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Background: Obtaining high quality genomic DNA safely and economically is vital for diverse

studies of large populations aimed at evaluating the role of genetic factors in susceptibility to

disease.

Aim: This study was to test a protocol for the extraction of high quality genomic DNA from

saliva samples obtained with mouthwash and taken from patients with periodontal disease.

Methods: Saliva samples were taken from 60 patients and then stored at room temperature.

DNA extraction was carried out at distinct post-sampling times (10, 20 and 30 days).

Evaluation of genomic DNA was performed with spectrophotometry, electrophoresis, and

PCR genotyping and sequencing.

Results: The greatest concentration of DNA obtained was 352 mg at 10 days post-sampling,

followed by 121.025 mg and 19.59 mg at 20 and 30 days, respectively. When determining the

purity of DNA with the spectrophotometric ratio of 260/230, the relations of 1.20, 1.40 and
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amplify the product of 485 bp and the sequence of the amplicons showed 95% similarity to

the reference sequence.

Conclusion: The present protocol represents an easy, safe and economical technique for

obtaining high quality genomic DNA.

# 2016 Craniofacial Research Foundation. Published by Elsevier B.V. All rights reserved.
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1. Introduction

It is of vital importance to carry out genetic analyses of the
most prevalent diseases in large populations. This need
has fueled research into techniques for obtaining high
quality genomic DNA in an easy, safe and economical
manner. Although blood samples provide an excellent
means of obtaining DNA of sufficient quantity and quality
for such genetic analyses, this procedure is invasive and
unpleasant for many people, making it difficult for studies of
large populations. Consequently, there is a search for
alternatives.

An easier and less invasive way to obtain DNA is with saliva
samples. Saliva provides a great number of nucleated cells,
such as epithelial cells, leukocytes, and Langerhans cells.
Additionally, it contains bacteria, virus, fungus, salts, and food
residues.1,2 The presence of bacteria represents a disadvantage
, because these microorganisms can degrade human DNA.
Moreover, if the sample is maintained at room temperature,
these organisms can easily grow and proliferate.3

Different protocols have been developed for obtaining DNA
from saliva. The commonly used methods employ polyethyl-
ene swabs or brushes, treated Guthrie-type cards, rinses with
saline solution or 3% sucrose.4–13 However, these techniques
also have their disadvantages since the sample must be frozen
or processed immediately so as to assure the quantity and
quality of DNA. This requirement represents a difficulty for
their use in studies that require transportation of the sample
and its maintenance at room temperature. Additionally,
Rogers et al. documented that the use of cotton swabs and
polyethylene brushes results in the worst quantity and quality
of DNA.14

Garcia-Closas et al. documented in an epidemiological study
of cancer that with this technique the average percentage of
bacteria is 50.5% than that found in saliva samples obtained
without mouthwash.15 Feigelson et al. reported that only 40%
percent of the bacteria remained in saliva samples after using
mouthwash with alcohol, and that the quantity and quality of
DNA was stable during one week at room temperature.16 Lum
and Le Marchand proposed and documented the utilization of a
mouthwash with alcohol (Listerine®, Johnson & Johnson) for
obtaining high quality genomic DNA from saliva samples,
demonstrating diminished bacterial growth at a temperature of
37 8C for one week. This technique can be used for self-collection
of samples sent by mail.17,18 The drawback of using this
technique for extracting DNA is that it employs phenol–
chloroform, which is a known toxic, mutagenic and carcino-
genic agent.19 There are kits on the market for the extraction of
DNA that are non-toxic and easy to use, but the cost represents a
problem for studies involving large populations. Therefore,
there is the need to search for an easy, safe and economical
manner to obtain high quality genomic DNA.

The aim of the present study was to evaluate a technique
for the extraction of high quality genomic DNA that fulfills
these requirements. For this purpose, we designed a model for
obtaining saliva samples with a mouthwash, and tested it
under the difficult buccal conditions of patients with severe
chronic periodontitis that were not under treatment. This
infection is a complex and multifactorial disease that results
from the interaction of the host defense mechanisms with the
plaque microorganisms. This interaction leads to the primary
clinical features of periodontitis, which are gingival inflam-
mation, attachment loss periodontal pocketing and alveolar
bone loss.20–22 The oral conditions of these patients give us an
ideal scenario for assessing our protocol.

2. Materials and methods

This study was registered on https://clinicaltrials.gov/ as
NCT02523326.

2.1. Patients

The study was conducted with 60 patients diagnosed with
severe chronic periodontitis in the Periodontic Clinic of the
Interdisciplinary Health Sciences Center (Santo Tomás Unit),
Instituto Politécnico Nacional. The protocol of this study was
approved by the Research and Bioethics Committee of the
Escuela Superior de Medicina, Instituto Politécnico Nacional.
Informed consent was obtained from all participants included
in the study, who signed the appropriate form allowing for the
collection of saliva samples and the extraction of genomic
DNA. Ethical norms for research on human beings, established
by the Declaration of Helsinki (1975; updated most recently in
2008) were strictly followed. Each patient was instructed how
to prepare for saliva sampling, which involved brushing their
teeth at least 2 h previously and abstaining from eating or
drinking anything.

2.2. Taking the sample

In a tube of 50 ml was placed 10 ml mouthwash (Listerine Cool
Mint, Johnson & Johnson, 21.6% alcohol). Patients were
instructed to rinse their mouth vigorously with this quantity
of mouthwash during 30 s, then spit it into the tube. Once
collected, the samples were stored at room temperature
(20–24 8C). The 60 samples were divided into 3 groups (n = 20),
and the extraction of DNA was performed at distinct times:
group A at 10 days, group B at 20 days and group C at 30 days.

https://clinicaltrials.gov/


Fig. 2 – PCR product. The image is representative of the
amplification of rs679620 in DNA obtained from saliva
samples and stored for different times: group A (GA) for
10 days, group B (GB) for 20 days, and group C (GC) for
30 days. DNA blood sample control (BC) and the negative
control (NC).

Fig. 1 – Mean concentration of DNA, expressed in mg,
obtained by spectrophotometry for the three different
groups (at 10, 20 and 30 days post-sampling).
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2.3. DNA extraction

To separate the mouthwash, the tube was centrifuged during
10 min at 10,750 � g. The supernatant was poured out and the
cellular pellet washed with 1 ml of PBS, resuspended in the
vortex for 30 s, and transferred to a new 2 ml tube. It was then
centrifuged for 5 min at 2000 � g, the supernatant poured out,
and the pellet washed with 1.5 ml of PBS and resuspended in
the vortex for 30 s. To this solution was added a 1 ml solution
of lysis of nucleated cells (Wizard® Genomic DNA Purification
Kit) before being shaken for 20 s, followed by incubation at
37 8C for 10 min. After adding 300 mL of protein precipitator
solution (Wizard® Genomic DNA Purification Kit), the mixture
was placed on ice for 5 min and then centrifuged at 15,000 � g
for 3 min. The supernatant was put in a 1.5 ml tube containing
600 mL cold Isopropanol and homogenized gently, then
centrifuged at 15,000 � g for 3 min. The supernatant was
poured out, and 600 mL of 70% ethanol was added to a fresh
preparation, which was centrifuged at 15,000 � g for 3 min.
The supernatant was poured out, and the tube was completely
dried at room temperature. Finally, 100 mL rehydration
solution (Wizard® Genomic DNA Purification Kit) was added
and the mixture was incubated at 64 8C for 1 h before storing
the samples at �20 8C to await further processing.

2.4. DNA evaluation

Evaluation of the concentration and purity of DNA was
determined by spectrophotometry with an ACT-GENE ASP-
3700 spectrometer. The concentration of DNA was evaluated
at 260 nm, while purity was estimated with the ratios of 260/
230 and 260/280. The integrity of genomic DNA was assessed
in a 0.8% agarose gel in 1% TBE (89 mM Tris Borate, 89 mM
boric acid, 2 mM EDTA) by electrophoresis, and then the
DNA was visualized with Gel-Red and read under UV light.
DNA extracted from blood samples was used as the positive
control.

2.5. PCR

The PCR reaction was carried out in an Eppendorf Mastercy-
cler® Personal apparatus with the HotStarTaq® Master Mix
Qiagen kit (No. de Cat 203445), following the manufacturer's
instructions. To verify the quality and species (human) of the
DNA extracted, primers were designed for the rs679620
polymorphism (forward 50-GGG GCT TAA GGC ACA TGA GT-
3; reverse 50-ACT TCG GGA TGC CAG GAA AG-30; Tm: 56 8C,
40 cycles) that amplified a product of 485 bp. The final PCR
product was evaluated with a 2% agarose gel. DNA extracted
from blood samples was used as a positive control.

2.6. Sequencing

To further verify the quality and species of the DNA
obtained, the product resulting from PCR was sequenced
with an Applied Biosystems 3130 sequencer and the BigDye®

Terminator v3.1 Cycle Sequencing kit, following the man-
ufacturer's instructions. Data were analyzed with Geneious
version 7.1.3 software23 using the NC_000011.10 sequence as
the reference.
3. Results

The average age of study participants was 38 years (range 30–60)
for the 40 women and 20 men. The mean total concentration of
DNA in group A (after 10 days) was 352 mg (with a range of
138–506 mg), in group B (after 20 days) 121.025 mg (ranging from
90 to 193 mg), and in group C (after 30 days) 19.59 mg (ranging
from 11.7 to 31.9 mg) (Fig. 1). Although the quantity of DNA
diminished over time, it remained in optimal condition for
performing PCR genotyping and sequencing.

The result of the determination of purity with the
spectrophotometric ratio of 260/230 was 1.20, 1.40 and 0.781
(for 10, 20 and 30 days post-sampling, respectively). For the
ratio 260/280, the result was 1.50, 1.51 and 1.57. The integrity of
DNA was determined by PCR, using agarose gel to visualize the
presence of DNA of high molecular weight. In all samples, it
was possible to amplify a product of 485 bp without the
presence of unspecific products (Fig. 2). In the genotyping, the



Fig. 3 – An electropherogram representative of rs679620 in DNA extracted from a control blood sample (BC) and from saliva
samples of the three distinct groups: group A (GA) at 10 days, group B (GB) at 20 days, and group C (GC) at 30 days post-
sampling. A close similarity can be observed between all samples.
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sequence of amplicons showed 95% similarity to the reference
sequence (NC_000011.10) for all samples (Fig. 3).

4. Discussion

It is important to control the presence of bacteria in a saliva
sample that is to be used for obtaining genomic DNA, because
the growth and proliferation of these microorganisms can
degrade the desired product. A mid-range percentage of bacteria
(34% and 50.5%) has been reported 15,16 in saliva samples from
patients using mouthwash with alcohol, which highlights the
importance of this medium for obtaining saliva samples in order
to prevent bacterial growth and protect human DNA.

In order to evaluate a new protocol, a model was designed
with a mouthwash used to obtain saliva samples from patients
having severe chronic periodontitis that was not yet treated.
The inflammation and higher than normal concentration of
bacteria of these patients provide excellent buccal conditions
for testing the new protocol. All of the samples could be
sequenced and genotyped, which suggests that the technique
could possibly be used in the same manner in healthy people
or patients with other diseases.

Various authors report that saliva samples obtained after
the use of mouthwash can be stored at room temperature for
1–2 weeks without affecting the quality or quantity of
DNA.17,18,24,25 In the present study, we found that the samples
stored at room temperature in Mexico City (20–24 8C) could be
maintained stable and viable for up to 30 days. Although the
DNA concentration was sharply reduced during this period,
the quality and quantity of genomic DNA were still in optimal
conditions for performing genotyping and sequencing.

There are reports of a wide range of DNA obtained from
saliva samples. Tobal et al. reported that a range of 10–240 mg
of DNA was extracted with phenol–chloroform from saliva
samples in saline solution.13 Harty et al. reported a mean of
25.9 mg of DNA (a range of 2.0–204.5 mg) extracted from saliva
samples obtained with sterile water mixed immediately with a
transportation medium and stored at �70 8C for 3–36 months
before DNA extraction.6 Garcia-Closas et al. reported a mean of
57.7 mg, 35.2 mg and 52.5 mg of DNA extracted from saliva
samples obtained with mouthwash.15 In the present study
after 10 days post-sampling we obtained a mean of 352 mg of
DNA, after 20 days 121.025 mg, and after 30 days 19.59 mg. These
mean quantities of DNA were extracted from saliva samples
obtained with a mouthwash. This can be attributed to the
buccal condition of the patients, the technique of extraction,
and the mouthwash with alcohol.

The determination of DNA quality was done with spectro-
photometry. A proportion of 1.7 to 1.8 is generally preferred for
the 260/280 ratio, as this indicates limited protein and low
organic contamination.14 We found a mean of 1.50, 1.51 and
1.57 corresponding to 10, 20 and 30 days post-sampling,
respectively, which indicates moderate contamination. For the
260/230 ratio, on the other hand, values higher than 1.7 to 1.8
are preferred, as this indicates little salt and low contamina-
tion of alcohol.14 We found a mean of 1.20, 1.40 and 0.781 for
the three different post-sampling times at which DNA was
extracted, which indicates that the greatest contamination
occurred at 30 days.

Buccal cells are becoming an important source of genomic
DNA in epidemiological studies, but little is known about the
effect of different sampling conditions on DNA quality and
yield. We used a mouthwash protocol to collect buccal cell
samples from volunteers diagnosed with severe chronic
periodontitis.

Chronic periodontitis represents an extreme scenario of oral
conditions: high amounts of bacteria, increased inflammation,
and poor hygiene, which contribute to high readings DNA. The
relevance of this protocol is that although different types of
DNA present in the samples of buccal cells can be isolated
human DNA quality, as shown in the electropherogram.
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Although several recent studies have focused on the best way to
collect buccal cells as a source of genomic DNA, some
unresolved issues remain. There is general agreement that
buccal cells can provide high molecular weight DNA of sufficient
quality for PCR-based analyses. However, the variations in
performance of buccal cells by oral conditions have not been
addressed in specific pathologies.

The medium that we utilized to obtain the sample was
Listerine Cool Mint® (Johnson & Johnson), which is an
antiseptic for daily use in the treatment of caries and
periodontal disease. It is a combination of two phenols related
to the essential oils thymol and eucalyptol, mixed with
menthol and methyl salicylate in a hydroalcoholic vehicle at
26.9%.26,27 The concentration of alcohol present prevents the
growth and proliferation of bacteria, thus maintaining the
sample in optimal conditions at room temperature.

The essential oils in the mouthwash have a high bactericidal
activity against the majority of oral gram-positive and gram-
negative bacteria.28,29 Their bactericidal activity in situ allows for
the destruction upon contact of bacteria such as those found in
biofilm.30–32 Additionally, these essential oils have antifungal
activity against species of Candida and antiviral activity against
herpes simplex virus type 1 (HSV-1)33,34 and their cytoprotective
and antioxidant properties are well documented.35,36 These
conditions allow for the safe use of this product to obtain a saliva
sample relatively low in bacteria.

The technique herein proposed allows for optimizing the
quantity of DNA in the sample. Moreover, it is safe for the
researcher, because phenol–chloroform is not used, which is
carcinogenic and can cause liver and kidney damage when
lodged in these organs.19 The laboratory procedure that we
used for processing the samples involved a relatively safe
colorant known as GelRed, which is an alternative to ethidium
bromide (the colorant most commonly used for nucleic acids).
The latter compound is a strongly mutagenic agent that
represents a danger for the environment and the researcher.

Whereas Lum and Le Marchand reported that samples
remained stable for 1–2 weeks (using a mouthwash with
alcohol), sample stability in the present study lasted for up to
30 days. Hence, the present study supports the use of
mouthwash with alcohol as an easy, safe and economical
alternative for obtaining genomic DNA from epithelial cells in
saliva samples. Which can be stored at �80 8C for up to 1 year
did not significantly deplete the amount of DNA in the
samples.15

The present results indicate a considerable difference in
the total concentration of genomic DNA obtained from saliva
at 10, 20 and 30 days post-sampling. Even though this
concentration diminished over time, the DNA remained in
optimal condition for performing PCR genotyping and
sequencing, thus making it possible to search for a polymor-
phism of the simple rs679620 nucleotide. Saliva samples
obtained with mouthwash represent a good alternative to
blood samples for extracting sufficient quantities of high
quality DNA. The methodology used presently is non-toxic
and allows for storage of samples at room temperature.
Hence, the technique herein reported is easy, safe, economi-
cal and reliable. It should certainly be of great utility in long-
term cohort studies, epidemiological studies involving
distant geographic sites, and in cases or zones, where
obtaining blood samples is unsafe or inconvenient.
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