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Materials and methods
Nucleic acid preparation
[bookmark: OLE_LINK7]The plasmid DNA containing full length HPV was extracted with a commercial kit (Tiangen, Wuxi, China) and the concentration was quantified using a spectrophotometer (Thermo Fisher, NJ, USA). The copy number of the plasmid was calculated by the following equation: DNA copy number = (M × 6.022 × 1023)/(n ×1x109 x 650), where M is the amount of DNA in nanograms, n is the length of the plasmid in base pair, and the average weight of a base pair is assumed to be 650 Daltons.

Primer pools
[bookmark: OLE_LINK1]The conventional RPA primer pool contained 26 pirmers in equimolar quantity (2M for each, the sequences are shown in Table S1). The SPF primer pool is comprised of 3 primers (SPF1A, SPF1B, and SPF2D, shown in Table S2). As with the primer pool of PGMY/GP6+, a total of 6 primers were mixed at the concentration of 5 M for each. The enhanced PGMY/GP6+ primer pool were made by supplementing additional 4 primers into the PGMY/GP6+ primer pool (Table S3).

RPA reactions
RPA reactions were performed using a commercially available kit (Amp-Future, Weifang, China) according to the manufacturer’s protocol. Briefly, the reactions were performed at 37°C for 30 minutes in a total volume of 12.5 µL comprising RPA enzymes, 1 µL of DNA input containing the indicated copy number of HPV and 100 ng of genomic DNA from C33A cells, 1× rehydration buffer, 14 mM magnesium acetate and 0.5 µL of each primer (10 M) for the singleplex amplification, or 1 µL of the mixed primers (each at 5 M) for the multiplex detection. As with the RPA-only detection, additional 120 nM probe specific for HPV16 was supplemented into the reactions.

Cas12a detection reactions
The RPA product (10 µL) was transfered to 40 µL of the CRISPR-Cas12a reaction mixture containing 100 nM crRNA (Sangon Biotech, Shanghai, China), 50 nM Cas12a (NEB, Ipswich, UK) and 250 nM ssDNA reporter (Sangon Biotech, Shanghai, China). Then, the reactions (50 µL in a PCR tube) were incubated in a fluorescence plate reader (Molecular Devices, California, USA) or a Real Time PCR Detection System (Bio-Rad, Watford, UK) for up to 60 minutes at 37°C with fluorescent signals collected every 30 s (ssDNA FQ substrates = λex: 485 nm; λem: 535 nm).

crRNAs validation
A total of 11 crRNAs targeting the L1 region of HPVs were mixed in equimolar quantity each with the concentration of 50 nM, and this mixture was supplemented with 200 nM of the Cas12a enzyme. The sequences of all crRNAs were shown in Table S4. The solution was tested using 5 g of the HPV plasmid in a reaction containing 20 L of the solution and 5 L of the plasmid.

Analytical specificity analysis 
The specificity of the assay was evaluated by testing DNAs from other HPV types (HPV6, 11, 26, 44, 54, 55, 61, 67, 70), and other common vaginal pathogens (chlamydia trachomatis, mycoplasma hominis, trichomonas vaginalis, treponema pallidum, Streptococcus pyogenes, herpes simplex virus). For each reaction, 10000 copies of the sythetic DNA were used.
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[bookmark: OLE_LINK3]Figure S1. Detection of 13 types of HR-HPVs using conventinal RPA primer pool
Representative plot of fluorescence intensity versus time for Cas12a detection of the HPVs. The RPA reaction was performed at 37°C for 20 min using the conventinal RPA primer pool, and followed by the Cas12a cleavage assay at 37°C in a reaction containing 10 μL of the RPA amplicon and 40 μL of the Cas12a solution.

[image: C:\Users\Dell\Desktop\figures\HPV 13 types\Figure S2.tif]
Figure S2. Evaluation of SPF primer pool
The SPF primer pool was tested using 10 ng of genomic DNA extracted from Siha cells which are positive for HPV16. The RPA reaction was conducted at 37°C for 20 min and followed by Cas12a detection at 37°C for up to 60 minutes. The positive Cas12a reaction was performed using 5 g of the HPV16 plasmid. ABD: SPF1A, SPF1B and SPF2D; PC, positive control; NTC, no-template control.

[image: C:\Users\Dell\Desktop\figures\HPV 13 types\Figure S3.tif]
Figure S3. Evaluation of the GP5/GP6 primer pool
[bookmark: _GoBack]Six types of HR-HPVs were amplified using 10000 copies of plasmid for each RPA reaction. The RPA reaction was conducted at 37°C for 20 min and followed by Cas12a detection at 37°C for up to 60 minutes.

[image: C:\Users\Dell\Desktop\figures\HPV 13 types\Figure S4.tif]
Figure S4. Primer titration for the detection of HPV16
The RPA was performed in a reaction with the indicated concentration of the enhanced PGMY/GP6+ primer set. Each reaction contained 10000 copies of plasmid for HPV16 detection. NTC, no-template control.
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Figure S5. Evaluation of the RPA-only method for HPV 16 detection
The RPA-only detection was performed in a reaction with the indicated copy number of HPV16 plasmid. The primer pool of enhanced PGMY/GP6+ was used for the evaluation. NTC, no-template control.

[image: C:\Users\Dell\Desktop\figures\HPV 13 types\Figure S6.tif]
Figure S6. Evaluation of the Cas12a-only method
The fluorecence kinetics displaying the only Cas12a detection using the indicated amount of plasmid for HPV16. A reaction in a total volume of 25 L containing 5 L plasmid and 20 L Cas12a solution was performed at 37°C for up to 60 minutes. NTC, no-template control.

Table S1. Conventional RPA primer pool
	Oligo name
	Sequence(5'-3')

	RPApri-H16L1-F
	GGTTACAACGAGCACAGGGCCACAATAATGGCA

	RPApri-H16L1-R
	CCCATGTCGTAGGTACTCCTTAAAGTTAGTATTTT

	RPApri-H18L1-F
	AATTATTTGTTACTGTGGTAGATACCACTCGCAG

	RPApri-H18L1-R
	CACAACTGAAAAATAAACTGCAAATCATATTCCTC

	RPApri-H31L1-F
	TTTCCTACACCTAGCGGCTCCATGGTTACT

	RPApri-H31L1-R
	GCAGCACACACAGACATATTGGTACTACGTGT

	RPApri-H33L1-F
	ACATTGCAGGCTAATAAAAGTGATGTTCCTAT

	RPApri-H33L1-R
	CCCTATTAAAAAAGTGTCTTACAAACATTTG

	RPApri-H35L1-F
	TTTCCTACTCCTAGTGGCTCTATGGTAACC

	RPApri-H35L1-R
	GCAGAACACACAGACATATTTGTACTACGGGT

	RPApri-H39L1-F
	AGGATGGTGATATGATTGATACTGGCTATGG

	RPApri-H39L1-R
	TGTTCCCTACGTAAACAGAAGAACATACTG

	RPApri-H45L1-F
	TAAACAGGCTGTTCCTAAGGTATCCGCATATCA

	RPApri-H45L1-R
	TCATCCAATTTATTATAAAATGGATGGCCACT

	RPApri-H51L1-F
	TGCTACTCCCAGTGGGTCTATGATAACATC

	RPApri-H51L1-R
	AAAAAGCTGATTGTTCCAGCAAATGCCATT

	RPApri-H52L1-F
	TCAGGAAATCCTGGGGATTGTCCTCCCCTACAAC

	RPApri-H52L1-R
	CATATGGCTCGCTAGCCATTTGCAAATAATCTG

	RPApri-H56L1-F
	CCTCCTAGTTCTGTATATGTTGCTACGCCTAGTG

	RPApri-H56L1-R
	ACTACAGTAACAAATAATTGATTACCCCAGCA

	RPApri-H58L1-F
	ACATTGCAGGCTAATAAAAGTGATGTGCCTAT

	RPApri-H58L1-R
	CCCTATTAAAAAAGTGTCTAACAAACATTTG

	RPApri-H59L1-F
	TAGACAGGATGTTCCTAAGGTGTCTGCATATCA

	RPApri-H59L1-R
	TCATCCAATTTATTATAGAATGGATGACCACT

	RPApri-H66L1-F
	CCTCCCAGTTCTGTATATGTTGCTACTCCTAGTG

	RPApri-H66L1-R
	ACAACAGTAACAAATACCTGATTACCCCAGCA



Table S2. SPF primer pool
	Oligo name
	Sequence(5'-3')

	SPF1A
	GCiCAGGGiCACAATAATGG

	SPF1B
	GCiCAGGGiCATAACAATGG

	SPF2D
	GTiGTATCiACTACAGTAACAAA


i, inosine

[bookmark: OLE_LINK2]Table S3. Enhanced PGMY/GP6+ primer pool
	Oligo name
	Sequence(5'-3')

	PGMY11-A

	GCACAGGGACATAACAATGG

	PGMY11-B
	GCGCAGGGCCACAATAATGG

	Modified PGMY11-C
	GCACAAGGCCATAATAATGG

	PGMY11-D
	GCCCAGGGCCACAACAATGG

	PGMY11-E
	GCTCAGGGTTTAAACAATGG

	GP6+
	GAAAAATAAACTGTAAATCATATTC

	Modified PG6+ for H31, H39
	GAAATATAAATTGTAAATCAAACTC

	Modified PG6+ for H51
	GAAAAATAAATTGCAATTCATACTC

	Modified PG6+ for H56
	GAAAAACAAATTGTAATTCATATTC

	Modified PG6+ for H59, H68
	GAAATATAAACTGCAAATCATATTC



Table S4. crRNA pool and reporter used in this study
	Oligo name
	Sequence(5'-3')

	H16-L1-crRNA7
	UAAUUUCUACUAAGUGUAGAUuuacuguuguugauacu

	H18/31/33-L1-crRNA
	UAAUUUCUACUAAGUGUAGAUuuacugugguagauacc

	H35-L1-crRNA2
	UAAUUUCUACUAAGUGUAGAUuuacuguaguugauaca

	H39-L1-crRNA5
	UAAUUUCUACUAAGUGUAGAUaggaauauaccaggcacgugg

	H45-L1-crRNA3
	UAAUUUCUACUAAGUGUAGAUagcaguauaguagacaugugg

	H51-L1-crRNA3
	UAAUUUCUACUAAGUGUAGAUuuaccuguguugauacuaccag

	H52-L1-crRNA4
	UAAUUUCUACUAAGUGUAGAUaggaauaccuucgucauggcg

	H56-L1-crRNA5
	UAAUUUCUACUAAGUGUAGAUgugcaucauauuuacuuaacug

	H58-L1-crRNA3
	UAAUUUCUACUAAGUGUAGAUaggaauauguacgucauguug

	H59-L1-crRNA3
	UAAUUUCUACUAAGUGUAGAUacaguuguagauacuac

	H68-L1-crRNA4
	UAAUUUCUACUAAGUGUAGAUaggaauauguuaggcauguuga

	ssDNA FQ reporter
	FAM-CCCCCC-BHQ1



Table S5. Probes used for RPA-only detection
	Oligo name
	Sequence(5'-3')
	Description

	HPV16-Probe
	GCAGTACAAATATGTCATTATGTGCTGCCAdT-FAM A H C dT-BHQ1ACTTCAGAAACTACA-C3 spacer
	H, tetrahydrofuran
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