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Abstract

This study aimed to validate two DNA extraction methods collected from buccal cells to gain a
genomic DNA and to determine the effect of process time (from collection time to amplification).
Total number of 116 buccal swab samples from unrelated healthy volunteers were subjected to
DNA extraction by using two methods: modified (phenol chloroform) (Organic) and Prep Filer
Forensic DNA Extraction kit. DNA was evaluated according to the: quantity, integrity and
suitability for genetic analysis. The DNA vyield and purity were measured by Nano drop
Spectrophotometer. Organic method was modified from the classical method (addition
Dithiothreitol to lysis buffer), The purity average values increased from 1.4 to 1.6 and it had the
highest average concentration (73.3ng/pl) while the highest purity was observed in Prep Filer
Forensic DNA Extraction kit with average (1.82). Delayed in sample processing effect both
quantity and integrity of the extracted DNA. All samples were genetically analyzed at 16 STR with
amelogenin (DNA markers) included in the Amp FISTR® Identifiler™ PCR Amplification Kit
panel from Applied Biosystems. Buccal cell swabs were very good source of genomic DNA
especially for large population studies.
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Introduction each lab should validate its laboratory
With the advances made in the field of performance of extraction methodologies [9].
molecular biology techniques, the analysis of One of the most basic and oldest procedures
genomic DNA has become routine work, for extraction of DNA from different source of
especially in PCR-based analysis and for large samples is phenol-chloroform isoamyl alcohol
scale genetic or epidemiological population (Organic) extraction which is usually used in
studies [1]. Collection of samples is an educational and research field [13, 14 and 15],
important procedure as it takes time and afford was modified and compared with Prep Filer™
needed for medical interference (nurse) [2,3]. Forensic DNA-Extraction Kit in which its
In most cases, the preferred source of material protocol suitable for the most forensic sample
from peripheral blood, but it may be types including stains and swabs of body
problematic in cases some such as extreme fluids [9].
illness or elderly people and babies [4]. For Molecular technique require isolation of
these reasons, several protocols have been good quality DNA which is a prerequisite for
developed to obtain DNA from buccal cells molecular research. Successful study based on
that are non invasive, easily to collect, store PCR downstream applications requires
and transport, reliable for forensic or genetic efficient recovery of good quality and quantity
analysis for large population. Many methods of DNA [8]. DNA typing techniques are
for collecting buccal cell samples have been one of the most advanced tools for
described, including dry procedures using a human identification [10]. These sequences
buccal swab or scraping the oral mucosa, and are important in genetic mapping, linkage
wet procedures that involve swishing (collut) analysis, identity testing in  forensic
liquids in the mouth and spitting into a cases, paternity testing, missing persons
collection vessel [5-6 and 7]. Choose the DNA investigations and mass disaster victim
extraction method is a critical issue as it identification [11]. Based upon the variability
depends on the source of samples [2]. The use of several non coding DNA stretches in the
of multiple extraction protocols is laborious, human genome, such variable stretches are
time consuming and expensive [8]. Therefore composed of core units that are repeated
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between 2 to 10 000 times, depending on the
type of polymorphism short tandem repeat
STR [12]. These STR were used as test subject
to validate quality of PCR amplification in this
study.

Materials and Methods

In this current study, 116 healthy adult
volunteers (age range, 20-55 years) were
asked to rinse their mouth with tap water, 30 s
before sampling of buccal swabs to avoid the
contamination from food particles. For each
individual, both sides of buccal mucosa were
wiped with a cotton swab for 15 s [16, 17]. All
samples were dried at 25°C for 1-3 hrs then
stored in aseptic paper envelop. If the sample
not immediately extracted, it stored at room
temperature or cooling condition (4°C).

Phenol-chloroform protocol was the first
choice as a conventional method of extraction;
it was modified from the original protocol
[14]. The modification included the addition
Dithiothreitol (DTT) to the lysis buffer.
Twenty buccal swabs were extracted
according to the classic method just to
compare the result with the modified method.
The buccal swabs were suspended in 500ml of
lysis buffer which consisted of [10 mM Tris
HCL (pH 8.0), 10 Mm EDTA, 50 Mm NacCl,
1M Dithiothreitol and 2.0% SDS], followed by
10 pL of 10 mg/mL proteinase K, mix gently.
The samples were incubated at 56°C for at
least 1 hrs. After digestion, cotton swab
substrate were removed with a fresh sterile
toothpick or sterile, disposable pipette tip to
0.5 mL lysed and digested cells and complete
the procedure just like the classic method.

The second method used in this study was
the commercial kit (Prep Filer Forensic DNA
Extraction kit). This protocol was carried out
according to manufacturer instructions [9].
DNA concentration and purity  were
determined by using Nano Drop 2000 (Thermo
scientific) spectrophotometer. The integrity
and quality of genomic DNA were assessed by
electrophoresis on a 0.8% agarose gel,
followed by visualization with ethidium
bromide staining. PCR amplification (DNA
Typing) of 15 autosomal STR markers
were typed along with amelogenin using
the  Applied Biosystems AmpFISTR®
Identifiler™ kit, following the protocols
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described in the User's Manual (Applied
Biosystems) [18]. The samples were
amplified using verity PCR System (applied
Biosystems). Amplification products were
diluted 1:15 in Hi-Di™ formamide and
GS500-L1Z internal size standard (Applied
Biosystems) and analyzed on the 16-capillary
3130XL Genetic Analyzer POP™4 (Applied
Biosystems) was separated on a 36 cm array.
Data were analyzed by Gene Mapperv. 3.2
software (Applied Biosystems, Foster City,
CA, USA).

Results and Discussion

Isolation of a genomic DNA from non
invasive is less expensive, easy to collect;
transport and store source of samples like
buccal cells with adequate molecular weight. It
is very important and challenging for
reliability of medical, epidemiological and
forensic studies. Dithiothreitol (DTT) is
frequently used to reduce the disulfide bonds
of proteins and peptides. It prevents
intramolecular and intermolecular disulfide
bonds from forming between cysteine residues
of proteins (used in protein separation on gel
electrophoresis) [19-20]. DTT was used in
lysis buffer to increase purity values and to
reduce number of purification by Phenol-
chloroform, which should be repeated
2-3 times, however using DTT one time was
sufficient to give purity result the same result
as three times. The purity average of the
classical method was (1.4) with range of (1.3-
1.6). | has been noticed that there was an
increase in  purity results with DTT
modification reached (1.6). There was no
significant effect on DNA concentration
values with or without DTT treatment. In this
study, modified Phenol-chloroform method
had the highest average concentration
(73.3ng/ul) with regard, the time from
collection samples to extraction (1-3) days
compared with Prep Filer Forensic DNA
Extraction kit Table (1). Organic extraction
method worked well for recovery of high
molecular weight DNA. This finding is
consistent with what have been observed in
previous studies [16,21], while the highest
purity was noticed in the Kkit. This type of Kits
was made for isolation DNA from trace
sample (forensic casework) and was
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manufactured to release any inhibiters with
high quality. DNA purity values that
related with DTT treated-Phenol-chloroform
extraction method were increased but still not
reached to the Kits values this may due to
presence of residual organic solvent [14].
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methods since it depends on the procedure not
on the sample condition (see Table 1 and 2)
while the DNA concentrations the current
study significantly affected when samples
extraction were delayed for one month under
room temperature or cooling conditions (4°C).

Obviously the differences appeared in
decreasing values in both methods as shown in
Table (1).

Delay of sample processing (from
collection to amplification) for any reason like
transport samples from other provinces for
forensic analysis is very critical to gain a
quantity of DNA and integrity. The purity was
not affected by delaying process for both

Table (1)
1-3 Day extraction.

DNA concentration (ng/ul) DNA purity
Method *N Range Average Range Average
Kit 40 ] 11.2-94 50.5 1.5 1.9 1.82
Organic 40 20-155 73.3 1.3-18 1.6

Table (2)
One month delayed extraction.
DNA concentration

\\\\\

DNA purity

14-2 1.8
1.3-1.7 1.59

Kit 4-89.4 42.7
Organic 18 25.2-96.5 50.2

*No: Number of samples

DNA Integrity was severely affected by
processing delay, the differences observed in
band patterns in agarose gel after extraction.
No degradation in sample extracted 1-3 days
from collection time for both methods as show
in Figs. (1 and 2).

The samples were left under room
temperature or cooling condition at 4°C for
one month DNA degradation or absence
of bands for both methods were observed
(Fig. 3 and 4). Our results agree with most of
previous studies [16, 21and 22].

Fig.(1): Gel electrophoresis of DNA
Extracted 1-3 days from collection time by
Organic (phenol chloroform) extraction
method. (Voltage70, Time: 1 hrs, Gel
concentration: 0.8% agarose).

Fig.(2): Gel electrophoresis of DNA
Extracted 1-3 days from collection time by
PrepFiler Forensic DNA Extraction Kkit.
(Voltage70, Time: 1 hrs, Gel concentration:
0.8% agarose).

Fig.(3): Gel electrophoresis of DNA
Extracted one month delayed extraction from
collection time by Organic (phenol
chloroform) extraction method. (Voltage 70,
Time: 1 hrs, Gel concentration: 0.8%
agarose).
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Fig.(4): Gel electrophoresis of DNA
Extracted one month delayed extraction from
collection time by PrepFiler Forensic DNA
Extraction kit. (Voltage 70, Time: 1 hrs, Gel
concentration: 0.8% agarose).

All samples successfully amplified and
gave DNA typing profiles Fig.(5) using the
AmpFl STR® Identifiler™ kit for human
identification at 16 loci short tandem repeat
STR (D3S1358, VWA, FGA, D8S1179,
D21S11, D18S51, D5S818, D13S317,
D7S820, THO1, TPOX, CSF1PO, D19S433,
D2S1338, D16S539, with amelogenin) which
was the test subject for evaluation buccal
swabs and its suitability to PCR and genetic
analyzer. The minimum size allele was the
locus D19S433 (101 base pair) and the
maximum size allele was the locus D2S1338
(358 base pair) [18].

Fig.(5): DNA profile of male showing
successful PCR amplification for all 16 loci
(allele).
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Conclusions

Buccal swabs can be an alternative method
for sampling instead of invasive blood sample
collection, cost-effective, simple, rapid, non
invasive which give a sufficient guantity and
quality of DNA for PCR-based analysis and
reliable for forensic data base (archive for
DNA profiles) or epidemiological population
studies.  Modified Phenol-  chloroform
extraction method is less expensive, save time
and effort and reduce risk of contamination.
However, it involves the use of toxic
chemicals.
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Conversely with Prep Filer DNA Forensic
Extraction kit is quick, easy, and always
efficient (even degraded samples), give high
purity but it is very expensive. Both methods
are considered efficient for DNA extraction
from buccal swab samples.
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