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Abstract
Purpose: Many closed-tube methods were designed for detecting DNA biomarkers related to personalized
medicine, but DNA biomarkers is di�cultly detected because it need be operated by well-trained experimenters
with expensive experiment facilities in a laboratory.

Methods: To overcome this issue, a colorimetric assay based on the aggreggation of gold nanoparticle-
modi�ed probes with hairpin probe have been designed to develop a simple and low-cost method capable of
detecting different mutation sites. This method was composed of three steps: target ampli�cation, sequence
identi�cation and gold nanoparticle-modi�ed probes aggreggation, and the steps were controlled by the
temperature to proceed sequentially in one tube without any manual operation.

Results: No equipment required, about 10 copies of target DNA, containing seven hot mutations at the exon
19 of EGFR gene, could be sensitively discriminated by using this assay, and 0.1% mutants of EGFR gene in
arti�cial samples could be selectively distinguished from wild-type genomic DNA. Application on detecting
104 clinical samples, including twenty-nine 19del positive, show consistent results with ARMS-PCR, excluding
a weakly positive sample.

Conclusions: The colorimetric assay was veri�ed to have a higher speci�city than ARMS-PCR, and provides an
available tool to discriminate different mutations at the exon 19 of EGFR gene in clinical samples.

1 Introduction
Lung cancer is a disease with complex etiology, involving epigenetic and genetic changes. The main primary
types of lung cancer is non-small-cell lung carcinoma (NSCLC), which is characterized by poor prognosis and
long asymptomatic[1–4]. Some genes that encode signaling proteins that are crucial for cellular proliferation
and survival, such as epidermal growth factor receptor (EGFR) gene, had found to have many different
mutations in tumor tissue, and these mutations are related to selection of appropriate therapy[5–9]. Some
new therapeutic agents, such as the epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs)
ge�tinib and erlotinib, can produce a response for only NSCLCs carrying an EGFR mutation[10, 11]. Hence it is
necessary to know whether the EGFR gene exist mutations or not before the patients take the EGFR-TKIs[12–
16]. However, the EGFR mutations have different types, despite the most frequent mutations focus on exon 19
and exon 21 of the kinase domain, the detection of every mutation still is not easy[17, 18]. This is mainly
attributed to an elevated background of wild-type sequences, the high similarity of the sequences between
mutants and wild-type template. So the method for detecting the EGFR mutations possesses not only high
sensitivity and speci�city[19, 20].

Here, we present a simple and inexpensive colorimetric assay to the detection of somatic mutations related to
personalized medicine is successfully demonstrated. Without any equipment, 0.1% EGFR gene mutants (exon
19 deletions) were selectively distinguished from a large amount of EGFR gene wild-type background.

2 Material And Methods

2.1 Material
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DNA polymerase was purchased from Progema (Madison, USA). QIAamp DNA FFPE Tissue Kit was
purchased from Qiagen (Duesseldorf, Germany). TCEP (Tris(2-carboxyethyl)phosphine) and MPTMS ((3-
mercaptopropyl)trimethoxysilane) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Afu
endonuclease was puri�ed in our lab. DNA probes and primers (Table 1) were synthesized by Takara (Dalian,
China) and Life Technology (Shanghai, China). Plasmids for exon 19 mutations of EGFR gene were
synthesized by Takara (Dalian, China).

 
Table 1

Primers and probes of exon 19 mutations of EGFR gene
Name Sequences (5′–3′)

F-
Primer

GCAGAAACT(LNA)CACATCGAGGATTTCCTTGT

R-
Primer

TGTCAT(LNA)AGGGACTCTGGATCCCAGA

U-
probe

TGAGAAAGTTAAAATTCCCGTCGCTATT

dP1 CGCGCCGAGGCAAAACATCTCCGAAAGC

dP2 CGCGCCGAGGCAAGACATCTCCGAAAGC

dP3 CGCGCCGAGGCAAGGAACCAACATCTCC

dP4 CGCGCCGAGGCAAGGAATCGAAAGCCA

dP5 CGCGCCGAGGCAAGGTTCCGAAAGCC

dP6 CGCGCCGAGGCAAGGAATCTCCGAAAGC

dP7 CGCGCCGAGGCAAGGAACCGAAAGCC

H-
probe

GTCTTGTGGTACTGCACTCGTCTCGGTTTTCCGAGACGAGTCCTCGGCGCGATCGTGATGAACCAT-
C3

Silica-
GNP1

SH-AAAAAAAAAAGTTCATGATCACGAT-C3

Silica-
GNP2

GCAGTACCACAAGACAAAAAAAAAA-SH

2.2 Nucleotide and mutations
The cDNA sequence of EGFR gene (GenBank: HQ912715.1) is from NCBI (http://www.ncbi.nlm.nih.gov) and
the EGFR mutations were obtained from COSMIC
(http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/). The plasmids from the exon 19 mutations
used in this work were synthesized in Takara (Dalian, China) (Table 2).
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Table 2
Exon 19 mutations were detected in this work

Name Position (CDS) Mutation (CDS) Count Mutation Type

T-1 2235 c.2235_2249del15 884 Deletion

T-2 2236 c.2236_2250del15 429 Deletion

T-3 2239 c.2239_2248TTAAGAGAAG > C 86 Complex

T-4 2240 c.2240_2257del18 137 Deletion

T-5 2237 c.2237_2255 > T 53 Complex

T-6 2240 c.2240_2254del15 51 Deletion

T-7 2239 c.2239_2256del18 35 Deletion

2.3 DNA isolation from para�n-embedded tissues
The genomic DNA is puri�ed from formalin-�xed, para�n-embedded tissues (FFPE tissue) using the QIAamp
DNA FFPE Tissue Kit and DNA concentration was measured by spectrophotometer (Nanodrop, USA).

2.4 Colorimetric assay
20 µL of the colorimetric reaction were performed using 10 mM Tris-HCl (pH 8.5), 0.5 µM F-Primer and R-
Primer, 100 nM U-probe, 50 nM dProbes, 200 nM H-probe, 3 nM silica-GNPs, 62.5 µM dNTPs, 0.25 U GoTaq
DNA polymerase, 60 ng Afu endonuclease, 30 mM NaCl, 7.5 mM MgCl2, 0.05% Tween-20, 0.05% Nonidet P40,
0.2% PEG8000 and different templates. The thermal cycling was carried out using A200 Gradient Thermal
Cycler (LongGene, China) and the reaction conditions were set at 94°C for 2 min, and then 36 cycles at 94°C
for 5 s and 72°C for 40 s, 94°C for 5 s, 63°C for 40 min, 55°C for 30 min, 5°C for 1 min, the colorimetric results
were recorded.

3 Results And Dissuction

3.1 Principle of the colorimetric assay
The principle of the colorimetric assay for multiple mutations of exon 19 from EGFR gene is shown in Fig. 1.
The colorimetric method was described in Fig. 1. We known that the different mutations of exon 19 from
EGFR gene (Take T1 – T7 as an example) have the same biological signi�cance, so we don’t need to
distinguish type of the mutations. The universal primers (F-Primer and R-Primer) and upstream probe (U-
Probe) were designed for all of mutation sites and the downstream probes (dProbes) were specially designed
for every mutation site. Usually, Tm of primers (F-Primer and R-Primer) is 72°C, Tm of U-probe is 68°C, Tm of
dProbes is 63°C, and the Tm of silica- GNPs is 55°C, so when DNA ampli�cation reaction is in progress under
highly anealing temperature, invasive reaction and GNPs aggreggation can’t occur at the high temperature.
The target DNA was quickly ampli�ed by DNA ampli�cation reaction with F-Primer and R-Primer, furtherly, the
complicon was discriminated and hybridized with U-probe and dProbe (dP1 – dP7), which was cut by Afu
endonuclease, then the �ap was released. Flap hybridized with hairpin probe (H- probe), and the H- probe was
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cut. The intact H-probe could hybridize with Silica-GNPs and Mg2+-induced aggregation would occur, but the
cut H- probe could not. When target DNA exists in the reaction, the reaction mixture present deep red because
hairpin probe was cut off and silica- GNPs were dispersed after hybrization reaction, conversely, the reaction
result presents purple and the supernatant is colourless because silica- GNPs hybridizing with the intact H-
probe were not stable against.

3.2 Sensitivity of colorimetric assay with every dProbe
To evaluate the sensitivity of this colorimetric assay with every dProbe for seven mutation sites in exon 19 of
EGFR gene, the synthesized plasmid DNA (template T1-T7) was detected. As shown in Fig. 2(a-g), the giving
sensitivity is about 10 copies, indicating the sensitivity of this assay is approximately same with that of qPCR,
but in comparison to reported colorimetric assay[21], this assay is able to measure the template with a 200-
fold higher detection limit for plasmid DNA.

3.3 Speci�city of the colorimetric assay with dProbes
To evaluate the detecting speci�city for the mixture with every dProbe we detected the mutations with
gradient dilution. The samples (template T1-T7) with a concentration of 10%, 1%, 0.1%, 0.01% and 0% were
used (Fig. 3a-g). The results show the speci�city of this method can be 0.1%. Furtherly, the detecting
speci�city for the mixture with all of dProbes was investigated by adding various amounts of DNA template
(series of samples: 10%, 1%, 0.1%, 0.01% and 0% of mutant/wild-type ratio), which were prepared by spiking
the plasmids of the mutated template (T1-T7) into that of wild-type (Fig. 4a-g). The results show the
speci�city can be 0.1% as same as the speci�city for the mixture with every dProbe. Accordingly, this method
provides a good speci�city and capatibility of multiple mutation sites.

3.4 Detection of the colorimetric assay with dProbes
Template T1-T7 was respectively added to the mixtures with different dProbe to evaluate the detecting
speci�city of this colorimetric assay, and the result was showed as Fig. 5(a-g). For every mixture with different
dProbe, only the detecting result of the template complementary with the dProbe was positive, and the other
reaction is negative. Furtherly, different templates were detected by using the mixtures with different dProbes
(dP1-dP7), and the results from Figure S1 suggested that different mixtures with the different pannel of
dProbes from dP1 to dP7 have a good speci�city for differently multiple target detection. These results
suggested the colorimetric assay for the samples (template T1-T7) was speci�c and could be used to
speci�cally detect the target DNA.

3.5 Analysis of sample
Our method’s feasibility in clinical application was extensively evaluated by detecting somatic mutation in
tissue samples, 104 clinical samples from non-small cell lung cancer patients were detected, and Fig. 6 shows
typical results. As can be seen, 29 cases of all samples gave positive results, and then the positive samples
were analyzed ulteriorly by ARMS-PCR. Twenty-eight cases of all positive samples were veri�ed by ARMS-
PCR, only a weakly positive result of our method was not veri�ed by ARMS-PCR, since the ARMS-PCR’s result
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was negative. These suggested that our proposed method has a good performance in detecting mutants in
exon 19 of EGFR gene from clinical samples, and has a higher speci�city than ARMS-PCR.

4 Conclusion
In this paper, we have developed a highly selective colorimetric assay for detecting the hot mutations at the
exon 19 of EGFR gene, and this method consists of target DNA ampli�cation, invasive reaction and
hybrization reaction based on GNPs aggregation, which’s process were controlled by the preset temperature
order. 10 copies and 0.1% of sensitivity were veri�ed by using the arti�cial samples with different amount of
the mutation, furtherly, the multiple mutations at the exon 19 of EGFR gene were successfully detected by this
method. By means of detecting 104 clinical samples, this method was veri�ed to have a higher speci�city
than ARMS-PCR. In this method, no manual operation and the liquid transfer were needed to meddle in the
test process for a good detection, and this is very important for clinical detection. Moreover, the method
enjoyed advantages of simple visual readout by Mg2+-induced color change and being free of carryover
contamination, and it could provide a new diagnostic method for detecting the hot mutations at the exon 19
of EGFR gene.
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Figures

Figure 1

Principle of colorimetric assay for detecting multiple mutations at exon 19 of EGFR gene in a tube
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Figure 2

Sensitivity of colorimetric assay with every dProbe

a-g represent the detecting result of template T1-T7 by colorimetric assay with every dProbe (one of the
dProbes from dP1 to dP7), respectively.
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Figure 3

Speci�city of the mixture with every dProbe (dP1-dP7)

a-g represent the detecting result of template T1-T7 (Series of samples: 10%, 1%, 0.1%, 0.01% and 0% of
mutant/wild-type ratio) by colorimetric assay with every dProbe (one of the dProbes from dP1 to dP7),
respectively.
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Figure 4

Speci�city of the mixture with all of dProbes

a-g represent the detecting result of template T1-T7 (Series of samples: 10%, 1%, 0.1%, 0.01% and 0% of
mutant/wild-type ratio) by colorimetric assay with dProbes (All of the dProbes from dP1 to dP7), respectively.
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Figure 5

The detecting results of the colorimetric assay with dProbes for different templates

a-g represent the detecting result of template T1-T7 by colorimetric assay with every dProbe (one of the
dProbes from dP1 to dP7), respectively.
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Figure 6

The detecting results of 104 clinical samples by this colorimetric assay

All samples are to be numbered using arabic numerals from 1 to 104.
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