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without relying on complex optical detection systems. It obtains results quickly based on signals,
such as visible light, changes in air pressure, and migration distance, that can be directly observed
by naked eyes, being widely used in the in vitro diagnostics industry. The CRISPR-Cas system
has the potential to be used in the development of point of care testing (POCT) technologies due
to the advantages of mild reaction conditions, no need for thermal cycling or other control
measures, and a robust signal amplification capability. In recent years, the combination of visual
detection and CRISPR-Cas has significantly reduced the need for laboratory infrastructures,
precision instruments, and specialized personnel for nucleic acid detection. This has promoted the
development of POCT technology and methods for nucleic acids. This article summarizes the
signal output modes and characteristics of the visual detection of nucleic acid by CRISPR-Cas
and discusses the issues in the application. Finally, its future clinical translation is envisioned

with a view to informing the development of CRISPR-Cas visualization assays.
Keywords: CRISPR-Cas; visual detection; nucleic acid detection; point of care testing (POCT)
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Table 1 Comparison of Cas9, Casl2a, and Cas13a
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JE 9 P9 S LA DGR R, 2 4 A
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% Cas9 4 11 1) CRISPR %#4; . Casl2 (Cpfl)%%
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ICREXS AL PRI T BTV, 3k AT SR e YD HE
P11 4#] ssDNA B ssRNA, Casl2a. Casl3a 51

Cas effector Cas9 Casl2a Casl3a
sgRNA crRNA _ ssDNA crRNA ‘ v oIk
% 5 é 2 %Irl
dsDNA dsDNA ssRNA
Type 1l \% \%
Spacer length About 30 nt 18-24 nt 22-30 nt
tractrRNA Yes No No
PAM/PFS 3" G-rich PAM 5" T-rich PAM 3’ non-G-PFS
Substrate dsDNA dsDNA, ssDNA ssRNA
Collateral cleavage None ssDNA ssRNA

sgRNA: Single guide RNA; dsDNA: Double stranded DNA; crRNA: Crispr RNA; ssRNA: Single stranded RNA; ssDNA: Single
stranded DNA; PAM: Protospacer adjacent motif; PFS: Protospacer flanking sites.
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Table 2 Application of CRISPR/Cas technology in visualized nucleic acid detection of pathogens

Visual analysis Pathogen Cas effector Target Amplification Sensitivity Time Reference
method
Visible HPV Casl2a DNA RPA 17 pmol/L 2.5h  [19]
spectrophotometry gy Casl2a DNA SDA 41.8 pmol/L 1.75h [20]
Bacillus anthracis Casl2a DNA RPA 1 copy/reaction 1.5h [21]
Zika virus Cas9 RNA NASBA fmol level 2-6h [22]
Particle scattering SARS-CoV-2 Casl2a RNA RT-RPA 1 copy/reaction 1h [23]
spectrometry African swine Casl2a/Casl3a DNA/RNA RPA fmol level 1h  [24]
fever
SARS-CoV-2 Casl2a RNA RT-RPA 50 copies/reaction 1.5h [25]
Listeria, African  Cas9 DNA PCR 150 copies/reaction 1h [26]
swine fever
SARS-CoV-2 Cas9 RNA PCR 2.5 copies/uL 1.2h [27]
SARS-CoV-2 Cas9 RNA RT-RPA 4 copies/pL 1h [28]
Other methods Invasive fungi Casl2a RNA RAA 10 CFU/mL 2h [29]

RPA: Recombinase polymerase amplification; SDA: Strand displacement amplification; NASBA: Nucleic acid sequence-based
amplification; RAA: Recombinase aided amplification.
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Figure 1 Detection principle based on visible spectrophotometry visualization. A: Horseradish peroxidase
direct assay scheme. B: Horseradish peroxidase indirect detection scheme. C: Deoxyribozyme test protocol.

Atk

D: B-galactosidase test protocol.
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Figure 2 Based on the principle of visual detection of gold nanoparticles in solution. A: AuNPs dependent
surface-modified DNA assay protocol. B: Optimization scheme mediated by linker. C: Biotin magnetic

bead-mediated optimisation scheme.
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Figure 3 Based on the principle of visual detection by chromatography. A: Cas protein trans-cutting

activity-dependent detection scheme. B: Solid-phase probe hybridisation-dependent detection scheme. C:
Assay scheme for fusion expression of dCas9 with relaxase VirD2. D: Biotin-modified dCas9 detection

scheme.
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Figure 4 Principle of visual detection based on pressure signals.
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