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Abstract
Background—The importance of genetic variation to the etiology of neuropsychiatric disorders is
well established and is currently being examined for diagnosis and treatment. The most popular
method of obtaining material for genotype analysis, high-yielding DNA extraction from blood, has
several limitations, including invasiveness, need for skilled individuals to collect material, and
requirement for cold storage. Saliva sampling is non-invasive and trained personnel are less
necessary, but it still requires a relatively high level of subject compliance. Buccal mucosa cells
sampling is almost completely non-invasive, reducing compliance issues significantly. Samples
collected have been shown to produce usable DNA after shipment through conventional mail.
However, the DNA produced by rapid elution of these swabs in chaotropic buffers is of limited
quality and low purity.

Objective—Our aim was to develop a rapid, economical, high-yielding and environmentally-safe
method for extraction of high quality genomic DNA, which can be used to determine clinically
important genotypes from trace quantity samples.

Methods—We developed a method of extracting high-quality genomic DNA from buccal swab,
which we termed the `Rapid Method for Swab' (RMS). We compared RMS with two established
procedures, specifically the original Rapid Method (RM) [Lahiri et al. J Biochem Biophys Methods.
25, 193-205 (1992)] and the commercially available BuccalAmp (Epicentre Biotechnologies,
Madison, WI) method. We assessed the generated genomic DNAs by their i) quality, ii) quantity, iii)
restriction enzyme digestibility and v) PCR-based genotyping in addition to time, cost and
environmental impact of the procedures.

Main Results—DNA generated by RMS was of higher purity than that by BuccalAmp. RMS is
non-enzymatic and does not use strong chaotropic salts or extreme pH. We also demonstrated the
suitability of RMS-DNA for LA/LG genotyping as generated by PCR using 7-deaza dGTP.

Conclusion—The RMS procedure is novel, efficient, safe, and high-yielding, and produces DNA
of high quality from a single human buccal swab. RMS is a non-invasive technique and particularly
suitable for children and older subjects and in field collection settings.
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Introduction
The importance of genetic variation to the etiology of neuropsychiatric disorders has been well
established for research and is being examined for diagnosis and potential treatment purposes.
Examples include a variable-length repeat polymorphism, `HTTLPR', and a further LA/LG
`sub-variant' in a single repeat (Hu et al., 2006; Zalsman et al., 2006), in the promoter of the
serotonin transporter gene (SLC6A4, 5-HTT) in depressive disorders (Cervilla et al., 2006);,
the apolipoprotein E (APOE) ε4 genotype and late-onset AD (LOAD) (Lahiri et al., 2004);
promoter polymorphisms in the APOE gene and LOAD (Bullido et al., 1998); and a VAL/
MET polymorphism in the catechol-O-methyltransferase gene and schizophrenia (Li et al.,
1996). In addition, genetic variation has been found to determine responses to
psychopharmacologic therapy in diverse conditions, including but not limited to the HTTLPR
polymorphism altering response to selective serotonin reuptake inhibitors (Eichhammer et
al., 2003; Putzhammer et al., 2005) and APOE genotype effects on response to tacrine (Farlow
et al., 1996).

Beyond direct medical applications, discovery of pathological associations based on genetic
variation is stronger with larger sample sizes. Of 20 recent studies chosen at random from a
Medline search of the keywords ̀ HTTLPR' and ̀ genotype', 16 used DNA prepared from whole
blood or white blood cells (Cervilla et al., 2006; Finger et al., 2006; Kim et al., 2006; Little
et al., 2006; Mannelli et al., 2006; Marsh et al., 2006; Roiser et al., 2006; Saunders et al.,
2006; Segal et al., 2006; Smeraldi et al., 2006; Zalsman et al., 2006; Becker et al., 2007; Gerra
et al., 2007; Heiser et al., 2007; Mergen et al., 2007; Nilsson et al., 2007); Lahiri and
Nurnberger, 1991), 4 used saliva (Cervilla et al., 2006; Taylor et al., 2006; Covault et al.,
2007; Kaufman et al., 2007), and 2 used buccal mucosa (Brocke et al., 2006; Zalsman et al.,
2006). Some studies used more than one collection method.

The most popular method, high-yielding DNA extraction from blood, has several research
advantages, specifically that currently accepted methods, including kits (e. g. `MasterPure',
Epicentre, Madison, WI) or non-enzymatic methods (Lahiri and Nurnberger, 1991; (Lahiri et
al., 1992) are rapid and reliable, and the DNA derived is of high quality and suitable for multiple
uses and purposes for research and clinical setting. Unfortunately, blood collection has several
limitations. Its invasiveness reduces the likelihood of compliance, especially among children,
the elderly, and some neuropsychiatric patients. If venous blood is used, skilled individuals are
needed to collect material, increasing cost. Such samples also require cold storage, further
increasing cost. Some of these issues have been partially addressed by use of dry blood spots
on paper-based collection media, used in one of the aforementioned studies (Gerra et al.,
2007). However, this method reduces the DNA obtained from a given sample, limiting its direct
use for multiple assays.

In contrast, saliva sampling is non-invasive and trained personnel are less necessary for
sampling from the majority of subjects, but it still requires a relatively high level of subject
compliance, necessary to produce 2-4 ml volumes of saliva currently required by current
commercial methods (Rogers et al., 2007; Viet et al., 2007). Buccal mucosa cells sampling is
almost completely non-invasive and painless, reducing compliance issues significantly.
Samples collected have been shown to generate usable DNA after shipment through
conventional mail (Ilveskoski et al., 1998). Sample collection does not require highly-trained
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personnel nor an established `cold chain' to preserve samples until DNA is extracted. For
example, in a recent study of the HTTLPR polymorphism and temperamental fearfulness in
children, our group used buccal mucosa samples collected either by parents in the children's
homes or by technicians in a clinical setting (Hayden et al., 2007). For that study, a kit
employing pH10 high-salt buffers (BuccalAmp, Epicentre, Madison, WI) was used to produce
`DNA' that amounted to a crude cell lysate containing various proteins and nucleic acids. A
total of 134 samples were collected, of which 95 produced a result via PCR (Table 1). Of the
134 samples 16 were not processed due to visible contamination of the swabs. Test preparations
of such swabs with the BuccalAmp kit indicated no likelihood of successful genotyping. A
further 29 did not produce discernable signal from genotyping PCR.

In response to these difficulties we investigated an efficient and economical method to produce
higher-quality DNA from very small quantity of human biological fluids, preferably obtained
by a non-invasive and painless technique. We have developed a rapid and simple non-
enzymatic method of DNA purification from buccal mucosa that does not require the use of
enzymatic digest or proprietary reagents. DNA generated using this approach is of high purity
and quality and suitable for use in genotyping. This method was based on our previous well-
established rapid method (RM) for purifying DNA from blood samples (Lahiri and Nurnberger,
1991), but it required less time, fewer steps, and generated up to 4μg of DNA from a single
buccal swab.

In comparison with DNA from buccal swab produced via the commercial BuccalAmp kit, our
method produced DNA of equal amount but higher purity and at least comparable applicability
for PCR-based genotyping. This method did not require the purchase of proprietary reagents
and could be performed in any facility with common molecular biology reagents and equipment
limited to a microcentrifuge, a vortexer, and water baths capable of 55°C and 65°C incubation.
The rapid method for swab (RMS) used buccal swabs for its source material and was suitable
for use in a variety of laboratories and potentially in field conditions.

Materials and Methods
Collection of samples from human subjects

All samples collected from human subjects, both buccal swab and whole blood, were collected
per Institution Review Board (IRB)-approved protocols.

Collection of buccal swab samples
Polyester fiber-tipped swabs (Fisher Scientific, Pittsburgh, PA) were used for collection of
cheek epithelial cells from eight laboratory volunteers. One swab was used per cheek.
Volunteers were instructed to rub the inside of a cheek, swirling the swab at least ten times
while so doing. Volunteers reported no discomfort when queried. Swab samples were cut off
to length and stored in 15ml conical bottom tubes until extracted (overnight) at room
temperature.

Collection of blood samples
Three volunteers had blood drawn by clinical personnel into EDTA Vacutainers (purple
stoppered). Samples of between 0.5 and 5 ml were drawn. One volunteer required three
attempts to draw blood, and total draw from that volunteer was less than 1ml. Blood samples
were aliquoted and stored at -20°C until extracted.

Preparation of DNA from blood samples
The RM of DNA extraction developed for use in blood by Lahiri and colleagues (Lahiri et
al., 1992) was employed and all steps performed at room temperature unless otherwise
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specified. Briefly, 500μl of whole blood was mixed with 500μl of TKM buffer (Tris-HCl pH
7.6 10mM, KCl 10mM, MgCl2 10mM, EDTA 2mM) in a microcentrifuge tube. To this, 1 ml
of TKM + 2.5% Triton X-100 was added to disrupt the cell membrane without damaging nuclei.
The tube was mixed by inversion (10 times) and then centrifuged at 1000g for 8 minutes at 4°
C. The cytoplasmic supernatant was discarded and the nuclear pellet was resuspended in 1 ml
of TKM by pipetting. Cells were again centrifuged at 1000g for 8 minutes and washed with
TKM once more. The final pellet was resuspended in 200μl TKM, after which 15μl of 10%
SDS was added to lyse nuclei and mixed by inversion. Material was incubated for 5 minutes
at 55°C and 75μl of saturated NaCl solution was added. The tube was mixed by inversion and
centrifuged at maximum speed (12,600g) in an Eppendorf microcentrifuge for 5 minutes at
room temperature. Supernatant was transferred to a fresh tube and 0.7 volume of isopropanol
was added. The sample was mixed by inversion and centrifuged for 10 minutes at maximum
speed in a microcentrifuge. Pellet was washed in cold 70% ethanol and permitted to air dry for
15 minutes. DNA material was resuspended in 100μl TE at 65°C for one hour.

Preparation of DNA from buccal cell swabs by different methods
All methods were repeated at least three times. The RM was modified for use with buccal swab
samples as follows: Swabs were swirled directly in 500μl of TKM buffer (Tris-HCl pH 7.6
10mM, KCl 10mM, MgCl2 10mM, EDTA 2mM). To this, 500μl of TKM + 2.5% Triton X-100
was added. The tube was mixed by inversion (10 times) and then centrifuged at 1000g for 8
minutes at 4°C. The supernatant was discarded and the pellet was resuspended in 1 ml of TKM
by pipetting. Cells were again centrifuged at 1000g for 8 minutes and washed with TKM once
more. The final pellet was resuspended in 200μl TKM, after which 15μl of 10% SDS was added
and mixed by inversion. Material was incubated for 5 minutes at 55°C and 75μl of saturated
NaCl solution was added. The tube was mixed by inversion and centrifuged at maximum speed
in an Eppendorf microcentrifuge for 5 minutes at room temperature. Supernatant was
transferred to a fresh tube and 0.7 volume of isopropanol was added. The sample was mixed
by inversion and centrifuged for 10 minutes at maximum speed in a microcentrifuge. Pellet
was washed in cold 70% ethanol and permitted to air dry for 15 minutes. DNA material was
resuspended in 100μl TE at 65°C for one hour.

A modified rapid method for swab (RMS) was also employed. Briefly, the three washing steps
were dispensed with and cells were directly suspended in 500μl of TKM + 1.25% Triton X-100.
To this was added 37.5μl of 10% SDS. Samples were incubated at 55°C for 5 minutes and
briefly vortexed. After the addition of 187.5μl of saturated NaCl, samples were mixed by
inversion. Samples were then centrifuged and 0.7 volumes of isopropanol were added to the
clear supernatant. The sample was mixed by inversion and centrifuged for 10 minutes at
maximum speed in a microcentrifuge. Pellet was washed in cold 70% ethanol and permitted
to air dry for 15 minutes. Material was resuspended in 100μl TE at 65°C for one hour. To
optimize the method, the RMS was repeated under variant conditions, specifically Tris-HCl
of pH 5.4 and pH 10.0, and in TKM + 50mM NaOH. The NaOH treatment was followed by
neutralization with 50μl 1M Tris pH 7.6 for half of the NaOH treated samples. These pH
conditions were chosen based on the pH of the QuickExtract buffer (pH 10) and on a
conventional acidic pH for acetate salts used for precipitating DNA. The NaOH was included
based on the long-standing use of NaOH-based lysis methods for collection of DNA from
buccal swabs (Walker et al., 1999). For some samples, QuickExtract (Epicentre
Biotechnologies, Madison, WI) buffer was used instead of TKM + Triton X-100, otherwise
following the RMS protocol. In some RMS preparations, a phase boundary occurred after the
NaCl precipitation/centrifugation step. Both upper and lower phases were collected and
analyzed separately.
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Cells were also extracted using QuickExtract buffer and the BuccalAmp method (Epicentre)
according to the manufacturer's instructions. In addition, cells were suspended in TKM and
the BuccalAmp method was applied to the suspension.

Evaluation of quantity and quality of DNA from buccal samples prepared by different
methods via absorbance and fluorescence

DNA samples were evaluated by measurement of optical density at 260 nm (OD260) and at
280 nm (OD280) using a Tecan Genios microplate reader (Phenix Research Products, Asheville,
NC). Quantitative DNA yield was assessed by OD260 for RM and all RMS methods, and by
Hoechst 2258 dye for the `Epi' and `TKM/Epi' methods due to very low OD260/280 ratios for
those particular samples. A volume of 25 μl of each sample was diluted with either 75 μl of
TE (for RM, all RMS variants, and QuickExtract buffer followed by RMS method), by
QuickExtract buffer (for BuccalAmp method) or by TKM (for suspension in TKM followed
by BuccalAmp method). A Beckman DU-70 (Beckman-Coulter, Fullerton, CA)
spectrophotometer was used to measure spectrum response at wavelengths from 220-300 nm.
Those samples diluted in TE were zeroed with TE. The QuickExtract/BuccalAmp sample was
zeroed against QuickExtract buffer. The sample diluted with TKM was zeroed against TKM.
In addition, a 50ng sample of commercially available DNA (Roche, Indianapolis, USA) was
diluted to 100μl total volume in TE and subject to spectrum analysis.

Semi-quantitative and qualitative evaluation of DNA from buccal samples prepared by
different methods via agarose gel and restriction enzyme digest

A volume of 20μl of material prepared by each method was digested with EcoRI (Roche,
Indianapolis) at 37°C for 60 minutes. Samples were run on 1% agarose gel alongside an equal
volume of undigested material and visualized by ethidium bromide staining.

Genotyping PCR of DNA from samples prepared by different methods from buccal cells and
whole blood

To test the genotyping suitability of DNA we generated in this study, we selected the HTTLPR
length polymorphism of the serotonin transporter 6A4 protein. The HTTLPR polymorphism
is a repeat-number polymorphism that begins approximately 1.4 kb upstream of the +1
transcription start site (TSS) of the SLC6A gene. The most common polymorphisms are 14-
and 16- subunit repeats, usually termed `s' and `l'. Genotyping of the HTTLPR polymorphism
was chosen to investigate the utility of various DNA samples for PCR-based protocols. Briefly,
the oligomers HTTLPR-F (5'-GGCGTTGCCGCTCTGAATGC) and HTTLPR-R (5'-
GAGGGACTGAGCTGGACAACCAC) were commercially synthesized (Invitrogen,
Carlsbad, CA) and used in an HTTLPR genotyping reaction. Briefly, 21μl of HTTLPR-F,
0.5μM; HTTLPR-R, 0.5μM; dATP, 200μM; dCTP, 200μM; dTTP, 100μM, dGTP, 100μM; 7-
deaza-dGTP (all dNTP from Roche); Taq polymerase (Roche), 2 units; was added to 9 μl of
each different DNA preparation. The mixtures were hot-start denatured at 95°C for 5 minutes
and subject to 35 cycles of 95°C, 30sec; 61.5°, 30sec; 72°, 45sec. Samples were then held at
4°C until analyzed by native Tris-acetate EDTA (TAE) 4.5% polyacrylamide gel. Alleles
running at approximately 530bp length were designated `l' while those running at
approximately 480bp length were designated `s'.

We also evaluated suitability of DNA generated by the specific PCR method we chose for
LA/LG genotyping. To this end, we digested PCR product with HpaII. Incorporation of 7-deaza
dGTP into a DNA strand has been shown to interfere with some but not all restriction enzymes
that incorporate `G' into their recognition sequence (Grime et al., 1991).

An additional band of approximately 900bp in length was observed (see ̀ HTTLPR genotyping
PCR from whole blood and buccal cell DNA' in Results) when running heterozygote HTTLPR
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sample on TAE-polyacrylamide gel electrophoresis (PAGE). We repeated HTTLPR PCR on
this sample and ran on 5% TAE-PAGE and 2.5% TAE-agarose to determine if the sample was
a novel PCR-generated DNA fragment or a conformational complex between the smaller
fragments.

Results
Comparison of quantity of DNA samples prepared by different preparation methods

DNA generated was subject to quality and quantity measures, the results of which are
summarized in Table 2. Briefly, yields from all methods were comparable, 1.0-4.0 μg per
subject, except for the RMS NaOH/N and TKM/epi methods, which had no measurable yield.
Nucleic acid purity, as assessed by OD260/280 ratio was high (1.7-2.0 for the RM and RMS
pH7.6 methods) (Table 2). The RMS pH5.4, pH10.0, and NaOH methods had greater
OD260/280 ratio variability. Lower-phase RMS subsamples had no nucleic acid by any measure
and were excluded from further analysis.

Determination of quality by restriction digestibility of DNA samples prepared by different
methods

The BuccalAmp, RM and RMS methods all produced sufficient DNA that a 20μl sample was
visible as a single large (> 12 kb) band on 1% agarose gel (Fig. 1A, lanes 5, 7, 9, respectively).
However, DNA produced by the BuccalAmp method was not digestible by EcoRI restriction
enzyme (lane 6) and remained intact, indicating the presence of significant amounts of
contamination interfering with the reaction in the material. Digestion by EcoRI of both the RM
and RMS samples (lanes 8 and 10) was successful. When 20μl samples of DNA prepared by
variations of the RMS method were run on 1% agarose (Fig. 1B), only material from the Tris
pH-modified samples had sufficient DNA to be visible as a single band (lanes 3-5) This material
was digestible with EcoRI (lanes 9-11). Material from NaOH-modified RMS and neutralized
NaOH-modified RMS was not visible (lanes 6, 7, 12, 13).

Assessment of `contaminants' and purity by spectrum analysis of samples prepared by
different methods

Spectra were run from 220nm to 300nm wavelength on commercially purchased DNA (Fig.
2A) and samples of 50μl that were taken from DNA prepared by either RM (Fig. 2B), a
modification of RMS (Fig. 2C-G), the RM method applied to buccal cells suspended in
QuickExtract buffer (Fig. 2H), by complete BuccalAmp method (Fig. 2I) or cells suspended
in TKM and prepared by the BuccalAmp method (Fig. 2J). For most samples prepared by RM
or a variant of RMS, the spectrum peak was at or near 260nm (Fig. 2A-F, H). However, the
peak for the Tris-neutralized NaOH modification of RMS was closer to 270nm than to 260nm
(Fig. 2G), indicating the presence of some contamination. Material prepared using the
BuccalAmp method, regardless of initial suspension buffer, did not have a typical nucleic acid
spectrum, which is suggestive of a heterogeneous sample (Fig. 2I, J).

HTTLPR genotyping PCR from whole blood and buccal cell DNA
Conventional HTTLPR genotyping PCR was performed using 9μl of each of eight differently-
prepared DNA samples and 10ng of commercially-obtained human DNA (Fig. 3A).
Genotyping was possible for all methods of DNA preparation except for Tris-neutralized
NaOH modified RMS (lane 8) and DNA from cells suspended in TKM and prepared by the
BuccalAmp method (lane 11). The strongest signals from a 9μl sample were apparent in
BuccalAmp prepared DNA (lane 10), followed by RMS DNA in pH7.6 buffer (lane 5), DNA
from cells suspended in Epicentre buffer and prepared by RMS (lane 10), and NaOH modified
RMS (lane 9), although significant smearing was seen with this last sample. The first group of
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laboratory volunteers appear to have all been either homozygous `s/s' or `l/l'. Additional
volunteers were recruited, DNA prepared by RMS (pH7.6) and subject to HTTLPR genotyping
to confirm that preparation methods had not been introducing PCR artifacts that would
resemble only homozygous DNA. One additional volunteer's DNA was heterozygous ̀ s/l' (Fig.
3B, lane 5). Finally, to compare the results of the RMS to more commonly-used DNA derived
from blood samples, we performed HTTLPR genotyping PCR on three volunteer samples,
each previously identified as l/l, s/s, or s/l genotype (Fig. 3C). In all three cases, as expected,
results from buccal DNA were similar to those had from blood DNA.

A slow-migrating `additional band' in the heterozygote DNA (approximately 900bp-1kb)
appears to be a conformational DNA state composed of a mixture of `s' and `l' bands, and it
has appeared whenever heterozygote genotypes show up for other HTTLPR studies by our
group, whether the DNA is prepared by either RMS (Fig. 3B lane 5 and 3C lane 6), by RM
(Fig. 3C lane 3), or in our previous work (Hayden et al., 2007) by the BuccalAmp method (Fig.
4, lanes 3, 4, 5, 6, 10, 12). To confirm that this `additional' band was conformational and not
due to generation of an additional linear PCR fragment, genotyping PCR was performed on
confirmed heterozygous (prepared by RMS) and subsamples were run on 5% TAE-PAGE and
2.5% TAE-agarose. The `additional' band only was visible on the TAE-PAGE gel (Fig. 5A)
and appears to have resolved into `s' and `l' components on agarose (Fig. 5B) gel.

We also evaluated suitability of DNA generated by PCR using 7-deaza dGTP for LA/LG
genotyping. To this end, we digested PCR product with HpaII. The LG genotype generates an
additional ̀ GGCC' recognition sequence for this restriction enzyme (Fig. 6). Potential full and
partial digestion bands are summarized in Table 3. We determined, from the presence of several
partial digestion bands, that 7-deaza dGTP interferes with HpaII digestion; however, PCR was
carried out with a mixture of dGTP and 7-deaza dGTP, permitting sufficient digestion of
products (Fig. 7) to determine that our example did not have the `LG' genotype.

Discussion
Establishing the effects of genetic variation on etiology of neuropsychiatric disorders often
requires hundreds or thousands of subjects. This is due in part to the complexity of linkage
between genetic variation and development of a neuropsychiatric disorder. For example, the
influence of the HTTLPR polymorphism on affective disorders has been both supported
(Cervilla et al., 2006) and rejected (Willis-Owen et al., 2005), and the field recognizes the need
for larger sample sizes to make clinically valid determinations regarding the importance of this
polymorphism (Stein et al., 2006). In addition, some potentially important genetic
polymorphisms may be sufficiently rare that significant effects can only be determined with
large samples. A need for larger sample sizes would be compounded further if interaction of
multiple polymorphisms provides a specific risk, such as interaction between promoter
polymorphisms in the APOE gene and the APOEε4 allele (Parker et al., 2005). With large
samples, reducing the cost of individual DNA preparations while preserving quality and utility
is an important consideration.

Collection of original materials (swab or whole blood) under good conditions is important for
high quality DNA extraction. It is also important to emphasize that stability and integrity of
genomic DNA depend on the storage conditions, such as temperature, freeze-thaw cycles and
buffer composition. Although we have not studied the various parameters affecting stability
of DNA prepared by the RMS procedure, we have previously tested different conditions of
storage and stability for DNA prepared by RM (Lahiri and Schnabel, 1993). In short, DNA
samples remained intact and undegraded for a long period of time when DNA was dissolved
in higher concentrations of EDTA.
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Ideally, tissue sampling should be non-invasive and painless. These concerns are especially
critical in certain populations, such children and psychiatric groups. Preparation of DNA from
these samples also needs to be rapid, reliable and consistent. In any large scale genetic
association project, per-unit cost of DNA preparation becomes a significant issue. A kit such
as the BuccalAmp extraction kit has a retail cost of $2.48 per preparation (based on information
available at http://www.epicentre.com/ as of January 18, 2007). Time investment is
approximately five minutes per preparation batch, with an added technical demand of vortexing
to specific times.

We have determined that our RMS (pH 7.6 buffer) produces DNA of greater purity as measured
by spectrophotometry than that produced by BuccalAmp. We chose spectrophotometry over
a method such as direct DNA sequencing because optical measurement is a direct measurement
of the constituents of a sample, and impure DNA will produce a markedly different overall
spectrum than does high-quality material. While it is true that sequencing is sensitive to
contaminants, it is also true that samples such traditional alkaline lysis miniprep DNA can be
sequenced, indicating some tolerance for impurities in the process. While sequencing might
indicate a `good enough' DNA sample for most purposes, it still would not provide as precise
an indication of sample purity as would an optical spectrum.

DNA produced by the RMS is useful for experimental, and potentially clinical, genotyping,
including for both the HTTLPR `s' and `l' genotype and the LA/LG genotype via PCR or PCR
followed by restriction enzyme digest, respectively. While other methods for genotyping, such
as Illumina, Affymetrix SNP chips, or TaqMan assays are effective high-throughput methods,
we intentionally restricted our analysis to lower front-end cost methods such as repeat-length
PCR and PCR followed by restriction digest. In addition, methods such as Affymetrix SNP
chip do not discern the HTTLPR polymorphism. Moreover, the DNA sample generated by
RMS was high molecular weight. Should a specific application require a `slightly degraded'
sample, random shearing could be induced by simple (and low-cost) vortexing.

The RMS requires a sterile swab ($0.24 each, Fisher Scientific) and approximately $0.05 worth
of common laboratory chemicals (Tris-HCl, EDTA, MgCl2, KCl, NaCl, Triton X-100, and
SDS). Time requirements are estimated at 20 minutes per preparation batch, not including a
60-minute incubation at 65°C, during which time personnel could pay attention to other tasks.
In addition to HTTLPR genotyping, DNA isolated by the RMS procedure can be utilized to
study genetic polymorphism of other important genes, such as APOE and the β-amyloid
precursor protein (APP).
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TBE, tris-borate EDTA
PAGE, polyacrylamide gel electrophoresis
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Fig. 1. Assessment of the quality of DNA generated by different extraction methods
A. A volume of 20 μl of prepared DNA was run on 1% agarose gel, either uncut (lanes 3, 5, 7,
9) or after digestion with EcoRI (lanes 4, 6, 8, 10). Lane 1: commercial 1kb DNA ladder; lanes
3-4: commercially purchased DNA. lanes 5-6: DNA prepared by BuccalAmp kit; lanes 7-8:
DNA prepared by the rapid method (RM); lanes 9-10; DNA prepared by the modified rapid
method (RMS) B. samples of DNA purified by RM or by RMS with different buffer conditions
were run on 1% agarose gel or digested with EcoRI and run on agarose gel. Lane 1: 500bp
DNA ladder; lanes 2-7: undigested DNA; lanes 8-13: DNA digested with EcoRI. DNA was
visible for commercial DNA (lanes 2, 8), and for RMS DNA prepared at buffer pH of 5.4 (lanes
3, 9), 7.6 (lanes 4, 10), and 10 (lanes 5, 11). Preparations from the RMS method adjusted by
NaOH (lanes 6, 7, 12, 13) were also run.
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Fig. 2. Spectral analysis of DNA extracted by different methods
DNA was extracted from buccal swabs by ten different methods as described in the text. A
spectrum for 100μl of each was generated at 220nm to 300 nm with a Beckman DU-70
spectrophotometer. On each spectrum, the position of OD260 is indicated with a dashed line.
The major peak is indicated with an arrow. Samples analyzed were as follows: A. Commercial
DNA sample, 100ng diluted into 100μl. B. Rapid Method (RM), C-H. Modified rapid method
(RMS) with different buffer conditions, specifically pH 5.4 (C), pH 7.6 (D), pH 10 (E), 50mM
NaOH (F), and 50mM NaOH equilibrated with 1M Tris pH 7.6 (G), Epicentre buffer used with
RMS (H). I. The conventional Epicentre BuccalAmp method. J. TKM buffer used with the
BuccalAmp `heat and vortex' method.
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Fig. 3. HTTLPR genotyping PCR of DNA generated by different extraction methods
HTTLPR genotyping PCR was carried out on DNA samples generated by different extraction/
purification methods as described in the text. A volume of 9μl of each sample was used. DNA
bands associated with the `s' and `l' alleles and the `additional' band associated with the `s/l'
heterozygote are indicated. A: Lane 1: 100bp ladder; lanes 2-10: DNA prepared by the RM
(2), RMS (3-7), Epicentre BuccalAmp (8), Epicentre buffer followed by RMS (9), or TKM
followed by BuccalAmp heat and vortex method (10). B: Genotyping PCR carried out on
additional lab samples to verify heterozygote in RMS DNA. Lane 1: 100bp ladder; lane 2
empty; lane 3: DNA prepared by RM; lanes 4-5: DNA prepared by RMS, pH 7.6 buffer.
Positions of the ̀ s' and ̀ l' allele bands are indicated. C: Genotyping PCR carried out in parallel
on DNA extracted from swabs via RMS and from whole blood via RM. Lane 1: 100bp ladder;
2, 5: DNA from volunteer `A'; 3, 6: DNA from volunteer `B'; 7, 9: DNA from volunteer `C'.
Lanes 2-4 were prepared from buccal swab by RMS. Lanes 5-7 were prepared from whole
blood by RM. Genotypes are indicated.
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Fig. 4. Presence of `additional' (~900bp) band in TAE-PAGE of HTTLPR heterozygotes prepared
by BuccalAmp method
Multiple different human DNA samples were prepared by BuccalAmp method as described
previously (Hayden et al., 2007). Samples were run on 4.5% native TAE-PAGE. Genotypes
of `s/s', `l/l', and `s/l' appeared in the sample. An `additional' band of approximately 900bp
appeared in all and was unique to `s/l' samples.
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Fig. 5. Determination of the nature of a high molecular weight `band' by native acrylamide and
agarose electrophoresis
Heterozygous DNA was used for HTTLPR genotyping and subject to electrophoresis on `A';
nondenaturing TAE-PAGE, `B'; TAE agarose. An approximately 900bp band appeared only
on the native TAE-PAGE gel. This band did not appear on the agarose gel.
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Fig. 6. HTTLPR `l' and variant illustrating location of HpaII sites and the LA/LG site
A. Location of the HTTLPR polymorphic region in relationship to the +1 transcription start
site of the SLC6A4 gene, diagram based on published sequences (Lesch et al., 1994) and
Nakamura et al (Nakamura et al., 2000). Sequences of multiple `l' variant alleles (Nakamura
et al., 2000) were analyzed for the presence of HpaII sites. The LG polymorphic site (which
creates an additional HpaII site) is also indicated.
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Fig. 7. Use of RMS-prepared DNA for HTTLPR LA/LG screening
HTTLPR genotyping PCR was carried out on DNA samples generated by RMS as described
in the text. A volume of 9μl of sample previously determined to be l/l genotype was used. PCR
was followed by overnight (16hr) digestion of reaction products with HpaII restriction enzyme.
Both full and partial digestion products were present. Sample was LA/LA, since none of the
potential LG digestion products (dashed-line arrows) appeared.
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Table 3
DNA sizes resulting from HpaII digestion of HTTLPR genotyping PCR with 7-deaza dGTP.

Haplotype

LA LG

63 63

118 118

168

173

190* 190*

235*

340 340*

362*

402* 402*

529* 529*

*
Indicates a partial digestion product.
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