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A new platform for a convenient genotyping system†
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The high SNP discrimination ratio of 360 : 1, 100% target-specific

hybridization at 25 8C, detection limit of 101 copies, and differ-

entiation of 101 to 107 copies of the PCR product of high-risk HPV

genotypes in clinical samples ensure the application of the 9G

membrane in a convenient platform for DNA genotyping.

The challenges presented by global health-care issues and
emerging diseases of natural origin lend urgency to the develop-
ment of rapid, field-deployable pathogen detection and diagnostic
tools.1 Ideally, to be of general field utility, a diagnostic tool must
be capable of sensitive and specific pathogen detection while
retaining simplicity of use and independence from complex
laboratory instrumentation.2

The DNA microarray technology has revolutionized the field of
medical diagnostics in terms of identification and discrimination
of pathogens in infectious diseases.3 However, tedious experi-
mental conditions such as the high temperature hybridizations,
40–60 1C, long hybridization and incubation times required for
microarray assays increase sample-to-answer times.4 Moreover,
transfer of the DNA chips from solution to solution during the
several washing steps, the unusual drying in the centrifuge, costly
instrumentation, and the need for highly trained professionals
severely limit the utility of microarrays in field applications where
a laboratory infrastructure is limited or unavailable.

In a step toward addressing these potential limitations, the
use of a lateral flow strip membrane (LFSM) is an economical
and simple alternative approach that has recently attracted
considerable attention.5 The LFSM-based methods possess
several benefits, including a user-friendly format, long-term
stability, short assay time, and low-cost analysis.6,7 Moreover,
these strip membranes eliminate complex analysis procedures
that involve expensive instrumentation and minimize the
requirement for highly trained professionals.

The disadvantages of the reported LFSM-based methods are a
pre-hybridization reaction time of 10 to 30 min at desired tempera-
tures, hybridization with the target sequence at 55 1C,8 detection of
one analyte at a time.9 Moreover, some of the methods require
special and expensive hardware for quantitative detection.10,11 The
clinical applications of LFSM based methods are still questionable
due to their low clinical sensitivity and specificity in the detection of
pathogens in clinical samples.12,13 The reasons behind this include
low signal intensity, signal to background ratio (SBR) and low SNP
discrimination ratio, which can compromise detection and discri-
mination of pathogens.14 Current methods based on the LFSM are
limited in their infield and DNA genotyping applications.

Recently we have reported the 9G DNAChip technology15 for
the genotyping of highly pathogenic viruses such as human
papillomavirus (HPV)16 and human influenza virus (H1N1).17

Though this technology is highly reproducible and allows the
fabrication of DNA chips for 100% clinically sensitive and
specific genotyping of pathogens,18 the use of costly instru-
mentation limits its use in the laboratory settings.

Therefore, to address these problems a 9G membrane
technology was developed for genotyping the pathogens.

The 9G membrane (Scheme 1) was developed by using the Cy5
labeled synthetic single stranded target DNA probes complemen-
tary to the immobilized probes. The optimized 9G membrane was
tested for its performance by using the Cy5 labeled PCR products
of the HPV genotypes. The feasibility of application of the 9G
membrane in a rapid genotyping was tested by the detection and
discrimination of the HPV genotypes in standard clinical samples.
The 9G membrane has the following features: high sensitivity and
100% target-specific hybridization at 25 1C, and no complex and
expensive instrumentation is needed. The 9G membrane can
discriminate the SNP among the genotypes with a ratio of
360 : 1, which is the highest ever reported. Moreover, it is for the
first time that the genotyping results are obtained by the direct
hybridization of the PCR products to the immobilized probes.

The 9G membranes were obtained by slight modification of
the 9G DNAChip technology used for the fabrication of the 9G
DNAChips. Unlike the nitrocellulose membranes19 in other methods,
a glass membrane was used to produce the 9G membrane because
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the glass membranes are similar to glass slides in physicochemical
properties. Therefore the immobilization mechanism of oligo-
nucleotide probes on the DNA chips can be reproduced on the
glass membranes. By lining an 18 pmol mL�1 solution of the
oligonucleotide probes (Probe1–Probe8) appended with 9 consecutive
guanines (see the ESI† Table S1) the oligonucleotides can be immo-
bilized on the AMCA (aminocalix[4]arene)20 membrane in 4 h. After
immobilization, the membranes were soaked in the blocking
solution and then dried to generate the 9G membrane. These 9G
membranes were assembled into strips to obtain the final 9G
membrane. The optimal conditions for the effective detection of
the Cy5-labeled complementary target oligonucleotide probes were
determined by time dependent hybridization and time dependent
washing after hybridization, all at 25 1C. The HC (Probe6), PC
(Probe7), and PCR (Probe8) probes were used as the internal
standards, for hybridization control, positive control, and PCR con-
trol, respectively. Hence, after hybridization of the immobilized
probes with the Cy5 labeled PCR product of the HPV16, the peaks
corresponding to the HC, PC, and PCR appeared along with the peak
corresponding to the HPV16 (Scheme 1, also see the ESI† Scheme S1).

The optimum washing time was determined and found to be
20 min (see the ESI† Fig. S2). To determine the optimum hybridization
time, the immobilized probes on the 9G membrane were allowed
to hybridize at different time intervals (5, 10, 15, and 20 min) by
loading the solution containing 5, 10, 20, and 40 fmol mL�1 of the
single stranded target probe10 complementary to Probe1 (HPV16)
in the sample port. After hybridization for 5, 10, 15, and 20 min, the
9G membranes were washed by loading the washing solution in
the washing port. After washing, the 9G membranes were
scanned by a BMT membrane reader to obtain the results

(Fig. 1a, also see the ESI† Fig. S3). Hybridization with 40 fmol mL�1

of Probe10 shows the highest fluorescence intensity. Fig. 1a clearly
depicts that the fluorescence intensity increases with an increase in
time with respect to the increase in concentrations. The hybridiza-
tion signal increases with the increase in hybridization time and
reaches a steady state in 10 min and remains the same for the
20 min hybridization. After hybridization of Probe1 (HPV16) with
40 fmol mL�1 of Probe10 for 5 and 10 min, the fluorescent intensities
were found to be 2615 and 3552, respectively. However, after 15 min
hybridization the fluorescent intensity reaches 3696 and does not
show a significant increase after the 20 min hybridization. It should
be noted that the hybridization efficiency reaches 72% and 98% after
hybridization for 5 min and 10 min, respectively. After 20 min
hybridization the hybridization efficiency was found to be 100%.
Similar results were also found upon hybridization of the target
Probe11 (HPV18) with the probes immobilized on the 9G membrane
(see the ESI† Fig. S4 and S5). Moreover, a similar pattern of
hybridization was found for the hybridization of the probes on the
9G membrane with the Cy5 labeled PCR product of HPV16 (see the
ESI† Fig. S4–S7). Therefore 20 min was considered as the optimum
hybridization time and was used in further experiments.

To get insight into the performance of the 9G membrane, the
immobilized probes were allowed to hybridize with the Cy5 labeled
single stranded target probes Probe10–14 complementary to HPV16,
HPV18, HPV45, HPV31, and HPV33, respectively, at various con-
centrations. The hybridization for 20 min was performed by loading
the target Probe10–14 with concentrations ranging from 5 to
40 fmol mL�1 into the sample loading port on the 9G membranes.
After hybridization, 9G membranes were washed and then scanned
using the BMT membrane reader to obtain the results (Fig. 1b, also
see the ESI† Fig. S8). For the hybridization of the target Probe10
(HPV16), the hybridization signals for the 5, 10, 20, and
40 fmol mL�1 were found to be 2612, 3596, 3652, and 3696,
respectively. The hybridization signal increases with the increase in
the concentration and reaches a steady state at 10 fmol mL�1 and
remains the same for 40 fmol mL�1. Similar results were observed
upon hybridization of the target probes Probe11, Probe12, Probe13,
and Probe14 with the immobilized probes on the 9G membrane. It is
interesting to note that the target probes Probe10–14 were specifi-
cally bound to their complementary probes on the 9G membrane
without any non-specific hybridization and at low concentration

Scheme 1 A 9G DNA membrane for a convenient genotyping system.

Fig. 1 (a) Determination of optimum hybridization time, hybridization with
target Probe10 complementary to HPV16 (Probe1) with the concentration of
5, 10, 20, and 40 fmol mL�1 for 5, 10, 15, and 20 min, and (b) optimum
concentration, hybridization with single stranded target Probe10–14 comple-
mentary to HPV16, 18, 45, 31, and 33, respectively, with the concentrations of
5, 10, 20, and 40 fmol mL�1 for 20 min.
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such as 5 fmol mL�1 to high concentration of 40 fmol mL�1. These
results indicate that the 9G membrane has high selectivity in terms
of 100% target hybridization and high sensitivity as the target probes
can be detected at a low concentration of 5 fmol mL�1. Therefore, the
9G membrane was evaluated for its performance in the detection
and discrimination of the HR-HPV genotypes.

For the detection and discrimination of the HR-HPV geno-
types, hybridization solutions containing 101 to 107 copies of
Cy5 labeled DNA were prepared from the PCR product of the
respective HR-HPV genotypes. The number of copies of DNA in
the hybridization solutions was cross checked using gel electro-
phoresis which confirms that the respective solutions contain
101 to 107 copies (see the ESI† Fig. S10–S14).

Hybridization solutions containing 101 to 107 copies of Cy5
labeled DNA were loaded into the sample port and allowed to
hybridize. After 20 min hybridization, the 9G membranes were
washed and scanned to obtain the final results (Fig. 2, also see the
ESI† Fig. S9). The results show that there is a linear increase in the
fluorescence intensity upon increase in the number of copies of
the Cy5 labeled PCR product of HPV16 (Fig. 2). Similar results were
also observed for the other genotypes (see the ESI† Fig. S10–S14).
The tentative idea of the number of copies of the HPV genotypes in
the unknown samples can be obtained by interpolating the
fluorescence intensities in the standard curve (Fig. 2h).

After hybridization of the probes on the 9G membrane with
106 copies of Cy5 labeled PCR products of the respective
HR-HPV genotypes, the respective genotype can be efficiently
detected (see the ESI† Fig. S15). The sequences of the probes
corresponding to the 5 HR-HPV genotypes are almost similar to

each other with 2 to 3 mismatches. It is important to note that
the HR-HPV genotypes were efficiently detected without any
cross-hybridization or non-specific binding indicated by the
sharp peaks and a baseline with a very low signal to noise ratio.

After hybridization of the 106 copies of the Cy5 labeled PCR
product of HPV16 with the immobilized probes the peak
intensity for HPV16 was 3596. However, the probes corresponding
to HPV18, HPV45, HPV31, and HPV33 showed peak intensities in
the range of 8 to 10. Similar results were also observed for the other
genotypes. The SNP discrimination ratio of HPV16, HPV18, HPV45,
HPV31, and HPV33 is approximately 360 : 1. The newly developed
9G membrane has been successfully used as a diagnostic tool,
since it discriminates HR-HPV genotypes in clinical samples (see
the ESI† Tables S2–S11) in 40 min (see the ESI† Fig. S16).

The 9G membrane, a new platform for the convenient
genotyping, was developed and elaborated. It is for the first
time that the genotyping results are obtained by the direct
hybridization of the PCR products with the immobilized
probes. The 9G membranes give final results in 40 min (hybri-
dization, washing, drying, and scanning) after the PCR. The
SNP discrimination ratio of 360 : 1 and 100% target-specific
hybridization at 25 1C make the 9G membrane a promising
diagnostic tool for accurate HR-HPV genotyping. The 9G
membrane has been successfully used as a diagnostic tool,
since it discriminates HR-HPV genotypes in clinical samples.
However, to assess the clinical application of the 9G membrane,
a clinical study to detect and discriminate the HR-HPV types in a
large number of clinical samples is under investigation. We
believe that these results, especially the hybridization and
washing at 25 1C, can facilitate many practical applications of
the 9G membrane. Further application of the 9G membranes in
the biomarker detection kit is under investigation.

This work was supported by the Ministry of Knowledge and
Economy.
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