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ABSTRACT: Betel quid (BQ) chewing, acommon tradition in tropical areas, often poses a problem during collection and DNA analysis of buccal
samples from many indigenous communities for population genetic studies and in forensic analysis of chewed BQ residues. This study evaluated
the use of FTA™ card, achemically treated filter paper, in collecting buccal samples from long-term BQ users and subsequent PCR-based analysis
using nine STR markers. A low overal success rate of amplification was observed in the samples extracted using a standard organic extraction
procedure (7%) as compared with those prepared using the FTA™ card (89%). The presence of inhibitorsin liquid DNA sampleswas verified when
control DNA failed to amplify in the presence of an equa volume of liquid BQ samples. The use of the FTA™ card is more practical during field

sampling than handling tubes containing buccal swabs.
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Betel quid (BQ) chewing is a common tradition in tropical and
subtropical areas, including India, Southeast Asia, East Africa, and
New Guinea (1) and is reported to effect heightened alertness,
sweating, and salivation (2). The practice of betel quid chewing
poses a problem during collection and DNA analysis of buccal
samples from many indigenous communities for population
genetic studiesand in forensic investigations (3). Arecanut (Areca
catechu), slaked lime (often prepared from ground coral or
seashells), and betel leaf (Piper betle) comprise the BQ mixture
that produces bright red-colored salivaupon chewing (4). Complex
reactions occur during chewing of BQ resulting in the formation of
compounds (i.e., N-nitrosamines, reactive oxygen radicals) that
cause DNA single strand breaks (5), oxidative DNA damage and
DNA methylation (6). BQ extracts also contain several akaloids
(i.e., arecoline, arecaidine, guvacine, and guvacoline), and
polyphenolic compounds, mainly hydroxychavicol and safrole (2),
that are capable of inactivating enzymes, precipitating proteins,
and cross-linking nucleic acids (7).

An dternative option for handling buccal swabsisto spread the
sample on treated cardsimmediately after swabbing. Treated cards
are practical for field purposes due to their compactness, light
weight, and ease in handling. The present study evaluated the use
of FTA™ cards (Whatman® BioSciences, MA) in collecting sam-
plesfrom long-term BQ users of an indigenous Filipino community
during fieldwork and subsequent PCR-based analysis of buccal
DNA using Short Tandem Repeat (STR) markers. STRs are
tandemly repeated sequences, between 2 to 6 base pairs (bp) in
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length, that may be used to assess human genetic variations (8).
The nine STR markers used were HUMF13A01, HUMFES/FPS,
HUMVWA, D8S306, HUMDHFRP2, HUMTHO1, HUMCSF1PO,
HUMTPOX, and HUMFGA.

Materialsand Methods

To examine the utility of treated cards, buccal cells were
obtained from 11 long-term BQ chewers (BC) and four non-BQ
chewers (NC) during fieldwork. Volunteers were asked to rinse
their mouth with water to remove residual food debrisand particles
prior to sampling. Four oral swabs were obtained from each
volunteer: two swabs were immediately spread on FTA™ Classic
card which were air-dried for at least 2 h and stored in separate
envelopes; the other two oral swabs were placed in 1.5 mL
microcentrifuge tubes. The treated cards and oral swabs were
stored at room temperature during the three-day sampling period.
In the laboratory, 2 mm disks were prepared from the dried cards
using a Harris MicroPunch™ apparatus (Life Technologies, Inc.,
Gaithesburg, MD) and processed following manufacturer’s
instructions (Whatman® BioSciences, MA) whereas DNA in the
stored oral swabs was extracted using a standard organic extraction
procedure (9).

Samples were amplified in a 25-p.L reaction volume consisting
of 1X PCR buffer (50 mM KCI, 20mM TrisHCI, 1.5 mM MgCl5),
0.36 wM of each primer—unlabeled primer (Gibco-BRL, Life
Technologies, Inc., Gaithesburg, MD) and Cy5-labeled primer
(Genset Oligos, Singapore), 200 wM of each dNTP, 60 ng/p.L
bovine serum albumin (BSA), and 0.02 U/pL Taq polymerase
(Gibco-BRL Life Technologies, Inc., Gaithesburg, MD) at
HUMF13A01, HUMFES/FPS, HUMVWA, D8S306, HUMD-
HFRP2 and HUMTHOL loci. The same PCR mixture was used for
the amplification of HUMCSF1PO, HUMTPOX, and HUMFGA
loci except for the primer concentration, which was 0.25 wM each.
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PCR was carried out in a Biometra UNO (Biometra, Germany)
thermal cycler using thermocycling conditions reported previously
(10,11). PCR products were detected and analyzed using an auto-
mated fluorescence based system, ALF Express™, ALFwin™ and
Allelelinks™ version 1.01 software (Amersham-Pharmacia
Biotech, Sweden), according to manufacturer’ s instructions. Sizes
of PCR products were scored using in-house allelic ladders de-
scribed previously (10,11). Alleles were assigned when peak areas
are greater than 70% of the highest alele (8) and measure at least
50 relative fluorescent units (r.f.u.) (12).

Totest for the presence of PCR inhibitorsin DNA prepared from
liquid samples of BQ chewers, 2.5 uL of the DNA sample was
mixed with an equal volume of control DNA obtained from a non-
BQ user, and subsequently amplified and analyzed at two STR loci
(HUMVWA and HUMFES/FPS).

Results and Discussion

The success rates of PCR amplification of template DNA
extracted from BQ chewers (BC) and non-BQ chewers (NC) using
FTA™ card and standard organic extraction procedures are sum-
marizedin Table 1. Liquid and FTA™ card samplesof al four con-
trol non-BQ users were successfully amplified in 9 STR markers
(100%). On the other hand, alow overall successrate of amplifica-
tion in 9 STR markers (7%) was observed in liquid samples of BQ
chewers as compared with those prepared using FTA™ card
(89%). Peak signals of the genotypes of BQ chewers generated
from DNA prepared with FTA™ card were distinct and compara-
ble to those of control non-BQ users (Fig. 1). In addition, absence
of PCR product (BC06) and dropout of an alele (BC09-HUM-
TPOX) were observed in BC samples extracted using standard
organic procedure.

Alkaloids and polyphenolic compounds present in BQ com-
ponents and by-products of BQ mixture reactions, such as
N-nitrosamines, are capable of damaging DNA (5,6) aswell asin-
hibiting protein activity (7). Thus, data obtained suggest possible
degradation of the template DNA upon exposure to BQ extracts
after cell lysis and/or presence of putative PCR inhibitorsin liquid
DNA samples of BQ usersthat result in decreased or no amplifica-
tion (Fig. 1).

The success rates in amplifying HUMTHO1 (18%) and
HUMF13A01 (82%) support possible degradation of DNA in
samples from BQ chewers even when bound on treated cards.
HUMTHOL is particularly sensitive to DNA degradation result-
ing in the non-amplification of an allele (alelic drop-out) and
false homozygotes are typed instead of heterozygotes when
handling environmentally challenged samples (13,14). In the

HUMTHOL marker, besides the two samples that showed distinct
peaks, small peaks were detected in three additional samples.
These peaks were below the minimum requirement of 50 r.f.u.
even after repeated amplifications and hence were scored as neg-
ative. Likewise, another sample possessed a peak area less than
50 r.f.u at the HUMF13A01 marker and was not considered as
positive. HUMF13AO0L1 consists of larger aleles (179 to 235 bp)
compared with other markers, e.g., HUMTPOX (102 to 138 bp)
and HUMVWA (122 to 182 bp) (11,15). The effect of DNA
degradation is more pronounced on larger markers such as
HUMF13A01. Notably, the largest marker HUMCSF1PO (291 to
331 bp) was successfully typed thus, other factors besides size
may have contributed to the variable success in typing
HUMF13A0L1.

Moreover, amplification of control DNA (30 ngin 25 wL PCR
reaction volume) obtained from a non-BQ user at two STR loci
(HUMVWA and HUMFES/FPS) was unsuccessful (data not
shown) when an equal volume of liquid DNA from BQ chewers
was added in the PCR mixture. Thisresult confirmsthe presence of
PCR inhibitors in the liquid DNA which were not completely re-
moved in DNA preparations of buccal samples from BQ chewers
using standard organic extraction procedure. Notably, amplifica-
tion of buccal DNA from residues of BQ isolated using salt/chlo-
roform, 5% chelex-100 resin, and QlAamp methods aso had low
success rates (3,16).

The problem of the presence of PCR inhibitors during DNA
extraction from BQ chewers was overcome by using FTA™ card
that resulted in successful amplifications (89%). The efficiency
and sensitivity of the use of FTA™ card for DNA isolation lies
on the dry solid matrix, impregnated with chelators, denaturants,
and free-radical traps, which binds and protects the DNA against
substantial chemical and/or biological degradation (17). Since re-
leased DNA is sequestered and preserved intact in the FTA™
card matrix (17), inhibitors derived from BQ mixtures were re-
moved during the series of brief washes of the treated cards. DNA
integrity was preserved and further degradation of the DNA, nor-
mally associated with conventional methods, was prevented by
using FTA™ cards.

The use of FTA™ cards provided a means of preparing DNA
templates without the need for extensive isolation and purification
steps, which are usually necessary when dealing with environmen-
tally challenged samples. We have shown in this study that a suffi-
cient amount of template DNA, free of PCR inhibitors, was
obtained from long-term betel quid chewers with FTA™ card for
PCR-based STR analysis. Moreover, the use of FTA™ card was
found to be simple, rapid, and efficient method for sample collec-
tion and storage during fieldwork.

TABLE 1—Rate of successful PCR amplification of DNA from saliva of betel quid chewers (BC) and non-chewers (NC)
at nine short tandem repeat (STR) loci.

Rate of Successful Amplifications at Nine Short Tandem Repeat (STR) Markers (%)

Extraction
SAMPLES Procedure VWA THO1 FES/FPS TPOX FGA CSF1PO D8S306 DHFRP2 F13A01
Betel quid chewers Organic 0 0 0 27 0 18 0 18 0
(BC) (n*=11) FTA™ card 100 18 100 100 100 100 100 100 82
Non-chewers (NC) Organic 100 100 100 100 100 100 100 100 100
(n=4) FTA™ card 100 100 100 100 100 100 100 100 100

*n, number of samples.
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FIG. 1—Electropherogram of DNA extracted from two betel quid chewers (BC) and non-chewers (NC) amplified at HUMCSF1PO (A) and HUMTPOX
(B) loci. Absence of detectable PCR products (BC06) and dropout of an allele (BC09-TPOX) wer e evident in BC samples extracted using the standard organic
procedure. The x-axisis scaled into number of bases and the y-axis represent the peak area of the curve relative to the largest peak area within the lane.
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