
opvCRISPR: One-pot visual RT-LAMP-CRISPR platform for SARS-CoV-2

detection

Biosensors and Bioelectronics · 2021 · 10.1016/j.bios.2020.112766

8

Biosensors and Bioelectronics 172 (2021) 112766

ELSEVIER

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

journal homepage: http://www.elsevier.com/ locate/bios

Biosensors & Bioelectronics

# opvCRISPR: One-pot visual RT-LAMP-CRISPR platform for SARS-cov-2 detection

![Check for

updates\n](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75afa97d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a7

508518051523035/tmp_zip_img/c4930118-d742-4f73-ba83-50ab3e0eabf3.png)

Rui Wang a,1, Chunyan Qian b,c,1, Yanan Pang d, Miaomiao Li c, Yu Yang c, Haijing Ma c, Manying Zhao c,

Feng Qian c, Hang Yu e, Zhenping Liu b, Ting Ni c,***, Yan Zheng f,**, Yongming Wang f,g,h,*

a Department of Chemistry & State Key Laboratory of Molecular Engineering of Polymers, Fudan University,

Shanghai, 200433, PR China

b The First People's Hospital of Yuhang District, Hangzhou, 311100, PR China

c State Key Laboratory of Genetic Engineering, Collaborative Innovation Center of Genetics and

Development, Human Phenome Institute, School of Life Sciences, Fudan University, Shanghai, 200438, PR

China

d Changhai Hospital, Second Military Medical University, Shanghai, 200433, PR China

e Shanghai RNAcure BioPharma Co., Ltd, 200438, PR China

f State Key Laboratory of Genetic Engineering, School of Life Sciences, Zhongshan Hospital, Fudan

University, Shanghai, 200432, PR China

8 Shanghai Engineering Research Center of Industrial Microorganisms, Shanghai, PR China

h School of Life Sciences, Co-innovation Center of Neuroregeneration, Jiangsu Key Laboratory of

Neuroregeneration, Nantong University, Nantong, 226001, China

## ARTICLE INFO

Keywords:

SARS-Cov-2

CRISPR

RT-LAMP

One-pot

Visual detection

Molecular diagnosis

## ABSTRACT

The 2019 novel coronavirus disease (COVID-19 pandemic caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) has affected all aspects of human life. Rapid, accurate, sensitive and user

friendly detection method is urgently needed to facilitate early intervention and control the spread of

SARS-CoV-2. Here, we propose a one-pot visual SARS-CoV-2 detection system named "opvCRISPR" by integrating

reverse transcription loop-mediated isothermal amplification (RT-LAMP) and Cas12a cleavage in a single

reaction system. We demonstrate that the collateral activity against single-stranded DNA (ssDNA) reportors

of activated Cas12a triggered by RT-LAMP amplicon increases detection sensitivity and makes detection

results observable with naked eye. The opvCRISPR enables detection at nearly single molecule level in 45

min. We validate this method with 50 SARS-CoV-2 potentially infected clinical samples. The opvCRISPR



diagnostic results provide 100% agreement with the Centers for Disease Control and Prevention

(CDO)-approved quantitative RT-PCR assay. The opvCRISPR holds great potential for SARS-CoV-2 detection in

next-generation point-of-care molecular diagnostics.

## 1. Introduction

The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of 2019

novel coronavirus disease (COVID-19), has led to a global pandemic, with 21, 073, 456 reported cases and

757,479 deaths worldwide as of 14, August 2020 (Lu et al., 2020a,b). Person-to-person transmission from

infected individuals with no or mild symptoms has been reported (Bai et al., 2020; Rothe et al., 2020).

Rapid, accessible and accurate detection of SARS-CoV-2 is

urgently needed to facilitate early intervention and reduce disease transmission risk.

Quantitative reverse transcription polymerase chain reaction (qRT-PCR) has been considered as the 'gold

standard' and is the most commonly used detection method for SARS-CoV-2 (Chu et al., 2020; Corman et al.,

2020). Although the efficiency is established, it requires professional personnel, long operation time and

expensive equipment for implementation. For these reasons, it is impractical for the point-of-care (POC)

diagnostic applications.
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In such a backdrop, clustered regularly interspaced short palindromic repeats (CRISPR)-associated (Cas)

nuclease based methods with properties of ultrasensitive, cheaper and portable diagnostic tests for the

assessment of suspected cases, could help advance the diagnosis of SARS-CoV-2, regardless of the presence

of qualified personnel or sophisticated equipment for virus detection (Chen et al., 2018; Gootenberg et

al., 2017; Li et al., 2018). The CRISPR-Cas nucleases, including RNA-guided RNases (Cas13a-d) and

RNA-guided DNases (Cas12 and Cas14), display collateral cleavage activity (Kellner et al., 2019;

Harrington et al., 2018). Upon recognition of their RNA or DNA targets, activated CRISPR-Cas nucleases

indiscriminately clave nearby single-stranded non-targeted nucleic acids (Chen et al., 2018). Combining

with nucleic acid amplification, amplified products will trigger CRISPR-Cas nucleases for collateral

cleavage of reporters to achieve additional sensitivity (Kellner et al., 2019; Wang et al., 2020a, b).

Researchers have developed CRISPR-based tests by integrating PCR or recombinase polymerase amplification

(RPA) with CRISPR cleavage (Ding et al., 2020; Guo et al., 2020; Tian et al., 2020; Wang et al., 2019,

2020a, b; Zhang et al., 2020a,b). But these approaches have limitations, such as two separate reaction

steps, long incubation time or weak signals for limited template detection. Loop-mediated isothermal

amplification (LAMP) has been coupled with CRISPR for SARS-CoV-2 detection (Broughton et al., 2020; Joung

et al., 2020; Li et al., 2019; Qian et al., 2019). LAMP is highly specific and generates a high yield of

amplicon in a short time, with reagents more affordable and accessible (Notomi et al., 2000). However, the

current LAMP-CRISPR strategies have drawbacks such as uncapped operation, long reaction time and

complicated operations.

Here, we developed a one-pot visual reverse transcription (RT)-LAMP-CRISPR (opvCRISPR) method for

ultrasensitive visual detection of SARS-CoV-2, which simplified the operations and avoided contamination.

The RT-LAMP reagents are incubated at the bottom of the tube. The CRISPR/Cas12a reaction reagents are

added on the lid. SARS-CoV-2 RNA templates extracted from the respiratory swab are amplified by RT-LAMP,

followed by mixing with the Cas12a reagents for cleavage. Once the Cas12a nuclease is activated by

recognizing DNA target, it splits the quenched fluorescent single-stranded DNA (ssDNA) reporter

(FAM-TTATT-BHQ1) indiscriminately, generating the fluorescence signal visible to the naked eye under blue

light (Fig. 1). Besides, the minimum equipment required to operate the protocol after RNA extraction

includes only pipettes, reagent tubes, a thermo block and a blue light. All the equipment could be

integrated into portable suitcase for point-of-care applications (Fig. S1).

# 2. Material and methods

## 2.1. Materials

All primers, ssDNA probe and CRISPR RNA (crRNA) were



synthesized by Sangon Biotech. (Shanghai, China). EngenLba Cas12a, DNase I, HiScribe T7 High YieldRNA

Synthesis Kit and WarmStart LAMP Kit were purchased from New EnglandBiolabs (Ipswich, MA, UK). " to

"EngenLba Cas12a, DNase I, HiScribe T7 High Yield RNA Synthesis Kit and WarmStart LAMP Kit were purchased

or kindly free-provided by New England Biolabs (Ipswich, MA, USA). RNase inhibitor and Taq Hot Start

Version were purchased from Takara Bio Inc. (Dalian, China). QIAGEN OneStep RT-PCR kit was purchased from

Qiagen (Frederick, MD, USA). RNAXP clean beads were purchased from Beckman Coulter Inc. (Indianapolis, IN,

USA). A pUC57 plasmid with SARS-CoV-2 gene sequences was kindly provided by BGI (Beijing, China). Plasmids

with three SARS-like coronavirus (SARS-CoV-2 (Genebank; NC.045512.2), bat SARS-like coronavirus

(bat-SL-CoVZC45, Genebank; MG772933.1) and SARS-CoV (Genebank: NC.0064718.3)) and one human coronavirus

(HKU1 (Genebank: NC.006577.2) were synthesized by Sangon Biotech. (Shanghai, China). RNA of clinical

samples were provided by the First People's Hospital of Yuhang district (Hangzhou, China). The study was

approved by the Scientific Research Ethics Review Committee of the First People's Hospital of Yuhang

district. Written informed (oral) consent was obtained from all the patients involved. Nasopharyngeal swab

samples were collected from all patients at admission.

## 2.2. In vitro RNA preparation with T7 RNA polymerase

For in vitro transcribed RNA template preparation, 493 nt S gene sequence in plasmid was firstly

PCR-amplified with primers containing 17 promoter (Fig. S2). Then, the PCR amplicon were extracted and

purified with Gel Extraction Kit to form in vitro transcribed templates. Thereafter, RNA was synthesized

from PCR amplicon by incubating at 37 °C for 4 h using High Yield RNA Synthesis Kit. Next, the

synthesized RNA was treated by DNase I to remove DNA template. Finally, the obtained RNA was extracted and

purified with RNAXP clean beads and stored at -80 °C for further use.

The stock concentration of purified in vitro transcribed RNA was determined with NanoDrop ND-1000 (Thermo

Fisher Scientific Inc., Waltham, MA, USA) and calculated to be 5 \times 10^{10 copies/L. The target site

for opvCRISPR detection was firstly PCR-amplified with RT-LAMP outer primers, followed by sequencing and

blasting to confirm its accuracy for SARS-CoV-2 detection (Fig. S3).

## 2.3. Cas12a-mediated cleavage assay

The Cas12a-mediated cleavage assay contained 1 × NEB buffer 2.1, 0.2 M of EnGenLba Cas12a, 0.6 M of

crRNA, 1 M of ssDNA reporter, 4 U of RNase inhibitor with 10 ng SARS-CoV-2 plasmid in 20 L reaction

volume. The reaction was performed at 37 °C on a thermo block (Suzhou beaver Biomedical Engineering Co.,

Ltd, Suzhou, China) for 20 min and photographed immediately under blue light.

![RT-LAMP\n(65°C 40min)\nAmplicon\nMixing and\nCas12a cleavage\n(37°C 5min)\nNaked

eye\nobservation\nBlue light\nCas12a cleavage mixture\nRT-LAMP mixture\nOil seal\nCas12a and

crRNA\nReporter\n](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75afa97d4b293af708_ac7ea5be5a8545c7a3281da56

8aa3d3a7508518051523035/tmp_zip_img/fc4e27de-bfa7-47c7-a545-a53f640f2d00.png)

# Fig. 1. The scheme of one-pot visual RT-LAMP-CRISPR (opvCRISPR) detection method. For SARS-CoV-2

detection, 20 L RNA templates extracted from the respiratory swab is added into RT-LAMP mixture. The

RT-LAMP mixture is placed at the bottom of the tube and sealed with 25 L oil. The CRISPR/Cas12a reaction

reagents are added inside the lid. After 40 min of RT-LAMP amplification at 65 °C, shake the tube to mix

with Cas12a reagents for cleavage. Once the Cas12a nuclease is activated by recognizing DNA target, it

splits the quenched fluorescent ssDNA reporter indiscriminately, generating fluorescence signal visible to

the naked eye under blue light. (For interpretation of the references to color in this figure legend, the

reader is referred to the Web version of this article.)
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# 2.4. One-step RT-PCR assay

QIAGEN OneStep RT-PCR kit was employed for RT-PCR assay. RT-PCR primers targeting SARS-CoV-2 S gene were

designed with primer premier 5.0. OneStep RT-PCR assay contained 1 × QIAGEN OneStep RT-PCR Buffer (Mg 2+

plus), 400 M of each dNTP, 0.6 M of each primer (F and R), 2 L of QIAGEN OneStep RT-PCR Enzyme Mix,

1 × EvaGreen Dye, 1 L of in vitro transcribed RNA template or 20 L of RNA from clinical samples, and



RNase-free water up to 50 L Thermal cycling was carried out with 30 min at 50 °C for reverse

transcription, 15 min at 95 °C for HotStarTaq DNA Polymerase activation, followed by 45 cycles of

denaturation at 94 °C for 30 s, annealing at 60 °C for 30 s and extension at 72 °C for 1 min. After

amplification, 2 L of amplified products were electrophoresed at 3% agarose gel under 120 V for 30

min.

# 2.5. Real-time RT-LAMP assay

The LAMP primer group contains six primers targeting eight regions of S gene sequence was designed with

PrimerExplorer V5 (http://pri.merexplor.jp/e/index.html). RT-LAMP was performed in 40 L reaction mixture

containing 1 × WarmStart LAMP Master Mix, 1.6 L of FIP and BIP, 0.2 M F3 and B3, 0.4 M LF and LB, 1

× Fluorescent Dye and 1 L of in vitro transcribed RNA template. The reaction mixture was incubated at

65 °C for 40 min via LightCycler 480 System (Roche Diagnostics Co., Indianapolis, IN, USA). 2 L of

amplified products were electrophoresed at 3% agarose gel under 120 V for 30 min and imaged in ChemiDoc

XRS + System (Bio-Rad Laboratories Inc., Hercules, CA,

# a

![Orf1ab S Orf3a E M Orf6 Orf7 Orf8 N Orf10\nTarget

site\n5'......GCAGAAATCAGAGCTTCTGCTAATCTTGCTGCTACTAAAATGTCAGA......3'\ncrRNA

3'UCGAAGACGAUUAGAACGACGAUGUAGAUG UU\nUUUCUAC UG\nAAG

5'\n](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75afa97d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a750851

8051523035/tmp_zip_img/158e8e8d-325f-42af-af40-016d5322fecf.png)

# b

![<table><tr><td>B3</td><td>B2</td></tr><tr><td>5&#x27;-GACTTCAAAGTTTGCAGACATAT</td><td>TGAGATTCAATCTTGCAG

AGTTGCAGAAATCAGAGCTTCTGCTAATCTTGCT-3&#x27;</td></tr><tr><td>3&#x27;-CTGAAGTTTCAAACGTCTGTATACACTGAGTTGTTAAT

TAATCTCGACGTCT</td><td>TAGTCCTTTCAG</td></tr></table>\n](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75afa9

7d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a7508518051523035/tmp_zip_img/b4b11e7b-f4ec-4565-aeda-d3937fff

637a.png)

# c

![|Time (min)|Positive (P) Fluorescence|Negative (N)

Fluorescence|\n|:---:|:---:|:---:|\n|0|5|0|\n|1|9|0|\n|2|17|0|\n|3|22|0|\n|4|30|0|\n|5|35|0|\n|6|36|0|\n|7

|37|0|\n|8|37|0|\n|9|38|0|\n|10|37|0|](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75afa97d4b293af708_ac7ea

5be5a8545c7a3281da568aa3d3a7508518051523035/tmp_zip_img/1189ff61-212c-4464-b1a6-df2cfa2a61f4.png)

# d

![|Template concentration

(copies)|Fluorescence|\n|:---:|:---:|\n|5×10^8|39|\n|5×10^7|36|\n|5×10^6|38|\n|5×10^5|37|\n|5×10^4|38

|\n|5×10^3|37|\n|5×10^2|35|\n|50|28|\n|5|15|\n|0.5|1|\n|N|0|](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3d

f75afa97d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a7508518051523035/tmp_zip_img/4b652c57-5c82-4a44-82db-0

00db3b8a481.png)

# Fig. 2. (a) Genome map shows the target site and crRNA sequence on the SARS-CoV-2 S gene. (b) The

sequences and locations of RT-LAMP primers and S-crRNA in this assay. (c) Real-time fluorescence records

sample signals at different time points during Cas12a digestion. Real-time images of the samples at

different time points are shown. For each time point, three repeats of samples are photographed and one

represented image is shown for each time point. P: positive; N: No template added control. (d)

Fluorescence signals of opvCRISPR with 10-fold gradually diluted templates are quantified by Light Cycler

480 fluorescence detection system (top, n = 3, error bars showed mean ± SEM). The corresponding sample

images with one represented tube for one template concentration are shown above. N: no template added

control.
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USA).

## 2.6. One-pot visual RT-LAMP-CRISPR detection



For opvCRISPR detection, 40 L of RT-LAMP reaction mixture (Fluorescent Dye-free) including 1 L of in

vitro transcribed RNA template or 20 L of RNA from clinical samples was added at the bottom of tube and

covered with 25 L mineral oil. 20 L Cas12a cleavage system containing 0.4 M of EnGenLba Cas12a, 2 ×

NEB buffer 2.1, 1.2 M of cDNA, 2 M of ssDNA reporter, RNAe inhibitor 8 U was added in the lid. Cas12a

cleavage system was physically separated from the high-temperature zone at the bottom by a section of air

column and oil phase. After 40 min of RT-LAMP amplification, Cas12a cleavage system was mixed with LAMP

product by shaking operation. Then, Cas12a cleavage reaction was conducted at 37 °C for 5 min and

fluorescent results were observed immediately with naked eye under blue light illuminator (LABGIC Inc.,

Beijing, China).

# 3. Results

## 3.1. SARS-CoV-2 specific crRNA design

To achieve high detection sensitivity, we firstly optimized the crRNA design. A total of 7 SARS-CoV-2

specific crRNAs targeting different domains of orf1ab, S and N gene were designed. To evaluate the

efficiency of crRNAs, the individual crRNA was incubated with Cas12a, synthetic SARS-CoV-2 target DNA and

ssDNA reporter. The results revealed that 4 out of 7 crRNAs generated fluorescence and the S-targeted

crRNA produced the strongest signal (Fig. S4). In the following experiments, we selected crRNA targeting S

gene for SARS-CoV-2 detection (Fig. 2a).

## 3.2. One-pot visual RT-LAMP-CRISPR system built up

Next, we attempted to integrate RT-LAMP and Cas12a cleavage in a single tube. We designed a set of 6

RT-LAMP primers for the target amplification (Fig. 2b). The RT-LAMP mixture, including 1 × WarmStart LAMP

Master Mix, 1.6 M uF of FIP and BIP, 0.2 m F3 and B3, 0.4 m LF and LB and 1 L of vitro transcribed

RNA template, was added to the bottom of the tube. RT-LAMP took place at 65 °C, which may inactivate

Cas12a enzyme. To avoid inactivation of Cas12a, mineral oil was coated on the RT-LAMP mixture to prevent

heat transfer. The CRISPR/Cas12a reaction reagents, including Cas12a enzyme, crRNAs, and ssDNA reporter

were added on the lid. To optimize the ratio of Cas12a mixture and RT-LAMP mixture, 20 L of Cas12a

mixture combined with different volumes of RT-LAMP mixture were employed. For each volume of RT-LAMP

mixture, either fixed copy number (5 × 105 copies) or fixed concentration (0.2 × 105 copies per L) of

SARS-CoV-2 RNA was added as positive sample with no template added as negative control. After 40 min of

RT-LAMP amplification, the reaction was transferred to a 37 °C heater and Cas12a mixture was shaken into

amplified products for digestion for 10 min. Five to 40 L of RT-LAMP mixture generated significant

fluorescence (Figs. S5a-c). Considering the large clinical sample size, 40 L of RT-LAMP mixture combined

with 20 L of Cas12a mixture was used in the following experiments.

To evaluate the detection specificity, we tested three SARS-like coronaviruses (SARS-CoV-2 (Genebank:

NC_045512.2), bat SARS-like coronavirusus (bat-SL-CoVZC45, Genebank: MG772933.1) and SARS-CoV (Genebank:

NC_004718.3)) and one human coronaviruses (HKU1 (Genebank: NC_006577.2). Results showed that only the RNA

from SARS-CoV-2 produced signals, whereas RNAs from other pathogens did not produce any detected signals,

demonstrating good specificity for SARS-CoV-2 determination (Fig. S6).

## 3.3. Optimization of opvCRISPR method for SARS-cov-2 detection

Thereafter, we optimized the Cas12a cleavage time. We prepared a

batch of samples containing 500 copies of RNA templates. Pure water was used as blank control and RNA

extracted from uninfected people were used as negative control. After RT-LAMP amplification, the products

were mixed together with Cas12a and incubated at 37 °C for different time. Cas12a enzyme was

heat-inactivated immediately after incubation. The results revealed that the fluorescence signals could be

observed after 2 min of incubation and increased over time (Fig. 2c). There was almost no difference

between 4 and 5 min of incubation. No fluorescence was observed in blank control or negative control. The

real-time fluorescent signals were quantified by the Light Cycler 480 fluorescence detection system, which

showed that the fluorescence signals increased over time and reached the plateau in 5 min. After 10-min

reaction, there was no fluorescence generated in negative control (Fig. S7). Therefore, 5 min were used as

the Cas12a cleavage time in the opvCRISPR detection.



## 3.4. Sensitivity evaluation of opvCRISPR method

Next, we explored the sensitivity of opvCRISPR by testing eight 10-fold serially diluted RNA templates.

The results revealed that the detection limit of opvCRISPR was 5 copies (Fig. 2d). We compared the

sensitivity of opvCRISPR with RT-PCR and RT-LAMP. The sensitivity of opvCRISPR was comparable to that of

RT-PCR and ten times higher than that of RT-LAMP (Fig. 3a and b). To confirm that Cas12a cleavage improved

sensitivity, RT-LAMP amplification was stopped at different time and the products were digested by Cas12a

for visual detection. The results revealed that the amplicons accumulated by RT-LAMP within 20 min were

below the fluorescence threshold but could be detected by Cas12a cleavage (Fig. 3c). Therefore, Cas12a

cleavage increased RT-LAMP sensitivity, resulting in improved detection sensitivity to nearly

single-molecule level.

## 3.5. OpvCRISPR method for SARS-cov-2 infected clinical samples determination

To investigate the diagnostic accuracy and reliability of the opv-CRISPR, respiratory swab samples from 26

infected clinical cases were tested for SARS-CoV-2. These samples have been previously verified to be

SARS-CoV-2 positive by real-time RT-PCR. We also tested respiratory swab samples from 24 uninfected

clinical cases. In this study, real-time RT-PCR was conducted as the standard control. The opvCRISPR and

RT-PCR were performed by adding 20 L of the extracted RNA as templates. All infected samples were

determined to be SARS-CoV-2 positive while all uninfected samples tested to be negative by both opvCRISPR

and RT-PCR (Fig. 4, Figs. S8 and S9).

# 4. Discussion

Although RT-PCR is the gold standard and most widely used for SARS-CoV-2 determination with high detection

sensitivity and reliability, it is not suitable for large-scale point-of-care diagnostics due to severe

staffing and critical supply shortages, the lack of sophisticated equipment and long reaction time (Zhou

et al., 2020; Corman et al., 2020). Our proposed method is affordable, user-friendly, rapid and robust. It

integrates RT-LAMP amplification and CRISPR cleavage in one-pot reaction with detection sensitivity just

as high as RT-PCR. The minimum equipment required to operate the protocol include only pipettes, reagent

tubes, a thermo block and a blue light. All the equipment can be integrated into a 60 × 50 cm 2 suitace

(Fig. S1). Thus, the proposed method has great potential to enable point-of-care testing outside of the

clinical diagnostic laboratory, such as airports, local emergency departments and clinics and other

locations.

Colorimetric methods coupled with RT-LAMP amplification have been mostly reported for point-of-care

SARS-CoV-2 detection (Zhang et al., 2020a,b; Lau et al., 2020; Park et al., 2020; Yang et al., 2020). Our

method has advantage over colorimetric methods. First, it is more

R. Wang et al.
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# a

![|Time (min)|Series 1|Series 2|Series 3|Series 4|Series 5|Series 6|Series

7|\n|:---:|:---:|:---:|:---:|:---:|:---:|:---:|:---:|\n|0|10|10|10|10|10|10|10|\n|5|10|10|10|10|10|10|10|\

n|10|10|10|10|10|20|10|10|\n|15|10|10|10|20|40|10|10|\n|20|10|10|10|30|50|10|20|\n|25|10|10|20|40|60|30|20

|\n|30|10|10|40|50|60|50|20|\n|35|10|10|60|50|60|70|40|\n|40|10|10|80|50|60|80|60|](5/eeSnBYxHk3lOr6r5YK0a

wH/pdf_d52a49c73ca3df75afa97d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a7508518051523035/tmp_zip_img/89a3a

6d6-eca5-473b-8cbc-eeeb5bb58bfe.png)

# b

![|Cycle|Series 1|Series 2|Series 3|Series 4|Series 5|Series

6|\n|:---:|:---:|:---:|:---:|:---:|:---:|:---:|\n|0|2.3|2.3|2.3|2.3|2.3|2.3|\n|5|2.3|2.3|2.3|2.3|2.3|2.3|\

n|10|2.6|3.1|2.3|2.3|2.3|2.3|\n|15|3.7|4.7|2.6|2.3|2.3|2.3|\n|20|5.2|6.1|3.2|2.6|2.3|2.3|\n|25|6.1|7.1|4.3

|3.7|2.6|2.3|\n|30|6.2|8.0|5.7|5.2|3.7|2.6|\n|35|6.2|8.7|7.1|6.1|5.2|2.6|\n|40|6.2|9.2|7.7|7.1|6.1|2.6|\n|

45|6.3|9.5|8.0|7.7|7.1|2.6|\n|50|6.3|9.6|8.1|8.0|7.7|2.6|](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75af

a97d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a7508518051523035/tmp_zip_img/c07451ce-05f5-46fa-b298-6f303e

90d789.png)



![|图标|数量|\n|:---:|:---:|\n|粉色圆圈|5×10^8 copies|\n|橙色菱形|5×10^7 copies|\n|粉色三角|5×10^6

copies|\n|红色方块|5×10^5 copies|\n|蓝色菱形|5×10^4 copies|\n|绿色圆圈|5×10^3

copies|\n|红色方块|5×10^2 copies|\n|蓝色菱形|50 copies|\n|蓝色圆圈|5 copies|\n|灰色方块|0.5

copies|\n|黑色菱形|No Template Control

(N)|](5/eeSnBYxHk3lOr6r5YK0awH/pdf_d52a49c73ca3df75afa97d4b293af708_ac7ea5be5a8545c7a3281da568aa3d3a750851
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# c

![|Time

(min)|Fluorescence|\n|:---:|:---:|\n|0|10|\n|5|11|\n|10|12|\n|15|13|\n|20|15|\n|25|35|\n|30|65|\n|35|75|\n
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# Fig. 3. Real-time fluorescence of RT-LAMP (a) and RT-PCR (b) amplification with 10-fold gradually

diluted in vitro transcribed RNA as templates. For each template concentration, three repeats are tested

simultaneously and one fluorescence curve for each template concentration is shown here. 2 L of

amplified products are gel electrophoresised and imaged shown in the bottom. (c) Visual detection results

after RT-LAMP amplified for 5, 10, 15, 20, 25, 30, 35, 40 min, respectively. For each time point, three

repeats of samples are photographed at the same time and one represented image is shown here.

specific than colorimetric methods. The biggest drawback of colorimetric methods is that most of them are

lack of detection specificity because their detection objects are based on by-products of LAMP

amplification including H^+ induced pH change (Zhang et al., 2020a,b; Huang et al., 2020; Lu et al.,

2020a,b), double stranded DNA secondary

structure (Wang et al., 2020a,b; Park et al., 2020) and Magnesium pyrophosphate (Lau et al., 2020; Yang et

al., 2020). Our proposed method employed CRISPR, which even could achieve single base mutation (SNP)

detection by crRNA specially targeting target sequence, greatly improving detection specificity. Second,

our method is more sensitive
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# Fig. 4. SARS-CoV-2 detection in 26 SARS-CoV-2 infected clinical samples with proposed opvCRISPR method

and real-time RT-PCR. P: positive control with in vitro transcribed RNA template; N: No template added

control.

than colorimetric methods. We demonstrated that CRISPR-Cas12a cleavage of fluorescence quenched partners

can make second round signal amplification triggered by LAMP amplicon, increasing the detection

sensitivity by 10-fold. Third, our method is more distinguishable with naked eye than colorimetric

methods. Colorimetric methods have high background for naked eye observation because the color always

changes from one color to an adjacent one (Wang et al.,

2020a,b; Lau et al., 2020; Park et al., 2020). Our proposed method is based on fluorescence detection,

which is more distinguishable with naked eye than colorimetric methods.

The opvCRISPR has advantage over existing CRISPR-based SARS-CoV-2 detection. Several two-step CRISPR-based

methods for SARS-CoV-2 detection have been developed (Broughton et al., 2020; Ding et al., 2020; Guo et

al., 2020; Lucia et al., 2020), but the separate
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reaction steps increase operation complexity and the likelihood of amplicon cross-contamination. One-step

CRISPR-based methods coupled with RPA have been developed (Ding et al., 2020; Li et al., 2019), but they

either require long incubation time (120 min) or present high background during visual detection due to

multiple enzymes in the RPA system (Ding et al., 2020). In addition, amplicon yield of RPA was lower than

that of LAMP, which decreased the sensitivity of CRISPR detection. Therefore, we provided an efficient,

accurate and easy-to-implement solution for increasing testing capacity during SARS-CoV-2 determination.

# 5. Conclusions

We have proposed a one-pot visual method for SARS-CoV-2 detection by integrating RT-LAMP amplification

with Cas12a cleavage. The detection sensitivity is at nearly single molecule level and the whole detection

process could be accomplished within 45 min. The proposed method only requires minimal equipment,

demonstrating great potential in enabling next-generation molecular diagnosis towards point-of-care

diagnosis. However, the present method requires additional step to extract RNA. Further efforts need to be

made to combine the RNA extraction module with the opvCRISPR to achieve from sampling to result nucleic

acid detection.
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