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Establishment of a rapid detection method for arthropod—borne viruses
based on RT-RAA and CRISPR/Cas13a
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Abstract: Objective To combine reverse transcription recombinase —aided amplification (RT-RAA) technology with the
CRISPR/Cas13a detection system to establish a rapid, sensitive, and specific detection method for arthropod—borne viruses
(RT-RAA-CRISPR/Cas13a). Methods We designed and synthesized RT-RAA isothermal amplification primers and specific
crRNAs for four arthropod —borne viruses, namely, Zika (ZIKV), dengue (DENV), Japanese encephalitis (JEV), and
chikungunya (CHIKYV), and screened for the optimal combinations of amplification primers and crRNAs to establish the
detection system. Viral nucleic acids were detected by fluorescence and lateral flow assay to determine the sensitivity and
specificity. A TCEP/EDTA-based heat lysis protocol was optimized to enable virus detection without nucleic acid extraction.
Results Highly efficient amplification primers and ¢crRNAs for ZIKV, DENV, JEV and CHIKV were screened, and an RT-
RAA —-CRISPR/Cas13a fluorescence and lateral flow assay was established for detection of arthropod —borne viruses. The
method can complete the detection in 40 min, and the lowest detection limit was 10% copies/wl (ZIKV, DENV and CHIKV) to
10" copies/pwl  (JEV), and the sensitivity was comparable to that of RT—qPCR. There was no cross—reactivity among the four
pathogens, and the specificity was high. Meanwhile, this method combined with nucleic acid extraction —free method can
directly detect virus particles in liquid samples, which has the potential for field site application. Conclusion The CRISPR/

Cas13a-assisted RT-RAA method established in this study demonstrates notable advantages, including simple operation,
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rapid reaction, high specificity, superior sensitivity, and low cost, and does not rely on specialized nucleic acid detection

equipment, but only requires a thermostatic heating instrument to complete the detection. The method is suitable for the

immediate detection of arthropod—borne viruses, offering a novel technical platform for arbovirus identification.

Keywords: Arthropod —borne virus; Reverse transcription recombinase —aided amplification (RT-RAA); CRISPR/Cas13a;

Nucleic acid detection
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Table 1 ZIKV, DENV, JEV, CHIKV RT-RAA primers, RT-qPCR primers and crRNA sequences

CIRZE JPHl(5'-3")

D-RT-RAA-F1 GAAATTAATACGACTCACTATAGGGCAACACAACTACAGACCAGGCTACCATAC

D- RT-RAA-F2 GAAATTAATACGACTCACTATAGGGCAACTACAGACCAGGCTACCATACACAAAC

D- RT-RAA-R1 GTCCTCTATTTCCACAGTCCTCAGTCACC

D- RT-RAA-R2 AGATCGGCAGCACCATTCTGTTATGAGTT

7Z—- RT-RAA-F1 GAAATTAATACGACTCACTATAGGGCAAAGACAAATAACAGCTTTGTCGTGGATGG
7Z-RT-RAA-F2 GAAATTAATACGACTCACTATAGGGTACTTCGTCAGAGCAGCAAAGACAAATAAC

7Z— RT-RAA-F3 GAAATTAATACGACTCACTATAGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGA

7Z—- RT-RAA-RI ACCTTGAGCCAGACACTAGTGTGAAATACC

7Z—- RT-RAA-R2 AATCTTCTCTAACCTTGAGCCAGACACTAG

7Z—- RT-RAA-R3 GATCACACTCTAATGAATAATCTTCTCTAA

J- RT-RAA-F1 GAAATTAATACGACTCACTATAGGGTTTACAGTAACACCCAATGCTCCTTCGGTAG
J-RT-RAA-F1 GAAATTAATACGACTCACTATAGGGAAGTTTACAGTAACACCCAATGCTCCTTCGG

J- RT-RAA-R1 CCACTCCCTATGGACCAGAAATGACTTTGAC

J- RT-RAA-R2 AGTTCTCTGTTTCTCCACGCTGTGCTCGAA

C— RT-RAA-F1 GAAATTAATACGACTCACTATAGGGCTGGATGAAGCAAAGGAGCAACTATTACT
C-RT-RAA-F1 GAAATTAATACGACTCACTATAGGGGCAACTATTACTTAAGAAACTCCAGGAGAA

C— RT-RAA-R1 GTATAGTCCACAGCCTCTCTTTAGTCTCT

C— RT-RAA-R2 TCTGACATTAAGTATAGTCCACAGCCTCTC

Z—crRNA GGGAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACGCUGUUCCAUGCUCUAUGUUUGAGUGGG
D-crRNA GGGAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACCACUGUGGUUCCUUCGCAGAAAUCAAAG
J—crRNA GGGAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACCGCUUCAGUGUUCAGUCCACUCCUUGGC
C—crRNA GGGAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACUUGCGCGACUGAUACCUGCUUCUGUUGG
7-RT-qPCR-F AAGTTTGCATGCTCCAAGAAAAT

7Z-RT-qPCR-R CAGCATTATCCGGTACTCCAGAT

Z-RT-qPCR-P ACCGGGAAGAGCATCCAGCCAGA

D-RT-qPCR-F AAACCGTGCTGCCTGTAGCT

D-RT-qPCR-R TCCTCTAACCGCTAGTCCAATACG

D-RT-qPCR-P CTTCCATGGTTTGTGGCCTCCCAG

J-RT-qPCR-F GGCTCTTATCACGTTCTTCAAGTTT

J-RT-qPCR-R TGCTTTCCATCGGCCYGAAA

J-RT-qPCR-P AGCATTAGCCCCGACCAAGGCG

C-RT-qPCR-F CATGGCCAACAGAAGCAGGT

C-RT-qPCR-R ACAGCCTCTCTTTAGTCTCTGGA

FAM-RNA-BH(Q
FAM-RNA-Biotin

FAM-UUUUUU- BHQ
FAM-UUUUUUUUUUUUUUUUUUUU- Biotin

I :RT-RAA 355 BT 25 DML R T7 B3 7551,
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Table 2 Detection systems using CRISPR-based fluorescence and lateral flow assay

W ZIKV .CHIKV DENV JEV
PO R AR (D) AR AT (D) PR (D) AR AR (D)

Cas13a(1 pmol/L) 2 5 2 5
crRNA(1 pmol/L) 2 5 2 5
RNA Reporter(5/2 pmol/L) 2 5 2 5
RNase Inhibitor(10 U) 1 2.5 1 2.5
ATP 1 2.5 0.5 1.25
GTP 1 2.5 0.5 1.25
CTP 1 2.5 0.5 1.25
uTp 1 2.5 0.5 1.25
TranscriptAid Enzyme Mix 1 2.5 0.5 1.25
S5xTranscriptAid Reaction Buffer 2 5 2.5
5xCleavage Buffer 2 5 2 5
DNase/RNase free water 2 5 5.5 13.75
R 2 5 2 5
AR 20 50 20 50
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Figure 1 Primer screening for arbovirus RT-RAA detection
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Figure 2 Establishment of CRISPR/Cas13a detection method and specificity test
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