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Xiuli Fu,a Jiahui Wen,a Jingwen Li,a Hao Lin,a Yongming Liu,*a Xuming Zhuang, a

Chunyuan Tiana and Lingxin Chen *b,c,d

Accurate analysis of prostate cancer specific biomarkers plays an important role in the early diagnosis of

prostate cancer. Traditional colorimetric lateral flow assay (LFA) has the limitations of low detection sensi-

tivity and qualitative or semiquantitative detection. In this study, we developed a novel surface-enhanced

Raman scattering (SERS)-based competitive LFA for the rapid and highly sensitive quantitative evaluation

of prostate cancer antigen 3 (PCA3) mimic DNA. Herein, the competitive hybridization interaction with

capture DNA between target PCA3 mimic DNA and reporter DNA-labeled SERS nanotags results in a

change in the amount of SERS nanotags on the test line. The quantitative analysis of target PCA3 mimic

DNA was realized by monitoring the Raman peak intensity of SERS nanotags on the test line. The limit of

detection of PCA3 mimic DNA was estimated to be 3 fM, which is about three orders of magnitude more

sensitive than that of a commercially available kit. By combining the outstanding characteristics of the

well-established SERS-based competitive strategy and LFA platform, our design has strong potential for

the early diagnosis of prostate cancer and other diseases.

Introduction

Prostate cancer is known as the second leading cause of
cancer in males, and more importantly, its incidence and mor-
tality are increasing.1–5 The most widely used biomarker for
the diagnosis of prostate cancer is prostate specific antigen
(PSA).6,7 However, its use in early detection of prostate cancer
is limited. This is mainly because PSA is produced by the
prostate epithelium and paraurethral glands, and is a tissue-
specific antigen rather than a cancer-specific antigen.1 Many
genitourinary diseases such as benign prostatic hyperplasia,
prostatitis, acute urinary retention, and various tests related to
the prostate (digital rectal examination and prostate resection)
can cause elevated levels of PSA, resulting in a high false posi-

tive rate of the PSA test.1,8,9 Besides, if the level of PSA falls in
the so-called gray area between 4.0 and 10.0 ng mL−1, it will
lead to a high negative biopsy rate.10,11 Therefore, there is an
urgent need to screen a new specific biomarker for the early
diagnosis of prostate cancer. After unremitting efforts, bio-
logists found a new biomarker, prostate cancer antigen 3
(PCA3), which is only expressed in diseased prostate cancer
tissues.12 According to previous studies, more than 95% of
prostate cancer tissues have high expression of PCA3, and no
expression of PCA3 was detected in extra-prostatic tissues.12

Thus, PCA3 is an ideal specific biomarker for diagnosing pros-
tate cancer.

The extremely powerful and widely used method for genetic
diagnosis and gene expression profiling is the polymerase
chain reaction (PCR) technique.13–15 Although PCR has high
sensitivity, this method is still faced with many instinctive
limitations owing to the need for professional technicians,
harsh experimental conditions and a long turnaround time,
which has seriously restricted their application in low-
resource settings.16–18 Furthermore, false-positive results
may be obtained because the thermal cycling amplification
step has a risk of erroneous nonspecific amplification of
contaminants.19–21 To resolve these issues, various methods
have been utilized to detect gene sequences.22–26 In particular,
a lateral flow assay (LFA) strip has attracted significant interest
due to its excellent merits, such as the ease of use, short
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detection time, and low cost, and is easy to expand to mass
production.27 Until now, LFA has been successfully used to
detect virus,28,29 antigens,30 nucleic acids31 and proteins.32 For
example, an LFA biosensor based on copper oxide nano-
particles has been developed for rapid and quantitative detec-
tion of specific nucleic acids.31 A hook-effect-recognizable
three-line lateral flow biosensor based on an aptamer was con-
structed to detect thrombin.32 However, it also has some limit-
ations, including quantitative analysis and low sensitivity.33,34

In view of the above problems, it is necessary to seek a new
quantitative analysis method.

Surface-enhanced Raman scattering (SERS) has been con-
sidered a potential alternative due to its extraordinary sensitivity
and anti-interference ability.33,35 When Raman reporter mole-
cules are adsorbed onto the surface of a SERS substrate, their
Raman signals could be greatly increased with an enhancement
factor of 106 to 1014 due to electromagnetic and chemical
enhancement effects.36–39 Until now, various metal materials
have been employed as SERS substrates, such as silver,40 gold,41

or copper.42 Among them, AuNPs are the most widely used
SERS enhancing agent, owing to their excellent SERS activity,
ease of preparation and modification, high specific surface
area, controllable size and shape, and good biocompatibility.43

Herein, we developed a novel SERS-based competitive
lateral flow assay for highly sensitive detection of PCA3 mimic
DNA. PCA3 belongs to non-coding RNA, containing about 4000
base pairs; so it is very laborious to sequence the entire RNA
information.26 To solve this problem, biologists designed non-
coding PCA3 mimic DNA based on SELEX-based libraries to
identify optimal binding sites.44 Studies have shown that PCA3
binding sites are at positions 683 and 735. Accordingly,
PCA3 mimic DNA containing 40 base sequences was designed
and synthesized, using gold nanoparticles as the SERS sub-
strate, combining the SERS technique and the LFA platform to
achieve high sensitivity and high selectivity detection of
PCA3 mimic DNA. To the best of our knowledge, this is the
first time that SERS has been combined with LFA to detect
PCA3 mimic DNA, and this also provides a new idea for the
detection of other biomarkers in the future.

Experimental section
Materials and instruments

Gold(III) chloride trihydrate (HAuCl4, >99%), sodium citrate tri-
basic dihydrate, tris(2-carboxyethyl) phosphine hydrochloride
(TCEP), Na3PO4·12H2O, sucrose, Tween 20, sodium dodecyl
sulfate (SDS), sodium chloride (NaCl), saline-sodium citrate
(SSC) buffer solution (pH 7.0), streptavidin, bovine serum
albumin (BSA), TRITON® X-100, and Trizma hydrochloride
(Tris-HCl) buffer solution (pH 7.0) were obtained from Sigma-
Aldrich (St Louis, MO, USA). Malachite green isothiocyanate
(MGITC), phosphate buffer saline (PBS, pH 7.4), and a
Quant-iT™ PicoGreens dsDNA assay kit were obtained from
Invitrogen Corporation (USA). The nitrocellulose (NC) mem-
brane attached to a backing card (Hi-flow plus HF180) was

purchased from Millipore Corporation (Billerica, MA, USA).
Absorbent pads (CF4) were purchased from Whatman-GE
Healthcare (Pittsburgh, PA, USA). The target PCA3 mimic DNA
and the oligonucleotide probes used in this work were syn-
thesized by Sangon (Shanghai, China). They have the following
sequences:

PCA3 mimic DNA: 5′-CTG TGA TGA CAT GAG GCA GCG
ACG A GA AAA TCT TGA TGG C-3′;

Reporter DNA: 5′-GAC GAG AAA ATC TTG ATG GCT
TTTTTTTTT TTTTTTTTTT -(CH2)6-SH-3′;

Capture DNA: 5′-GCC ATC AAG ATT TTC TCG TCG CTG CCT
CAT GTC ATC ACA G-biotin-3′;

Control DNA: 5′-AAAAAAAAAAAAAAAAAAAA-biotin-3′.
Non-complementary DNA: 5′-GCC TCA ATA AAG CTT ACC

TTC C TG CTT GTG GAA ATC TCT A-3′.
Single-base mismatched DNA: 5′-CTG TGA TGA CAT GAG

GCA GCG ACG AGA AAA TG̲T TGA TGG C-3′ (the underlined G
base is the mismatched base).

Distilled water was purified by using a Milli-Q water purifi-
cation system (>18.2 MΩ, Millipore Corporation, Billerica, MA,
USA) and all chemicals used in this study were of analytical
reagent grade.

UV-visible absorption spectra were recorded using a
Thermo Scientific NanoDrop 2000/2000C spectrophotometer
(USA). Dynamic light scattering (DLS) data were acquired using
a Nano-ZS90 (Malvern). Scanning electron microscopy (SEM)
images were obtained using a JSM-7900F (Japan). A program-
mable paper cutter ZQ4000 (Shanghai Kin bio Tech. Co., Ltd,
China) was used to obtain strips of expected size. Capture and
control DNA were fixed on test and control lines, respectively,
on the NC membrane with a dispenser (Shanghai Kinbio Tech.
Co., Ltd, China). SERS spectra were recorded using a Thermo
Scientific RFS100 Raman system; a diode-pumped He–Ne laser
with a power of 5 mW operating at λ = 632.8 nm was utilized as
the excitation source.

Preparation of gold nanoparticles (AuNPs)

AuNPs were prepared by means of the kinetically controlled
seed growth method developed by Bastus with slight modifi-
cations.45 In short, a 75 mL solution containing 2.2 mM
sodium citrate tribasic dihydrate was heated to boiling within
10 min, and then 0.5 mL of HAuCl4 was added to the flask on
boiling. The resulting solution was heated for 15 min con-
stantly, during which time its colour changed from yellow to
grey and then to bright red. After that, the temperature of the
fabricated gold seed solution was reduced to 90 °C by cooling
at room temperature. Next, 5 mL of 60 mM sodium citrate tri-
basic dihydrate and 0.5 mL of 25 mM HAuCl4 solution were
sequentially added to the flask 12 times at 2 min intervals,
and its colour changed from bright red to dark red gradually.
Herein, the solution was heated for another 30 min and the
temperature was maintained at 90 °C. Finally, the resulting
solution was cooled to room temperature and then was stored
at 4 °C in the dark for further use. All the above operations
were performed under continuous agitation. All glassware
used in the work was cleaned fully with aqua regia (HCl/HNO3,
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v/v 3 : 1), rinsed with distilled water, and then oven-dried prior
to use. The average size of AuNPs was determined by SEM,
UV-vis spectroscopy, and DLS as seen in Fig. S1.† The average
diameter of AuNPs was estimated to be 30–40 nm.

Preparation of reporter DNA-conjugated SERS nanotags

In order to obtain Raman signals, it is necessary to combine
Raman reporter molecules on the surface of gold nano-
particles.46 Here, MGITC was selected as the reporter mole-
cule. Briefly, 0.5 μL of a 10−4 M MGITC solution was added to
1.0 mL of 1 nM AuNP solution and reacted for 0.5 h under con-
tinuous stirring. Then, a thiolated reporter DNA activation
experiment was performed as follows: 100 μL of 10−4 M
reporter DNA was mixed with 100 μL of 5 mM TCEP in
100 mM Tris-HCl (pH 7.4). The mixture was incubated for 1 h
at room temperature. During this process, disulfide groups on
the reporter DNA were activated and changed into free thiol
groups. After that, 35 μL of the activated reporter DNA was
added to 1 mL of the MGITC-functionalized AuNPs under
stirring and the solution was placed in the dark and reacted for
24 h. Herein, the activated reporter DNAs were conjugated on
the surface of MGITC-functionalized AuNPs by the formation of
Au–S bonds. Next, the mixture was incubated by the addition of
2 M NaCl solution containing 1% SDS, and allowed to stand for
24 h. Then, the mixture was centrifuged at 7000 rpm for
10 minutes. After removing the supernatant, the remaining red
precipitates were washed with 1% BSA, and then recentrifuged,
repeating the above steps twice. Finally, the resulting SERS
nanotags were dispersed in 50 μL of an aqueous solution con-
taining 20 mM Na3PO4·12H2O, 5% BSA, 0.25% Tween 20, and
10% sucrose and stored at 4 °C in the dark.

Preparation of the DNA probe-immobilized lateral flow assay

The DNA probe was prepared as follows: 200 µL of 2 mg mL−1

streptavidin were mixed with 200 µL of 10−4 M biotinylated
DNA (capture DNA or control DNA) and the mixture was
reacted for 1 h at room temperature. The generated conjugates
were purified by centrifugation with a centrifugal filter (cutoff:
30 000, Millipore) for 30 min at 8000 rpm. The remaining con-
jugates (capture probe or control probe) were washed three
times, and re-dispersed in PBS buffer for further use.

The lateral flow strip consisted of 4 parts: a sample pad, a
conjugate pad, an NC membrane with a plastic backing card,
and an absorbent pad. The sample pad was pretreated by
soaking with 50 mM Tris-HCl containing 0.25% TRITON®
X-100 and 150 mM NaCl followed by drying in an oven at 37 °C
for 2 h. The conjugate pad was used with 5 µL of SERS nano-
tags and dried naturally at room temperature. The NC mem-
brane was marked by dispensing streptavidin-biotinylated
capture DNA and streptavidin-biotinylated control DNA to
form the test line and the control line, respectively. All the
components were assembled through overlapping 2 mm in
sequence and the final assembly membrane was cut into
4 mm wide strips as displayed in Fig. 1A. For quantitative ana-
lysis, the strip was dipped into a 96-well ELISA plate contain-
ing various concentrations of sample solutions, and the

Raman intensity on the test line was measured and analyzed
using the Raman instrument.

Results and discussion
PCA3 mimic DNA assay protocols using SERS-based lateral
flow assay

The operating principle of the SERS-based lateral flow assay
strips for PCA3 mimic DNA is shown in Fig. 1. This assay
was based on the competition for capture DNA between the
reporter DNA functionalized on the SERS nanotags and the
target PCA3 mimic DNA. In this system, the capture probe
(streptavidin-biotinylated capture DNA) and control probe
(streptavidin-biotinylated control DNA) were pre-immobilized
on the NC membrane to form the test line and control line,
respectively. Reporter DNA functionalized SERS nanotags were
dispersed on the conjugate pad, which was designed for com-
plementary hybridization with capture DNA to form a partially
double-stranded structure with a redundant single stranded
DNA fragment. It should be noted that the T20 DNA spacers in
the reporter DNA were used for hybridization with the A20-
biotinylated control DNA. In this case, whether the target
PCA3 mimic DNA exists or not, reporter DNA functionalized
SERS nanotags could combine with the control DNA, indi-
cating that the strip worked normally. In the absence of
PCA3 mimic DNA, the reporter DNA functionalized SERS nano-
tags were captured by the capture probe and control probe
through complementary base pairing, respectively, resulting in
two red lines on the strip (Fig. 1B, “On”, Fig. S2,† “On”). On
the other hand, in the presence of PCA3 mimic DNA, the
target PCA3 mimic DNA could initiate a toehold-mediated
strand displacement reaction,47,48 which means that the
reporter DNA in the capture–reporter DNA duplex would be
displaced by PCA3 mimic DNA. It should be noted that the
PCA3 mimic DNA has stronger binding ability with capture

Fig. 1 (A) Illustration of the composition of the lateral flow assay strip
for the detection of PCA3 mimic DNA. (B) The principle of measurement
for the SERS-based lateral flow assay for the quantification of
PCA3 mimic DNA; one colour band was observed on the control line in
the presence of the target (“off”), while two colour bands were observed
in the absence of the target (“on”).
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DNA due to the long complementary sequences (40 com-
plementary base sequences), while reporter DNA has only
20 bases complementary to the capture DNA. Thus, in this
way, only one red line was observed on the control line, as
shown in Fig. 1B, “Off” and Fig. S2,† “Off”. Based on the
above, the colour intensity and the Raman intensity of the
SERS nanotags on the test line were inversely proportional to
the concentration of target PCA3 mimic DNA. The quantitative
analysis was realized by measuring the Raman intensity of the
SERS nanotags on the test line.

Optical characterization of the SERS nanotags

The key point of this assay is the synthesis of AuNPs with high
Raman enhancement and whether or not the reporter DNA
was modified on the surface of AuNPs. To answer the above
questions, the UV-vis, DLS and Raman spectra for AuNPs and
reporter DNA/MGITC functionalized AuNPs were character-
ized, respectively. The results displayed that the UV-vis spectra
of reporter DNA/MGITC functionalized AuNPs showed a slight
redshift from 528 nm to 530 nm (Fig. 2A), and the average dia-
meters were changed from 39.95 nm to 53.04 nm (Fig. 2B),
which was significantly larger than that of AuNPs, indicating
successfully combined reporter DNA on the surface of AuNPs.
Moreover, the Raman spectra of native AuNPs and reporter
DNA/MGITC functionalized AuNPs were recorded (Fig. 2C).
From the results, it could be seen that reporter DNA/MGITC
functionalized AuNPs presented a strong Raman signal, while
the native AuNPs showed no Raman signal.

Optimization of the SERS lateral flow PCA3 mimic DNA assay
parameters

To achieve optimal assay conditions, various experimental
factors were investigated including running buffer, the volume
of reporter DNA-conjugated SERS nanotags loaded on the con-
jugate pad and the concentration of the capture probe dis-
persed on the test line.

Effect of running buffer

As the migration rate of the SERS nanotags and target solution
as well as the hybridization efficiency of “reporter DNA conju-
gated SERS nanotags–capture DNA” and “target DNA–capture
DNA” reactions strongly depend on the running buffer, we first
studied the performance of the sensor with three different
buffer solutions: Tris-HCl, PBS, and SSC. The relationship
between different kinds of running buffer solutions and the
ratio of peak intensities (I0/I) was investigated and the corre-
sponding results are shown in Fig. S3A,† where I0 and I are the
Raman intensities on the test line at 1613 cm−1 in the absence
and presence of PCA3 mimic DNA (100 pM), respectively. It
could be seen that the ratio of peak intensities for SSC
running buffer was significantly higher than that for the other
two buffers. So, the SSC buffer was selected in subsequent
assays. In addition, it was known that the SSC buffer concen-
tration is another important factor. To this end, different con-
centrations of SSC buffer were investigated (Fig. S3B†).
According to the results, 4× SSC buffer was confirmed as the
optimum concentration.

Effect of the volume of reporter DNA-conjugated SERS
nanotags

The Raman signal on the test line directly depends on the
amount of captured SERS nanotags, which could affect the
sensitivity of our assay. To this end, different volumes of
reporter DNA-conjugated SERS nanotags (1, 2, 3, 4 and 5 μL)
were added on the conjugated pad. As shown in Fig. S3C,† a
maximum ratio of peak intensities was obtained at a volume
of 3 μL. So, 3 μL was chosen to be the optimum volume for the
SERS nanotags.

Effect of the concentration of capture DNA-conjugated
streptavidin

Different concentrations of the capture probe (0.0125, 0.025,
0.05, 0.075, 0.1 and 0.125 mg mL−1) were assayed against solu-
tions containing 100 pM of PCA3 mimic DNA to identify the
optimal concentration of capture DNA. As shown in Fig. S3D,†
the relative Raman intensity increased with the increased con-
centration of the capture probe. However, as the concentration
of capture DNA exceeded 0.05 mg mL−1, excess hybridization
sites were occupied by the reporter DNA-conjugated SERS
nanotags. As a result, a significant decrease in the ratio of
peak intensities was observed. Therefore, in this work, the
optimum capture DNA concentration was 0.05 mg mL−1.

Analytical performance of the SERS-based competitive lateral
flow biosensor

The performance of the SERS-based competitive LFA devel-
oped by us for the quantitative analysis of PCA3 mimic DNA
was evaluated. Under optimized conditions, we tested different
concentrations of target DNA in the range of 0 to 50 000 pM.
From Fig. 3A, it could be seen that as the target DNA concen-
tration increased, more target DNA was able to hybridize with
the capture DNA, resulting in fewer reporter DNA-conjugated

Fig. 2 (A) UV-vis spectra of AuNPs (black line) and DNA-conjugated
MGITC-AuNPs (red line). (B) Dynamic light scattering distribution of
AuNPs (black column) and DNA-conjugated MGITC-AuNPs (red
column). (C) SERS spectra of AuNPs (black line) and DNA-conjugated
MGITC-AuNPs (red line).
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SERS nanotags absorbed on the test line, and the colour on
the test line becomes lighter accordingly, and it is difficult to
identify colour changes on the test line with the naked eye for
a target DNA concentration lower than 1 pM. Consequently,
the Raman intensity was concomitantly decreased with the
increase in the target PCA3 mimic DNA concentration, as
shown in Fig. 3B. Quantitative analysis of target DNA was per-
formed by measuring the Raman signal intensity on the test
line. On the basis of the Raman peak intensity of MGITC at
1613 cm−1, the calibration plot for the quantitative evaluation
of target DNA was constructed (Fig. 3C), which was employed
for the evaluation of the target DNA concentration from an
unknown sample. The results indicated that a satisfactory
linear relationship was achieved in the range of 0.01–50 000
pM for eight different concentrations. The limit of detection
(LOD) was estimated to be 3 fM according to the IUPAC stan-
dard method (LOD = yblank + 3SDblank, yblank is the average
signal intensity of the blank and SDblank is the standard devi-
ation of the blank measurements).49 This value is at least 1000
times more sensitive than that of the conventional PCR
method (Fig. S4†). The improvement of the detection sensi-
tivity was attributed to the designed competitive test mode and
the significant enhancement provided by the DNA-conjugated
SERS nanotags.

To evaluate the potential practicality of the developed SERS-
based competitive LFA sensing platform, PCA3 mimic DNA
detection in the available human serum was carried out. Here,
various concentrations of PCA3 mimic DNA were spiked into
commercially available human serum and diluted 5 times with
SSC running buffer. The Raman intensity of human serum
without PCA3 mimic DNA was used as a blank Raman signal.
As shown in Fig. S6,† the Raman intensity of MGITC at
1613 cm−1 gradually decreased with an increase in the

PCA3 mimic DNA concentration range from 0 to 50 000 pM,
and the detection limit was estimated to be 10 fM. These
results indicated that the developed SERS-based competitive
LFA also worked well in biologically relevant media.

Selectivity of the SERS-based competitive lateral flow assay

To investigate the selectivity of the SERS-based competitive
LFA, the non-complementary DNA and the single-base mis-
matched DNA were examined (Fig. 4). As expected, the Raman
intensities for non-complementary DNA, single-base mis-
matched DNA and the blank on the test line had no significant
difference, whereas, in the presence of the same concentration
of PCA3 mimic DNA (100 pM), a remarkable Raman intensity
decrease is observed. This result suggests the strong binding
specificity of our assay toward target PCA3 mimic DNA.

Performance comparison with a commercial assay kit

To assess the detection sensitivity of our SERS-based competi-
tive LFA, its analytical performance was compared with that of
a commercial fluorescence kit (Quant-iT™ PicoGreen®)
(Fig. S5†). For this comparison, seven different concentrations
of PCA3 mimic DNA solutions including 0, 0.01, 0.1, 1, 10, 100
and 1000 pM were prepared and tested. The fluorescence assay
was preformed according to the manufacturer’s protocol. As
can be seen from Fig. 5, the minimum detectable concen-
tration of PCA3 mimic DNA using the commercial fluorescence

Fig. 3 (A) Typical digital photograph of the SERS-based lateral flow
strips after applying different concentrations of PCA mimic DNA (from
0 to 50 000 pM); (B) SERS spectra on the test lines for increasing con-
centrations of PCA3 mimic DNA (from 0 to 50 000 pM); and (C) the
corresponding calibration curve of the test lines for different concen-
trations of PCA3 mimic DNA (from 0 to 50 000 pM). The error bars indi-
cate the standard deviations calculated from five parallel measurements.
Assay time: 15 min.

Fig. 4 Selectivity test of the SERS-based LFA. (A) Digital photographic
images of four strips and (B) their SERS signal intensity variations
for blank, non-complementary, single-base mismatched DNA and
PCA3 mimic DNA.

Fig. 5 Comparison of the assay results for different concentrations of
PCA3 mimic DNA using (A) the reference (commercially available Quant-
iT™ PicoGreens dsDNA Assay Kit) method and (B) the proposed (SERS-
based lateral flow assay) method. The error bars indicate the standard
deviations calculated from five measurements.
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kit is estimated to be 10 pM, which is about 1000 times higher
than that measured by the SERS-based competitive lateral flow
assay developed by us. Furthermore, the assay time for the
SERS-based competitive lateral flow assay (15 min) is much
shorter than that of the commercial fluorescence kit (more
than 1 h). Thus, the one-step process of our assay is very
simple and convenient.

Conclusions

In summary, we present a unique SERS-based competitive
lateral flow assay for highly sensitive and rapid quantification
of PCA3 mimic DNA. PCA3 is a newly discovered ideal bio-
marker for the diagnosis of prostate cancer. In this strategy,
target PCA3 mimic DNA and reporter DNA conjugated SERS
nanotags reacted competitively with capture DNA pre-immobi-
lized on the test line. The quantitative evaluation of target
PCA3 mimic DNA was successfully realized by monitoring the
Raman peak intensity of SERS nanotags on the test line. To
assess the sensitivity of the proposed SERS-based competitive
lateral flow assay, the analytical performance was compared
with that obtained using a commercially available fluorescence
kit. According to the results, the LOD of our assay was esti-
mated to be 3 fM, which is about three orders of magnitude
more sensitive than that of the commercially available kit.
Besides, our approach afforded a good linear relationship
between the Raman intensity and the PCA3 mimic DNA con-
centration in a range of 0.01 pM to 50 000 pM. With the advan-
tages of being simple, convenient, rapid and highly sensitive,
the SERS-based competitive lateral flow platform will be a valu-
able tool for early genetic disease diagnosis.
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