. FASEB J 2002;16:45-53.

26. Miller LJ, Marx J. Apoptosis. Science 1998;281:1301.

27. Rutty GN. Aninvestigation into the transference and survivability of hu-
man DNA following simulated manual strangulation with consideration
of the problem of third party contamination. Int J Legal Med 2002;
116:170-3.

28. CarracedoA, Bar W, Lincoln P, Mayr W, MorlingN, Olaisen B, et al. DNA
commission of the International Society for Forensic Genetics: guidelines
for mitochondrial DNA typing. Forensic Sci Int 2000;110(2):79-85.

29. Clayton TM, Whitaker JP, Sparkes R, Gill P. Analysisand interpretation
of mixed forensic stains using DNA STR profiling. Forensic Sci Int
1998;91:55-70.

Additional information and reprint requests:
Adriano Tagliabracci

Istituto di Medicina Legale

Policlinico Torrette

1-60020 Ancona (Italy)

Fax no.: + 39 071 596 4723

E-mail: tagliabr@unian.it



