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SUPPLEMENTARY FIGURES

[image: ]

Fig. S1. Gel source data. a) Fig. 2a, b) Fig. 3f, c) Fig. 5b, d-e) ED Fig. 2c, f-g) ED Fig. 5b, h) SI Fig. 2b, i) SI Fig. 2d, j) SI Fig. 3a. Each gel image is representative of three independent replicates, and the red borders represent the displayed gel area for their corresponding figures. 
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Fig. S2. Purified GeCas12a2 and SuCas12a2 have similar catalytic activity. a) Chromatogram of SEC for GeCas12a2. b) Apo GeCas12a2 after size exclusion chromatography (SEC) run using 12% SDS PAGE.  c) Chromatogram of SEC for apo SuCas12a2. d) Apo SuCas12a2 after size exclusion chromatography (SEC) run using 12% SDS PAGE. For gel source data, see Supplementary Figure 1.
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Fig. S3. Ge(d)Cas12a2 is catalytically inactive in vitro and in cells. a) E1062A GeCas12a2 (Ge(d)Cas12a2) is unable to cleave a fluorescently labeled dsDNA probe in vitro in the presence of a target RNA and on-target guide. Representative gel for three independent replicates. b) Cell quantification by GFP imaging (GFP object count) following electroporation with either GeCas12a2 or Ge(d)Cas12a2 RNPs against the indicated targets in HeLa-GFP cells, normalized to non-target. Circles in b represent biological replicates (n = 3), bars and error bars represent the mean and standard deviation. Two-tailed unpaired t-test with Welch’s correction was performed,  ns: p > 0.05. ***: p < 0.001.









[image: ]
Fig. S4. RNA-triggered SuCas12a2 eliminates mammalian cells expressing a target RNA. a) Interrogating the impact of RNA-triggered SuCas12a2 in human cells. b) Phase contrast images of HEK293-GFP cells following electroporation with SuCas12a2 against the indicated targets. Representative of three biological replicates. c) Cell quantification by phase imaging (confluence) following electroporation of SuCas12a2 RNPs against the indicated targets in HEK293-GFP cells. Circles in c represent biological replicates (n = 3), bars and error bars represent the mean and standard deviation. Two-tailed unpaired t-test with Welch’s correction was performed,  ***: p < 0.001.
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Fig. S5. Cas12a2 depletes slower-dividing cells with DNA damage resistance. a) Growth curves over time by phase imaging (confluence) with untreated or 2 µM Etoposide-treated conditions (Etop) for the indicated cell lines. Growth curves represent the average of three biological replicates. b) Cell quantification by phase imaging (confluence) following electroporation with GeCas12a2 RNPs against the indicated targets in PC3-GFP cells, normalized to non-target. Circles in b represent biological replicates (n = 3), bars and error bars represent the mean and standard deviation. Two-tailed unpaired t-test with Welch’s correction was performed,  ***: p < 0.001.















[image: ]

Fig. S6. Cas12a2 RNP-driven cell depletion is dose-dependent. a) Cell quantification by SRB following electroporation of either GeCas12a2 or SuCas12a2 RNPs against the HPV18.E6 target at varying pmol doses in HeLa-GFP cells, normalized to non-target. b) Cell quantification by SRB following electroporation of either GeCas12a2 or SuCas12a2 RNPs against the GAPDH target at varying pmol doses in HeLa-GFP cells, normalized to non-target. Circles in a and b represent biological replicates (n = 4), bars and error bars represent the mean and standard deviation.
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Fig. S7. Cas12a2 triggers apoptotic and necrotic cell death pathways. a) Pseudocolor dot plots displaying gating strategy and the relative percentages of Annexin-V and DAPI positive cells 48 hours following electroporation with GeCas12a2 RNPs against the indicated targets in HeLa-GFP cells. Representative of three biological replicates. b) Histogram plots displaying gating strategy and the relative percentages of NucView 405 positive cells 48 hours following electroporation with GeCas12a2 RNPs against the indicated targets in HeLa-GFP cells. Representative of three biological replicates.
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Fig. S8. Cas12a2 triggers enrichment of apoptotic and immunogenic gene expression pathways. Plots demonstrating non-normalized enrichment scores of individual mRNA transcripts (dashed vertical lines) for apoptosis, inflammatory response, and TNF-α via NF-κB hallmark pathways 48 hours following treatment with Nigericin (red) or electroporation of GeCas12a2 RNPs targeting the GFP transcript (blue) compared to negative controls in HeLa-GFP cells. Enrichment scores were determined from the average of three biological replicates. 
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Fig. S9. SuCas12a2 induces extensive dsDNA breaks followed by apoptosis, similar to GeCas12a2. a) Quantification of median 53BP1 foci per cell 24 hours after treatment with 1 µM of cisplatin (Cp) or etoposide (Etop) or with SuCas12a2 RNPs against the indicated targets in HeLa-GFP cells. 290-490 total cells analyzed per condition. b-c) Percentage of cells positive for Annexin V staining or Caspase 3/7 activity 48 hours following electroporation with SuCas12a2 against the indicated targets in HeLa-GFP cells. ~10,000 total cells analyzed per replicate. d) Quantification of DNA content per cell following electroporation with SuCas12a2 RNPs against the indicated targets in HeLa-GFP cells after 48 hours. Histogram traces show distributions of cellular DNA content determined by DAPI staining for one representative biological replicate (n = 3). ~10,000 total cells were analyzed per replicate. e) Percentage of population in distinct cell cycle stages based on the gating shown in d. Circles in a-c and e represent biological replicates (n = 3 or 5), bars and error bars represent the mean and standard deviation. Two-tailed unpaired t-test with Welch’s correction was performed, ns: p > 0.05. *: p < 0.05. ** p < 0.01. ***: p < 0.001.
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Fig. S10. Cas12a2 selectively enriches non-target cells from within a co-culture. Flow cytometry dot plots representing the gating strategy for quantification of GFP and RFP positive HeLa cells within a co-culture following electroporation with GeCas12a2 RNPs against the indicated targets. Representative of three biological replicates. Quantification of each gated population is reported in each respective quadrant. Color scale: Blue (lowest cell density), Green, Yellow, Red (highest cell density).
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Fig. S11. NCI-H23 cells develop resistance to Sotorasib with prolonged exposure. a) Growth curves (confluence) of naïve NCI-H23 cells following treatment with DMSO (Veh) or Sotorasib (Soto). b) Growth curves (confluence) of Sotorasib-resistant NCI-H23 cells following treatment with DMSO or Sotorasib4. Growth curves represent the average of three biological replicates.
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Fig. S12. SuCas12a2 differentiates KRAS(G12C) point mutation from WT. a) NLS-fused SuCas12a2-P2A-GFP is genomically integrated and exogenously expressed in NCI-H23 and U2OS cells. SuCas12a2 activation is triggered by transfection of gRNAs. b) Cell quantification by GFP fluorescence imaging (total integrated intensity) following one or two doses of transfected gRNAs against the indicated targets in NCI-H23 SuCas12a2-P2A-GFP cells, normalized to non-target. c) Cell quantification by GFP fluorescence imaging (total integrated intensity) following one or two doses of transfected gRNAs against the indicated targets in U2OS SuCas12a2-P2A-GFP cells, normalized to non-target. d) Quantification of median 53BP1 foci per cell 24 hours following transfection of gRNAs against the indicated targets in NCI-H23 SuCas12a2-P2A-GFP cells or e) U2OS SuCas12a2-P2A-GFP cells. f) Cell quantification following transfection of gRNAs against the indicated targets in Sotorasib-resistant NCI-H23 SuCas12a2-P2A-GFP cells, normalized to non-target. Bars and error bars represent the mean and standard deviation (n = 3 biological replicates). Two-tailed unpaired t-test with Welch’s correction was performed, ns: p > 0.05. *: p < 0.05. ***: p < 0.001.



SUPPLEMENTARY TABLES 

Table S1. GeCas12a2 PFS depletion scores. See the attached Excel file. 

Table S2. Targeted genes’ measured transcript levels. RNA levels from analysing the mRNA transcriptome are recorded in units of fragments per kilobase of transcript per million mapped reads (FPKM). All of the expression levels were determined using internal RNA sequencing results. Further details regarding where the off-targets are located in their respective chromosomes could be found in Table S6.
	Gene name
	Expression Level (FPKM)
	Cell Line

	GFP
	1,217
	HeLa-GFP

	GFP
	6,959
	HEK293-GFP

	GAPDH
	6,115
	HeLa-GFP

	GAPDH
	2,479
	HEK293-GFP

	GAPDH
	3,727
	COR-L23

	MALAT1
	146
	HeLa-GFP

	MALAT1
	13
	HEK293-GFP

	KRAS
	12
	HeLa-GFP

	KRAS
	109
	COR-L23

	KRAS
	11
	U2OS

	KRAS
	28
	H23

	EGFR
	25
	COR-L23

	EGFR
	108
	SCC-4

	EGFR
	0
	SK-MEL-30

	TP53
	95
	COR-L23

	TP53
	95
	SCC-4

	TP53
	11
	SK-MEL-30

	CD8A
	0
	HeLa-GFP

	HPV18 E6
	121
	HeLa-GFP

	HPV18 E7
	726
	HeLa-GFP

	CACNA2D1 (g-NT OT1)
	1
	HeLa-GFP

	CACNA2D1 (g-NT OT1)
	3
	HEK293-GFP

	MAPRE2 (g-NT OT2)
	11
	HeLa-GFP

	MAPRE2 (g-NT OT2)
	16
	 HEK293-GFP

	UCP3 (g-NT OT3)
	0
	HeLa-GFP, HEK293-GFP

	No gene found (g-NT OT4)
	N/A
	HeLa-GFP, HEK293-GFP

	No gene found (g-NT OT5)
	N/A
	HeLa-GFP, HEK293-GFP

	No gene found (g-NT OT6)
	N/A
	HeLa-GFP, HEK293-GFP

	CPNE5 (g-GFP OT1)
	0
	HeLa-GFP, HEK293-GFP

	NKPD1 (g-GFP OT2)
	0
	HeLa-GFP, HEK293-GFP

	No gene found (g-GFP OT3)
	N/A
	HeLa-GFP, HEK293-GFP






Table S3: Oligos for Off-target qPCR. /5Phos/, phosphorylated 5’ end. *, phosphorothioate link.

	Name
	Sequence (5′ - 3′)

	dsODN_For
	/5Phos/GTTTAATTGAGTTGTCATATGTTAATAACGGT*A*T

	dsODN_Rev
	/5Phos/ATACCGTTATTAACATATGACAACTCAATTAA*A*C

	MNase_For
	/5Phos/GATCGGAAGAGCACACGTCT

	MNase_Rev
	ACACTCTTTCCCTACACGACGCTCTTCCGATC*T

	PE_i5
	AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATC*T

	PE_i7
	CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATC*T

	P5
	AATGATACGGCGACCACCGA

	P7
	CAAGCAGAAGACGGCATACGA

	PdsODN_For
	AATGATACGGCGACCACCGA

	PdsODN_Rev
	ATACCGTTATTAACATATGACAACTC






Table S4. Identified off-targets in the human genome. Off-targets identified containing four or fewer mismatches, for a more detailed analysis, see Table S9. Each of the guide RNAs has the same 5′ repeat sequence (5′-AAUUUCUACUGUUGUAGAU-3′). The asterisk indicated the WT KRAS gene. 
	Guide RNA
	RNA Target Sequence (5′ to 3′)
	# of Mismatches
	# of Mismatch Targets

	g-NT (AspLig) 
	GUCAACCCUCACAACAAGAGU
	1
	0

	
	
	2
	4

	
	
	3
	37

	
	
	4
	542

	g-GFP(1)
	UGGUCGAGCUGGACGGCGACG

	1
	0

	
	
	2
	1

	
	
	3
	8

	
	
	4
	128

	g-E7
	AUUGUAUUGCAUUUAGAGCCC
	1
	0

	
	
	2
	6

	
	
	3
	70

	
	
	4
	952

	g-E6
	AACACUUCACUGCAAGACAUA
	1
	0

	
	
	2
	6

	
	
	3
	94

	
	
	4
	1467

	g-KRAS(2)
	UGGUAGUUGGAGCUUGUGGCGUAG
	1
	1*

	
	
	2
	0

	
	
	3
	1

	
	
	4
	7








	Guide RNA
	RNA Target Sequence (5′ to 3′)
	# of Mismatches
	# of Mismatch Targets

	g-NT (AspLig) 
	GUCAACCCUCACAACAAGAGU
	1
	0

	
	
	2
	0

	
	
	3
	0

	
	
	4
	2

	g-GFP
	UGGUCGAGCUGGACGGCGACG
	1
	0

	
	
	2
	1

	
	
	3
	2

	
	
	4
	1

	g-E7
	AUUGUAUUGCAUUUAGAGCCC
	1
	0

	
	
	2
	1

	
	
	3
	2

	
	
	4
	2

	g-E6
	AACACUUCACUGCAAGACAUA
	1
	0

	
	
	2
	1

	
	
	3
	2

	
	
	4
	2

	g-KRAS(2)
	UGGUAGUUGGAGCUUGUGGCGUAG
	1
	1*

	
	
	2
	0

	
	
	3
	0

	
	
	4
	0


Table S5. Cas12a2 cDNA off-target analysis summary.






Table S6. Full list of identified Cas12a2 off-targets. See the attached Excel file.



Table S7. Guide RNA sequences. All the Cas12a2 guide RNAs here have the same 5′ repeat sequence (5′-AAUUUCUACUGUUGUAGAU), which is not shown in the table. The repeat sequence for the guide RNAs designed for LbuCas13a and PEmax5b are shown below. 
	Guide name
	RNA sequence (5′ to 3′)
	Target 
	Description 

	g-Ade2
	GUGUAGGAACAUCAACAUGCUCAA
	S. cerevisiae Ade2
	Yeast assay

	g-GAPDH
	GAGGGAUCUCGCUCCUGGAAG
	Human GAPDH mRNA
	In cell and in vitro mRNA activation 

	g-GFP(1)
	CGUCGCCGUCCAGCUCGACCA
	GFP mRNA
	In cell and in vitro mRNA activation 

	g-NT (AspLig) 
	ACUCUUGUUGUGAGGGUUGAC
	LigD from Aspergillus 
	In cell and in vitro mRNA activation 

	g-MALAT1
	GGAGUUACUUGCCAACUUGGA
	MALAT1 noncoding RNA
	In cell and in vitro mRNA activation 

	
g-E6
	UAUGUCUUGCAGUGAAGUGUU
	HPV18-E6 mRNA
	In cell and in vitro mRNA activation 

	
g-E7
	GGGCUCUAAAUGCAAUACAAU
	HPV18-E7 mRNA
	In cell and in vitro mRNA activation 

	g-16-E6
	CAGCUCUGUGCAUAACUGUGG
	HPV16-E6 mRNA
	In cell and in vivo mRNA activation 

	g-GFP(2)
	CUCAGGGCGGACUGGGUGCUCAGG
	EGFP mRNA
	In cell and RNA-sequencing 

	g-GFP(3)
	CUCAGGGCGGACUGGGUGCUC
	EGFP mRNA
	On target guide for MM tolerance

	g-MM 1-2
	GACAGGGCGGACUGGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 3-4
	CUGUGGGCGGACUGGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 5-6
	CUCACCGCGGACUGGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 7-8
	CUCAGGCGGGACUGGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 9-10
	CUCAGGGCCCACUGGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 11-12
	CUCAGGGCGGUGUGGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 13-14
	CUCAGGGCGGACACGGUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 15-16
	CUCAGGGCGGACUGCCUGCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 17-18
	CUCAGGGCGGACUGGGACCUC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	g-MM 19-20
	CUCAGGGCGGACUGGGUGGAC
	EGFP mRNA
	Double MM tolerance used in HEK293-GFP cells by GeCas12a2

	CAO1 guide RNA
	UGGAGCAACACCUGAAGGAAGGCU
	CAO1 target RNA
	In vitro collateral cleavage and PFS screening

	g-KRAS (1) 
	CGCCACAAGCUCCAACUACCACAA
	KRAS G12C mRNA
	Cancer selective elimination 

	g-KRAS (2) 
	CUACGCCACAAGCUCCAACUACCA
	KRAS G12C mRNA
	Cancer selective elimination 

	g-KRAS (3) 
	CCUACGCCACAAGCUCCAACUACC
	KRAS G12C mRNA
	Cancer selective elimination 

	g-GFP(13a.1)
	GGCCACCCCAAAAAUGAAGGGGACUAAAACCGUCGCCGUCCAGCUCGACCAGGAUGGG
	EGFP mRNA
	LbuCas13a guide. Repeat region is underlined 

	g-GFP(13a.2)
	GGCCACCCCAAAAAUGAAGGGGACUAAAACCUCAGGGCGGACUGGGUGCUCAGGUAGU
	EGFP mRNA
	LbuCas13a guide. Repeat region is underlined 

	g-E6.MM1
	GAUGUCUUGCAGUGAAGUGUU
	HPV18-E6 mRNA
	Single MM tolerance 

	g-E6.MM3
	UAGGUCUUGCAGUGAAGUGUU
	HPV18-E6 mRNA
	Single MM tolerance 

	g-E6.MM5
	UAUGGCUUGCAGUGAAGUGUU
	HPV18-E6 mRNA
	Single MM tolerance 

	g-E6.MM12
	UAUGUCUUGCAUUGAAGUGUU
	HPV18-E6 mRNA
	Single MM tolerance 

	g-E6.MM17
	UAUGUCUUGCAGUGAAUUGUU
	HPV18-E6 mRNA
	Single MM tolerance 

	g-KRAS-PAN
	UUGGAUCAUAUUCGUCCACAA
	WT KRAS mRNA
	Evaluation of expression level-dependent cell depletion

	g-EGFR
	CUCCAGAGCCCGACUCGCCGG
	EGFR mRNA
	Evaluation of expression level-dependent cell depletion

	g-TP53
	CUUCCACUCGGAUAAGAUGCU
	TP53 mRNA
	Evaluation of expression level-dependent cell depletion

	g-CD8A
	GGAGAGGUAUAGGAGGAAGGU
	CD8A mRNA
	Evaluation of expression level-dependent cell depletion

	epeg-PEmax5b-SE1
	GAGCATCGCCCCACTTGATTTGTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCATAGGCGAGATCCCTCAAAAATCAAGTGGGGCGTAAATAGACGCGGTTCTATCTAGTTACGCGTTAAACCAACTAGAA
	GAPDH gene
	Induction of SE1 prime edit in GAPDH loci. Repeat region is underlined. The transcribed region is in bold. 

	g-PEmax5b-nick-SE1
	GAGATCCCTCAAAAATCAAGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC
	GAPDH gene
	Companion SE1 gRNA for nicking of the opposite strand. Repeat region is underlined. 

	epeg-PEmax5-SE2
	GAGCATCGCCCCACTTGATTTGTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCATAGGCGAGATCCATCCAAAATCAAGTGGGGCGTAAATAGACGCGGTTCTATCTAGTTACGCGTTAAACCAACTAGAA
	GAPDH gene
	Induction of SE2 prime edit in GAPDH loci. Repeat region is underlined. The transcribed region is in bold.

	g-PEmax5-nick-SE2
	GAGTACGTCGTGGAGTCCACGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC
	GAPDH gene
	Companion SE2 gRNA for nicking of the opposite strand. Repeat region is underlined. 

	epeg-PEmax5b-DE
	GCATCTCCCCCCCACCCCCATGTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTGGATCACGTCTATGGGGGTGGGGGCGCGGTTCTATCTAGTTACGCGTTAAACCAACTAGAA
	GAPDH gene
	Induction of DE prime edit in GAPDH loci. Repeat region is underlined. The transcribed region is in bold. 

	g-PEmax5b-nick-DE
	GAGGGATCACGTCTATGGGGGGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC
	GAPDH gene
	Companion DE gRNA for nicking of the opposite strand. Repeat region is underlined. 





Table S8. Target RNA sequences. 
	ID
	Target sequence (5′ to 3′)
	Description

	S. cerevisiae Ade2
	AUGGAUUCUAGAACAGUUGGUAUAUUAGGAGGGGGACAAUUGGGACGUAUGAUUGUUGAGGCAGCAAACAGGCUCAACAUUAAGACGGUAAUACUAGAUGCUGAAAAUUCUCCUGCCAAACAAAUAAGCAACUCCAAUGACCACGUUAAUGGCUCCUUUUCCAAUCCUCUUGAUAUCGAAAAACUAGCUGAAAAAUGUGAUGUGCUAACGAUUGAGAUUGAGCAUGUUGAUGUUCCUACACUAAAGAAUCUUCAAGUAAAACAUCCCAAAUUAAAAAUUUACCCUUCUCCAGAAACAAUCAGAUUGAUACAAGACAAAUAUAUUCAAAAAGAGCAUUUAAUCAAAAAUGGUAUAGCAGUUACCCAAAGUGUUCCUGUGGAACAAGCCAGUGAGACGUCCCUAUUGAAUGUUGGAAGAGAUUUGGGUUUUCCAUUCGUCUUGAAGUCGAGGACUUUGGCAUACGAUGGAAGAGGUAACUUCGUUGUAAAGAAUAAGGAAAUGAUUCCGGAAGCUUUGGAAGUACUGAAGGAUCGUCCUUUGUACGCCGAAAAAUGGGCACCAUUUACUAAAGAAUUAGCAGUCAUGAUUGUGAGAUCUGUUAACGGUUUAGUGUUUUCUUACCCAAUUGUAGAGACUAUCCACAAGGACAAUAUUUGUGACUUAUGUUAUGCGCCUGCUAGAGUUCCGGACUCCGUUCAACUUAAGGCGAAGUUGUUGGCAGAAAAUGCAAUCAAAUCUUUUCCCGGUUGUGGUAUAUUUGGUGUGGAAAUGUUCUAUUUAGAAACAGGGGAAUUGCUUAUUAACGAAAUUGCCCCAAGGCCUCACAACUCUGGACAUUAUACCAUUGAUGCUUGCGUCACUUCUCAAUUUGAAGCUCAUUUGAGAUCAAUAUUGGAUUUGCCAAUGCCAAAGAAUUUCACAUCUUUCUCCACCAUUACAACGAACGCCAUUAUGCUAAAUGUUCUUGGAGACAAACAUACAAAAGAUAAAGAGCUAGAAACUUGCGAAAGAGCAUUGGCGACUCCAGGUUCCUCAGUGUACUUAUAUGGAAAAGAGUCUAGACCUAACAGAAAAGUAGGUCACAUAAAUAUUAUUGCCUCCAGUAUGGCGGAAUGUGAACAAAGGCUGAACUACAUUACAGGUAGAACUGAUAUUCCAAUCAAAAUCUCUGUCGCUCAAAAGUUGGACUUGGAAGCAAUGGUCAAACCAUUGGUUGGAAUCAUCAUGGGAUCAGACUCUGACUUGCCGGUAAUGUCUGCCGCAUGUGCGGUUUUAAAAGAUUUUGGCGUUCCAUUUGAAGUGACAAUAGUCUCUGCUCAUAGAACUCCACAUAGGAUGUCAGCAUAUGCUAUUUCCGCAAGCAAGCGUGGAAUUAAAACAAUUAUCGCUGGAGCUGGUGGGGCUGCUCACUUGCCAGGUAUGGUGGCUGCAAUGACACCACUUCCUGUCAUCGGUGUGCCCGUAAAAGGUUCUUGUCUAGAUGGAGUAGAUUCUUUACAUUCAAUUGUGCAAAUGCCUAGAGGUGUUCCAGUAGCUACCGUCGCUAUUAAUAAUAGUACGAACGCUGCGCUGUUGGCUGUCAGACUGCUUGGCGCUUAUGAUUCAAGUUAUACAACGAAAAUGGAACAGUUUUUAUUAAAGCAAGAAGAAGAAGUUCUUGUCAAAGCACAAAAGUUAGAAACUGUCGGUUACGAAGCUUAUCUAGAAAACAAGUAA
	Yeast depletion assay


	KRAS WT target RNA
	GGAUAUAAACUUGUGGUAGUUGGAGCUGGUGGCGUAGGCAAGAGUGCCUUGACGAUACAG
	KRAS in vitro and mammalian depletion assays. The bold underline portion is the location of the WT sequence where the G12C mutation occurs.

	KRAS (G12C) target RNA
	GGAUAUAAACUUGUGGUAGUUGGAGCUUGUGGCGUAGGCAAGAGUGCCUUGACGAUACAG
	KRAS in vitro and mammalian depletion assays. The bold underline portion is the location codon where the G12C mutation occurs, with the red Uracil being the single point mutation.  

	Full-length EGFP coding RNA 
	AUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAUCCUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGCGAUGCCACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUGGCCCACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUGAAGCAGCACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCUUCAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAACCGCAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAGUACAACUACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAACUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAACACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGCCCUGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCCGGGAUCACUCUCGGCAUGGACGAGCUGUACAAGUAA
	Full-length mRNA transcript served as the target RNA for the in-cell and in vitro mismatch tolerance assay. 
The bold region represents the region being targeted. 

	GAPDH target RNA
	CCAUCACCAUCUUCCAGGAGCGAGAUCCCUCCAAAAUCAAG
	The bold region represents the region being targeted for the in vitro mRNA activation assay.

	GFP guide RNA (for mRNA cleavage)
	GUGCCCAUCCUGGUCGAGCUGGACGGCGACGUAAACGGCCA
	The bold region represents the region being targeted for the in vitro mRNA activation assay.

	MALAT1 target RNA
	AAUAUCAACUUCCAAGUUGGCAAGUAACUCCCAAUGAUUU
	The bold region represents the region being targeted for the in vitro mRNA activation assay.

	AspLig (NT) target RNA
	UCACACUCCCGCAGUCAACCCUCACAACAAGAGUCAAAUCUGG
	The bold region represents the region being targeted for the in vitro mRNA activation assay.

	HPV18. E6 target RNA
	CACGGAACUGAACACUUCACUGCAAGACAUAGAAAUAACCU
	The bold region represents the region being targeted for the in vitro mRNA activation assay.

	HPV18. E7 target RNA
	AUUGCAAGACAUUGUAUUGCAUUUAGAGCCCCAAAAUGAAA
	The bold region represents the region being targeted for the in vitro mRNA activation assay.

	HPV16. E6 target RNA
	CAGAAAGTTACCACAGTTATGCACAGAGCTGCAAACAACTA
	The bold region represents the region being targeted for the in vitro and in vivo mRNA activation

	CAO1 target RNA
	UCUUUGCUGCCGCACUUGCUCAUCAAGCCUUCCUUCAGGUGUUGCUCCAGAAAGGUGAGUUCUUCUUGUUGUU
	Collateral cleavage Fig. S2. Underlined portion used as target sequence in PFS library,

	CAO1 target dsDNA
	CTTTGCTGCCGCACTTGCTCATCAAGCCTTCCTTCAGGTGTTGCTCCAGAAAGGTGAGTTCTTCTTGTTGT
	Collateral cleavage Fig. S2.

	CAO1 Target ssDNA
	CTTTGCTGCCGCACTTGCTCATCAAGCCTTCCTTCAGGTGTTGCTCCAGAAAGGTGAGTTCTTCTTGTTGT
	Collateral cleavage Fig. S2.

	g-NT OT1
	GGACUGUAUUAACCCUCACAACAAGAGGGAAAAUAGU
	In vitro off-targets

	g-NT OT2
	GGAACUGGUCAACCCUCACACCAAGCCUCAAAUGCCA
	In vitro off-targets

	g-NT OT3
	GGUUAGGUCAACCCUCACAACAAGCCUGUGAAGCAGC
	In vitro off-targets

	g-NT OT4
	GGGACAGGGUCAACACUCACAACAAGUGUCCCCAGCC
	In vitro off-targets

	g-NT OT5
	GGCUGACGUCAACUCUCACAACAAGACUCUGUGACCA
	In vitro off-targets

	g-NT OT6
	GGUACAGGUCAGCCCCCACAACAAGAGUUAUCCAAUC
	In vitro off-targets

	g-GFP OT1
	GGACAGCCAUGGUGGAGCUGGAUGGCGACGACGUGCG
	In vitro off-targets

	g-GFP OT2
	GGAACGUGCUCGACCUGGACGGCGACCCCGAGCUCUU
	In vitro off-targets

	g-GFP OT3
	GGCUCAUGGUCCUGCUGGACGGCCAGGGAAAGACCAG
	In vitro off-targets






Table S9. Plasmids used in this study.
	Name 
	Internal ID
	Benchling link
	Comments

	FnCas12a
	pScCEN6-hFnCpf1v
	https://benchling.com/s/seq-lVNZqLK8RMTlXJDDYsHV?m=slm-Pf5ZrzXl6jEyTTstdywp 
	Yeast depletion assay
accession number WP_003040289.1 

	GeCas12a2
	pScCEN6-GeCas12a2-pR
	https://benchling.com/s/seq-GzhQ3eBWLixRWc64I3cb?m=slm-tD6KycNhw8iMgP6vTj34 
	Yeast depletion assay

	dGeCas12a2
	_pScCEN6_dGeCas12a2
	https://benchling.com/s/seq-DAjCGrZX3DkNVQ9EJcI9?m=slm-29wS5zZ4Yu2xHvyox4uk 
	Yeast depletion assay

	FLAG-GeCas12a2
	CCM 718
	https://benchling.com/s/seq-aCS1SQ6NY0XcYtUxHHj5?m=slm-UQhdlfnoTcvtyB2firnP 
	GeCas12a2 for FLAG-GeCas12a2-guide coexpression 

	GAPDH_Sp7
	CCM1066
	https://benchling.com/s/seq-lpK7CTT3CrARpRXMDCiB?m=slm-3NpchDLaqT6KH7fQZXGp 
	Guide for FLAG-GeCas12a2-guide coexpression 

	EGFP_Sp2-21
	CCM816
	https://benchling.com/s/seq-XbWdmui5Qu6KoGivmyux?m=slm-GZnJbmmknzlknICH01jA 
	Guide for 
FLAG-GeCas12a2-guide coexpression 

	AspLigD_Sp3-21
(NT)
	CCM820
	https://benchling.com/s/seq-gOhlPHpUH72V7yjQNMyJ?m=slm-HUfJBTn1fgQHwCuOPEsl 
	Guide for 
FLAG-GeCas12a2-guide coexpression 

	HPV18-E6_Sp4
	CCM1067
	https://benchling.com/s/seq-SKlBEfxD4QKso55U0KQl?m=slm-GrS0YeZdil2V7flkOneM 
	Guide for 
FLAG-GeCas12a2-guide coexpression 

	HPV18-E7_Sp5
	CCM1127
	https://benchling.com/s/seq-zDMP92U0E0ufdlXXsOOy?m=slm-Gb9lqBipbFhJp9IiVYyv 
	Guide for 
FLAG-GeCas12a2-guide coexpression 

	Malat1_SpT7-2
	CCM1069
	https://benchling.com/s/seq-CE7jrJDwP6mQQ8KWr4rx?m=slm-P6UdriyhZyg4G2OKUYJP 
	Guide for 
FLAG-GeCas12a2-guide coexpression 

	PFS-containing plasmid library
	CBS-6873
	https://benchling.com/s/seq-frkaAWuMj4kpi1lNxsx0?m=slm-9lHMDGIt1p3391HxrOvp 
	PFS screening.
PJ23119 promoter, CAO1 target,  PFS library

	GeCas12a2 E. coli codon optimized
	CBS-6874
	https://benchling.com/s/seq-7YQWZHQhEW6r405GfAOr?m=slm-WWPqLPqdZUSiX4DaLsHH 
	PFS screening.
T7 promoter, GeCas12a2 E. coli codon optimized

	
CAO1-targeting crRNA plasmid
	CBS-6875
	https://benchling.com/s/seq-GfiVojB7j9NpVaHCcRWi?m=slm-m4mJbXVzBTE3aQO9pER0
	PFS screening.
J23119 promoter, CAO1 crRNA 5x array

	Non-targeting crRNA plasmid
	CBS-6876
	https://benchling.com/s/seq-wsK2rXlS7CrubGPBnJTc?m=slm-uXedTRDDXAsfgKm2rvc3
	PFS screening
J23119 promoter, GFP crRNA 5x array

	SuCas12a2 
	1416
	https://benchling.com/s/seq-G7oOi0x6MrpCjhJXDO80?m=slm-sv8sEOP6t0gp8xtouRwu 
	Apo expression and purification 

	GeCas12a2
	COMP-2ST-BEC10
	https://benchling.com/s/seq-HCCVfw9KI6RheqqwZ56L?m=slm-aVrFx0fw0xfQ0E4FHdZ0
	Apo expression and purification 

	Ge(d)Cas12a2
	COMP-2ST-Ge(d)Cas12a2
	https://benchling.com/s/seq-1CPdErdW5UqUhGxyCbdq?m=slm-uIBam46T2JW4p4tnixwf 
	Apo expression and purification 





Table S10. Primers used for NHEJ analysis and PFS screening.
	Name 
	Sequence 5′ to 3′
	Description 

	CMV forward primer 
	CCATAGTAACGCCAATAGGG
	Used in NHEJ enrichment

	GFP reverse primer 
	TGTCGGCCATGATATAGACG
	Used in NHEJ enrichment

	ODpr23
	NNNNNGGTGAGTTCTTCTTGTTGTTCCT
	PFS screening 

	ODpr24
	TGGAGCAACACCTGAAGGAAG
	PFS screening 

	ODpr55
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGATGACCACTGTGGCATCG
	PFS screening 

	ODpr56
	GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAAGAATCGCCAAACAACAACAA
	PFS screening 






Table S11. Cell lines used in this study.
	Strain
	Description 
	Source
	Comments 

	S. cerevisiae S288c 
	NA
	ATCC
	ATCC cat. no. 204508 

	E.coli BW25113
	NA
	Keio Collection
	Supplied by Open Biosystems

	E.coli HMS-174
	DE3
	Sigma Aldrich
	Sigma cat. no. 69453-M

	HEK293 (Flp-In™ T-REx™ 293)
	NA
	Cell Biolabs Inc. (USA)
	Purchased from Biocat GmbH (Germany)

	HeLa-GFP
	NA
	Cell Biolabs, Inc. (USA)
	Purchased from Biocat GmbH (Germany)

	HeLa-RFP
	NA
	GenTarget, Inc.
	GenTarget cat. no. SC031-Puro

	U2OS
	NA
	ATCC
	ATCC cat. no. HTB-96

	Lenti-X 293T
	NA
	Takara Bio
	Takara cat. no. 632180

	NCI-H23
	NA
	ATCC
	ATCC cat. no. CRL-5800

	PC3
	NA
	ATCC
	ATCC cat. no. CRL-1435

	SCC-4
	NA
	DSMZ
	DSMZ cat. no. ACC 618

	COR-L23
	NA
	DSMZ
	DSMZ cat. no. ACC 882

	SK-MEL-30
	NA
	DSMZ
	DSMZ cat. no. ACC 151

	SiHa
	NA
	Cytion
	Cytion cat. no. 305023

	Escherichia coli TOP10
	F- mcrA Δ(mrr-hsdRMS-mcrBC) φ80lacZΔM15 ΔlacX74 nupG recA1 araD139 Δ(ara-leu)7697 galE15 galK16 rpsL(StrR) endA1 λ-
	Invitrogen
	PFS screening 

	Escherichia coli BL21(AI)
	E. coli B F– ompT gal dcm lon hsdSB(rB–mB–) [malB+]K-12(λS) araB::T7RNAP-tetA
	Invitrogen
	PFS screening 





Table S12. Ade2 HDR template and in vitro collateral cleavage assay substrates.
	Name 
	Sequence 5′ to 3′
	Description 

	Ade2-HDR template
	TTGTTGCATGGCTACGAACCGGGTAATACTAAGTGATTGACTCTTGCTGACCTTTTATTAAGAACTAAATGGACAATATTATGGAGCATTTCATGTATAAATTGGTGCGTAAAATCGTTGGATCTCTCTTCTAAGTACATCCTACTATAACAATCAAGAAAAACAAGAAAATCGGACAAAACAATCAAGTATGGATTCTAGAACAGTTGGTATATTAGGAGGGGGACAATTGGGACGTATGATTGTTGAGGCAGCAAACAGGCTCAACATTAAGACGGTAATACTAGATGCTGAAAATTCTCCTGCCAAACAAATAAGCAACTCCAATGACCACGTTAATGGCTCCTTTTCCAATCCTCTTGATATCGAAAAACTAGCTGAAAAATGTGATGTGCTAACGATTGAGAATTCTTCAAGTAAAACATCCCAAATTAAAAATTTACCCTTCTCCAGAAACAATCAGATTGATACAAGACAAATATATTCAAAAAGAGCATTTAATCAAAAATGGTATAGCAGTTACCCAAAGTGTTCCTGTGGAACAAGCCAGTGAGACGTCCCTATTGAATGTTGGAAGAGATTTGGGTTTTCCATTCGTCTTGAAGTCGAGGACTTTGGCATACGATGGAAGAGGTAACTTCGTTGTAAAGAATAAGGAAATGATTCCGGAAGCTTTGGAAGTACTGAAGGATCGTCCTTTGTACGCCGAAAAATGGGCACCATTTACTAAAGAATTAGCAGTCATGATTGTGAGATCTGTTAACGGTTTAGTGTTTTCTTACCCAATTGTAGAGACTATCCACAAGGACAATATTTGTGACTTATGTTATGCGCCTGC
	Lacks Ade2-spacer and PFS

	5' FAM collateral dsDNA
	5'FAM-AACTGATATGACAATTGCGCGTAGCACGACGACGATATGACACTTGCGCATAACGACGACGATACAATGAT
	Fig S2. collateral cleavage assay, off-targeting Fig 3

	5' FAM collateral ssDNA
	5'FAM-AACTGATATGACAATTGCGCGTAGCACGACGACGATATGACACTTGCGCATAACGACGACGATACAATGAT
	Fig S2. collateral cleavage assay

	5' FAM collateral RNA
	5’FAM-CAGAGAUAAGUGACGCGCGGCGAGUGGCGCGCCACGUCGGAAAUCUAGAGGCG
	Fig S2. collateral cleavage assay
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