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Challenged by the detection of trace amounts of mutants and disturbance from endogenous substances in clinical
samples, herein, we present a novel electrochemical biosensor based on ligase chain reaction (eLCR) via the
thermostable ligase with high mutation recognizing ability. The lengthened double-stranded DNAs exponentially
generated via LCR were uniformly distributed on a bovine serum albumin-modified gold electrode, in which the
phosphate buffer was tactfully added to remove adsorbed uninterested-probes, and thereafter the amperometry
current was collected for the specific binding of streptavidin-poly-HRP and subsequent catalysis in the 3, 3/, 5, 5’-
tetramethylbenzidine substrate that contained hydrogen peroxide. It found that, under optimized conditions, the
proposed biosensor exhibited a high selectivity of mutant targets from the 10*-fold excess of co-existent wild
targets within a detection limit of 0.5 fM. Impressively, without the involvement of pre-PCR, the homozygous
mutants were specifically distinguished from the wild genotype of CYP2C19*2 allele in human whole blood
samples. Therefore, the proposed eLCR, due to its advantages in simple primer design, operational ease and ease
of miniaturization, has demonstrated its considerable potential for point-of-care testing in the diagnosis of point
mutation-related diseases and personalized medicine.

1. Introduction short of qualified routine diagnostic tools. Currently, several new, more

suitable designs are employed to make possible sensitive detection of

Increasing evidence has revealed that single-nucleotide poly-
morphisms (SNPs), also known as point mutations, are valuable genetic
markers for cancer diagnosis and prognosis [1,2], and important pre-
dictors of drug efficacy [3] and drug resistance [4,5]. However, accu-
rate detection of SNPs is extremely demanding, as the impact of a single
variable nucleotide on the properties of a target sequence is limited.
Besides, real-world samples are usually composed of subtle quantities of
mutants and excessive amounts of wild-type genes, leading to the dif-
ficulty in selectively identifying a SNP in the presence of a large excess
of the wild-type genes (> 100 fold).

In detecting SNPs, PCR-based [6,7] and sequencing-related [8]
technologies are mostly applied, but these methods, due to their labour
intensity and cost, and limited detection of rare point mutations, fall
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point mutations based on specifically designed hybridization probes
[9,10], mutation recognizing enzymes [11-13] and thermal denatura-
tion [14]. Therein, ligation-based SNP assays are most attractive for
their superiority in selectivity over other assays, especially the ligase
chain reaction (LCR) [15], in which the target DNA and ligated probes
are simultaneously amplified in the presence of mutants during thermal
cycling, resulting in sensitive assays whilst maintaining specificity.

As LCR is a useful technology to achieve allelic discrimination and
its amplification efficiency is comparable to that of PCR, the develop-
ment of a readout method, well suited for routine clinical use and
coupled to LCR, is highly desired. Notably, Wang et al. have developed
a single quantum dot (QD)-based multiplexed coincident fluorescence
detection method with an outstanding performance in the detection of
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point mutations by combining Gap-LCR and QD-single molecule spec-
troscopy [16]. However, this system required cumbersome and ex-
pensive instrumentation, which is not appropriate for point-of-care
(POC) analysis. Compared with fluorescent [16], optical [17,18], mass
[19]-based methods, the electrochemical method [20,21] has inherent
advantages of portability, simplicity, rapidity, and inexpensiveness, so
the development of an alternative strategy, which is electrochemistry-
based and highly amenable to POC, can therefore make a significant
impact in clinical practice. Previously, Wee et al. have transformed the
LCR-based electrochemical biosensor (eLCR) by using conventional
macro-disk electrodes [22] into a microdevice-based sensor platform
[23]. This platform, however, still involves pre-PCR in real sample
assay of cell lines and purified serum DNA. It employed a classic
modification method with subsequent self-assembled DNA, backfilling
with 6-mercapto-1-hexanol, hybridization with LCR products, and in-
cubation in streptavidin-HRP solution, in which, due to the close
proximity to the interface, it was difficult to obtain a hybridization
efficiency approximating that in homogeneous solution, resulting in a
limited sensitivity. More recently, Easley et al. proposed a nucleic acid
nanostructure for electrochemical detection of a broad range of ana-
lytes through on-electrode ligation [24], which demonstrates that the
ligated DNA nanostructure comprising an electrochemical label is more
stable than its hybrid form, implying the being-easy disturbance of
electrochemical labels introduced via noncovalent DNA hybridization.

Inspired by the above-mentioned findings, we herein presented a
robust eLCR for sensitive, rapid and low-cost detection of clinically
important single DNA base change by immobilising the generated
dsDNA products into a BSA-based porous monolayer, which possesses
improved sensitivity, stability and operational ease. Rather than in-
troducing the electrochemical label via noncovalent DNA hybridiza-
tion, as mostly traditional electrochemical methods do, the proposed
strategy integrated the anchor unit-thiol and the binding moiety-biotin
into a single stable entity. Specially, this protocol was designed on the
following bases: (1) the rapid assembly of dsDNA can be realized by the
stronger assembly capacity of dsDNA, owing to its rigid structure and
easier access to inter-protein pores than ssDNA [25]; (2) a BSA-based
DNA probe carrier offered by our group [26] was employed for a better
controlling of inter-probes and subsequently effective binding of
streptavidin-HRP; (3) as a new strategy, phosphate buffer (PB) was
added into the amplified products to inhibit unwanted DNA probes
from being adsorbed on the gold electrode, mainly via the phosphate
backbone and partly due to bases [27], so as to improve the signal-to-
noise ratio of this biosensor.

CYP2C19, as an important human drug metabolism gene, is re-
sponsible for metabolizing commonly-used drugs, including clopido-
grel, proton pump inhibitors (PPIs), etc. CYP2C19*1 is a wild-type al-
lele that encodes an enzyme for its normal activity whereas
CYP2C19*2, an important mutant site in the CYP2C19 gene occurring
at G681A, encodes an inactive enzyme, resulting in poor metabolism.
Genotyping of this SNP in CYP2C19 has been approved for application
in clinical pharmacogenomics testing and personalized medicines [28]
and is herein used for the verification of this proposed biosensor in the
real-world samples. As a result, the proposed scheme successfully
achieved detection of point mutation, CYP2C19*2 as our target gene,
without the involvement of pre-PCR, and homozygous wild
(CYP2C19*1*1) together with homozygous mutant (CYP2C19*2*2)
were directly distinguished in the total nucleic acid extracted from
human whole blood samples. This assay may have potential to serve as
an alternative for point mutation detection in the clinical practice.

2. Experimental sections
2.1. Materials and reagents

The Ampligase® thermal stable ligase and 10 X reaction buffer
[200 mM Tris-HCl (pH 8.3), 250 mM KCl, 100 mM MgCl,, 5 mM NAD,
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and 0.1% Triton® X-100] were purchased from Epicenter Technologies
(Madison, USA). Bovine serum albumin (BSA) was obtained from
Shanghai Sangon Biological Engineering Technology and Services Co.,
Ltd. (Shanghai, China). The 3, 3’, 5, 5-tetramethylbenzidine (TMB)
substrate [Enhanced K-blue substrate, hydrogen peroxide (H,O,) in-
cluded] was from Neogen (Lansing, USA). Salmon sperm DNA and
streptavidin-poly-horseradish peroxidase (SA-poly-HRP) were pur-
chased from Thermo Fisher Scientific (Waltham, USA). The phosphate
buffers (PB) (a mixture of 10 mM Na,HPO, and NaH,PO,) (pH 7.4)
used in this study were as follows: 10 mM PB as washing buffer and
0.2 M PB as inhibiting buffer.

Oligonucleotides used in this study were synthesized and PAGE-
purified by TaKaRa Biotechnology Co., Ltd. (Dalian, China), and the
sequences of CYP2C19*2 (rs4244285) were listed as follows (from 5’ to
3, the underlined base representing one mutant site):

Wild target (WT):

TTCCCACTATCATTGATTATTTCCCGGGAACCCATAACAAATTACT
TAAAA

Mutant target (MT):

TTCCCACTATCATTGATTATTTCCCAGGAACCCATAACAAATTACTT
AAAA

Ligated probe (LP);

T1oTTTTAAGTAATTTGTTATGGGTTCCTGGGAAATAATCAATGATA
GTGGGAA

Half mutant target 1 (MT-1): TTCCCACTATCATTGATTATTTCCCA-
OH

Half mutant target 2 (MT-2): PO4,-GGAACCCATAACAAATTACTTA
AAA

Capture probe (CP): SH-(CH3)gT1oTTTTAAGTAATTTGTTATGGGT
TCC-OH

Signal probe (SP):
Biotin

All solutions were prepared with Milli-Q water (18 MQ cm ™ re-
sistivity) from a Millipore system. The other reagents were of analytical
reagent grade and used without further purification.

PO4-TGGGAAATAATCAATGATAGTGGGAA-

2.2. Clinical sample collection and human genomic DNA extraction

The human whole blood samples were collected from the Pharmacy
Department of the First Affiliated Hospital of Fujian Medical University.
This study strictly followed the ethical guidelines of the Declaration of
Helsinki and was approved by the Ethics Committee for Human
Research, the First Affiliated Hospital of Fujian Medical University. The
human genomic DNA was extracted in an automatic magnetic bead
extraction and purification system (Pre-NT, Perkin Elmer) according to
the instructions, and quantified from the absorption at 260 nm with a
Nanodrop 2000 (Thermo Scientific). Sequencing of the CYP2C19*2 was
determined by TaKaRa Inc. (Dalian, China).

2.3. Homogeneous ligase chain reaction

The LCR was conducted in a 50 pL of reaction volume containing
10 x reaction buffer, 2 U ampligase, 20 nM of the four probes (CP, SP,
MT-1, MT-2), and various amounts of mutants and/or wild type tem-
plate (synthetic DNA or genomic DNA extracted from the whole blood).
The mixture was first incubated at 94 °C for 5 min, and then a 30-cycle
thermal cycling was conducted at 45 °C for 60 s, 53 °C for 60 s, and
94 °C for 60 s. After the thermal cycling, a 2.5 pL volume of 0.2 M PB
(pH 7.4) was added into the amplified solution. Thereafter, ligation
products were stored at room temperature (RT, 25 °C) to ensure the
formation of dsDNA until use.

2.4. Construction of the dsDNA-BSA-based biosensing platform

Firstly, the gold electrode (2 mm in diameter) was physically po-
lished and electrochemically treated following the reported protocol
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[29]. Then, the cleaned electrode was immersed in 10 mM PB (pH 7.4)
containing 0.1 mg mL~' BSA at RT for 15 min. After washing with
10 mM PB, the BSA modified electrode was incubated in the amplified
solution containing 0.2 M PB at RT for 1 h, and then rinsed with the
washing buffer and blow-dried with nitrogen. Subsequently, 3 pL vo-
lume of SA-poly-HRP (1:1000) was dropped onto the electrode surface
and incubated at RT for 15 min. Finally, the electrode was extensively
rinsed with ultrapure water and subjected to electrochemical mea-
surements.

2.5. Electrochemical measurements

The amperometric experiment was performed on an electrochemical
workstation (CHI 760D, Chenhua Co., Shanghai, China), which has a
conventional Au disk working electrode, an Ag/AgCl reference elec-
trode filled with saturated KCl solution, and a Pt wire auxiliary elec-
trode. Amperometric detection was performed in TMB substrate at RT
with the fixed potential set at 0.1 V and the electrocatalysis reduction
current was measured at 100 s until the HRP redox reaction reached a
steady state.

3. Results and discussion

3.1. Design and principle of the dsDNA/BSA monolayer-based eLCR for
point mutation detection

The dsDNA/BSA monolayer-based eL.CR strategy for the detection of
point mutation in genomic DNA is schematically illustrated in Scheme
1. BSA molecules were firstly self-assembled on the gold electrode to
form a porous monolayer, and then dsDNAs generated from LCR were
inserted into gaps between BSAs via Au-S bond, resulting in uniform
distribution of dsDNAs on BSA monolayer at a certain distance. In this
study, point mutation of CYP2C19*2 allele was employed as the model
where the base pair at the SNP site was A/T in the mutant DNA and G/C
in the wild DNA. Herein, four probes (CP, SP, MT-1, MT-2) were de-
signed, among which MT-1 and MT-2 were halved from the MT, while
CP and SP were respectively complementary to MT-2 and MT-1. Spe-
cifically, CP was labeled with SH at its 5’ terminal for immobilization;
SP and MT-2 were labeled with PO, at their 5’ terminals for ligation; the
3’ terminal of SP was labeled with biotin for coupling with SA-poly-HRP
as a source of electrocatalysis reduction current. At the first stage, when
the perfectly base-paired hybridization between two probes (CP and SP)
and one template MT occurred at 45 °C, the 3’-OH of CP was im-
mediately adjacent to the 5-PO, of the SP, forming a nicked duplex
which was subsequently filled with a phosphodiester bond generated by
the ampligase's catalysis at 53 °C. However, the ligation was not trig-
gered in the wild target, due to the presence of single-base mismatch at
the nicked site. At the second stage of 94 °C, all of the DNA strands were
melted and freed as single strands. Therefore, under the thermal cy-
cling, the template MT was cyclically used in one ligation, and the li-
gated product in turn became the template for subsequent ligation, so
the ligation products were exponentially generated, leading to the
generation of abundant dsDNAs with modified ends (SH group and
biotin label) after repeated thermal cycles. Afterwards, the rigid
dsDNAs were inserted into the gaps of BSA through the Au-S bond.
Then, SA-poly-HRPs were specifically bound to the biotin labels via the
biotin-avidin bridge. Finally, the target DNA was quantified by de-
tecting the electric current generated by poly-HRP-catalyzed reduction
of H,0, contained in the TMB substrate.

3.2. Electrochemical detection and characterization of native
polyacrylamide gel electrophoresis

Amperometry was employed as means of quantitative measurement.
As shown in Fig. 1A, an increasing curve for current (I) versus time (T)
was observed instantly after the onset of the potential (~0.1 V), which
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reached a plateau (steady-state current) within ~100 s. Indeed, in the
presence of 10 fM WT (curve b), only a relatively small and stable
amperometric current (~318 nA) was observed, which was close to the
current (~245 nA) in the absence of the target DNA (curve a), while the
amperometric current (~1478 nA) for 10 fM MT (curve c) was sig-
nificantly larger than both of them. These results evidence the feasible
discrimination between WT and MT, which is due to the employment of
LCR amplification and TMB-H,0,-HRP system.

In order to demonstrate the ligation products generated in the
presence of MT, native polyacrylamide gel electrophoresis (PAGE, 15%)
was applied to identify the electrophoretic mobility of different DNA
products. As shown in Fig. 1B, lane 1 and 2 were respectively used for
the PAGE analysis of LCR products with and without MT. According to
the marker bands on the right lane M, the front band was caused by the
remaining SP/MT-1 (26 bp) and CP/MT-2 (25 bp), which fully matched
the band in lane 4 containing a mixture of SP, MT-1, CP and MT-2. As
expected, a slower band in lane 1 was observed, indicating the forma-
tion of the ligated duplex of the secondary target/biotinyl-ligated
capture probe in the presence of MT. However, the position of this
slower band in lane 1 did not match that of lane 3 containing hybrids
between LT and MT, which may be attributed to the binding of am-
pligase at the ligation site in the duplex DNA structure, leading to the
decreased mobility. Altogether, these findings suggest that the LCR has
been successfully promoted by the MT.

3.3. The critical effect of phosphate on the suppression of nonspecific
adsorption of DNA probes

As specified, the LCR was performed in the provided 1 X reaction
buffer. Unfortunately, a high background current was obviously ob-
served in the absence of the target DNA (as shown in the left group of
Fig. 2), hindering the sensitivity of the biosensor. In order to obtain a
high signal-to-noise ratio, factors, such as nonspecific adsorption of SA-
poly-HRP and DNA probes, and nonspecific amplification, were con-
sidered. The results showed that the adsorption of DNA probes on the
gold electrode greatly contributed to the background current. As shown
in the right group of Fig. 2, in the LCR products, the presence of SP
alone produced a current as high as 2240 nA, which was immediately
reduced to 246 nA without SP, indicating that the adsorption of biotin-
labeled SP onto the gold electrode and subsequent binding of SA-poly-
HRP lead to the generation of a high current. Of note, the current in the
column of SP + PB was almost reduced to that of the column without
SP, suggesting that a complete desorption is achieved by adding PB into
the LCR products. Importantly, the response from the blank group was
reduced by adding 2.5 pL volume of 0.2 M PB into 50 puL LCR products,
while the response from the target group with PB approximated that
without PB (as shown in the middle group of Fig. 2). The desorption
mechanism may be explained by the fact that, due to the adsorption of
phosphate ions, the surface of the gold electrode is negatively charged
[30], resulting in an electrostatic repulsion to DNA strands. It is worth
noting that the existed nonthiolated dsDNAs (SP and MT-1) in the LCR
products will enhance the adsorption of the DNA probes on the gold
electrode, for the phosphate backbone of dsDNAs is more easily exposed
to the solution than that of ssDNAs [31], indicating the essential co-
existence of PB.

3.4. Analytical performance of the proposed eLCR for point mutation
detection

3.4.1. Optimization of the experimental conditions

In order to obtain an optimal biosensor performance, the key ex-
perimental parameters such as hybridization/ligation temperature and
amount of ampligase were examined and optimized. Given the time
cost, the thermal cycle number of the LCR was fixed at 30 [32,33].

In the stage of hybridization/ligation, the partial probes were hy-
bridized with the target DNA, producing a nick for the recognition and
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Scheme 1. Schematic illustration of the LCR-based electrochemical biosensor via dsDNA-BSA platform for point mutation detection. LCR process: Initially, the
mutant target hybridizes perfectly with probe CP and SP, forming a nicked duplex, then the nick is ligated by ampligase. Afterwards, the thermal-cycle setting makes
denature-hybridize-ligate perform with the participation of CP, SP, MT-2. MT-1, so the ligation products would be exponentially generated. However, the hy-
bridization between wild target and probes, due to one-base mismatch, forms a defective nicked-duplex that could not be fully recognized by ampligase, losing the

ability to trigger this LCR process.

catalysis of ampligases, so an optimal temperature was crucial for ef-
fective hybridization and high activity of the ampligase. As shown in
Fig. S2, the amperometric current increased significantly from 45 °C to
53 °C and decreased obviously afterwards. Traditionally, only one
temperature point at the peak of the curve was set in this stage. How-
ever, results from Fig. S3 demonstrated, for the first time, a division of
45 °C for 2 min or 53 °C for 2 min into 45 °C for 1 min and then 53 °C for
1 min greatly enhanced the amplification efficiency, indicating that the
division operation can guarantee a full hybridization and subsequent
ligation. Therefore, 45 °C/53 °C was selected for subsequent experi-
ments.

During the LCR, sufficient ampligase was needed to complete the
ligation reaction in a short time. As shown in Fig. S4, the current re-
sponse from 1 pM MT paralleled the increasing amount of the ampli-
gase (from 0.5 U to 2 U) and then flattened, while the current response
from 1 pM WT significantly arose from 2 U. Therefore, 2 U of the

ampligase was employed in the following experiments to get the max-
imum difference between MT and WT.

3.4.2. Sensitivity and selectivity of the proposed eLCR

Under the optimal condition, the MT targets at various concentra-
tions were analyzed using the proposed eLCR. As shown in Fig. 3A, the
current response decreased with the declining concentrations of MT and
approximated that of the blank group (curve a, ~249 nA) at 0.5 fM
(curve b, ~353 nA), which was estimated as the limit of detection
(> 30). As shown in Fig. 3B, the plot of the amperometric response vs.
the logarithm of MT concentration (from 10 fM to 100 pM) showed a
strong linear relationship with a correlation coefficient of 0.9963,
spanning approximately 4 orders of magnitude. Obviously, these results
indicate that this proposed electrochemical biosensor is highly sensi-
tive, as a result of the high amplification efficiency of LCR, dsDNA as-
sembling on the BSA-based carrier platform, and effective inhibition of
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with or without PB. Mean values and standard deviations are obtained from five
independent experiments.
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the nonspecific adsorption of DNA probes by PB regulation. In addition,
on the basis of five independent measurements of 1 pM MT with five
different electrodes, the relative standard deviation (RSD) was esti-
mated to be 7.8%, indicating the good precision of this eLCR.

To demonstrate the high selectivity of this biosensor for point mu-
tation detection in real-world samples, it is necessary to evaluate its
ability to detect trace amounts of MTs in the presence of a large
quantity of WTs. Herein, the ratios of WT to MT from 1:1 to 10000: 1
were examined with the concentration of the WT fixed at 10 pM. As
shown in Fig. 3C, even when the ratio of WT to MT was as high as
10000:1 (1 fM MT), the current response was still distinguished from
that of 10 pM WT (1:0), indicating a high specificity toward MT and a
promising application prospect.

3.4.3. Anti-interference analysis in simulated samples

The anti-interference analysis was conducted by mixing the target
DNA with salmon sperm genomic DNA, which is similar to the human
genome DNA [34] and commonly used as the simulated sample.
Usually, the concentration of extracted genomic DNA from human
whole blood sample was from 10 ng ul ! to 100 ng pl ™!, measured by
Nanodrop 2000, so different concentrations of salmon sperm genome
DNA (5 ng ul™ ', 10 ng ul™%, 20 ng pl~ %, 30 ng ul~', 50 ng pl ™%,
100 ng pl~ !, 200 ng ul~*) with 1 pl volume were chosen to investigate
their interfering effects. As shown in Fig. 4A, the amperometric re-
sponse (1 pM MT) failed to respond to the addition of the salmon sperm
genomic DNA before its concentration exceeded 20 ng ul~*, which was
also observed when other concentrations were administered. Results
from Fig. 4B showed the amperometric current from 20 ng salmon
sperm genomic DNA was approximate to the background current, de-
monstrating the suitability of salmon sperm genome DNA as the si-
mulated sample. Besides, the current response from spiked MT in 20 ng
salmon sperm genomic DNA was close to that from pure MT, indicating
the high anti-interference ability of this eLCR. Therefore, in real sample
assay, the added quantity was fixed at 20 ng so that every measured
sample had the same concentration but produced no interference on the
proposed biosensor.

3.5. Real sample assay for CYP2C19*2 allele genotyping

The human whole blood samples were collected from the Pharmacy
Department of the First Affiliated Hospital of Fujian Medical University
and their genotypes of CYP2C19*2 allele were determined using DNA
microarray chip. For electrochemical detection, ten CYP2C19*1/*1
samples, ten CYP2C19*2/*2 samples and ten CYP2C19*1/*2 samples
were randomly selected. After extraction and measurement by
Nanodrop 2000, they were added into the LCR solution with a final
quality of 20 ng and then underwent the proposed eLCR. As shown in
Fig. 5A, the currents (693 nA-1228 nA) obtained from CYP2C19%2*2
samples were significantly higher than those (300 nA-400 nA) from
CYP2C19*1*1 samples, with 20 ng salmon sperm genomic DNA as
control, while the current response from CYP2C19*1*2 was not dis-
tinguished from that of CYP2C19*2*2 and CYP2C19*1*1. These results
suggest that the large number of uninterested DNAs in the real-world
samples, as well as the residual reagents in the DNA extraction process,
do not affect the sensitivity of this eLCR method. Moreover, sequencing
analysis (Fig. 5B) further confirmed our results. Collectively, these re-
sults provide comprehensive evidence that the proposed eLCR can be
applied for point mutation detection of CYP2C19*2 allele in clinical
samples with a high sensitivity and selectivity, demonstrating its con-
siderable potential in the diagnosis of SNP-related diseases diagnosis
and personalized medicine.

To better show the advantages of the proposed eLCR, the perfor-
mance of this method was compared with the other biosensors for
CYP2C19*2 allele determination in terms of experimental period, ratio
(mutant vs. wild), and real sample type. As shown in Table S1, the
experimental period of this biosensor was significantly shortened,
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which can be attributed to the strategy of dsDNA assembling on the terms of design simplicity and operational ease.
BSA-based carrier platform. Moreover, the proposed biosensor detected
a much lower ratio of MT/WT (0.01%) and realized a direct detection of
DNA extract from clinical blood sample without the involvement of pre-
PCR. In this regard, our proposed method not only matches these
methods in detection performance but also has notable advantages in

4. Conclusion

The current study provides a novel eLCR for highly sensitive point
mutation detection by coupling the strategy of dsDNA assembling on
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Fig. 4. (A) Current response from 1 pM MT spiked with different concentration of the salmon sperm DNA (0, 5 ng pl~?, 10 ng ul~%, 20 ng ul~ %, 30 ng ul ™,
50 ng ul ™%, 100 ng ul ', 200 ng pl~1). (B) Comparison of current response from different samples (without any target, 20 ng salmon sperm DNA, 1 pM MT, 1 pM
MT + 20 ng salmon sperm DNA). Error bars show the standard deviations of measurements taken from three independent experiments (n = 3).
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the BSA-based carrier platform with PB regulation-induced inhibition of
nonspecific adsorption of DNA probes. Significantly, the point mutation
of CYP2C19*2 allele can be directly distinguished without the in-
volvement of pre-PCR in real-world samples, which indicates a uni-
versal application for genomic DNA detection and demonstrates its
profound clinical significance in diagnosis of microbial infection and
SNP-related disease.
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