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Optimal DNA Extraction from Buccal Swab Samples
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Background: DNA of high quality and large quantity obtained from buccal cells is important for accurate analysis. The
present study is conducted to examine quality and purity of DNA extracted by three commonly used methods and to
determine the influence of process time on PCR amplification. Materials and methods: The DNA concentration was
determined at 260 nm by a spectrophotometer. The ratio of 260/280 was measured to evaluate DNA purity. The collected
buccal samples were subjected to DNA extraction immediately or after storage at 4°C for 3 days. The adequacy of the
buccal DNA extracts for PCR-based assays was assessed by amplifying three fragments of the specific gene in different
sizes (1300 bp, 581 bp, and 300 bp). Results: The mean DNA concentration at 260 nm was found to be 1.5, 1.4, and1.1
mg/ml for phenol-chloroform, QlAamp kit, and NaOH methods, respectively. The DNA purity were 2.1, 2.0, and 2.4 for
phenol-chloroform, QlAamp kit, and NaOH methods, respectively. The NaOH method yielded the lowest concentration
and purity of DNA when compared individually with the other two methods, while there was no statistical difference be-
tween the phenol-chloroform and the QIlAamp kit methods. Different band patterns were observed in the agarose depend-
ing on whether the samples were processed immediately or with delay. Some degree of degradation in the DNA band was
noted when there was delay in sample processing. However, whether processed immediately or with delay, the samples
can successfully amplify PCR products up to 1300 bps. Conclusion: Our results indicated that buccal cell DNA samples
can provide precise estimates of human amplifiable DNA. The DNA isolated from buccal cells under appropriate storage

can be successfully used in PCR-based assays.
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INTRODUCTION

Research in molecular biology has increased the need
for understanding the genetic basis of diseases which
require DNA isolation. The commonly used method in a
wide variety of genetic studies is to obtain genomic DNA
from nucleated cells of peripheral blood." However, such
approach has some disadvantages. For example, it is in-
vasive and confers the most discomfort to study subjects.
Urines also provide DNA but with variable yields and
contain PCR inhibitor. Buccal cell samples provide an
alternative noninvasive and more easily collected source
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of DNA that is readily accepted by patients.” Recent
findings also demonstrated that buccal samples stored
for a long time yield sufficient dSDNA concentration to
achieve high genotyping call rates and concordance with
stored blood samples for genotyping study.’ In addition,
for studies of smoking- or betel-related diseases such as
oral cancer, DNA isolated from oral buccal cells may
also be informative on potential somatic alterations be-
cause the oral cavity may have a high exposure of these
chemicals and buccal cells may demonstrate early genet-
ic alterations such as methylation of certain genes. Thus,
given high-quality collection and storage protocols, it is
possible to use stored buccal cell samples for genome-
wide association studies.

Many methods for collecting buccal cell samples have
been described, including dry procedures using a buccal
swab or other implements for scraping the oral mucosa,
and wet procedures that involve swishing liquids in the
mouth and spitting into a collection vessel. Successful
application of samples obtained by both procedures to
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PCR had been reported.”” There are some advantages
and limitations associated with each method of collec-
tion. The swish method appears to give higher average
DNA yield and longer DNA fragments (4, 5). Neverthe-
less, this procedure requires liquid handling and centrifu-
gation steps during sample processing, which involves
more steps, is more cumbersome, and incurs higher cost.
On the other hand, dry cheek collection, such as the buc-
cal swab method, involves simple assembly for large-
scale mailings, light-weight postage, as well as efficient
and cost-effective processing for long-term archiving.
Furthermore, buccal swab sample collection is a simple,
relatively inexpensive, highly sensitive, risk-free method
for screening suspected cells in oral mucosa, which can
be easily used in any location, cause minimum trauma
and provide an adequate and representative number of
epithelial cells.8 Therefore, it is necessary to take advan-
tages of both wet and dry methods to obtain DNA of high
quality and large quantity for clinical interests.

Protocols for DNA extraction include the use of chemi-
cals such as phenol-chloroform, NaOH, or already pre-
pared kits containing all the implements and a manual
with step-by-step instruction for extracting DNA. How-
ever, due to practical and methodological reasons, it
is necessary to compare the yield and purity of DNA
obtained by different methods. Determining the optimal
conditions was important to us because we intended to
use a buccal swab protocol to collect buccal cell samples
through regular screening procedure for suspected oral
lesions. We conducted this study to determine how to
maximize the amount and quality of hDNA that could be
collected from buccal cells using a buccal swab collec-
tion protocol. In addition, we determine whether sample
processing alters the quality of PCR-base applications.

METHODS

Sample collection and processing

In this study, 15 healthy volunteers were recruited
(age range, 22-35). The subjects abstained from smok-
ing, drinking, and/or eating for 45 min before sample
collection. Participants were asked to rinse their mouth
with tap water 30 s before sampling. Collection of DNA
using cotton swabs was performed. For each individual,
both sides of buccal mucosa were twirled by swab for
15 seconds and a total of 30 samples were collected. The
samples from the same individual were separated into
different groups. All samples were divided into three
groups, with each group containing 10 buccal samples
of DNA extracted using phenol-chloroform, NaOH, and
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the commercial kit. Among the volunteers, 10 had their
samples collected again one week later. A total of 20
samples were obtained and divided into two groups to
test the effect of sample processing on DNA quality. Two
sample processing conditions, with and without delay,
were examined. Sample processing with no delay refers
to immediate DNA extraction after sample collection
while that with delay denotes DNA extraction after 3
day-storage at 4°C.

DNA extraction

NaOH protocol. The protocol was carried as described
previously.” Briefly, the swabs were separated from the
sticks and the brush section of the swab was placed in-
side a 1.5-mL microcentrifuge tube, and 300 microliters
of NaOH 50 mM were added to each tube. The tubes
were closed and vortexed for 10 sec. They were placed in
a thermomixer for 5 min at 95°C. Then, the swabs were
removed and discarded. Thirty microliters of 1 M Tris
HCI, pH = 8.0 were added to each tube. The tubes were
centrifuged at 13,000 rpm for 2 min. The supernatant
(DNA) in each tube was used for analysis.

Phenol-chloroform protocol. This method was modi-
fied according to a previous report.' Briefly, to digest the
tissue sample, the pellet was resuspended in 200 ul of
digestion buffer (100 mM Tris-Cl (pH 8.0), 5 mM EDTA
(pH 8.0), 1% SDS) containing freshly thawed proteinase
K (500 wg/ml). The sample was then incubated at 55°C
in a water bath overnight. After incubation, DNA was
isolated with an equal volume of Tris-saturated phenol-
chloroform-isoamylalcohol solution (25:24:1) and pre-
cipitated with two volumes of ice-cold absolute ethanol.
The sample was placed in the freezer (-20°C) for at least
1 h and then centrifuged at 14,000 rpm for 20 min. The
supernatant was carefully removed without touching the
pellet or the area where the pellet was expected to be.
The pellet was washed by adding 1 ml of 70% ethanol
and then centrifuged for 15 min at 14,000 rpm. The su-
pernatant was then carefully removed, and washed again
with absolute ethanol. The sample was centrifuged again
for 15 min at 14,000 rpm. Finally, the DNA was resus-
pended in 100 w1 of distilled water and stored at -20°C.

Commercial Kit. This protocol was carried out ac-
cording to a previous report and the manufacturer instruc-
tions (QlAamp DNA blood MiniKit, Quagen).” Before
extraction, the brush handle was removed. The period of
incubation with protease was increased to 30 min. After
incubation, the brush was transferred to a 1000 w1 sterile
Eppendorf tip, and centrifuged in a sterile 15-ml conical
polypropylene tube to increase recovery of DNA from



Table 1 Total DNA yields and quality by methods of
DNA extraction

Spectrophotometry
Total DNA yield (ug/ml) A260 : A280
Methods N  Mean+SD Range Mean=+SD Range

Ph/Ch 10 1.5%0.3 1.0-1.9 2.1%+0.2 1.8-25
Kit 10 1.4%03 1.0-1.8 2.0+0.2 1.8-24
NaOH 10 1.1£0.2 0.8-1.5 2.4%0.2 2.1-2.6

Ph/Ch, phenol/chloroform method; Kit, QlAamp kit; NaOH, NaOH meth-
od for DNA extraction

the spin columns. The final volume was 150 x«I.

Concentration and purity determination
Spectrophotometric determination of the amount and
purity of DNA was conducted. Readings of the absor-
bance were taken at wavelengths of 260 and 280 nm. The
reading at 260 nm was employed to calculate concentra-
tion (yield). The ratio of the readings at 260 and 280 nm
(OD260/0D280) provides an estimate of DNA purity.

DNA integrity

The integrity of genomic DNA was assessed by re-
solving DNA extracts on a 1% agarose gel by electropho-
resis, followed by visualization with eithidium bormide
staining. Each DNA sample was graded according to the
electrophoretic migration of sample DNA in comparison
to a known molecular weight marker.

PCR-based assays

The adequacy of the buccal DNA extracts for PCR-
based assays was assessed by amplifying three fragments
of the glutamine-fructose-6-phosphate transaminase 1 in
different sizes (GFPTZ1; 300 bp, 581 bp, and 1300 bp) as
described by Daniel et al." The PCR primers used were
300 bp, sense 5’- CACTGTTTGCTTCAGCTATGC -3’
and antisense 5’- CTGGGGTCTTTTGAGGTCAC -3’;
581 bp, sense 5’- CACTGTTTGCTTCAGCTATGC -3’
and antisense 5’- AGGAACTTTAAAGCATGACAATC
-3’; 1300 bp; sense 5’-TTGGTTTTTCTTAGCAAAT-
TCCTT-3’, antisense 5’-AATTGTTCCGTCAAAAT-
GCC-3’. PCR reactions were run with PCR Master Mix
(Promega), which comprised 30 cycles of 94°C X 30 s,
55°CX30 s, and 72°CX1 min, followed by 5 min at
72°C. PCR products were analyzed by 1.0% agarose gel
electrophoresis, visualized with ethidium bromide, and
then photographed. Images were saved as TIFF files and
then analyzed with ImageJ (http://rsb.info.nih.gov/ij/).
Signal intensities of the PCR data were quantified from
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Fig. 1 Process effect on the quality of DNA evaluated by
agarose gel electrophoresis. When the samples were
processed immediately after collection, the DNA
bands were strong and clear. When the samples
were stored 3 days at 4°C, the quality of DNA
decreased and the bands showed some degree of
degradation (arrow indicated). (A, DNA extraction
was performed within 2 hr; B, DNA extraction was
performed after stored 3 days at 4°C; M, marker.)

TIFF images using ImageJ. Each PCR experiment was
repeated at least three times, and representative results
are shown. Means and standard deviations (SDs) were
calculated from the signal intensities of all examined
samples in each group.

Statistics

Data were analyzed using SPSS 13.0. Differences in
the mean of DNA concentration and purity were tested
using the t test. The p values were recorded accordingly
with p < 0.05 considered significant.

RESULTS

DNA concentration and purity

The means and standard deviations of DNA yield
were 1.5+0.3, 1.4+0.3, and 1.1£0.2 for phenol-
chloroform, QlAamp kit, and NaOH methods, respec-
tively. No statistically significant difference regarding
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Fig. 2 (A). PCR amplification GFPT1 gene with different
length of product (1300 bp, 581 bp, and 300 bp).
The PCR reactions were 100% successful for DNA
from both conditions. (B). Quantification of PCR
product is described in “Materials and Methods”.
Column, mean; bar, SD. (A, DNA extraction was
performed within 2 hr; B, DNA extraction was per-
formed after stored 3 days at 4°C; M, marker.)

DNA concentration between the phenol-chloroform and
QlAamp kit methods was found (p = 0.415). However,
these two methods yielded significant higher DNA con-
centration than the NaOH method. Similarly, the DNA
purity extracted by the NaOH method, as assayed by
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Table 2 The total DNA yields and quality by immediate
or delay processing

Spectrophotometry

Total DNA yield (ug/ml) A260 : A280
Processtim N Mean£SD Range Mean=+SD Range
Immediate 10 1.6+0.2 1.2-2.0 2.0+0.2 1.8-24
Delay 10 15+0.1 1.3-1.7 2.0+0.2 1.8-2.5

Immediate, DNA extraction immediately after sample collection; delay,
DNA extraction was performed 3 days after sample collection.

the A260:A280 ratio, was the lowest (P = 0.028 and P<
0.0001), while there was no statistically significant dif-
ference in purity of DNA extracted by the phenol-chloro-
form and the Q1Aamp kit methods (P = 0.483).

Effect of sample processing on DNA integrity

For DNA extracted under immediate and or delay pro-
cess, different band patterns were observed in the agarose
gel. As shown in Figure 1, no degradation traces were
observed in the DNA sample processed immediately
after buccal cell sample collection. However, samples
processed with delay showed bands with some degree of
DNA degradation. Table 2 displays the means and stan-
dard deviations of DNA yield and purity. As can be seen,
there was no statistical difference in yield and purity be-
tween DNA extracted immediately or with delay.

Effect of sample processing on PCR-based assay

To evaluate the suitability of DNA extracted from
buccal cells, gene fragments of different sizes were am-
plified. The 300 bp fragment of the GFPTL1 gene, 581
bp fragment of the GSTML1 gene, and 1300 bp fragment
of the GSTP1 gene were successfully amplified from all
samples whether processed immediately or with delay

(Fig. 2).
DISCUSSION

Obtaining human DNA of high concentrations from
buccal cell samples is critical for the optimal use of
DNA, especially for samples with low yields, and for
the successful use of techniques that require narrow
ranges of DNA concentration, such as the determination
of methylation or microsatellite repeats. The advantages
of using buccal cell DNA for clinical studies include:
1) easy and noninvasive method for obtaining samples;
2) only simple implements, such as cytologic brush,
required, and 3) reliable test results for screening. Previ-
ous reports had successfully applied buccal cell DNA for



clinical and biologic uses.***** For example, Christofolini
et al. studied the blood and buccal cell DNA for FMR1
mutation using PCR and showed buccal cell DNA suc-
cessfully yielded PCR produces, and the results were in
full agreement with blood sample findings.” For research
purposes, it is of importance that PCR can amplify spe-
cific gene fragments from target DNA samples. Accord-
ing to our results, the yield and purity of DNA extracted
using phenol-chloroform and commercial methods are
better than those using NaOH. The kit method provides a
more feasible approach and achieves DNA extraction of
better quality. However, the phenol-chloroform method is
less expensive and less time-consuming. With cost con-
sideration disregarded, the commercial kit is time-saving
and better for DNA extraction in laboratory studies.

The quality of DNA extracted from buccal cells may
be related to the subsequent PCR. Long-term storage
may lead to degradation of human DNA. Generally, the
laboratory is not always available for sample processing
immediately after collection in a field study. Therefore,
sample storage is frequently necessary. However, the
time of collection and storage duration influence the
quality of DNA extracted.”® A decrease in DNA quality
was observed when the material was not immediately
placed in cell lysis buffer for processing. Degradation
of DNA bands was observed in the specimens processed
with delay.® King et al. used PCR primers for amplifi-
cation of short (0.3 kb), intermediate (1.1 kb), and long
(7.8 kb) gene fragments to examine the quality of DNA
from buccal swab collection. The PCR reactions were
100% successful for the short or intermediate DNA frag-
ments. However, PCRs failed to produce long fragment
products.” These studies attributed degradation of DNA
to the time delay in storage or processing. Although there
was some degree of DNA degradation in samples stored
under cooling condition for 3 days, our study showed
no obvious difference in PCR amplification of DNA ex-
tracted from buccal cells immediately after collection or
after 3-day storage in a freezer at -20°C. Furthermore, it
is estimated that for the vast majority of polymorphisms
(99%), PCR amplification reactions do not require DNA
fragments longer than 1 kb. Therefore, with cooling stor-
age, genomic DNA collected from buccal samples could
be widely applied in epidemiological studies.

Our result was consistent with other reports that no
obvious difference was observed for PCR amplifica-
tion in DNA extracted from buccal cells immediately
after collection or after storage in a freezer at -80°C for
up to 10 weeks." Feigelson et al."” reported that buccal
cell samples collected with mouthwash held for 10 and
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30 days at room temperature had significantly less hu-
man DNA than those processed after 1 day (P = 0.01).
However, 1-week storage at room temperature did not
affect yields of DNA extraction or amplification of PCR
in their study. Lum and Le Marchand"® and Le Marchand
et al.’ came to the same conclusion. Garcia-Closas et al.’
noted that storage of unprocessed samples at -80°C for
up to 1 year would not significantly reduce human DNA
yields. Harty et al.”® reported that PCR amplification was
successful in all samples regardless of storage duration,
though long storage may reduce the DNA yield. There-
fore, it may be another advantage for large-scale studies
that the collected buccal cells can be stored at room tem-
perature or in a freezer for a short period of time before
DNA extraction. Degradation of DNA from the buccal
swab occurred after storage was confirmed by the pres-
ent findings. However, we also observed that degradation
could be minimized by immediately sample processing.

In conclusion, both simple phenol-chloroform method
and commercial Kit are considered better methods for
DNA extraction from buccal swab samples. The DNA
isolated from buccal cells under appropriate storage can
be successfully employed to perform PCR-based assays.
However, important questions remain with regard to the
yield and quality of human DNA that can be obtained
from different DNA extraction methods.
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