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Porcine epidemic diarrhoea virus (PEDV) is a member of the genus Alphacoronavirus in the
family Coronaviridae. It causes acute watery diarrhoea and vomiting in piglets with high a
mortality rate. Currently, the Gl genotype, PEDV, possesses a high separation rate in wild
strains and is usually reported in immunity failure cases, which indicates a need for a portable
and sensitive detection method. Here, reverse transcription—recombinase aided amplification
(RT-RAA) was combined with the Clustered Regularly Interspaced Short Palindromic Repeat
(CRISPR)/Cas12a system to establish a multiplexable, rapid and portable detection platform
for PEDV. The CRISPR RNA (crBNA) against Spike (S) gene of Gll PEDV specifically were
added into the protocol. This system is suitable for different experimental conditions, including
ultra-sensitive fluorescence, visual, UV light, or flow strip detection. Moreover, it exhibits high
sensitivity and specificity and can detect at least 100 copies of the target gene in each
reaction. The CRISPR/Cas12a detection platform requires less time and represents a rapid,
reliable and practical tool for the rapid diagnosis of Gll genotype PEDV.

Keywords: porcine epidemic diarrhoea virus, Gll genotype, CRISPR/Cas12a, rapid diagnosis, lateral flow strip

INTRODUCTION

Coronaviruses (CoVs) are a type of enveloped virus consisting of a positive-strand RNA
genome and includes numerous viruses of veterinary and human importance (Su et al., 2016).
SARS, MERS, and COVID-19 have claimed tens of millions of lives and have had a profound
health and economic impact on human society. As a member of the genus Alphacoronavirus
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of the family Coronaviridae, the porcine epidemic diarrhoea
virus (PEDV), causes acute intestinal infectious diseases, which
manifest as severe dehydration, diarrhoea, vomiting, and a
high mortality rate in piglets (Huang et al, 2013; Jung and
Saif, 2015). PEDV was first reported in 1971 in the
United Kingdom (Chasey and Cartwright, 1978). Seven years
later, it was first observed by electron microscopy in the
intestinal contents of piglets in European swine breeding farms.
Currently, it is prevalent in Europe, Asia, and the United States
and has raised global concerns (Huang et al.,, 2013; Jung and
Saif, 2015; Song et al., 2015).

Porcine epidemic diarrhea virus may be divided into two
different genotypes, GI and GII, according to multiple INDEL
and point mutations on the S1 subunits of the spike (S) protein
(Li et al., 2016). The widely used CV777 vaccine strain of the
PEDV GI genotype induces a robust immune response in pigs
and successfully has controlled classical PEDV infection (Li
et al.,, 2017) for almost 2 decades (Li et al., 2012). However,
after 2010, PEDV outbreaks caused by variant strains have
occurred in vaccinated pigs (Li et al., 2012; Sun et al,, 2012).
Molecular epidemiological studies have shown that these variant
strains isolated in China belongs to an independent branch
of genetic evolution, designated the GII genotype, and the
CV777-inactivated or live-attenuated vaccines do not provide
adequate immune protection. Between 2013 and 2014, an
outbreak of diarrhea was reported in swine herds in the
United States. Genetic evolution analysis revealed that the strain
was similar to the Chinese GII PEDV variant strain (Chen
et al, 2014; Vlasova et al, 2014). Currently, the GII PEDV
strain has become the major epidemic strain of PEDV and
has caused significant economic losses for the pig industry.

For epidemic prevention and control of PEDV, rapid disease
diagnosis is essential in addition to effective vaccines. PCR-based
assays for the detection of PEDV are the preferred method
because they have the advantages of simple operation, high
sensitivity, and specificity (Kim et al, 2007). In addition to
PCR, quantitative real-time PCR (qRT-PCR), a more sensitive
and rapid assay, had also been widely used. Specific primers
targeting the N gene sequence of PEDV have been used for
real-time PCR assays based using SYBR Green I detection
chemistry (Zheng et al., 2020). In general, the specificity and
sensitivity of TagMan probe real-time PCR methods are considered
better than intercalating dye-based real-time PCR. A TagMan
probe-based real-time PCR assay targeting the ORFla region
of PDEV has shown high sensitivity and specificity, with a
detection limit of 1x10* copies/ul for PEDV (Pan et al.,, 2020).
Moreover, a TaqMan probe-based real-time PCR assay that
differentiates variant from classical PDEV was also developed
with a limit of detection (LOD) of 5x10* DNA copies (Zhao
etal., 2014). Although qRT-PCR has high sensitivity and specificity,
it relies on expensive instruments and professional technicians,
which cannot fully meet the necessity of on-site detection.

Clustered regularly interspaced short palindromic repeat
(CRISPR)-Cas systems are adaptive immune systems found in
bacteria and archaea. The CRISPR system is based on CRISPR
RNAs (crRNAs) that bind to CRISPR-associated (Cas) proteins
to form a complex, which directly cleavages complementary

sequences (Mali et al, 2013). CRISPR-Cas systems can
be classified into Class 1 (Makarova et al., 2017a) and Class
2 (Makarova et al, 2017b), of which Class 1 systems require
multiple effector protein complexes; whereas Class 2 systems
require only a single effector protein to function (Shmakov
et al,, 2017). The relatively simple architecture of the effector
complexes has made Class 2 systems a more popular option
for use as a genome-editing tool (Jinek et al., 2012). The most
widely used Class 2 systems include CRISPR/Cas9, CRISPR/
Casl2a, and CRISPR/Casl3a. Given the strong specificity of
the recognition sequence of CRISPR/CAS systems, one can
expect to establish a more sensitive and effective platform for
nucleic acid detection. In 2017, a platform termed specific
high sensitivity enzymatic reporter unlocking (SHERLOCK)
combined isothermal preamplification with Casl3 for the
detection of single molecules of RNA or DNA (Gootenberg
et al, 2017). Subsequently, four advances integrated into
SHERLOCK version 2 (SHERLOCKv2) could detect Dengue
or Zika virus using lateral flow strips (LFSs), which highlights
its potential as a multiplexable, portable, rapid and quantitative
detection platform for nucleic acids (Gootenberg et al., 2018).
CRISPR/Cas12a systems unleash indiscriminate single-stranded
deoxyribonuclease (ssDNase) cleavage activity that specifically
cleave single-stranded DNA (ssDNA). The DNA Endonuclease
Targeted CRISPR Trans-Reporter (ADETECTR) platform, which
enables rapid and specific detection of human papillomavirus
in patient samples, was established by combining Cas12a ssDNase
activation with isothermal amplification (Chen et al., 2018).

The emergence and development of CRISPR enable new
opportunities for the rapid and convenient diagnosis of viral
diseases. Here, we report a molecular method for the detection
of the dominant GII PEDV spike (S) gene using a CRISPR/
Casl12a system, which is not limited by expensive instrumentation,
skilled analysis, and complex processes. This platform relies
on a fluorescent detection system (FDS) or two visual detection
systems for signal sensing of the trans-cleavage activity of the
Casl2a protein triggered by the spike (S) gene of PEDV. It
can specifically distinguish GI and GII PEDV with high sensitivity
and specificity, providing an effective detection tool for prevention
and control of this virus.

MATERIALS AND METHODS

Reagents and Instruments

The FastPure Cell/Tissue Total RNA Isolation Kit V2 (RC112-
01), the HiScript® III 1st Strand cDNA Synthesis Kit (R312-
01), and T7 High Efficiency Transcription Kit (JT101-01)
were purchased from Vazyme Biotech Co. Ltd. (Nanjing,
China). The Recombinase Aided Amplification (RAA) kit
(WLB8201KIT) was purchased from Warbio Biotech Co. Ltd.
(Nanjing, China). The EnGen™ LbCasl2a (#M0653T) and
NEBuffer™ 2.1 (#B7202S) were purchased from New England
Biolabs (Ipswich, United States). RNase inhibitor and
PerfectStart® II Probe qPCR SuperMix were purchased from
TransGen Biotech Co. Ltd. (Beijing, China). Synthesis of
the target sequence for positive control, crRNA, 12nt oligo
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reporter, primer, and probe, as well as gene sequencing,
was accomplished by Tsingke Biotech Co. Ltd. (Beijing,
China). The Spark® multi-mode microplate reader was
purchased from Tecan Trading Co. Ltd. (Pudong, China).
Applied Biosystems StepOne™ Real-Time PCR System was
purchased from Thermo Fisher Scientific Inc. (Waltham,
United States).

The Nucleic Acid of Viruses

The genomic RNA or DNA of Transmissible gastroenteritis
virus (TGEV), Porcine deltacoronavirus (PDCoV), and
Pseudorabies virus (PrV) were presented by Zhang Xiaorong,
Associate Professor, College of Veterinary Medicine, Yangzhou
University (Yangzhou, China). The genomic DNA of ASFV
was presented by the National Research Center for Exotic
Animal Diseases, Animal Health and Epidemiology Center
(Qingdao, China). The virus strain Porcine circovirus (PCV)
and Seneca virus A (SVA) were isolated from clinical samples
in our laboratory.

Clinical Samples

The clinical samples were all collected from a pig farm with
an outbreak of PEDV. Rectal swabs were collected according
to the standards recommended by the OIE.

PEDV Target Design

S gene sequences of Genotype I and Genotype II PEDV were
downloaded from the National Center for Biotechnology
Information (NCBI) database. The target sequences were analyzed
by SnapGene to design specific crRNAs and primers of Genotype
II PEDV. These designed sequences were used to alignment
by BLAST with the swine genome (taxid: 9823), PDCoV,
transmissible gastroenteritis virus (TGEV), porcine respiratory
coronavirus (PRCV), and the swine acute diarrhea syndrome
coronavirus (SADS-CoV) for verifying the specificity. When
CRISPR/Casl2a proteins were bound to double-stranded DNA
(dsDNA) guided by specific crRNA, its trans-cleavage activity
was nonspecifically activated to cleave ssDNA-FQ-reporter
followed by signal sensor.

Genomic RNA Extraction and Reverse
Transcription From Clinical Samples

The rectal swabs (n=72) were collected from the clinical
samples of swine breeding farms with an outbreak of
diarrhoeal. After three times of freezing and thawing, the
supernatant of 200pl was obtained by centrifugation.
Subsequently, 30ul of RNA were extracted from 200 pl
supernatant of the clinical sample by the FastPure Cell/
Tissue Total RNA Isolation Kit V2, and 1pg of RNA was
reverse transcribed into cDNA using HiScript® III 1st Strand
cDNA Synthesis Kit.

Plasmid and crRNA Preparation
The full-length S gene fragment of PEDV/JSX2014 (GenBank:
MHO056658.1) was amplified by the primers PEDV-S-F/R listed

in Supplementary Table 1; pUC57-PEDV-S was constructed
by recombining pUC57 with S gene through EcoR I and BamH
I restriction site at 5" and 3’ terminals. The pUC57 plasmids
containing crRNAs (pUC57-crRNA) were synthesized by
GenScript (Jiangsu, China). The names and sequences of crRNAs
are listed in Supplementary Table 2. pUC57-crRNA was used
as the template for transcription to obtain crRNA using T7
High Efficiency Transcription Kit (Vazyme Biotech Co. Ltd.,
Jiangsu, China). RNA products were aliquoted and stored at
—80°C until usage.

Optimization of CRISPR/Cas12a
Fluorescent Detection System

In 100pl of reaction system of CRISPR, the fluorescence
signal activated by trans-cleavage in 96-well Tecan black
flat was read by the Spark® multi-mode microplate reader,
and the initial value which was favorable for observing the
change of fluorescence signal was obtained. Firstly, the
optimal quantity of ssDNA-FQ-reporter was confirmed with
a molar gradient of 0.0625 pmolto 2pmol. The name and
sequence of reporter are listed in Supplementary Table 1.
And then, the verified molar gradient of Casl2a was from
0.5 to 10pmol. The CRISPR-FDS were performed under
15, 28, 37, and 42°C, respectively, for identifying optimal
reaction temperature. After the optimal condition was
determined, the visible fluorescence could be observed under
UV light by increasing the concentration of the
ssDNA-FQ-reporter.

RAA Reactions and Primer Design
Recombinase aided amplification of the PEDV S gene was
performed by the commercial RAA kit (Warbio biological
Co., Ltd., Jiangsu, China), primers were designed by Primer
5.0 according to the manufacturer’s instructions. The PEDV
RAA  primers named PEDV-RAA-F/R listed in
Supplementary Table 1 were designed according to the
instructions. A typical 50 pl reaction system contained 2pl of
cDNA template, 2 pl of PEDV-RAA-F (forward primer, 10 mM),
2pl of PEDV-RAA-R (reward primer, 10pM), 29.4pl of A
Buffer, 2.5p] of B Buffer, and 12.1pl of ddH2O. The reaction
tube was incubated at 37°C for 30 min for subsequent CRISPR/
Casl2a cleavage reaction.

Preparation of Lateral Flow Strips

Preparation of gold nanoparticles by sodium citrate reduction
method. Heat 0.01% chlorauric acid hydrate to a boil, then
quickly add 1ml 1% sodium citrate while stirring. Let the
solution turn wine red and continue to boil for 15min, then
cool to room temperature. Transmission electron microscope
was used to scan the ultrastructure of gold nanoparticles, and
their aggregation state and particle size distribution were then
observed. FAM antibody was coupled with gold nanoparticles
and attached to the binding pad of the strip. Digoxin antibody
and rat resistance were sprayed on NC film as quality control
line and detection line. The principle of LFSs detection is
shown in Figure 1A.
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FIGURE 1 | Establishing the CRISPR/Cas12a-LFS. (A) Schematic diagram of PEDV visual detection, the method combines RAA assay, the CRISPR/Cas12a-FDS,
and lateral flow strips (LFSs). The ssDNA reporter was labeled with FAM and digoxin (ssDNA-FD-reporter) at the 5’ and 3’ termini, respectively. The
immunochromatographic strip using Au-NPs anti-FAM antibody to show the readout. The sample band was only shown when the ssDNA-FD-reporter was cleaved
by CRISPR/Cas12a, which is activated by PEDV cDNA. Both the control line and the test line showed when the ssDNA-FD-reporter was partially cleaved, and only
the test line showed when the ssDNA-FD-reporter was completely cleaved. (B) The specificity of different porcine viruses was detected by CRISPR/Cas12a-LFS.
(C) The LOD of PEDV S gene was detected by CRISPR/Cas12a-LFS. Serially diluted synthetic pUC57-PEDV-S was used as the template.
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Lateral Flow Strips Detection Reactions

In lateral flow detection, the reporter ssDNA probe sensor
was labeled with FAM and digoxin at the 5’and 3’ termini,
respectively. The sequence of ssDNA-FD-reporter is listed
in Supplementary Table 1. The optimal CRISPR/Casl2a
detection reaction followed the conditions determined by
CRISPR/Cas2a-FDS, and the strips were then inserted into
the reaction and incubated at room temperature for 3 min.
The strips were then taken out and photographed using
a camera.

Real-Time PCR Detection
The TagMan real-time PCR detection of the PEDV § gene
was carried out using a StepOnePlus™ Real-Time PCR System

(Applied Biosystems, Massachusetts, United States) according
to the method previously reported. The TagMan RT-PCR
was performed in a final volume of 20pl containing 10 pl
of 2x AceQR qPCR Probe Master Mix (Vazyme Biotech
Co., Ltd., Nanjing, China), 0.4 ul of primer PEDV-q-F, 0.4 pl
of primer PEDV-q-R, 0.2l of TagMan probe PEDV-probe,
2pl of cDNA, and 7ul of ddH20. The PCR program was
as follows: initial denaturation at 95°C for 5min followed
by 40cycles of denaturation (95°C for 10s), annealing, and
extension (60°C for 30s). The fluorescence signal collection
occurred at the 60°C annealing extension per cycle. The
cycle value (Ct)<35.0 was judged as PEDV positive. The
sequence of the primers and probe used for qRT-PCR are
listed in Supplementary Table 1.
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(Figure 2A). As CRISPR/Casl2a recognizes a T (thymine)
nucleotide-rich protospacer-adjacent motif (PAM), five crRNAs
(crRNA1~crRNA5) with a TTTN PAM targeting the S gene
of the Genotype II PEDV were designed (Figure 2B). These
crRNA-specific binding sequences contained multiple insertions
and mutations of the Genotype I PEDV (Figure 2C).

The Optimization of CRISPR/Cas12a-FDS

To determine whether the crRNAs could specifically distinguish
GI and GII PEDV strains, the genomes of PEDV/JSX2014 (GII)
and PEDV/CV777 (GI) were used as templates for CRISPR/
Cas12a-FDS detection. All of the crRNAs bound specifically to
the genomic template of GII PEDV; whereas crRNA4 and crRNA5
bound non-specifically to the GI PEDV genome template
(Figures 3A,B). The crRNA1 showed better amplification efficiency
compared with the other crRNAs (Figure 3A). Therefore, crRNA
used in subsequent experiments were crRNAI. To achieve the
best detection performance, we optimized the molarity of the

Statistical Analysis

All experiments were performed in triplicate, and data were
shown as the mean+SD. Statistical analysis and graphing were
carried out with GraphPad Prism 8.0.

Data Availability
All data that support the findings of this study are available
from the corresponding author upon reasonable request.

RESULTS

Detection of PEDV cDNA With
CRISPR/Cas12a Detector

To sensitively and specifically detect PEDV genomic c¢DNA,
a CRISPR/Casl2a fluorescence detection system (CRISPR/
Cas12a-FDS) was established consisting of the LbCas12a protein,
PEDV-specific CRISPR RNAs, and an ssDNA-FQ-reporter
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JX501322.1 Genotype II | ggeggttatctacct tggtgaaa tttgttagecatattagaggtggte tttectageattaaaacattgggee t ttt: tggtgttt
KF468754.1 Genotype II | ggcggttatctacct: ttggtgaaa tttgttagccatattagaggtggte tttcctageattaaaacattgggee ttt: tggtgttt
KF650373.1 Genotype II | ggcggttatctacet; tggtgaaa tttgttagecatattagaggtggte tttectageattaaaacattgggee t ttt tggtgttt
KJ451043.1 Genotype II | ggcggttatctacct ttggtgaaa tttgttagccatattagaggtggte tttcctagcattaaaacattgggee t ttt tggtgttt
KJ645689.1 Genotype II | ggeggttatetacet: tggtgaaa tttgttagecatattagaggtggte tttectageattaaaacattgggee t ttt tggtgttt
KJ645706.1 Genotype II | ggcggttatctacct ttggtgaaa tttgttagccatattagaggtggte tttcctagcattaaaacattgggee t ttt tggtgttt
KJ645706.1 Genotype II | ggeggttatctacct tggtgaaa tttgttagecatattagaggtggte tttectageattaaaacattgggee t ttt tggtgttt
KJ741221.1 Genotype II | ggcggt ttggtgaaa tttgttagecatattagaggtggte tttectageattaaaacattgggee t ttt tggtgttt
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FIGURE 2 | Design of clustered regularly interspaced short palindromic repeat (CRISPR) RNA (crRNA) of porcine epidemic diarrhoea virus (PEDV) Spike gene and
schematic diagram of CRISPR/Cas12a-fluorescent detection system (FDS). (A) Schematic diagram of the CRISPR/Cas12a-FDS assay. Specific crBNAs targeting
the PEDV Spike gene were designed for PEDV genome detection. When CRISPR/Cas12a proteins were bound to double-stranded DNA (dsDNA) guided by specific
crRNA, it nonspecifically activated its trans-cleavage activity, the quenched fluorescent ssDNA was cleaved and thus stimulating fluorescence. F, fluorophore; Q,
quencher. (B) Five crRNAs targeting Spike gene selected for PEDV detection and the relative positions of these crRNAs in S gene. (C) Sequence alignment of Spike
genes from 19 strains of PEDV targeted by crRNAs. The nucleotide variants from the consensus sequence were highlighted with red color.
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ssDNA reporter and Casl2a, the concentration ratio of
Casl2:crRNA, and the reaction temperature by measuring the
dynamics of fluorescence intensity (Figures 3C-F). The fluorescence
amplification could not be detected when the molarity of the
reporter was below 0.25pmol and the amplification efficiency
was the highest when 1 pmol of the reporter was used (Figure 3C).
With an increase in the molarity of Cas12a, the time for CRISPR/
Casl2a-FDS to reach maximum fluorescence was reduced.

Considering the amplification efficiency and background
fluorescence, the optimal content of Cas12a was 2 pmol (Figure 3D).
When the concentration ratio of Casl2a to crRNA was in the
range of 1:0.5-1:4, the amplification efficiency gradually increased
(Figure 3E). When it surpassed 1:4, the amplification efficiency
decreased (Figure 3E). Finally, the amplification efficiency at 15
and 25°C was significantly lower compare with that at 37 and
42°C, whereas the reaction temperature between 37 and 42°C
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did not show a significant difference for amplification efficiency
(Figure 3F). Moreover, CRISPR/Cas12a-FDS showed no cross-
reactivity with other tested swine viruses including the double-
stranded DNA virus, ASFV (Figure 3G). The LOD for CRISPR/
Cas12a-FDS was 10® copies (Figure 3H).

Establishment of Visualized
RAA-CRISPR-FDS

To improve the detection sensitivity and reduce the dependence
on equipment, we combined RAA with CRISPR/Cas12a-FDS
and increased the molarity of the reporter to 100pmol per
reaction, so that the green fluorescence could be observed

under UV light with the naked eye (Figure 4A). As expected,
the LOD was increased from 10° to 10 copies per reaction
(Figure 4B). In addition, the specificity and LOD of visualized
RAA-CRISPR/Cas12a-FDS were consistent with that of CRISPR/
Casl2a-FDS (Figures 4C-E).

Establishment of CRISPR/Cas12a-LFS

For rapid detection, we substituted the fluorescence intensity
readout of the RAA-CRISPR-FDS with LFSs to establish the
CRISPR/Cas12a-LFS (Figure 1A). The optimal reaction conditions
identified for CRISPR/Casl2a-FDS were used for CRISPR/
Cas12a-LFS to test its reduces specificity. As a practical application,
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assay, and the CRISPR/Cas12a-FDS. (B) Sensitivity of the CRISPR/Cas12a-FDS combined with RAA. The serially diluted pUC57-PEDV-S plasmid was used as a
template. (C) After samples were detected by CRISPR/Cas12a-FDS at 37°C, the fluorescence of different porcine viruses was observed under UV light by the gel
imaging system at the 30th min. Fluorescence could only be observed in PEDV/JSX2014 tubes. (D) Sensitivity of the CRISPR/Cas12a-FDS visual observations. The
serially diluted pUC57-PEDV-S plasmid was used as a template. (E) Sensitivity of the CRISPR/Cas12a-FDS combined with RAA visual observations. The serially
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only PEDV/]JSX2014 of Genotype II was positive, whereas PEDV/
CV777 of Genotype I and other swine viruses were negative,
indicating that CRISPR/Casl2a-LFS has good specificity
(Figure 1B). Moreover, the LOD of the CRISPR/Cas12a-LFS was
1x10* copies of template DNA (Figure 1C).

Comparative Evaluation of Clinical Sample
Detection Using CRISPR/Cas12a-LFS and
qRT-PCR

The anal swabs collected from pigs with diarrhea were used to
perform the detection and comparison of CRISPR/Casl2a-LFS
and qRT-PCR assays. The positive rate for both methods was
55.8% (Figures 5A,B). Compared with qRT-PCR, CRISPR/
Casl2a-LFS also correctly identified and differentiated all 40
positive samples and demonstrated 100% coincidence (Figure 5C).

DISCUSSION

The emergence of the PED epidemic has caused significant
economic losses globally and raised public and animal health

concerns (Lin et al., 2016). PED is fatal to unvaccinated or
poorly managed pig herds and the vaccine strain of CV777
does not provide sufficient protection against the GII PEDVs
currently circulating (Zhang et al., 2020). Early diagnosis is
an important for the prevention and control of PED. Given
the diagnostic sensitivity and specificity and rapid turnaround
time for results, molecular diagnostic assays, such as conventional
and real-time reverse transcriptase-PCR (RT-PCR) assays, have
become the mainstream methods to detect PEDV (Kim et al,,
2007). However, the real-time PCR method is limited by
expensive equipment and the need for professional diagnostic
laboratories. It also requires significant time for sample
transportation from the farm to the laboratory. Therefore, it
is important to develop a rapid detection assay for GII PEDV.

Wang et al. (2020) established a rapid, sensitive and
instrument-free African swine fever virus (ASFV) detection
method based on DETECTR with LFSs (CRISPR/Cas12a-LFS).
The entire detection process can be completed in an hour
(Wang et al., 2020). Because of the high conservation between
the N gene sequences, the detection methods that target the
N gene have a more extensive detection range compared with
the S gene, but cannot distinguish between the GI and GII
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FIGURE 5 | Detection results of clinical samples. (A) Detection of PEDV cDNA in 72 rectal swab samples using CRISPR/Cas12a-LFS. The test line and control line
on the lateral strip were marked with arrows. (B) Detection of PEDV cDNA in 72 rectal swab samples using quantitative real-time PCR (QRT-PCR). (C) The Venn
diagram shows the consistency between the CRISPR/Cas12a-LFS and gRT-PCR assays.
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strains (Miller et al, 2016). Liu et al. (2022) developed a
CRISPR-/Cas12a-based detection system combined with multiplex
reverse transcriptase loop-mediated isothermal amplification,
which allows the detection of PEDV, TGEV, PDCoV, and
SADS-CoV with the naked eye. However, they do not perform
an experiment to identify different types of PEDV strains.
Based on data on the epidemic genotype, we developed a
rapid CRISPR/Cas12a-LES detection assay for GII PEDV. The
LOD of the assay is 100 copies/pl and the entire detection
process takes approximately 1.5h.

Compared with the PEDV wild-type strains, there was a
51 nt nucleotide deletion of ORF3 gene in PEDV vaccine strains.
The differences in ORF3 may serve as markers to differentiate
PEDV attenuated vaccine from wild-type strain (Liu et al,
2019). Yang et al. (2021) established a reverse transcription-
enzymatic recombinase amplification method coupled with
CRISPR/Casl12a against ORF3 gene, which can specifically
detect PEDV variant strains. In the present study, the S gene
of the variant and vaccine strains was compared and analyzed.
Then, crRNAs were designed on the basis of the results.
We established and visualized CRISPR/Cas12a-FDS and CRISPR/
Casl2a-LFS assays., which can meet different detection
requirement. All of the reaction conditions, reagents,
temperatures, and detection equipment are easy to acquire.
After RNA extraction, reverse transcription was followed by
a 30min incubation with the addition of nucleic acids to the
CRISPR/Casl2a reaction system for readthrough and
visualization. This saves more than 1h of assay time compared
with the other nucleic acid detection methods. The CRISPR/
Casl2a-FDS also enables kinetic tests on reporter cleavage,
providing information for reaction optimization and potentially
more accurate detection. Including the time required for RAA
and CRISPR/Casl2a detection, the reaction time of the entire
CRISPR/Cas12a-LFS was approximately 1.5h (Figure 1A). The
coincidence rate between CRISPR/Casl2a-LFS and qRT-PCR
for 72 clinical samples is 100% (Figure 5C). Compared with
qRT-PCR, the CRISPR/Casl2a detection platform is a more
promising option for on-site detection, because it is free of
the limitations of large-scale instruments, expertise and requires
a shorter detection time.

In conclusion, we developed a simple, economical, portable
and highly sensitive detection platform for GII PEDV. This
assay can determine whether pigs should be immunized with
PEDV/CV777 vaccine or not, avoiding the false-positive results
of the attenuated vaccine strain, PEDV/CV777. It will contribute
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