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Abstract

Recovery, preservation and analysis of body fluid stains is an important aspect of
forensic science. PCR-based typing of DNA extracted from recovered stains is often a
crucial method to identify a perpetrator or exclude an innocent suspect. This paper reports
an improved method of extracting genomic DNA from saliva stains deposited on human
skin in simulated bite mark situations. Results of organic (phenol-chloroform) extraction
and Chelex extraction were compared to a modified Chelex method developed by the
authors. Modifications include pre-extraction preparation with proteinase K and incuba-
tions at 56°C and 100°C plus microconcentration of the solution. Quantification results
using the classical Chelex extraction method showed that 31.9+4.22% of the deposited
DNA was recovered, but using the modified Chelex extraction method DNA recovery was
increased to 47.7£6.90%. The quantity and quality of extracted DNA was shown to be
adequate for PCR-based typing at two STR loci.
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1. Introduction

Several methods to discriminate the source of a saliva stain to a specific
individual have been developed. The analysis of blood cell allotypes, monoclonal
antibodies, numerous polymorphic proteins and isoenzymes, isoelectric focusing
of complement and subtyping of the transferrin system are a few examples of the
numerous forensic identification tests performed on saliva [1-9]. These conven-
tional methods are limited to certain traditional marker systems. But recent
studies have shown that saliva can also be isolated from objects and tested using
genetic typing systems [10-17]. Genomic DNA has been extracted from saliva
found on a variety of surfaces [10] such as chewing gum [R. Fourney, personal
communication], cigarette butts [18], postage stamps [19] and human skin [20].

Saliva is deposited on human skin through biting, sucking, licking and kissing,
and possibly through other behavior. Stains of dried saliva are invisible, which
adds to the difficulty of recognizing and collecting them. The DNA present in
saliva on skin is more difficult to collect and extract than similar stains on clothing,
paper or other inanimate objects since the substrate on which the saliva is
deposited (skin) cannot be submitted directly to extraction procedures. An
improved collection method is required because the quantity of DNA in saliva
stains on human skin is often minimal. Contamination by DNA from the skin is
also a potential problem. The double swab technique which employs a wet cotton
swab followed by a dry cotton swab has been shown to increase the amount of
salivary DNA recovered from skin when compared to other methods [21].

Following collection of the saliva from the surface of the skin, an efficient
method of extracting DNA from the cotton swabs is required. Two methods of
DNA extraction from biological samples are commonly used: the organic (phenol-
chloroform) method and the Chelex-100 extraction procedure. Because the
salivary cells of interest in this study are collected using a cotton swab, the authors
hypothesized that a method to remove these nucleated cells from the swab before
submitting them to cellular and nuclear lysis protocols would increase DNA yield.
Improving the release of cells from the substrate would theoretically increase the
DNA available for extraction. A method was devised to wash the swabs in boiling
water to release the intact cells. Later these cells were submitted to DNA
extraction using the organic method and the Chelex method.

Phenol-chloroform extraction takes a relatively long period of time, is expen-
sive and involves the use of toxic and hazardous chemical reagents but it produces
consistent results [22,23]. Chelex is a chelating resin that has a high affinity for
polyvalent metal ions. Singer-Sam et al. postulated that boiling a sample in the
presence of Chelex prevents the degradation of DNA [24]. Apparently metal ions,
which can act as catalysts in DNA breakdown at high temperatures in low ionic
strength solutions, are chelated and inhibited from this action. More recently,
Walsh et al. reported the use of Chelex-100 as a means of extracting DNA from
forensic samples containing whole blood, bloodstains, seminal stains, saliva, hair
and post-coital samples [25]. The Chelex technique is simple and rapid. It involves
neither the use of toxic organic solvents nor multiple tube transfers for most types
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of samples [25-27]. Chelex resin removes impurities from solution and the
alkaline pH disrupts the cell membranes resulting in release of DNA.

In the current study, a phenol-chloroform based method [13] and the classical
Chelex-100-based method [25] were evaluated to extract DNA from samples with
a known concentration of DNA and from expectorated whole saliva. DNA
‘extraction’ was completed using a reference standard with a known concentration
to evaluate the potential loss of DNA through sample manipulation and from
whole saliva to determine which extraction method produced the greatest DNA
output. The classical Chelex procedure was shown to be the most effective
extraction method compared to the phenol-chloroform method. Therefore, the
classical Chelex method was studied in a simulated bite mark situation. The
double swab technique [21] was used to recover dried saliva from human skin.
The extraction results obtained with the classical Chelex technique were com-
pared to results using a modified Chelex method in which the swabs were washed
and incubated at different temperatures to increase the release of cells from the
swabs.

2. Material and methods

2.1. Sampling

DNA reference standards from K562 cell lines (DNA Typing Grade K562,
GIBCO-BRL, 14410-0113) were submitted to DNA extraction using the organic
and Chelex methods. The supplied concentration (150 ng/wl) was serially diluted
with sterile distilled water to produce a standard working solution containing 10
ng/ul. Thirty aliquots of 2 pl (20 ng of DNA) were submitted to DNA extraction:
one-half the samples (r=15) using the organic method and one-half (n=15) using
the Chelex method.

Saliva samples were obtained from five (3 male, 2 female) unrelated individuals.
Prior to obtaining the sample, the mouth of each donor was rinsed with clean tap
water for 10 s and the water was discarded. After waiting 5 min, each donor
expectorated approximately 0.5 ml of saliva which had accumulated in his/her
mouth into a clean polypropylene tube; these samples were stored at 4°C. This
process was continued for three consecutive days resulting in collection of 15
saliva samples. Two aliquots of 100 pl were removed from each sample and
submitted to phenol-chloroform extraction (n=15) and Chelex extraction (n=15).

2.2, Phenol-chloroform extraction method

DNA from reference standards and from samples of whole saliva were
extracted according to the procedure of Walsh et al. [13] with minor modifications.
In summary, 100 pl aliquots of whole saliva were centrifuged at 10 000Xg for 2
min and the supernatant was discarded. 700 pl of lysis buffer (10 mM Tris—-HCI,
pH 8.0; 10 mM EDTA; 0.1 M NaCl; 2% SDS) and 35 pl proteinase K (20 mg/ml,
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Sigma) were added to the pellet or to aliquots containing a total of 20 ng of DNA
taken from the standard working solution. Samples were incubated at 56°C for 10
h before adding an equal volume of phenol/chloroform/isoamyl alcohol (25:24:1
v/v, Sigma P-3803). Following brief agitation and centrifugation at 2500xg for 10
min, the layer containing DNA was transferred to a new tube and the extraction
process repeated by addition of an equal volume of phenol/chloroform/isoamyl
alcohol. Finally, an equal volume of absolute ethanol (—20°C) and 80 ul of 3 M
sodium acetate buffer (pH 5.22) were added to precipitate the DNA. The tubes
were then stored at —40°C overnight. After centrifugation at 2500Xg for 10 min
the ethanol layer was discarded. The precipitate was washed with 70% ethanol
(—20°C) and centrifuged at 2500Xg for 10 min. The ethanol was slowly discarded
and the tube was inverted and allowed to air dry at room temperature for 30 to 60
min. The pellet was resuspended in sterile double distilled water and stored at 4°C
pending quantitation.

2.3. Chelex extraction method

DNA from the standard working solution and samples of whole saliva were
extracted according to the classical Chelex extraction method [25]. First, 200 .l of
5% Chelex (pH 9.0) (Sigma) were added to tubes containing 100 pl aliquots of
whole saliva and to tubes containing a total of 20 ng of DNA from the working
solution. These samples were incubated at 56°C for 30 min and at 100°C for 8 min
before centrifugation at 2500Xg for 3 min. Samples were stored at 4°C pending
quantitation.

2.4. Modified Chelex extraction method

An experiment was conducted to compare the results of classical Chelex
extraction [25] and a modification of the Chelex method on saliva samples
collected from human skin. Aliquots of 100 pl of whole saliva were deposited on
the forearms of unrelated individuals and allowed to air dry for 20 min. The
double swab technique which initially employs a cotton swab immersed in sterile
distilled water followed by a dry cotton swab was used to collect these stains [21].
After thorough air drying for at least 30 min, the tips of the two swabs from the
double swab technique were combined into a single sample and stored at —20°C
pending analysis. When all the samples were collected, the swabs were thoroughly
washed in 1.5 ml of sterile distilled water and proteinase K (1 pg/pl). The tubes
were agitated for 1 min and then incubated at 56°C for 60 min and 100°C for 8
min. This process was used to liberate salivary cells from the cotton fibers. The
swab heads were compressed in a sterile syringe to recover the solution contained
in them. This solution and the remainder of the wash solution were transferred to
a new polypropylene tube. This was centrifuged at 10 000X g for 5 min. The tube
containing the pellet was set aside and the supernatant was microconcentrated
using Microcon-100 (Amicon) tubes. The concentrated pellet was resuspended in
75 wl of Tris buffer (10 mM Tris~HCI, pH 8.0; 0.1 mM EDTA) and this solution
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was transferred to the tube containing the original pellet. The tube was gently
agitated to mix the pellet. This sample was submitted to the classic Chelex
extraction method mentioned previously to remove and purify DNA from the
cells.

2.5. Slot-blot DNA quantitation

The amount of DNA in the samples was quantified using the slot-blot
procedure described by Waye et al. [28].

2.6. DNA amplification

DNA extracts obtained using the different methods described in this paper,
which contained a minimum of 0.5 ng of DNA, were satisfactorily amplified at two
short tandem repeat (STR) loci [29] using previously described protocols for
HUMTHO1 [30] and HUMVWA [31].

2.7. Statistical analysis

Statistical treatment of the results included use of the Student’s ¢-test and linear
regression analysis techniques.

3. Results
3.1. Extraction of DNA from reference standards

The phenol-chloroform and the classical Chelex extraction methods were
employed to recover DNA from control samples with known concentrations of
K562 DNA standard. Table 1 shows the average amount of DNA recovered from
a solution containing 20 ng of DNA. The results obtained using each method were
compared and statistically significant differences were identified. The average
amount of DNA recovered using the classical Chelex method was significantly
greater than that recovered using the organic method. The confidence limit of the
difference between the averages for both methods (at 99% ) ranges from 6.88% to
16.18%.

3.2. Extraction of DNA from saliva

DNA was extracted from 15 different samples of whole saliva following the
organic and Chelex extraction protocols described in Material and methods
(Section 2). Two aliquots of 100 ul were collected from each sample; extraction of
one aliquot was completed using the organic method and of the other using the
classical Chelex method. Results of these procedures are expressed as absolute
quantities of DNA (ng/nl) in Table 2. They reveal a higher yield for the Chelex
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Table 1
Average amount of DNA (ng) extracted from the K562 DNA reference solution (20 ng of DNA) using
the organic and Chelex extraction procedures

Sample no. Organic extraction Chelex extraction
1 14.6 19.8
2 17.6 19.6
3 18.2 19.4
4 17.0 19.8
5 184 19.8
6 18.8 19.0
7 17.4 19.8
8 16.8 20.0
9 16.0 19.8
10 15.6 19.6
11 18.8 19.4
12 18.4 19.8
13 18.6 19.6
14 16.2 19.6
15 17.6 19.6
X+S.D. 17.33+1.3 ng 19.64x0.2 ng

1., =6.8475 (28 d.f.), P<0.001.

method. There is a statistically significant relationship between the two variables
[r=0.92851, 1.,,=9.0168 (13 d.f), P=0.001]. The equation of the linear slope,
which indicates the relationship between the organic and classical Chelex ex-
traction methods, is y=0.6054+0.90899x.

Table 2
Concentration of DNA (ng/ul) extracted from identical aliquots of saliva using the organic and Chelex
extraction methods

Sample no. Organic extraction Chelex extraction
1 1.87 2.15
2 2.33 2.73
3 1.90 232
4 2.51 2.87
5 272 2.90
6 215 2.70
7 270 3.34
8 1.58 1.84
9 2.90 3.15
10 1.90 2.70
11 2.02 2.51
12 1.87 2.24
13 2.42 2.73
14 3.00 341
15 2.87 3.07
X=S.D. : 2.32+0.45 ng/pul 2.71+0.44 ng/pul

oy =2.4099 (28 d.f.), P=<0.05.
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Fig. 1. DNA recovery (% ) from 100 pl of whole saliva deposited on skin using the classical Chelex and
modified Chelex extraction methods. Deposited DNA concentration was 2.7 ng/pl; therefore, 100% =
270 ng of DNA (z,, =6.4436 (28 d.f.), P=0.001).

exp

3.3. Modified Chelex extraction method

In an attempt to closely reproduce the conditions found in an actual human bite
mark situation where the amount of DNA is low and may be partially degraded,
100 pl of saliva with a known amount of DNA (2.7 ng/ul) was deposited on the
skin and recovered using the double swab technique. Results of DNA extraction
using the classical Chelex method were compared to results from Chelex
extraction following pre-extraction preparation of the samples using the modified
Chelex method (Fig. 1). Results are expressed as the percentage of DNA
recovered, where 100% theoretically corresponds to the concentration of DNA
present in the aliquots of whole saliva (2.7 ng/pl). A statistically significant
difference was found between the two extraction methods. The percentage of
DNA recovered using the modified Chelex extraction method was 47.7+6.90%.
This was significantly higher than results using the classical Chelex method in
which 31.9+4.22% of the DNA was recovered. The differences between the
averages varies in a range from 8.9% to 22.6% at a confidence interval of 99%.

4. Discussion

Two methods to extract DNA from saliva were considered: the organic
extraction method using phenol-chloroform [13], and the procedure using 5%
Chelex-100 resin [25]. Both methods were used to extract DNA from a DNA
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reference solution, from whole saliva containing known concentrations of human
DNA and from saliva stains on human skin.

Jung et al. completed a large-scale investigation of bloodstains in order to
establish adequate results for typing the HLA-DQAI1 locus [26]. After analyzing
several different variations of the classical extraction techniques, including
extraction with organic solvents and filtration with Microcon-100 technology [23],
it was concluded that the Chelex procedure is an adequate method for dealing
with partially contaminated or degraded remains. It was determined to be
possible, if inadequate results were obtained following the first amplification, to
purify the extraction solution by additional filtration in Microcon-100 tubes and to
submit the sample to a second Chelex extraction.

Jung concluded that the Chelex technique presents three clear advantages over
the phenol-chloroform technique [26]. It was determined that Chelex increases
the magnitude of DNA amplification by a factor of 6, avoids the use of toxic
organic solvents, and involves less time and work. More recently, after completing
a comparative study of extraction methods, Wiegand et al. concluded that Chelex
extraction is slightly less effective than organic extraction but its rapidity more
than makes up for this minor disadvantage [27]. Regardless, in some cases the
amount and quality of DNA may be so low that it is necessary to attempt to
improve the yield of extraction product. This is particularly true when dealing
with saliva stajns.

The term ‘DNA extraction’ is sometimes confusing in the context of forensic
haemogenetics because it involves two parallel but different procedures that are
not always completed simultaneously. In contrast to other biological disciplines in
which nucleated cells, such as whole blood, fresh saliva, cultured cells, etc., are
readily submitted to cellular and nuclear lysis to obtain genomic DNA, when
dealing with forensic biological evidence the material often arrives at the
laboratory as a dry body fluid stain (blood, saliva, semen, etc.) or as a small
section of tissue (bone, hairs, teeth, etc.). Therefore, in forensic cases, DNA
extraction procedures should accomplish two objectives. First, the procedure
should release or wash the cellular material from the substrate to which it is
adhering. Second, the procedure should provide a mechanism to liberate the
DNA into solution and purify it.

There are some substrate materials — all kinds of clothing, in general, and
cotton swabs, in particular — where a rigorous recovery strategy must be
employed. This is especially important in cases where minimal amounts of DNA
are anticipated, such as in the case of salivary cells recovered after swabbing the
skin. The modified extraction method reported here is designed to increase the
yield of intact salivary cells from the swab to which they become attached during
the swabbing process, hence attempting to improve the initial phase of the DNA
extraction procedure.

The classical extraction method for salivary evidence is limited to one direct
treatment of the sample with a solution of 5% Chelex-100 [18] or to washing the
swab with Tris-EDTA or similar buffers to which proteinase K is added. The
incubation time in these processes can vary from 2 h [25] to overnight [13].
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The procedure used in this project is in effect a double extraction protocol
which involves submitting the cells initially to warm temperatures to liberate the
salivary cells adhering to the swab into solution and boiling without Chelex to
eliminate nucleases. Subsequently, the samples are boiled with Chelex to extract
the DNA from the cells. The results indicate that this modification produces an
average recovery of 47.7% of the DNA deposited which is statistically significant
(fexp=06.4436 (28 d.f.), P=0.001) compared to a recovery of 31.9% of the DNA
deposited using previous extraction methods.

In conclusion, extraction of DNA from saliva using Chelex-100 resin is more
effective than the organic extraction method using phenol-chloroform. The
extraction results are further improved by using the modified Chelex method
described in this paper, where the samples are submitted to pre-extraction
treatment consisting of washing the swab tips in proteinase K, incubation at 56°C
and 100°C, and subsequent micro-concentration of the solution. Therefore, the
modified Chelex method is recommended when dealing with small amounts of
liquid saliva or saliva stains where minimal amounts of DNA can be expected to
be recovered.
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