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ARTICLE INFO ABSTRACT

Keywords: SARS-CoV-2 is one of the greatest threats to global human health. Point-of-care diagnostic tools for SARS-CoV-2
COVID-19 could facilitate rapid therapeutic intervention and mitigate transmission. In this work, we report CRISPR-Cas13a
SARS-CoV-2 cascade-based viral RNA (Cas13C) assay for label-free and isothermal determination of SARS-CoV-2 and its

CRISPR-Cas13
RNA aptamer
Nucleic acid tests

mutations in clinical samples. Cas13a/crRNA was utilized to directly recognize the target of SARS-CoV-2 RNA,
and the recognition events sequentially initiate the transcription amplification to produce light-up RNA aptamers
for output fluorescence signal. The recognition of viral RNA via Casl3a-guide RNA ensures a high specificity to
distinguish SARS-CoV-2 from MERS-CoV and SARS-CoV, as well as viral mutations. A post transcription
amplification strategy was triggered after CRISPR-Casl3a recognition contributes to an amplification cascade
that achieves high sensitivity for detecting SARS-CoV-2 RNA, with a limit of detection of 0.216 fM. In addition,
the Cas13C assay could be able to discriminate single-nucleotide mutation, which was proven with N501Y in
SARS-Cov-2 variant. This method was validated by a 100% agreement with RT-qPCR results from 12 clinical
throat swab specimens. The Cas13C assay has the potential to be used as a routine nucleic acid test of SARS-CoV-
2 virus in resource-limited regions.

1. Introduction mortality and morbidity, significantly affecting both human health and
the global economy. By July 13th 2021, more than ~184 million
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) confirmed cases of COVID-19 infection have been reported, together

through coronavirus disease 2019 (COVID-19) has caused a high with over 4 million of death[1]. Recently, confirmed daily cases are still

Nonstandard Abbreviations: COVID-19, coronavirus disease 2019; CRISPR, clustered regularly interspaced short palindromic repeats; Cas, CRISPR associated
proteins; crRNA, CRISPR RNA; LOD, limit of detection; NASBA, nucleic acid sequence-based amplification; SARS-CoV-2, severe acute respiratory syndrome coro-
navirus 2; T4 PNK, T4 Polynucleotide Kinase.
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high, such the reported 412,262 cases in a single day in India, which
causes a huge burden on healthcare systems. Factors such as the long
incubation period and the high percentage of asymptomatic carriers
make contact tracing difficult, thus affecting outbreak prevention and
control[2]. In addition, SARS-CoV-2 variants have emerged and caused
higher transmission rates and stronger immune-escape responses|3-5].
Currently, RT-qPCR performed on nasopharyngeal and/or oropharyn-
geal swabs, remains the mainstream approach for SARS-CoV-2 diag-
nostic[6-9]. While it is sensitive and accurate, it requires well-trained
personnel, highly purified samples, as well as expensive equipment such
as a thermocycler, which limits its application in the under-equipped
laboratories. Therefore, it is necessary to establish sensitive and reli-
able point-of-care analytical tools to distinguish infected from healthy
individuals.

CRISPR (clustered regularly interspaced short palindromic repeats)
and Cas (CRISPR associated proteins) can recognize and degrade exog-
enous nucleic acid under the specific guidance of single stranded RNA,
which are self-adaptive immune monitoring systems widespread in
bacteria and archaea[10-13]. The newly discovered collateral cleavage
activity of Cas enzymes (encompassing Cas12a[13-15], Cas12b, Casl3a
[16-18], Cas13b, and Casl4[19-21] after recognizing their specific
targets turned CRISPR/Cas system into a perfect candidate for next
generation diagnostic platforms[22-26]. Among them, CRISPR/Cas13a
is the only RNA-targeted CRISPR effector, and possesses the capacity of
transcendent signal amplification[12,27,28]. A Casl3a protein (RNA
guided RNase) and a crRNA (“CRISPR RNA”: the target RNA recognizer)
are the component of CRISPR-Cas13a system. Target RNA is specifically
recognized by the crRNA and cut by Cas13a[29,30]. The activated
Casl3a collaterally cleaves the RNA probes provide, which
fluorophore-quencher labeled RNA reporter for trans cleavage activity
with a turnover efficiency of ~4854[31], thereby enabling the ampli-
fication of the target RNA recognition events. Zhang et al. developed a
diagnostic tools based on Cas13, named SHERLOCK and SHERLOCKv2
to detect viruses such as dengue and Zika virus, with the LOD (limit of
detection) as low as 50 fM and 2 aM, respectively, after the introduction
of RPA (recombinase polymerase amplification)[16,22]. The
CRISPR-Cas13a system is a promising tool for SARS-CoV-2 virus diag-
nostic[32-35]. The elimination of expensive probes (e.g., Quencher- and
fluorophore- modified RNA probes) and costly instruments (such as
thermocyclers), is expected to promote its use in the routine test of
SARS-CoV-2 virus in resources-constrained regions.

Here, we report a CRISPR-Cas13a cascade-based viral RNA (Cas13C)
assay, allowing label-free and isothermal detection of SARS-CoV-2 and
its mutations in clinical samples. Cas13a/crRNA was utilized to directly
recognize SARS-CoV-2 RNA and trigger the transcription amplification
to produce light-up RNA aptamers for output fluorescence signal
[36-38]. The Cas13C assay makes full use of the RNA-specific recogni-
tion ability of Cas13a/crRNA and integrates its trans cleavage activity in
a high-efficient cascade amplification. The specific amplification of
NASBA and the single base recognition ability of Cas13a guarantee the
high specificity of the method, enabling the discrimination of highly
homologous  coronaviruses and allowing to  discriminate
single-nucleotide mutation in the SARS-Cov-2 variant, N501Y. Also, the
Cas13C assay showed a low probability to get a false positive than
CRISPR-Cas12a-Based methods[39-42] because DNA cannot be used as
template in NASBA. Lastly, the detection protocol does not involve la-
beling probes and expensive technical equipment (e.g., thermocyclers or
real-time PCR platforms), thereby dramatically reducing the complexity
of detection and cost of equipment. The capacity of Cas13C assay for
detecting SARS-CoV-2 in throat swab samples was also evaluated,
indicating its promise in clinical use.
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2. Materials and methods
2.1. Materials and reagents

All of the DNA oligonucleotides listed in Table S1 (in the Supporting
Information), 50 x TAE buffer, 6 x Loading buffer, and agarose were
compounded from Sangon Biotech (Shanghai, China), and purified by
HPLC or PAGE. LwaCasl3a protein and its corresponding buffer
(#32117) were procured from Tolo Biotech (Shanghai, China). Klenow
exo (10 U/pL, #EP0422), Phi29 DNA Polymerase (10 U/pL, #EP0094),
RNAase H (5 U/pL, #EN0202), T4 Polynucleotide Kinase (T4 PNK, 10
U/uL, #EK0032), T7 RNA Polymerase (20 U/pL, #EP0111), RT buffer
(#K1691) and qPCR SuperMix-UDG with ROX (Platinum® SYBR®
Green) (#11744) were procured from Thermo Fisher Scientific (Wal-
tham, USA). ProtoScriptll Reverse Transcriptase (200 U/pL, #M0368S),
dNTPs (#N0447S) and rNTPs mixes (#N0466S) were procured from
NEB (Ipswich, USA). Hifair® III 1st Strand cDNA Synthesis SuperMix for
gPCR and 10000 x YeaRed Nucleic Acid Gel Stain were procured from
YeaSen (Shanghai, China). DFHBI-1 T (5-difluoro-4-hydrox-
ybenzylidene imidazolidinone) (#410-1 mg) was from Lucerna
(Brooklyn, USA). E.Z.N.A. ®Viral RNA Kit (#R6874-01) was from
OMEGA Biotek (Georgia, USA). Total RNA purified in HON2, H7N9 and
H1N1 from influenza viruses were kindly provided by Prof. Yi Shi group
(Chinese Academy of Sciences, Beijing, China). SARS-CoV-2, MERS-
CoV, SARS-CoV and SARS-CoV-2(N501Y) pseudovirus were procured
from Jiman Biotechnology Co., Ltd. (Shanghai, China). All solutions
were configured into RNase-free water (Corning, New York, USA).

2.2. Invitro transcription (IVT reaction) of crRNA, target RNA and
Broccoli

IVT reaction was conducted in the mixture of 4 uL 10 x phi29 DNA
polymerase buffer (pH 7.9 at 37 °C), 4 pL L-crRNA or L-Broccoli (10 pM)
as DNA templates (Table S1), 4 uL T7 promoter (10 uM) and 19.5 pL
H>0, incubating at 90 °C, 3 min firstly, followed closely by an incubation
at 25 °C, 15 min. Then, 1 pL dNTPs mixes and 0.5 pL phi29 DNA poly-
merase (10 U/pL) were added and incubated at 30 °C, 30 min. Phi29 was
subsequently inactivated by heating at 75 °C, 10 min. Finally, 2 pL rNTP,
1 pL T7 RNA polymerase (20 U/pL) and 8 pL its corresponding buffer
were put into the mixture and they were incubated at 37 °C for the
transcription reaction.

2.3. Viral RNA detection

RNAs were either extracted from pseudovirus using commercialized
test kit (E.Z.N.A.® Viral RNA Kit, OMEGA) according to manufacturer’s
protocol or obtained in IVT reaction. The extracted viral RNAs were
detected after the isothermal NASBA (nucleic acid sequence-based
amplification) as described in the Supplementary Material. 4 pL. RNA
samples, 4 uL crRNA (2 pM), 8 pL RT buffer, 4 pL Pre-primer (2.4 pM), 4
pL templates (3 pM), 0.5 pL ANTPs (10 mM), 2 pL rNTPs (25 mM), 1 pL
Klenow exo™ (10 U/pL), 1 pL T4 PNK (10 U/pL), 0.4 pL Lwacas13a (10
uM), 4 L DFHBI-1 T (100 pM) and 5.1 pL RNase-free Hy0 were blended-
then added 2 pL T7 RNA Polymerase (20 U/pL) onto the lid of the re-
action tube and incubated at 37 °C in metal bath for 30 min to obtained a
double-stranded DNA template containing the T7 promoter. Then
terminated the reaction through heating at 65 °C in a metal bath for 3
min. After that, the T7 RNA polymerase was centrifuged to the reaction
solution with an instantaneous centrifuge and then mixed at 37 °C, 2 h.
Finally, termination of the detection reaction through heating at 65
°C,10 min. Fluorescent signals were detected using the excitation and
emission wavelength of 468 nm and 498-650 nm respectively with a
Synergy H1 microplate reader (BioTek, USA).
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2.4. Gel electrophoresis analysis

1 pL 6 x DNA loading buffer was added into each 5 pL reaction,
analyzed by agar gel electrophoresis on a 3% concentration of 1 x TAE
buffer using 150 V for 45 min, and then visualized with a Gel Doc XR™
system (Bio-Rad, USA).

2.5. RT-qPCR analysis

Isolated RNA was converted into ¢cDNA via reverse transcription
according to the manufactures instructions of commercialized test kit
(Hifair® III 1st Strand cDNA Synthesis SuperMix for qPCR kit). Gene-
specific primers, which are listed in Table S1, were designed using
Primer 5.0. Each qPCR reaction contained 1 pL of cDNA, 10 pL qPCR
SuperMix-UDG with ROX (Platinum® SYBR® Green), 0.4 pL of each
forward and reverse primers (10 pM) in 8.2 puL RNase-free H,O (final
volume, 20 pL). All RT-qPCR analyses were done in 4 times. The RT-
qPCR was carried with 40 cycles using the following conditions: 95
°C, 105, 60 °C, 10 s, and 72 °C, 15 s. The qPCR reaction was performed
by using QuantStudio® 3 Real-Time PCR System (Thermo Fisher
Scientific).

3. Results
3.1. Working principle

The SARS-CoV-2 RNA detection reaction scheme is illustrated in
Fig. 1. The Cas13C assay is composed of Casl3a/crRNA system, a Pre-
primer, a transcription template and the required enzymes (kleno-
w*%, T4 PNK and T7 RNA polymerase). We chose LwaCas13a because it
is prone to cleave uracil ribonucleotide (rU) flanked phosphodiester
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linkage. Thus, we designed a pre-primer bore two “rU” as the substrate
of Cas13a/crRNA. The pre-primer is consisted of transcription template
anchor, two “rU” and 3’ overhang. The 3’ overhang can prevent the
chain elongation when the target is absent. The transcription template is
consisted of pre-primer anchor, a 5-nt space, a T7 promoter comple-
mentary sequence (L-T7 promoter) and an aptamer complementary
sequence (L-broccoli).

Upon recognition of the SARS-CoV-2 RNA target, Casl3a/crRNA
collaterally cleaves pre-primer from the “rU” cut site releasing the
mature primer. Then, the remanent 5’-end of the pre-primer fragment
which anchored in the transcription template can further initiate klenow
(exo’)-mediated chain elongation after its 3’-end dephosphorylated by
T4 PNK. Next, transcription amplification is initiated by T7 RNA poly-
merase, which generates abundant light-up RNA aptamers, broccoli. The
fluorescence emitted from DFHBI-1 T-broccoli aptamer complex would
indicate the presence of SARS-CoV-2 RNA. In this design, instead of
using a labeled RNA probe, the transcription template, containing an
aptamer sequence, is introduced into the system to generate a versatile
reporting aptamer probe able to monitor the activation of CRISPR-
Casl3a. The proposed Cas13C assay enables a high sensitivity (sub-
femtomolar concentrations) and specificity for single-nucleotide reso-
lution as a consequence of the dual amplification steps including NASBA
(nucleic acid sequence-based amplification), transcription and direction
mismatch recognition of Cas13a-crRNA.

Firstly, we demonstrated the feasibility of using broccoli aptamers to
quantificationally monitor SARS-CoV-2 RNA by measuring fluorescence
intensity. The measured fluorescence intensities showed a linear rela-
tionship with the concentrations of broccoli aptamers in the range of 0 —
30.00 uM (Supplemental Fig. 1). We used a synthesized RNA sequence in
the N gene of SRAS-CoV-2 serving as the target RNA sequence to test the
Casl3C assay. The target RNA-activated trans-cleavage activity of
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Cas13a/crRNA was verified using FAM-BHQ1-modified RNA reporter,
polyU reporter (Fig. 2, A). Fluorescence analysis was further used to
investigate each step of Cas13C assay. Lack of transcription amplifica-
tion either in the absence of T7 polymerase, pre-primer or SRAS-CoV-2
gene showed a fluorescence close to 0 (Fig. 2, B). The presence of the
mature-primer increased the fluorescence to be ~60,000 a.u, indicating
that the mature-primer allowed to initiate the transcription amplifica-
tion. In Cas13C assay, the transcription amplification was initiated using
the mature primer which comes from the pre-primer, cleaved via target-
activated Casl3a/crRNA. However, the 5°-end of the pre-primer frag-
ment retains a 2°,3’-cyclic phosphate at its 3’-end, which might impede
its extension to form a transcription template using DNA polymerase
[22]. We found that the addition of T4 PNK to convert the 5’-end of the
pre-primer fragment into a mature primer via a dephosphorylation
allowed to initiate the DNA extension reaction and transcription
amplification (Fig. 2, B).
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Gel electrophoresis was used to further validate each step of Cas13C
assay (Fig. 2, C). The analysis of the gel showed a new band close to the
band of the transcription product, which corresponds to broccoli (line 1)
in addition to the SARS-CoV-2 RNA (lane 3). No broccoli product was
found in the group with no target RNA (lane 4). No addition of T4 PNK,
T7 polymerase and pre-primer (lane 5, 6, 7) also did not release any
broccoli.

3.2. Optimization of the Cas13C assay

The pre-primer was designed with two rU to serve as the substrate of
the activated crRNA/ Casl3a. It is essential to test whether the 3’
overhang of the pre-primer can effectively prevent self-elongation in the
absence of targets. A series of pre-primers with an overhang of 0, 1, 2, 4
and 6 nucleotides (nt) were designed (Fig. 3, A). When the extension of
the overhang nucleotides was 4 nt, the fluorescence after transcription
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Fig. 2. Validation of the work principle of the Cas13C assay. (A) Fluorescence response of Cas13a/crRNA induced-cleavage of FAM-BHQ1-modified RNA reporter
with or without SARS-CoV-2 RNA. (B) Fluorescence analysis for each reaction in the Cas13C assay. The concentrations of mature-primer, pre-primer, Casl3a protein,
T4 PNK, T7 polymerase and SARS-CoV-2 RNA were 240 nM, 240 nM, 100 nM, 0.5 U/pL, 0.56 U/pL, and 10 nM, respectively. (C) Electrophoresis analysis of each

reaction product in the Cas13C assay, M is the nucleic acid marker.
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Fig. 3. Quantification performance of the Cas13C assay for SARS-CoV-2 determination. (A) The design of Pre-primer sequences with an overhang of 0, 1, 2, 4 and 6
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amplification in the presence of Pre-primer was very close to the fluo-
rescence in the absence of pre-primer (Fig. 3, B), indicating that the
addition these bases can hinder the elongation reaction and the tran-
scription amplification, and only the cleavage pre-primer can initiate the
transcription amplification process.

In addition, an optimal crRNA candidate that can stably bind both
the Cas13a and the viral RNA is critical for the Cas13C assay. All crRNAs

were designed targeting the conserved and specific domain (~30 nt) of
the SARS-CoV-2 (N gene) by searching the NCBI gene database (Fig. 3,
C). The sequences of the crRNAs are listed in Fig. 3, C and Table S1. To
intuitively reflect the trans cleavage activity of the LwaCas13a-equiped
different crRNAs, PolyU was administered as substrates with the crRNA-
Cas13a complex. We defined a signal-to-background ratio as the ratio of
the fluorescence of the polyU cleavage reaction in the presence of target
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to that in the absence of target. These crRNA candidates showed
different response to SARS-CoV-2 RNA. For examples, crRNA-4, 5 and 8
generated a relatively low fluorescence in the presence of the target
(Fig. 3, D). crRNA-1 and 2 showed a higher fluorescence response in-
tensity to the reaction, but they also had a high signal-to-noise ratio due
to their relatively high background fluorescence (Fig. 3, D). The failure
of these crRNAs for efficient recognition of SARS-CoV-2 could be
attributed to the complex secondary structure of SARS-CoV-2 genes as
well as the sequence bias of Casl3a activation. Among the 10 crRNA
candidates, the crRNA-10 bound to Cas13a achieved the highest signal-
to-background ratio, therefore, we chose it for the subsequent studies. In
addition, we also examined whether crRNA/Cas13a ratio influenced the
cleavage capacity of the crRNA/Casl3a activator. The result showed
that the use of the crRNA with a ratio of crRNA to Casl3a of 1:1 could
fully cleave the polyU reporter (Supplemental Fig. 2, A), and the signal-
to-background-ratio was the highest when the ratio was 2:1. An optimal
ratio of Pre-primer to template as 0.8:1 was also determined based on
the measurement of the signal-to-background-ratio (Supplemental
Fig. 2, B).

3.3. Quantification performance

To test the quantification performance of the Casl3C assay, we
constructed a lentivirus containing the S, E and N genes from SARS-CoV-
2 to serve as SARS-CoV-2 pseudovirus (S-E-N, Supplemental Fig. 3). We
first amplified the RNA sequences extracted from SARS-CoV-2 pseudo-
viruses by NASBA (Supplemental Fig. 4 and Fig. 5). At the optimized
conditions, we validated the analytical performance of the Cas13C assay
by utilizing a series of concentrations (0.0 fM ~ 50.00 fM) of SARS-CoV-
2 pseudoviruses. The fluorescence intensity of the Casl13C assay was
gradually enhanced with the increasing copy number of SARS-CoV-2
pseudovirus as showed in Fig. 3, F. Moreover, the measured fluores-
cence intensities showed a linear relationship with SARS-CoV-2
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pseudoviruses in the range of 0.006 - 12.50 fM (y = 773.12x + 3512.90;
R2:0.9981) (Fig. 3, G), where y is the fluorescence intensity of the
Cas13C assay and x is the concentration of SARS-CoV-2 RNA (fM). The
limit of detection (LOD) for the Cas13C assay was 0.216 fM per reaction
for detecting SARS-CoV-2 pseudoviruses (calculated at 3 times the
standard deviation of the background), and the sensitivity is comparable
to SHERLOCK (with a LOD of 50 fM).

3.4. Specificity tests

We next chose two coronavirus species (SARS-CoV and MERS-CoV)
and three influenza viruses (H7N9, HIN1 and HIN2), to evaluate the
specificity of the proposed methods for SARS-CoV-2 RNA detection.
Fig. 4, A shows the experimental workflow of the specificity tests. As
showed in Fig. 4, B and Fig. 4, C, despite highly similarity of the se-
quences of the N gene in SARS-CoV-2, SARS-CoV and MERS-CoV (Fig. 4,
C), only SARS-CoV-2 RNA produced high fluorescence. In contrast, the
response to SARS-CoV, MERS-CoV, H7N9, HIN1 and HIN2 was close to
the background (with no addition of viruses). This result indicates that
the Cas13C assay allowed to specifically recognize SARS-CoV-2.

3.5. Mutant strain-discrimination

Spike glycoprotein mutations, such as the N501Y mutation, are
present in many SARS-CoV-2 variants. These mutations can lead to the
change of the RBD domain in spike protein, which is associated with
strengthening the interaction with the ACE2 receptor, possibly
contributing to increased transmissibility[43,44]. It has been reported
that using the only ancestral crRNA can be directly discriminate the
single-nucleotide variations[16]. Inspired by that, we engineered a se-
ries of crRNAs with single mutations at various positions (Fig. 5, A), to
test their capability of distinguishing the N501Y mutant from the wild
type. As we can see in Fig. 5B, the high fluorescent response of the polyU
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Fig. 4. Specificity tests of the Cas13C assay for detecting SARS-CoV-2 RNA. (A) A schematic of the Cas13C assay workflow from detecting pseudovirus samples. (B-C)
Fluorescence response of the Cas13a assay towards different viral RNAs (SARS-CoV-2, H7N9, HIN1, MERS-CoV, HIN2, and SARS-CoV); (Inset) The sequences of the
N gene of SARS-CoV-2, SARS-CoV and MERS-CoV. The different sections in SARS-CoV and MERS-CoV compared to SARS-CoV-2 are indicated in red. F is the
fluorescence signal of the Cas13C assay upon the addition of each viral RNA; Fy is the fluorescence signal without any viral RNAs. The concentrations of each
pseudoviruses were 100 nM. Quantitative data were shown as means + SD, ~"p < 0.0001 was deemed to have statistically significant.
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cleavage reaction was observed when using crRNA_S4/5. The best
discrimination rate was found with crRNA_S5, so we chose it for the
subsequent experiments. Then, we sought to determine if the Cas13C
assay had the ability to discriminate N501Y mutations in the presence of
varying proportions of wild type RNAs. We found that the Cas13C assay
was able to discriminate the N501Y-mutated variant when it was 5% of
the variants (Fig. 5, C). These results demonstrate that the Cas13C assay
can be used to detect SARS-CoV-2 variants owes with single-base
discrimination capacity.

3.6. SARS-CoV-2 detection in clinical throat swab samples

Oropharyngeal swab is the most commonly used sampling method
for the diagnose of COVID-19 in the clinic. In order to test the feasibility
of the Cas13C assay to detect SARS-CoV-2 from clinical samples, throat
swab samples of COVID-19 patients were collected from the West China
Hospital (Ethical Approval, 2020(100)). The extracted RNA was divided
into two parts, one for analysis by the Cas13a assay and the other for RT-
qPCR. The extraction of SARS-CoV-2 and RT-qPCR method were per-
formed following the guidelines from WHO[6]. The overall workflow
implemented for the detection of throat swab samples by the Cas13C
assay is depicted in Fig. 6, A. Fig. 6, B illustrates that the samples from
the six confirmed cases resulted in a clear increase in fluorescence
compared with the background, while no significant statistical differ-
ence with the background were found (P > 0.05) between the signals of
the non-infected cases. The RT-qPCR results show an increased abun-
dance of the N gene in patients in comparison to the non-infected cases
(Fig. 6, C). Therefore, the results from the Cas13C assay were in good
accordance with the RT-qPCR results, indicating the potential of the
Cas13C assay to be used as a complementary tool for SARS-CoV-2
diagnostic.

4. Conclusions

In summary, we constructed a label-free and isothermal method
based on CRISPR-Cas13a for SARS-CoV-2 diagnosis with the capacity to
discriminate between variant strains. The assay, termed Cas13C, uses
Cas13a/crRNA to directly recognize viral RNAs. Instead of using labeled
RNA probes, the target RNA can be quantified using RNA aptamers
generated after transcription amplification. The Cas13C assay can pro-
vide a linear response between 0.006 fM to 12.50 fM and achieves a LOD
of 0.216 fM, which is comparable to that of SHERLOCK (50 fM)[16].
Importantly, highly homologous coronaviruses can be discriminated
using the Casl3C assay. The strategy was demonstrated to detect
SARS-CoV-2 variants with single-base mutations. We showed that
SARS-CoV-2 can be detected from throat swabs, which can indicate the
potential use of this technique in clinical application. Moreover, the
Cas13C assay is a homogeneous and isothermal method which does not
need a labeled nucleic acid probe and expensive temperature-control
equipment, facilitating its use in resource-limited regions.
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