Application of CRISPR-Cas12a/Cas13a dual Enzyme cleavage technology in the differential diagnosis of chikungunya virus and dengue virus
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Supplementary Table 1. Sequence of primers/crRNAs/ssDNAs
	Oligonucleotide
	Sequence (5'-3')

	CHIKV-F1
	TTTGCATCAGCATACAGGGCTCATACCGCAT

	CHIKV-R1
	TGGCCCCACAATGAATTTGGCGTCCTTAACT

	CHIKV-F2
	GAAGTCCGAATCATGCAAAACAGAATTTGCA

	CHIKV-R2
	TGGTCGCCGTTTGCATAGGCAGTTACAGTGA

	CHIKV-F3
	GAAGCACATGTGGAGAAGTCCGAATCATGCA

	CHIKV-R3
	CTTAACTGTGACGGCATGGTCGCCGTTTGCA

	CHIKV-F4
	CATCAGCATACAGGGCTCATACCGCATCCGC

	CHIKV-R4
	CCCACAATGAATTTGGCGTCCTTAACTGTGA

	CHIKV-F5
	TTGCATCAGCATACAGGGCTCATACCGCATC

	CHIKV-R5
	GGCCCCACAATGAATTTGGCGTCCTTAACTG

	CHIKV-F6
	CAGCATACAGGGCTCATACCGCATCCGCATC

	CHIKV-R6
	ACAATGAATTTGGCGTCCTTAACTGTGACGG

	CHIKV-F7
	CATACAGGGCTCATACCGCATCCGCATCAGC

	CHIKV-R7
	ATGAATTTGGCGTCCTTAACTGTGACGGCAT

	CHIKV-F8
	ACAGGGCTCATACCGCATCCGCATCAGCTAA

	CHIKV-R8
	AATTTGGCGTCCTTAACTGTGACGGCATGGT

	DENV-F1
	GTAGNGACTAGYGGTTAGAGGAGACCCCTCC

	DENV-R1
	AGAACCTGTTGATTCAACAGCACCATTCCATT

	DENV-F2
	GACTAGYGGTTAGAGGAGACCCCTCCC

	T7-DENV-F2
	GAAATTAATACGACTCACTATAGGGGACTAGYGGTTAGAGGAGACCCCTCCC

	DENV-F3
	AGGACTAGAGGTTAGAGGAGACCCCCCGCAC

	DENV-F3
	ATCTCTGGTCTYTCCCAGCGTCATATGCTGT

	DENV-F4
	RGACTAGYGGTTAGAGGAGACCCCTCCC

	DENV-F5
	AKYRGACTAGYGGTTAGAGGAGACCCCTCCC

	T7-DENV-F5
	GAAATTAATACGACTCACTATAGGGAKYRGACTAGYGGTTAGAGGAGACCCCTCCC

	DENV-F6
	SGTAKYRGACTAGYGGTTAGAGGAGACCCCTCCC

	DENV-R3-1
	ATCTCTGGTCTYTCCCAGCGTCATATGCTGTT

	DENV-R3-2
	ATCTCTGGTCTYTCCCAGCGTCAATATGCTGTTTG

	CHIKV-Cas12a-crRNA
	UAAUUUCUACUAAGUGUAGAU

	
	CCAAGGAAAUAACAUCACUGUAA

	DENV-Cas13a-crRNA
	GAUUUAGACUACCCCAAAAACGAAGGGGACUAAAAUC

	
	GCUGGGAGAGACCAGAGAUCCUGCUGU

	ssDNA-FQ1
	FAM-TTATT-BHQ1

	ssDNA-FB
	FAM-TTTTTTTATTTTTTT-Biotin

	ssRNA-RQ2
	ROX-UUUUUU-BHQ2

	ssRNA-DB
	Dig-UUUUUUUUUUUU-Biotin
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Figure S1. Primer screening. (A) Validation and screening of CHIKV primer sets. (B) Validation and screening of DENV primer sets.
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Figure S2. Structural diagrams of the genome and the specific Cas12a‑crRNA and Cas13a‑crRNA designed for CHIKV and DENV.
(A) Schematic of the CHIKV genome and the design of Cas12a‑crRNA. The upper panel illustrates the full‑length CHIKV genome with annotations of the non‑structural protein‑coding regions (nsP1–nsP4) and structural protein‑coding regions (C‑E3‑E2‑6K‑E1). The lower panel displays the secondary structure model of the Cas12a‑crRNA designed against a conserved region of the E1 gene, showing its characteristic stem‑loop architecture comprising the targeting sequence and scaffold sequence; the PAM site is highlighted in red. (B) Schematic of the DENV genome and the design of Cas13a‑crRNA. The upper panel illustrates the DENV genome organization with regions encoding the three structural proteins (C‑prM‑E) and seven non‑structural proteins (NS1–NS5) within a single open reading frame. The lower panel presents the secondary structure model of the Cas13a‑crRNA designed against a conserved region in the 3′‑UTR, indicating the spatial configuration of the direct repeat and the specific spacer sequence. The process by which DENV target RNA is converted into dsDNA via RT‑RAA amplification and subsequently into RNA through in vitro T7 transcription is also annotated.
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Figure S3. Optimization of probe concentration for CRISPR dual-target lateral flow strip to achieve optimal negative control performance.




Supplementary Table 2. Performance Comparison of Different CRISPR‑Based Detection Systems for Dengue and Chikungunya Virus Diagnosis
	Dimension

	Traditional CRISPR Single System[35-37]
	SHERLOCKv2 Multiplex System[38]
	Our Study (Cas12a+Cas13a Dual‑Enzyme)

	Multiplexing Capability
	Single target
	Four channels, but with complex system architecture
	Dual targets (DNA + RNA), streamlined system

	Operational Simplicity
	Step‑wise reaction, highly dependent on large fluorescence instruments for readout
	Difficult to unify multi‑enzyme conditions, instrument‑dependent
	Visual readout via test strips, simple and convenient

	Limit of Detection
	10–100 copies/mL
	10–100 copies/mL (per target)
	10–100 copies/mL

	Clinical Applicability
	Suitable for laboratory settings
	Complex validation, challenging for translation
	Adaptable to primary care/field settings, easy to lyophilize and integrate

	Technical Scalability
	Requires redesign of the system
	Channel expansion limited by enzyme compatibility
	Can be modularly expanded via crRNA library
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