Polymerase chain reaction optimization for amplification
of Guanine-Cytosine rich templates using buccal cell DNA
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CONTEXT: Amplification of Guanine-Cytosine (GC) -rich
sequences becomes important in screening and diagnosis
of certain genetic diseases such as diseases arising due to
expansion of GC-rich trinucleotide repeat regions. However,
GC-rich sequences in the genome are refractory to standard
polymerase chain reaction (PCR) amplification and require
a special reaction conditions and/or modified PCR cycle
parameters.

AIM: Optimize a cost effective PCR assay to amplify the
GC-rich DNA templates.

SETTINGS AND DESIGN: Fragile X mental retardation
gene (FMR 1) is an ideal candidate for PCR optimization
as its GC content is more than 80%. Primers designed to
amplify the GC rich 5" untranslated region of the FMR 1
gene, was selected for the optimization of amplification
using DNA extracted from buccal mucosal cells.
MATERIALS AND METHODS: A simple and rapid protocol
was used to extract DNA from buccal cells. PCR optimization
was carried out using three methods, (a) substituting a
substrate analog 7-deaza-dGTP to dGTP (b) in the presence
of a single PCR additive and (c) using a combination of PCR
additives. All PCR amplifications were carried out using a
low-cost thermostable polymerase.

RESULTS: Optimum PCR conditions were achieved
when a combination of 1M betaine and 5% dimethyl
sulfoxide (DMSQO) was used.

CONCLUSIONS: It was possible to amplify the GC rich
region of FMR 1 gene with reproducibility in the presence
of betaine and DMSO as additives without the use of
commercially available kits for DNA extraction and the
expensive thermostable polymerases.
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Introduction

Polymerase chain reaction (PCR) is a widely used
technique in many laboratories for diagnostic purposes
and molecular biology studies. Most of the DNA
templates do not require special conditions to undergo
amplification, when the deoxyribonucleotide content is
equally distributed among the length of the fragment to be
amplified. However, lack of amplification efficiency and
non-specific amplification may result in the presence of
impurities and inhibitors. Furthermore, PCR amplification
of Guanine-Cytosine (GC) rich regions of genomic
DNA is difficult. GC rich regions produce complex inter
and intra strand folding (hairpins and loops) due to
increased hydrogen bonding with neighboring cytosine
and guanine.!" These secondary structures in DNA are
resistant to melting and cause Taq DNA polymerases
to stall and also hampers primer annealing, resulting in
incomplete or non-specific amplification.?

Different methods have been developed to improve
the amplification of GC rich sequences. These include
addition of organic substances (additives), use of modified
dNTPs and modification of thermal cycling program in
PCR.® The additives improve the amplification by
unwinding the double stranded DNA (dsDNA) helix and
thereby reducing the melting temperature. The most
prominent PCR enhancing additives currently used
are either betaine, small sulfoxides such as dimethyl
sulfoxide (DMSO), formamide or reducing compounds
such as beta-mercaptoethanol or dithiothreitol.l:
Addition of DMSO, formamide or glycerol denatures
dsDNA. Betaine, an amino acid analog, stabilizes the
denatured DNA.I"8 Substituting, the guanine base
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analog, 7-deaza-dGTP for dGTP, in a ratio of 3:1 can
reduce the number of hydrogen bonds that are formed
between guanine and cytosine in dsDNA as well as
single stranded DNA (ssDNA) because it lacks nitrogen
at the seventh position of the purine ring. Therefore,
addition of 7-deaza-dGTP prevents formation of stable
intramolecular G * C Hoogsteen base pairing without
disrupting the normal Watson-Crick base pairing.!'-'®
Alkaline denaturation of template prior to PCR is also
employed to facilitate the PCR.I'"!

The above facts are relevant in genetic studies as 3%
of the human genome is highly GC rich and 28% of the
genes are located within the GC rich regions.l'! Several
genetic diseases arise due to the expansion of GC rich
trinucleotide repeat sequences. One such example is
the fragile X mental retardation gene (FMR 1), which
contains a polymorphic CGG repeat of 5-55 copies in the
5’ region of the gene. Fragile X Syndrome occurs due
to expansion of these CGG trinucleotide repeats up to
more than 200 copies. The Huntingtin gene associated
with Huntington disease contains a polymorphic CAG
trinuleotide repeats with varying the repeat number from
11 to 34 CAG.["@ Myotonic dystrophy protein kinase
gene is another GC rich gene which contains CTG
repeats and involve in the myotonic dystrophy.!"® Genetic
tests for screening and disease diagnosis associated
with expansion of trinucleotide repeats are based on
identifying these repeat sequences.

PCR amplification has been proposed as a rapid
method for amplification of trinucleotide repeat regions
compared to Southern hybridization. In this article, we
report the results of three methods that were used to
optimize the PCR amplification of the GC rich 5’ region
of the FMR 1 gene using DNA extracted from buccal
cells. The aim was to develop a low-cost PCR assay for
amplification of GC rich regions which can be used to
screen diseases associated with GC rich sequences.

Materials and Methods

All chemicals used in the study were molecular grade
and unless otherwise specified, were purchased from
Sigma Chemical Company (St Louis, MO, USA). Taq
DNA polymerase, 5 x buffer, MgCl, and dNTP were

purchased from Promega Company (Madison, WI, USA).
Primers (Oligonucleotides) were custom synthesized
from Vivantis (Singapore). Amplification was performed
in a Bio Rad/My cycler thermal cycler.

Ethical approval for the study was granted by the
Ethics Review Committee of the University of Colombo,
Faculty of Medicine.

Method described by Handel et al. (2006) with minor
modifications was used to extract DNA from buccal cells.
Persons with diagnosed genetic disorders were excluded.
Informed and consenting subjects (age 5-12 years)
were refrained from eating and drinking for 30 min
prior to sample collection. The mouths of the subjects
were rinsed and buccal cells were collected by rolling
an autoclaved cotton bud inside the cheek twenty
times on each side. Cotton bud containing the buccal
cells was dipped in a microcentrifuge tube containing
500 pl of lysis buffer which has a composition of
0.1 x Gitschiez buffer (10 x GB containing 670 mmTris
pH 8.0, 166 mm (NH,),SO, and 67 mm MgCl,) and
0.5% Triton x 100.'7 The collected buccal cells were
resuspended in lysis buffer by rotating the cotton bud
clockwise and anti-clockwise five times in each direction
and then pressed against the wall of the microcentrifuge
tube. The buccal cells resuspended in lysis buffer was
stored at —20°C until DNA extraction.

For extraction, the stored buccal cell sample was
allowed to reach room temperature before vortexing for
10 s. Proteinase K was added to reach final concentration
of 40 pg/ml, mixed well and incubated at 63°C for 6 min.
Thereafter, 250 pl of 4.5 M NaCl was added, mixed
vigorously, centrifuged at 13000 g for 15 min and the
supernatant was recovered. The genomic DNA in the
supernatant was ethanol precipitated and resuspended in
20 pl of of Tris- EDTA pH 8.0. The concentration and the
integrity of the extracted DNA was determined by ethidium
bromide stained 0.8% agarose gel electrophoresis and
compared against known concentrations of lambda DNA.

CGG repeats spanning around 30 repeats (~300 bp)
of the FMR1 gene 5’ region was selected for PCR
amplification using primer ¢ and f as stated in
Fu et al. (1991).° The following three procedures (a), (b)
and (c) were carried out to amplify the GC rich template.
DNA extracted from a single individual was used
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in all optimization reactions and hot start PCR was
performed. Ten microliters from all PCR products were
electrophoresed on 2% agarose gel containing 10 pyg/ml
of ethidium bromide for 30 min at 75 V and bands were
visualized under ultraviolet light from Uvi pro silver gel
documentation system (UV tech).

Using substrate analogue, 7-deaza-dGTP

1. Initially the PCR was carried out as described by Fu
et al. (1991) by partially substituting 7-deaza-dGTP
for dGTP at a ratio of 3:1. The 15 pl reaction
mixture contained | x PCR buffer, 2 mM MgCl,,
150 uM deaza dGTP, 200 uM dATP, 200 um dCTP,
200 pyM dTTP, 50 uM dGTP, 10% DMSO, 2 uyM
of each primer and 0.75 U Tag DNA polymerase.
Thermo cycle condition was: Initial denaturation at
95°C for 10 min followed by 25 cycles of denaturation
at 95°C for 1.5 min, annealing at 65°C for 1 min and
extension at 72°C for 2 min.®

2. The annealing temperature was varied from 58°C
to 65°C by a 1°C increment keeping the reaction
conditions the same as in (1) above.

3. The reaction conditions were varied as follows,
template DNA (10-150 ng/pl by 10 ng/pl
increments), MgCl, (1-4 mM by 0.5 increments),
dNTP (100 pm-500 pM by 100 pm increments,
primer (0.1-1 ym by 0.2 uyM increments), and Taq
DNA polymerase (0.5 U-2 U by 0.5 U increments).
The 7-deaza-dGTP and the DMSO concentration
were kept at 150 pm and 10% respectively. The
thermal cycling conditions were as in (1) above.

Using PCR additives

PCR optimizations were performed in the presence of
several PCR additives separately. The concentrations of
the additives were varied as shown in Table 1. The 25 pl
reaction mixture contained | x PCR buffer, 2 mM MgCl,,
and 200 uM dNTP, 2 uM each primer and 0.75 U Taq

Table 1: Different PCR additives and their concentrations
used for PCR amplification of FMR 1 gene

Additives Concentration

Dimethyl sulfoxide % 5 10 15 20
Betaine (M) 0.5 1.0 1.5 2

Formamide % 1 2 5 10
Ethylene glycol % 1 1.5 2 25
1,2 Propane diol % 1 1.5 2 2.5

PCR: Polymerase chain reaction, FMR 1: Fragile X mental retardation gene

DNA polymerase and thermo cycling parameters were
asin (a) 1.

Using combination of additives

Taking into consideration the results obtained from (b)
above, different combinations of betaine and DMSO were
tested in a 25 pl volume containing, 0.2 mM dNTPs,

1.5 mM MgCl, 1 x PCR buffer, 1 U Taq DNA polymerase,

0.1 uM of each primer and 50 ng of genomic DNA.

Thermo cycle condition was: Initial denaturation at 95°C

for 10 min followed by 25 cycles of denaturation at 95°C

for 1.5 min, annealing at 65°C for 1 min and extension
at 72°C for 2 min.

1. The concentration of betaine was kept constant
at 1.0 M and varied the concentration of DMSO
(5%, 10%, 15% and 20%).

2. The concentration of DMSO (5%) was kept constant
and varied the concentration of betaine (0.5 M, 1 M,
1.5M,2 M and 2.2 M).

3. With the optimised betaine (1 M) and DMSO, (5%)
concentrations, the PCR amplification was performed
using thermal cycle parameters sated by Baskeran
etal. (1996): Denaturation at 94°C for 15 s, annealing
at 65°C for 2 min, and extension at 68°C for 5 min
for 40 cycles. A series of DNA concentrations were
tested using these conditions (10 ng, 15 ng, 25 ng).["®

4. Further optimization of the cycle parameters was
carried out by decreasing the annealing time from
2 min to 1 min and the extension time from 5 min
to 2 min. The PCR cycles were also reduced from
40 cycles to 30 cycles.

After optimizing the PCR conditions and thermal cycle
parameters, PCR was performed for the remaining
samples using DNA extracted from buccal cells.

Results

All attempts to amplify the GC rich region of the FMR 1
gene fragment using protocol (a) by partially substituting
7-deaza-dGTP for dGTP in a ratio of 3:1, varying the
reaction conditions and the annealing temperature failed
and no amplification was observed (data not presented).

In protocol (b) PCR amplification was carried out
in the presence of different concentrations of various
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additives separately. Addition of 1, 2 propane diol and
ethylene glycol did not promote amplification at any given
concentration (data not presented). However, non-specific
amplifications were observed in the presence of 5%
formamide, 5% DMSO and 1 M betaine (data not shown).

As a single PCR additive was unable to
produce the desired product, combination of two
additives were tested. Non-specific amplification was
reduced in the presence of 1M betaine and 5% DMSO
when the PCR was carried out according to the method
described in protocol (c) 1 and 2 (data not presented).
Therefore, further optimization was performed in the
presence of 1 M betaine and 5% DMSO Protocol (c) 3
and the desired product (around 300 bp) was obtained
with a non-specific amplification [Figure 1].

In order to improve the results annealing time, extension
time and number of cycles of the PCR was reduced. The
optimum assay conditions were: 0.2 mM dNTPs, 1.5 mM
MgCI2’ 1 x PCR buffer, 1 U Taq DNA polymerase, 0.1 uM
of each primer, 50 ng of genomic DNA, betaine (1M)
and DMSO (5%) in a 25 pl reaction volume with an initial
denaturation at 94°C for 15 s followed by 30 cycles of
denaturation at 94°C for 15 s annealing at 65°C for 1 min,
and extension at 68°C for 2 min.

Figure 2 shows PCR amplification carried out under
optimum assay conditions on representative samples of
buccal cell DNA. It was observed that buccal cell DNA
extracts (prior to ethanol precipitation) could also be used
under optimum conditions to amplify the GC rich region
with reproducibility.

Discussion

PCR amplification of the 5’ untranslated CGG repeat
region of the FMR | gene is used as a rapid and reliable
method for screening of fragile X syndrome. The GC
content of the gene is very high (>80%), and standard
PCR cannot be performed. Therefore, we selected the
FMR | gene fragment for PCR optimization. Concentration
dependent combination of different PCR additives with
modified thermocycle conditions were tested for a reliable
and low cost PCR assay.

Amplification of GC rich templates including the
FMR1 gene have been reported by many scientists

Figure 1: Polymerase chain reaction amplification of
Fragile X mental retardation gene 5’ region using a serial
dilution of genomic DNA in the presence of betaine (1.0 M)
and dimethyl sulfoxide (5%). Lane 1: 100 bp ladder, Lane
2: 10 ng, Lane 3: 15 ng, Lane 4: 25 ng, Lane 5: Negative
control (without DNA). The cycle conditions: Initial
denaturation 94°C for 15 s followed by 40 cycles of
denaturation at 94°C for 15 s, annealing at 65°C for 2 min,
and extension at 68°C for 5 min for 40 cycles

300bp —»p

Figure 2: Polymerase chain reaction amplification
of Fragile X mental retardation gene 5’ region
under optimized conditions using buccal cell DNA.
Lane 1:100 bp ladder, Lane 2-7: Representative
samples (50 ng), Lane 8: Negative control (without DNA)

using expensive thermostable polymerases with
additives!®'®2% or with a combination of thermostable
polymerases with additives!'®2'22 or using expensive
commercially available kits.?324 Commercially available
PCR enhancer solutions such as Q solution (Qiagen),®
PCR enhancer solution (Invitrogen),?? GC-melt™
reagent (BD Biosciences Clontech, Palo Alto, CA)® and
Hi-Spec PCR additive (Bioline)®! have also been used
to promote amplification of GC rich templates, which
are too costly for laboratories in low income countries.
Additionally, commercially available kits have been used
in DNA extractions procedures, further increasing the
cost per PCR assay.

In the initial procedure, the use of 7-deaza-dGTP even
with altering the PCR conditions and cycle parameters
did not allow successful amplification. A possible reason
could be the type of thermostable polymerase that was
used in the present study. Similar results where complete
absence of PCR products were also observed by Saluto
et al. (2005) in their study of amplification of GC rich
templates using 7-deaza-dGTP.
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PCR ampilification using a combination of DMSO (5%)
and betaine (1 M) worked effectively as DMSO facilitate
unwinding of the dsDNA and resulting ssDNA are
stabilized by betaine. DMSO and betaine combination
have been used in several protocols in the amplification
of GC rich templates under different concentration of
the additives and/or PCR thermocycle conditions and
different thermostable DNA polymerases.®10.21.22:25]
Baskeran et al. (1996) reported the amplification of FMR1
gene fragment using the same primers (¢ and f) but
with a slightly higher concentration betaine, (1.1 M) and
DMSO (7%) or 10% DMSO or 2.2 M betiane or 5% DMSO
and 2.0 M betaine. We found that betaine concentration
higher than 1.5 M inhibited the PCR. Furthermore, addition
of betaine and DMSO does not interfere with PCR product
visualization using ethidium bromide stained agarose gels
unlike when 7-deaza-dGTP is used in amplification where
alternate detections methods have to be used.!*19!

In the present study, buccal cells were collected
for DNA extraction as a non-invasive method. It is an
excellent source of DNA for diagnosis and large-scale
molecular epidemiological studies. The DNA extraction
procedure was simple, rapid (12 h) and cost effective
when compared to DNA extraction from blood and the
use of commercially available DNA extraction kits.
Both precipitated DNA and DNA extract prior to DNA
precipitation was suitable for PCR as it was observed
that both templates gave bands with equal intensity
after amplification, confirming the suitability of the DNA
extraction method. It was also observed that the DNA
extract stored at —20°C for more than 6 months could be
used for amplification under optimized PCR conditions.

We were successful in optimizing the PCR without
the use of commercially available expensive kits and
thermostable polymerases to amplify GC rich templates.
It was possible to obtain reproducible results with a low
cost thermostable polymerase in the presence of betaine
and DMSO as additives and the amplified products could
be easily visualized by ethidium bromide stained agarose
gel electrophoresis. The application of this optimized
protocol can thus be recommended as a low cost, and
reliable means to amplify GC rich DNA templates in
laboratories in low resource settings.
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