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Figure S1. The workflow of IDC strategy.  

The interaction sites and the structural units of interaction sites are colored in red and orange. 



Figure S2. Western blot assay of Cas13 and mini-Cas13. 

(a) The protein expression level of RfxCas13d and mini-RfxCas13d. (b) The protein expression

level of PbuCas13b and mini-PbuCas13b. (a-b) Source data are provided as a Source Date file. 



Figure S3. Expression and identification of Cas13 proteins. 

(a) Optimal induced temperature range for RfxCas13d, mini-RfxCas13d, PspCas13b, and mini-

PspCas13b proteins expression at 2%concentration of IPTG. (b) RfxCas13d, mini-RfxCas13d,

PspCas13b, and mini-PspCas13b proteins expression induced at different concentrations of IPTG.

(c) Identification of the expression form of RfxCas13d, mini-RfxCas13d, PspCas13b, and mini-

PspCas13b proteins. M: Protein Marker; A: Induced recombinant bacteria; B: Induced recombinant

bacteria lysed supernatant; C: Induced recombinant bacteria lysed precipitate. (a-c) Source data are

provided as a Source Date file.



Figure S4. Programmable RNA targeting by RfxCas13d and PspCas13b with their mini 

variants in vitro. 

(a-d) Coomassie blue stained polyacrylamide gel of purified recombinant proteins (a)RfxCas13d, 

(b)mini-RfxCas13d, (c)PspCas13b and (d)mini-PspCas13b respectively, which were used in all

biochemical assays.

(e) Representative denaturing gels depicting RfxCas13d and mini-RfxCas13d mediated cleavage of

their cognate pre-crRNAs over a dose titration of effector concentration.

(f) Representative denaturing gels depicting PspCas13b and mini-PspCas13b mediated cleavage of

their cognate pre-crRNAs over a dose titration of effector concentration.

(g) Representative denaturing gels displaying the targeted RNase activity of RfxCas13d and mini-

RfxCas13d effector proteins, with substrate RNA cleavage occurring when the crRNA matches its

complementary target ssRNA.

(h) Representative denaturing gels displaying the targeted RNase activity of PspCas13b and mini-

PspCas13b effector proteins, with substrate RNA cleavage occurring when the crRNA matches its

complementary target ssRNA. (a-h) Source data are provided as a Source Date file.



Figure S5. The effect of crRNA length and mismatch on RfxCas13d, mini-RfxCas13d and 

hfRfxCas13d activity. 

(a)Left, KRAS crRNAs of different single-nucleotide mismatches; right, relative expression of KRAS

transcript by co-transfection with RfxCas13d, mini-RfxCas13d, or hfRfxCas13d. (b)Left, KRAS

crRNAs of different lengths; right, relative expression of KRAS transcript by co-transfection of

RfxCas13d, mini-RfxCas13d, or hfRfxCas13d. The data are presented as the mean ± SD. Two-tailed

unpaired two-sample t-test. *P < 0.05, **P < 0.01, ***P < 0.001, ns, not significant.  Source data

are provided as a Source Date file.



Figure S6. Volcano plot of differential transcript with Cas13d. 

(a-d) Volcano plot of differential expression genes between NF2 targeting and non-targeting (NT) 

by (a)RfxCas13d, (b) mini-RfxCas13d and (c) hfRfxCas13d (d) mini-hfRfxCas13d (n = 3). 

(e-f) Volcano plot of differential expression genes between B4GALNT1 targeting and non-targeting 

(NT) by (d) mini-RfxCas13d and (e) hfRfxCas13d (n = 3). 



Figure S7. The overall structure of EsCas13d and mini-EsCas13d. 

The cryo-electron microscopy structure of (a)EsCas13d (PDB: 6E9E) and predicted overall 

structure of (b)mini-EsCas13d as indicated by AlphaFold2 are shown in two different orientations 

and color coded as indicated in Figure 3c. 



  

 Figure S8. The overall structure of RspCas13d and mini-RspCas13d. 

 The predicted overall structure of (a)RspCas13d and (b)mini-RspCas13d by AlphaFold2, which is    

 shown in two different orientations and color coded as indicated in Figure 3d. 

  



Figure S9. Comparison of the HEPN1 and HEPN2 domains of Cas13d. 

(a) The HEPN1 domains of RfxCas13d, mini-RfxCas13d, EsCas13d (6E9E), mini-EsCas13d,

RspCas13d and mini-RspCas13d. (b) The HEPN2 domains of RfxCas13d, mini-RfxCas13d,

EsCas13d (6E9E), mini-EsCas13d, RspCas13d and mini-RspCas13d. All deletion regions were

colored deep gray.



Figure S10. Comparison of the Helical1 and Helical2 domains of Cas13d. 

(a) The Helical1 domains of RfxCas13d, mini-RfxCas13d, EsCas13d (6E9E), mini-EsCas13d,

RspCas13d and mini-RspCas13d. (b) The Helical2 domains of RfxCas13d, mini-RfxCas13d,

EsCas13d (6E9E), mini-EsCas13d, RspCas13d and mini-RspCas13d. All deletion regions were

colored deep gray.



Figure S11. Comparison of the HEPN1 and HEPN2 domains of Cas13b. 

(a) The HEPN1 domains of PspCas13b, mini-PspCas13b, PbuCas13b (6DTD), and mini-

PbuCas13b. (b) The HEPN2 domains of PspCas13b, mini-PspCas13b, PbuCas13b (6DTD), and

mini-PbuCas13b. (c) The Lid domains of PspCas13b, mini-PspCas13b, PbuCas13b (6DTD), and

mini-PbuCas13b. All deletion regions were colored deep gray.



Figure S12. Comparison of the Helical1 and Helical2 domains of Cas13b. 

(a) The Helical1 domains of PspCas13b, mini-PspCas13b, PbuCas13b (6DTD), and mini-

PbuCas13b. (b) The Helical2 domains of PspCas13b, mini-PspCas13b, PbuCas13b (6DTD), and 

mini-PbuCas13b. All deletion regions were colored deep gray. 



 The targeted 

 

 Figure S13. Sanger sequencing of mini-Vx and Vx mediated base transversion.

 bases are encompassed by an orange quadrangle. Vx: REPAIRx, mini-Vx: mini-REPAIRx.   



 Figure S14. Off-target RNA editing effect for Vx and mini-Vx system. Manhattan plots of 

 transcriptome-wide off-target RNA editing analysis for Vx and mini-Vx with COG3 targeting guide 

 and non-targeting (NT) guide in HEK293T cells. Vx: REPAIRx, mini-Vx: mini-REPAIRx. 



Figure S15. The results of mini-RfxCas13d in N2A cells and in vivo. 

(a) Quantification of Pcsk9 mRNA levels in N2a cells. Source data are provided as a Source Date

file. (b) Quantification of the mini-RfxCas13d transcript in the liver. NT, non-target crRNA. The 

data are presented as the mean ± SD. Two-tailed unpaired two-sample t-test. *P < 0.05, **P < 0.01, 

***P < 0.001, **** P < 0.0001. (n = 3 biological replicates, each with an average of 3 technical 

replicates). CasRx: RfxCas13d. Source data are provided as a Source Date file. (c) Morphology of 

liver slices 21 days after AAV8 injection in mice. The scale bar represents 100 μm in length. (d) A 

close-up view of (c). The scale bar represents 50 μm in length. (e) Morphology of liver slices from 

noninjected mice at 21 days. The scale bar represents 100 μm in length. (f) A close-up view of (e). 

The scale bar represents 50 μm in length. 



Figure S16. Comparison the Δ2 and N3V7 fragments of RfxCas13d. (a) The predicted structure

of RfxCas13d by AlphaFold2 is shown. (b)Positions of Δ2 (orange) in RfxCas13d. (c) Positions of 

N2V7(purple), N2V8(green), and N3V7 (red) in RfxCas13d. (d) A close-up view of the 

N2V7(purple), N2V8(green), and N3V7 (red) sequence (red) of RfxCas13d. 



Figure S17. EsCas13d and PbuCas13b colored by conservation of Cas13ds and Cas13bs. 

(a) Schematic representation of EsCas13d colored based on conserved sequence percentage. No-

value fragments are gray. Regions with a high degree of conservation are concentrated in the RNA-

binding cleft and the HEPN active site. Related to Figure S18.

(b) Schematic representation of PbuCas13b colored based on conserved sequence percentage. No-

value fragments are gray. Regions with a high degree of conservation are concentrated in the RNA-

binding cleft and the HEPN active site. Related to Figure S19.







Figure S18. Multiple sequence alignment of Cas13d proteins from different species. 

Sequence alignment of RspCas13d, UrCas13d, RffCas13d, RaCas13d, P1E0, EsCas13d, 

RfxCas13d, and ADM was performed using Clustal Omega, and the figure was prepared with 

ESPript (http://espript.ibcp.fr). Related to Figure S17a. 

http://espript.ibcp.fr/










 
 Figure S19. Multiple sequence alignment of Cas13b proteins from different species. 
 Sequence alignment of PguCas13b, PauCas13b, PreCas13b, PinCas13b, RanCas13b, PgiCas13b, 

 BpCas13b, CcaCas13b, BzoCas13b, ModCas13b, PxiCas13b, PspCas13b, Alistipes, and Fbr was 



performed using Clustal Omega, and the figure was prepared with ESPript (http://espript.ibcp.fr). 

 Related to Figure S17b.   

http://espript.ibcp.fr/


Name Protein sequence

RfxCas13d

MIEKKKSFAKGMGVKSTLVSGSKVYMTTFAEGSDARLEKIVEGDSIRSVNEGEAFSAE
MADKNAGYKIGNAKFSHPKGYAVVANNPLYTGPVQQDMLGLKETLEKRYFGESADG
NDNICIQVIHNILDIEKILAEYITNAAYAVNNISGLDKDIIGFGKFSTVYTYDEFKDPEHH
RAAFNNNDKLINAIKAQYDEFDNFLDNPRLGYFGQAFFSKEGRNYIINYGNECYDILAL
LSGLRHWVVHNNEEESRISRTWLYNLDKNLDNEYISTLNYLYDRITNELTNSFSKNSA
ANVNYIAETLGINPAEFAEQYFRFSIMKEQKNLGFNITKLREVMLDRKDMSEIRKNHK
VFDSIRTKVYTMMDFVIYRYYIEEDAKVAAANKSLPDNEKSLSEKDIFVINLRGSFNDD
QKDALYYDEANRIWRKLENIMHNIKEFRGNKTREYKKKDAPRLPRILPAGRDVSAFSK
LMYALTMFLDGKEINDLLTTLINKFDNIQSFLKVMPLIGVNAKFVEEYAFFKDSAKIAD
ELRLIKSFARMGEPIADARRAMYIDAIRILGTNLSYDELKALADTFSLDENGNKLKKGK
HGMRNFIINNVISNKRFHYLIRYGDPAHLHEIAKNEAVVKFVLGRIADIQKKQGQNGK
NQIDRYYETCIGKDKGKSVSEKVDALTKIITGMNYDQFDKKRSVIEDTGRENAEREKF
KKIISLYLTVIYHILKNIVNINARYVIGFHCVERDAQLYKEKGYDINLKKLEEKGFSSVT
KLCAGIDETAPDKRKDVEKEMAERAKESIDSLESANPKLYANYIKYSDEKKAEEFTRQ
INREKAKTALNAYLRNTKWNVIIREDLLRIDNKTCTLFRNKAVHLEVARYVHAYINDI
AEVNSYFQLYHYIMQRIIMNERYEKSSGKVSEYFDAVNDEKKYNDRLLKLLCVPFGY
CIPRFKNLSIEALFDRNEAAKFDKEKKKVSGNS*

EsCas13d

MGKKIHARDLREQRKTDRTEKFADQNKKREAERAVPKKDAAVSVKSVSSVSSKKDN
VTKSMAKAAGVKSVFAVGNTVYMTSFGRGNDAVLEQKIVDTSHEPLNIDDPAYQLN
VVTMNGYSVTGHRGETVSAVTDNPLRRFNGRKKDEPEQSVPTDMLCLKPTLEKKFFG
KEFDDNIHIQLIYNILDIEKILAVYSTNAIYALNNMSADENIENSDFFMKRTTDETFDDFE
KKKESTNSREKADFDAFEKFIGNYRLAYFADAFYVNKKNPKGKAKNVLREDKELYSV
LTLIGKLRHWCVHSEEGRAEFWLYKLDELKDDFKNVLDVVYNRPVEEINNRFIENNK
VNIQILGSVYKNTDIAELVRSYYEFLITKKYKNMGFSIKKLRESMLEGKGYADKEYDS
VRNKLYQMTDFILYTGYINEDSDRADDLVNTLRSSLKEDDKTTVYCKEADYLWKKY
RESIREVADALDGDNIKKLSKSNIEIQEDKLRKCFISYADSVSEFTKLIYLLTRFLSGKEI
NDLVTTLINKFDNIRSFLEIMDELGLDRTFTAEYSFFEGSTKYLAELVELNSFVKSCSFDI
NAKRTMYRDALDILGIESDKTEEDIEKMIDNILQIDANGDKKLKKNNGLRNFIASNVID
SNRFKYLVRYGNPKKIRETAKCKPAVRFVLNEIPDAQIERYYEACCPKNTALCSANKR
REKLADMIAEIKFENFSDAGNYQKANVTSRTSEAEIKRKNQAIIRLYLTVMYIMLKNLV
NVNARYVIAFHCVERDTKLYAESGLEVGNIEKNKTNLTMAVMGVKLENGIIKTEFDK
SFAENAANRYLRNARWYKLILDNLKKSERAVVNEFRNTVCHLNAIRNININIKEIKEVE
NYFALYHYLIQKHLENRFADKKVERDTGDFISKLEEHKTYCKDFVKAYCTPFGYNLV
RYKNLTIDGLFDKNYPGKDDSDEQK*

Supplementary Table 1. Cas13 protein sequences used in this study.



RspCas13d

MAKKNKMKPRELREAQKKARQLKAAEINNNAAPAIAAMPAAEVIAPVAEKKKSSVK
AAGMKSILVSKNKMYITSFGKGNSAVLEYEVDNNDYNQTQLSSKGSSNIELRGVNEV
NITFSSKHGFESGVEINTSNPTHRSGESSPVRGDMLGLKSELEKRFFGKTFDDNIHIQLIY
NILDIEKILAVYVTNIVYALNNMLSIKDSESYDDFMGYLSARNTYEVFTHPDKSNLSDK
AKGNIKKSFSTFNDLLKTKRLGYFGLEEPKTKDTRVSQAYKKRVYHMLAIVGQIRQSV
FHDKSSKLDEDLYSFIDIIDSEYRETLDYLVDERFDSINKGFIQGNKVNISLLIDMMKGY
EADDIIRLYYDFIVLKSQKNLGFSIKKLREKMLDEYGFRFKDKQYDSVRSKMYKLMDF
LLFCNYYRNDVVAGEALVRKLRFSMTDDEKEGIYADEASKLWGKFRNDFENIADHM
NGDVIKELGKADMDFDEKILDSEKKNASDLLYFSKMIYMLTYFLDGKEINDLLTTLISK
FDNIKEFLKIMKSSAVDVECELTAGYKLFNDSQRITNELFIVKNIASMRKPASSAKLTM
FRDALTILGIDDNITDDRISEILKLKEKGKGIHGLRNFITNNVIESSRFVYLIKYANAQKIR
KVAKNEKVVMFVLGGIPDTQIERYYKSCVEFPDMNSSLEVKRSELARMIKNISFDDFK
NVKQQAKGRENVAKERAKAVIGLYLTVMYLLVKNLVNVNARYVIAIHCLERDFGLY
KEIIPELASKNLKNDYRILSQTLCELCDKSPNLFLKKNERLRKCVEVDINNADSSMTRK
YRNCIAHLTVVRELKEYIGDIRTVDSYFSIYHYVMQRCITKRENDTKQEEKIKYEDDLL
KNHGYTKDFVKALNSPFGYNIPRFKNLSIEQLFDRNEYLTEK*

mini-
RfxCas13d

MIEKKKSFAKGMGVKSTLVSGSKVYMTTFAEGSDAFSHPKGYAVVANNPLYTGPVQ
QDMLGLKETLEKRYFGESADGNDNICIQVIHNILDIEKILAEYITNAAYAVNNISGLDEG
RNYIINYGNECYDILALLSGLRHWVVHNNEEESRISRTWLYNLDKNLDNEYISTLNYL
YDRITNELTNSFSKNSAEQYFRFSIMKEQKNLGFNITKLREVMLDRKDMSEIRKNHKV
FDSIRTKVYTMMDFVIYRYYIEEEKDIFVINLRGSFNDDQKDALYYDEANRIWRKLENI
MHNIKEFRGNKTREYKKKDAPRLPRILPAGRDVSAFSKLMYALTMFLDGKEINDLLTT
LINKFDNIQSFLKVMPLIGVNAKFVEEYAFFKDSAKIADELRLIKSFARMGEPIADARRA
MYIDAIRILGTKLKKGKHGMRNFIINNVISNKRFHYLIRYGDPAHLHEIAKNEAVVKFV
LGRIADIQKKQGQNGKNQIDRYYETCIQFDKKRSVIEDTGRENAEREKFKKIISLYLTVI
YHILKNIVNINARYVIGFHCVERDAQLYKEKGYDINLKKLEEQINREKAKTALNAYLR
NTKWNVIIREDLLRIDNKTCTLFRNKAVHLEVARYVHAYINDINDEKKYNDRLLKLLC
VPFGYCIPRFKNLSIEALFDRNEAAKFDKEKKKVSGNS*

mini-
EsCas13d

MGKKSMAKAAGVKSVFAVGNTVYMTSFGRGNDRGETVSAVTDNPLRRFNGRKKDE
PEQSVPTDMLCLKPTLEKKFFGKEFDDNIHIQLIYNILDIEKILAVYSTNAIYALNNMSA
DENIENSDFFMKRTTDETFDDYRLAYFADAFYVNKKNPKGKAKNVLREDKELYSVLT
LIGKLRHWCVHSEEGRAEFWLYKLDELKDDFKNVLDVVYNRPVEEINNRFIENSYYEF
LITKKYKNMGFSIKKLRESMLEGKGYADKEYDSVRNKLYQMTDFILYTGYINEDSDR
ADDLVNTLRSSLKEDDKTTVYCKEADYLWKKYRESIREVADALDGDNIKKLSKSNIEI
QEDKLRKCFISYADSVSEFTKLIYLLTRFLSGKEINDLVTTLINKFDNIRSFLEIMDELGL
DRTFTAEYSFFEGSTKYLAELVELNSFVKSCSFDINAKRTMYRDALDILGIESDKLRNFI
ASNVIDSNRFKYLVRYGNPKKIRETAKCKPAVRFVLNEIPDAQIERYYEACCPKNTALC
KFENFSDAGNYQKANVTSRTSEAEIKRKNQAIIRLYLTVMYIMLKNLVNVNARYVIAF
HCNRYLRNARWYKLILDNLKKSERAVVNEFRNTVCHLNAIRNININIKEIKEVETYCK
DFVKAYCTPFGYNLVRYKNLTIDGLFDKNYPGKDDSDEQK*



mini-
RspCas13d

MAKKSSVKAAGMKSILVSKNKMYITSFGKGNSGFESGVEINTSNPTHRSGESSPVRGD
MLGLKSELEKRFFGKTFDDNIHIQLIYNILDIEKILAVYVTNIVYALNNMLSIKDSESYD
DFMGYLSARNTKRLGYFGLEEPKTKDTRVSQAYKKRVYHMLAIVGQIRQSVFHDKSS
KLDEDLYSFIDIIDSEYRETLDYLVDERFDSINKGFIQGNYYDFIVLKSQKNLGFSIKKLR
EKMLDEYGFRFKDKQYDSVRSKMYKLMDFLLFCNYYRNDVVAGEALVRKLRFSMT
DDEKEGIYADEASKLWGKFRNDFENIADHMNGDVIKELGKADMDFDEKILDSEKKNA
SDLLYFSKMIYMLTYFLDGKEINDLLTTLISKFDNIKEFLKIMKSSAVDVECELTAGYK
LFNDSQRITNELFIVKNIASMRKPASSAKLTMFRDALTILGIDDNITIHGLRNFITNNVIES
SRFVYLIKYANAQKIRKVAKNEKVVMFVLGGIPDTQIERYYKSCVEFPDMNSSFDDFK
NVKQQAKGRENVAKERAKAVIGLYLTVMYLLVKNLVNVNARYVIAIHCLERDFGLY
KEIIPKSPNLFLKKNERLRKCVEVDINNADSSMTRKYRNCIAHLTVVRELKEYIGDIRT
VDSYTKDFVKALNSPFGYNIPRFKNLSIEQLFDRNEYLTEK*

PbuCas13b

MQKQDKLFVDRKKNAIFAFPKYITIMENKEKPEPIYYELTDKHFWAAFLNLARHNVYT
TVNHINKLLEIAELKNDEDVLNIKDSWNKQAEKLDKKVRLRDLIMKYFPFLEAAAYEI
TNSKSPNNKEQREKEQSEALSLNNLKNVLFIFLEKLQVLRNYYSHYKYSEEFPKPIFETS
LLKNMYKVFDANVRLVKRDYMHHENIDMQRDFTHLNRKKQVGRTKNIIDSPNFHYH
FADKEGNMTIAGLLFFVSLFLDKKDAIWMQKKLKGFKDGRNLREQMTNEVFCRSRIS
LPKLKMETVQTREWMQLDMLNELIRCPKSLYERLREEDRESFKVPFDIFSDDYNAEEE
PFKNTLVRHQDRFPYFVLRYFDLNEIFEQLRFQIDLGTYHFSIYNKLIGDEDEVRHLTHH
LYGFARIQDFAPQNQPEEWRKLVKDLDHFETSQKPYISKTTPHYHLENEKIGIKFCSAH
NNLFPSLQTDKTCNGRSKFNLGTQFTAEAFLSVHELLPMMFYYLLLTKDYSRKESADK
VEGIIRKEISNIYAIYDAFANGEINSIADLTRRLQNTNILQGHLPKQMISILEGRQKDMEK
KAERKIGEMIDDTQRRLDSLCKQTNQKIRIGKRNAGLLKSGKIADWLVNDMMRFQPV
QKDQNNIPINNSKANSTEYRMLQHALALFGSESSRLKAYFRQMNLVGNANPHPFLAET
QWEHQTNILSFYRNYLEARKKYLKGLKPQNRKQYQHFLILKVQKTNRNTLVTGWKN
SFNLPRGIFTQPIREWFEKHNNSKRIYDQILSFDRVGFVAKAIPLYFAEEYKDNVQPFYD
YPFNIGNKLKPQKGQFLDKKERVELWQKNKELFKNYPSEKKKTDLAYLDFLSWKKFE
RELRLIKNQDIVTWLMFKELFKTTTVEGLKIGEIHLRDIDTNTANEESNNILNRIMPMKL
PVKTYETDNKGNILKERPLATFYIEETETKVLKQGNFKVLAKDRRLNGLLSFAETTDID
LEKNPITKLSVDHELIKYQTTRISIFEMTLGLEKKLIDKYSTLPTDSFRNMLERWLQCKA
NRPELKNYVNSLIAVRNAFSHNQYPMYDATLFAEVKKFTLFPSVDTKKIELNIAPQLLE
IVGKAIKEIEKSENKN*



PspCas13b

MNIPALVENQKKYFGTYSVMAMLNAQTVLDHIQKVADIEGEQNENNENLWFHPVMS
HLYNAKNGYDKQPEKTMFIIERLQSYFPFLKIMAKNQREYSNGKYKQNRVEVNSNDIF
EVLKRAFGVLKMYRDLTNHYKTYEEKLNDGCEFLTSTEQPLSGMINNYYTVALRNM
NERYGYKTEDLAFIQDKRFKFVKDAYGKKKSQVNTGFFLSLQDYNGDTQKKLHLSG
VGIALLICLFLDKQYISIFLSRLPIFSSYNAQSEERRIIIRSFGINSIKLPKDRIHSEKSNKSV
AMDMLNEVKRCPDELFTTLSAEKQSRFRIISDDHNEVLMKRSSDRFVPLLLQYIDYGK
LFDHIRFHVNMGKLRYLLKADKTCIDGQTRVRVIEQPLNGFGRLEEAETMRKQENGTF
GNSGIRIRDFENMKRDDANPANYPYIVDTYTHYILENNKVEMFINDKEDSAPLLPVIED
DRYVVKTIPSCRMSTLEIPAMAFHMFLFGSKKTEKLIVDVHNRYKRLFQAMQKEEVT
AENIASFGIAESDLPQKILDLISGNAHGKDVDAFIRLTVDDMLTDTERRIKRFKDDRKSI
RSADNKMGKRGFKQISTGKLADFLAKDIVLFQPSVNDGENKITGLNYRIMQSAIAVYD
SGDDYEAKQQFKLMFEKARLIGKGTTEPHPFLYKVFARSIPANAVEFYERYLIERKFYL
TGLSNEIKKGNRVDVPFIRRDQNKWKTPAMKTLGRIYSEDLPVELPRQMFDNEIKSHL
KSLPQMEGIDFNNANVTYLIAEYMKRVLDDDFQTFYQWNRNYRYMDMLKGEYDRK
GSLQHCFTSVEEREGLWKERASRTERYRKQASNKIRSNRQMRNASSEEIETILDKRLSN
SRNEYQKSEKVIRRYRVQDALLFLLAKKTLTELADFDGERFKLKEIMPDAEKGILSEIM
PMSFTFEKGGKKYTITSEGMKLKNYGDFFVLASDKRIGNLLELVGSDIVSKEDIMEEFN
KYDQCRPEISSIVFNLEKWAFDTYPELSARVDREEKVDFKSILKILLNNKNINKEQSDIL
RKIRNAFDHNNYPDKGVVEIKALPEIAMSIKKAFGEYAIMK*

mini-
PbuCas13b

MQKQDKLFVDRKKNAIFAFPKYITIMENKEKPEPIYYELTDKHFWAAFLNLARHNVYT
TINHINRRLEQAKKLDKKVRLRDLIMKHFPFLEAAAYEMTNKEQREKEQSEALSLNNL
KNVLFIFLEKLQVLRNYYSHYKYSEESPKPIFETSLLKNMYKVFDANVRLVKRDYMH
HENIDMQRDFTHFADKEGNMTIAGLLFFVSLFLDKCRSRISLPKLKLENVQTKDWMQL
DMLNELVRCPKSLYERLREKDRESFKVPFKNTLVRHQDRFPYFVLRYFDLNEIFEQLRF
QIDLGTYHFSIYNKRIGDEDEVRHLTHHLYGFARIQDFTAPHYHLENEKIGIKFCSAHN
NLFPSLQTDKTCNGRSKFNLGTQFTAEAFLSVHELLPMMFYYLLLTKDYSRKESADKV
EGIIRKEISNIILQGHLPKQMISILKGRQKDMGKEAERKIGEMIDDTQRRLDLLCKQTNQ
KIRIGKRNAGLLKSGKIADWLVNDMMRFQPVQKDQNNIPINNSKANSTEYRMLQRAL
ALFGSEILSFYRNYLEARKKYLKGLKPQNWKQYQHFLILKVQKTNRNTLVTGWKNSF
NLPRGIFTQILSFDRVGFVAKAIPLYFAEEYKDNVQPFYDYPFNIGNRLKPKKRQFLDK
KERVELWQKNKELFKNYPSEKKKTDLAYLDFLSWKKFERELRLIKNQDIVTWLMFKE
SNNILNRIMPMKLPVKTYETDNKGNILKERPLATFYIEETETKVLKQGNFKALVKDRR
LNGLFSFAISKLSVDLELIKYQTTRISIFEMTLGLEKKLIDKYSTLPTDSFRNMLERWLQ
CKANRPELKNYVNSLIAVRNAFSHNQYP*



mini-
PspCas13b

MENQKKYFGTYSVMAMLNAQTVLDHIQKVADIEGEQPEKTMFIIERLQSYFPFLKIMA
KNQREYSNGKYKQNRVEVNSNDIFEVLKRAFGVLKMYRDLTNHYKTYEEKLNDGCE
FLTSTEQPLSGMINNYYTVALRNMNERYGYKTEDLAFIQDKLQDYNGDTQKKLHLSG
VGIALLICLFLDKGINSIKLPKDRIHSEKSNKSVAMDMLNEVKRCPDELFTTLSAEKQSR
SSDRFVPLLLQYIDYGKLFDHIRFHVNMGKLRYLLKADKTCIDGQTRVRVIEQPLNGF
GRLEEAYTHYILENNKVEMFINDKEDSAPLLPVIEDDRYVVKTIPSCRMSTLEIPAMAF
HMFLFGSKKTEKLIVDVHNRYKRLFQAMQKEESDLPQKILDLISGNAHGKDVDAFIRL
TVDDMLTDTERRIKRFKDDRKSIRSADNKMGKRGFKQISTGKLADFLAKDIVLFQPSV
NDGENKITGLNYRIMQSAIAVYDSGDDYEAKAVEFYERYLIERKFYLTGLSNEIKKGN
RVDVPFIRRDQNKWKTPAMKTLGRIYSEDLPVELPRQMFDFNNANVTYLIAEYMKRV
LDDDFQTFYQWNRNYRYMDMLKGEYDRKGSLQHCFTSVEEREGLWKERASRTERY
RKQASNKIRSNRQMRNASSEEIETILDKRLSNSRNEYQKSEKVIRRYRVQDALLFLLAK
DAEKGILSEIMPMSFTFEKGGKKYTITSEGMKLKNYGDFFVLASDKRIGNLLELVGSDI
VSKEDIMEEFNKYDQCRPEISSIVFNLEKWAFDTYPELSARVDREEKVDFKSILKILLNN
KNINKEQSDILRKIRNAFDHNNYP*

REPAIRVx

MIEKKKSFAKGMGVKSTLVSGSKVYMTTFAEGSDARLEKIVEGDSIRSVNEGEAFSAE
MADKNAGYKIGNAKFSHPKGYAVVANNPLYTGPVQQDMLGLKETLEKRYFGESADG
NDNICIQVIHNILDIEKILAEYITNAAYAVNNISGLDKDIIGFGKFSTVYTYDEFKDPEHH
RAAFNNNDKLINAIKAQYDEFDNFLDNPRLGYFGQAFFSKEGRNYIINYGNECYDILAL
LSGLAHWVVANNEEESRISRTWLYNLDKNLDNEYISTLNYLYDRITNELTNSFSKNSA
ANVNYIAETLGINPAEFAEQYFRFSIMKEQKNLGFNITKLREVMLDRKDMSEIRKNHK
VFDSIRTKVYTMMDFVIYRYYIEEDAKVAAANKSLPDNEKSLSEKDIFVINLRGSFNDD
QKDALYYDEANRIWRKLENIMHNIKEFRGNKTREYKKKDAPRLPRILPAGRDVSAFSK
LMYALTMFLDGKEINDLLTTLINKFDNIQSFLKVMPLIGVNAKFVEEYAFFKDSAKIAD
ELRLIKSFARMGEPIADARRAMYIDAIRILGTNGSKRTADGSEFESPKKKRKVGSQLHL
PQVLADAVSRLVLGKFGDLTDNFSSPHARRKVLAGVVMTTGTDVKDAKVISVSTGTK
CINGEYMSDRGLALNDCHAEIISRRSLLRFLYTQLELYLNNKDDQKRSIFQKSERGGFR
LKENVQFHLYISTSPCGDARIFSPHEPILEEPADRHPNRKARGQLRTKIESGQGTIPVRSN
ASIQTWDGVLQGERLLTMSCSDKIARWNVVGIQGSLLSIFVEPIYFSSIILGSLYHGDHL
SRAMYQRISNIEDLPPLYTLNKPLLSGISNAEARQPGKAPNFSVNWTVGDSAIEVINATT
GKDELGRASRLCKHALYCRWMRVHGKVPSHLLRSKITKPNVYHESKLAAKEYQAAK
ARLFTAFIKAGLGAWVEKPTEQDQFSLTGSKRTADGSEFESPKKKRKVGSMRNFIINN
VISNKRFHYLIRYGDPAHLHEIAKNEAVVKFVLGRIADIQKKQGQNGKNQIDRYYETCI
GKDKGKSVSEKVDALTKIITGMNYDQFDKKRSVIEDTGRENAEREKFKKIISLYLTVIY
HILKNIVNINARYVIGFHCVERDAQLYKEKGYDINLKKLEEKGFSSVTKLCAGIDETAP
DKRKDVEKEMAERAKESIDSLESANPKLYANYIKYSDEKKAEEFTRQINREKAKTALN
AYLRNTKWNVIIREDLLRIDNKTCTLFANKAVALEVARYVHAYINDIAEVNSYFQLYH
YIMQRIIMNERYEKSSGKVSEYFDAVNDEKKYNDRLLKLLCVPFGYCIPRFKNLSIEAL
FDRNEAAKFDKEKKKVSGNS*



mini-
REPAIRVx

MIEKKKSFAKGMGVKSTLVSGSKVYMTTFAEGSDAFSHPKGYAVVANNPLYTGPVQ
QDMLGLKETLEKRYFGESADGNDNICIQVIHNILDIEKILAEYITNAAYAVNNISGLDEG
RNYIINYGNECYDILALLSGLAHWVVANNEEESRISRTWLYNLDKNLDNEYISTLNYL
YDRITNELTNSFSKNSAEQYFRFSIMKEQKNLGFNITKLREVMLDRKDMSEIRKNHKV
FDSIRTKVYTMMDFVIYRYYIEEEKDIFVINLRGSFNDDQKDALYYDEANRIWRKLENI
MHNIKEFRGNKTREYKKKDAPRLPRILPAGRDVSAFSKLMYALTMFLDGKEINDLLTT
LINKFDNIQSFLKVMPLIGVNAKFVEEYAFFKDSAKIADELRLIKSFARMGEPIADARRA
MYIDAIRILGTGSKRTADGSEFESPKKKRKVGSQLHLPQVLADAVSRLVLGKFGDLTD
NFSSPHARRKVLAGVVMTTGTDVKDAKVISVSTGTKCINGEYMSDRGLALNDCHAEII
SRRSLLRFLYTQLELYLNNKDDQKRSIFQKSERGGFRLKENVQFHLYISTSPCGDARIFS
PHEPILEEPADRHPNRKARGQLRTKIESGQGTIPVRSNASIQTWDGVLQGERLLTMSCS
DKIARWNVVGIQGSLLSIFVEPIYFSSIILGSLYHGDHLSRAMYQRISNIEDLPPLYTLNK
PLLSGISNAEARQPGKAPNFSVNWTVGDSAIEVINATTGKDELGRASRLCKHALYCRW
MRVHGKVPSHLLRSKITKPNVYHESKLAAKEYQAAKARLFTAFIKAGLGAWVEKPTE
QDQFSLTGSKRTADGSEFESPKKKRKVGSMRNFIINNVISNKRFHYLIRYGDPAHLHEI
AKNEAVVKFVLGRIADIQKKQGQNGKNQIDRYYETCIQFDKKRSVIEDTGRENAEREK
FKKIISLYLTVIYHILKNIVNINARYVIGFHCVERDAQLYKEKGYDINLKKLEEQINREK
AKTALNAYLRNTKWNVIIREDLLRIDNKTCTLFANKAVALEVARYVHAYINDINDEK
KYNDRLLKLLCVPFGYCIPRFKNLSIEALFDRNEAAKFDKEKKKVSGNS*



Supplementary Table 2. Primers used in this study.

Primers for cloning Δ1, Δ2, Δ3 RfxCas13d  expression plasmids

Name Sequence
Frament-F:gaaggcagcgacgccttcagccatcctaagggct
Frament-R:cgtatcgtagttatctacacgacgggg
Vector-F:gataactacgatacgggagggctt
Vector-R:ggcgtcgctgccttcg
Frament-F:atctccggcctggatgagggcagaaattacatcatcaattacggcaacga
Frament-R:cgtatcgtagttatctacacgacgggg
Vector-F:gataactacgatacgggagggctt
Vector-R:atccaggccggagatattgttgac
Frament-F:ttctccaagaactccgccgaacaatatttcagattcagc
Frament-R:cctgtagcaatggcaacaacgttgcgc
Vector-F:tgccattgctacaggcatcgt
Vector-R:ggagttcttggagaaggagttggt

Primers for cloning mammalian expression plasmids
Name Sequence

Frament-F:cttaagcttgccaccatgaaaatcgaagaaggtaaaggtcacc
Frament-R:gactcgagcggccgcttatttctgctcgtcgctatcatctttacccgg
Vector-F:gcggccgctcgagtc
Vector-R:ggtggcaagcttaagtttaaacgct
Frament-F:cttaagcttgccaccatgaaaatcgaagaaggtaaaggtcacc
Frament-R:gactcgagcggccgcttatttttccgtcagatattcattacgatcaaacagctgctcg
Vector-F:gcggccgctcgagtc
Vector-R:ggtggcaagcttaagtttaaacgct
Frament-F:cttaagcttgccaccatgaacatccccg
Frament-R:gactcgagcggccgccttcatgatggcgtactcccc
Vector-F:gcggccgctcgagtc
Vector-R:ggtggcaagcttaagtttaaacgct

QPCR primers used in the study
STAT6 -qPCR-F GAGGATCCAGATTTGGAAACGG
STAT6 -qPCR-R AATGTCCACCAGGCTTTCAC
NRAS -qPCR-F CACTGACAATCCAGCTAATCCA
NRAS -qPCR-R TCTGCTCCCTGTAGAGGTTAATA
LMNA -qPCR-F CTCCTTGGGCACAGAACC
LMNA -qPCR-R TGGGCTGTCTAGGACTCAG
EGFR -qPCR-F AAGTGTGATCCAAGCTGTCC

PspCas13b

Δ1 RfxCas13d

Δ2 RfxCas13d

Δ3 RfxCas13d

EsCas13d

RspCas13d



EGFR -qPCR-R TGCTGGGCACAGATGATTT
KRAS -qPCR-F GCCTTCTAGAACAGTAGACACAA
KRAS -qPCR-R TCCACTCTCTGTCTTGTCTTTG

MATAL1 -qPCR-F AACTTGTAGACTGGAGAAGATAGG
MATAL1 -qPCR-R GAGATCAGCTTCCGCTAAGAT

HRAS -qPCR-F GGAAGCAGGTGGTCATTGAT
HRAS -qPCR-R GGAAGCAGGTGGTCATTGAT
NF2 -qPCR-F AAGATCTACTGCCCTCCTGA
NF2 -qPCR-R GGGTCGTAGTCACCATACTTG

STAT1 -qPCR-F GGAATCTGTCCTTCTTCCTGAC
STAT1 -qPCR-R GGTCCACATTGAGACCTCTTT

STAT1 -2-qPCR-F TCTCAATGTGGACCAGCTGAACA
STAT1 -2-qPCR-R GGTCCACATTGAGACCTCTTT

RAF1 -qPCR-F GGCTCAGGGAATGGACTATTT
RAF1 -qPCR-R GAGTAGACATCCGACTGGAAAC
TRAF7 -qPCR-F TCTGGTGGCAGCGTCTA
TRAF7 -qPCR-R TTGGACTCAATGTCCCACAC
PPARG -qPCR-F GTCGGTTTCAGAAATGCCTTG
PPARG -qPCR-R ATCTCCGCCAACAGCTTC

XYL2 -qPCR-F AACTTCGAGCAGGTGATTGT
XYL2 -qPCR-R CAATTAGGCAGCCCTCATCA

RPASP58 -qPCR-F CCCTGCTGATGTCAGTGTTAT
RPASP58 -qPCR-R GTGAAGGTTCCAGGAGTGAAG
NFKB1 -qPCR-F GCTACTCTGGCGCAGAAATTA
NFKB1 -qPCR-R CAGAGACCTCATAGTTGTCCATAAG
PPIB -qPCR-F GAGATGGCACAGGAGGAAAG
PPIB -qPCR-R ACTGTCGTGATGAAGAACTGG

B4GALNT1 -qPCR-F GACCAGCTGCTCATAGCC
B4GALNT1 -qPCR-R GACCAGAAGCTGCCTGAA

Primers for  RNA editing
COG3 -F CAGATGCATAGATAGGGCAGTGTTCCAAGGA
COG3 -R ACCTTTGTCATGAACTCCTCCAGCTGTTC
GLI2 -F CAGAACTTTGATCCTTACCTC
GLI2 -R CCCATATCCCAGAGTATCAGTAGGTGG
PPIB -F CTGCTGCCGGGACCTTCTG
PPIB -R CTCCGCCCTGGATCATGAAGT

COG3 -F GGAGTGAGTACGGTGTGCGGGCAGTGTTCCAAGGATTA
Primers for  Deep sequence of RNA editing



COG3 -R GAGTTGGATGCTGGATGGGACAGTCATAGGGTTCAGGATTT
GLI2 -F GGAGTGAGTACGGTGTGCAGCTAGAGTCCAGAGGTTCA
GLI2 -R GAGTTGGATGCTGGATGGAGAGTATCAGTAGGTGGGAAGT

Primers for Pcsk9  mRNA  knockdown
Pcsk9 -qPCR-F ACAGGCGAGCAAGTGTG
Pcsk9 -qPCR-R CTGTGCCCTTCCCTTGAC

Primers for Detecting mini-RfxCas13d expression
mini-RfxCas13d-primer1-F CTGGCTCTACAACCTCGATAAG
mini-RfxCas13d-primer1-R GGGCGTCCTTCTTCTTATACTC
mini-RfxCas13d-primer2-F GGATCGCTGACATCCAGAAA
mini-RfxCas13d-primer2-R TTGGCCTTCTCCCTGTTAATC



Name Spacer sequence DR
sequence

Interference
Mechanism First figure

STAT6 ACACCTCTCCTGGAGTGGGGCCA Fig 2b
NRAS GAAGGCTTCCTCTGTGTATTTGC Fig 2b
LMNA ACCGTGACACTGGAGGCAGAAGA Fig 2b
EGFR GGGGTGCAGGAGAGGAGAACTGCCAGAAAC Fig 2b,2c
KRAS CAGGCTCAGGACTTAGCAAGAAGTTATGGA Fig 2c

MATAL1 CTGATCTCCAATGCTCTTCAGTA Fig 2c
HRAS GTCCGAGTCCTTCACCCGTTTGATCTGCTCC Fig 2c
NF2 TAGTCACCATACTTGGCCTGGACGGCGTAA Fig 2c

STAT1 GCGGAACCCAGGAATCTGTCCTT Fig 2c
STAT1-2 TCTCAATGTGGACCAGCTGAACATGTTGGG Fig 2c

RAF1 GGACAGCAGGATGATTGAGGATGCAATTCG Fig 2c
TRAF7 ACAGCAATGGAGTAGACGCTGCC Fig 2c
PPARG AATGCCTTGCAGTGGGGATGTCTCATAATG Fig 2c
XYL2 GGAGCCGGCACTGATGAGGGCTGCCTAATT Fig 2c

RPASP58 CCAGTATTCCTGGAGGATATAAC Fig 2c
NFKB1 ACTTATGGACAACTATGAGGTCTCTGGGGG Fig 2c
EGFR GGGGTGCAGGAGAGGAGAACTGCCAGAAAC Fig 3e
KRAS CAGGCTCAGGACTTAGCAAGAAGTTATGGA Fig 3e

MATAL1 CTGATCTCCAATGCTCTTCAGTAGGGTCAT Fig 3e
PPIB CAAACTGAAGCACTACGGGCCTGGCTGGGT Fig 3e
NRAS CTCAGCCAAGACCAGACAGGGTGTTGAAGA Fig 3e

PPARG AATGCCTTGCAGTGGGGATGTCTCATAATG Fig 3e
EGFR GGGGTGCAGGAGAGGAGAACTGCCAGAAAC Fig 3f
KRAS CAGGCTCAGGACTTAGCAAGAAGTTATGGA Fig 3f

MATAL1 CTGATCTCCAATGCTCTTCAGTAGGGTCAT Fig 3f
PPIB CAAACTGAAGCACTACGGGCCTGGCTGGGT Fig 3f
NRAS CTCAGCCAAGACCAGACAGGGTGTTGAAGA Fig 3f

PPARG AATGCCTTGCAGTGGGGATGTCTCATAATG Fig 3f
EGFR GGGGTGCAGGAGAGGAGAACTGCCAGAAAC Fig 5e
KRAS CAGGCTCAGGACTTAGCAAGAAGTTATGGA Fig 5e

MATAL1 CTGATCTCCAATGCTCTTCAGTAGGGTCAT Fig 5e
PPIB CAAACTGAAGCACTACGGGCCTGGCTGGGT Fig 5e
NRAS CTCAGCCAAGACCAGACAGGGTGTTGAAGA Fig 5e

PPARG AATGCCTTGCAGTGGGGATGTCTCATAATG Fig 5e
HRAS GGAGCAGATCAAACGGGTGAAGGACTCGGA Fig 5e

B4GALNT1 TGAGCCTTCAGGCAGCTTCTGGTCAGGAGG Fig 5e
EGFR GGGGTGCAGGAGAGGAGAACTGCCAGAAAC Fig 5f
KRAS CAGGCTCAGGACTTAGCAAGAAGTTATGGA Fig 5f

MATAL1 CTGATCTCCAATGCTCTTCAGTAGGGTCAT Fig 5f
PPIB CAAACTGAAGCACTACGGGCCTGGCTGGGT Fig 5f
NRAS CTCAGCCAAGACCAGACAGGGTGTTGAAGA Fig 5f

PPARG AATGCCTTGCAGTGGGGATGTCTCATAATG Fig 5f
HRAS GGAGCAGATCAAACGGGTGAAGGACTCGGA Fig 5f

B4GALNT1 TGAGCCTTCAGGCAGCTTCTGGTCAGGAGG Fig 5f

Supplementary Table 3. CrRNA spacer sequences  for RNA knockdown experiments.

PspCas13b

GTTGTG
GAAGGT
CCAGTT
TTGAGG
GGCTAT
TACAAC

GTTGCA
TCTGCC
TTCTTT
TTGAAA
GGTAAA
AACAAC

CACTGG
TGCAAA
TTTGCA
CTAGTC
TAAAAC

CACCCG
TGCAAA
ATTGCA
GGGGTC
TAAAAC

RfxCas13d

EsCas13d

RspCas13d

PbuCas13b

AACCCC
TACCAA
CTGGTC
GGGGTT
TGAAAC



Editing site Spacer sequence Mismatch
distance

Editing
system

First
figure

COG3 GCTCCATTTCACACTGAATTCACCATTAAGGAAATTTC
CCTGGACCTCAA 17/50 Fig 6b

GLI2 CCCAGCATCACTGAGAATGCTGCCATGGATGCTAGAG
GGCTACAGGAAGA 17/50 Fig 6b

PPIB GTATTTTGACCTACGAATTGGAGATGAAGATGTAGGCC
GGGTGATCTTTG 17/50 Fig 6b

COG3 GCTCCATTTCACACTGAATTCACCATTAAGGAAATTTC
CCTGGACCTCAA 17/50 Fig 6b

GLI2 CCCAGCATCACTGAGAATGCTGCCATGGATGCTAGAG
GGCTACAGGAAGA 17/50 Fig 6b

PPIB GTATTTTGACCTACGAATTGGAGATGAAGATGTAGGCC
GGGTGATCTTTG 17/50 Fig 6b

REPAIRVx

mini-
REPAIRVx

Supplementary Table 4. CrRNA sequences used in this study for RNA editing in mammalian cells.



Supplementary Table5.CrRNA spacer sequences for Pcsk9  knockdown experiments.

Name Spacer sequence Interference
Mechanism First figure

Pcsk9 -1 CTTCAACAGCGTGCCGGAGGAGGATGGGAC Fig S15a

Pcsk9- 2 GCGAGCAAGTGTGACAGCCACGGCACCCAC Fig S15a

Pcsk9- 3 TGGCAGGTGTGGTCAGCGGCCGGGATGCTG Fig S15a

Pcsk9- 1 CTTCAACAGCGTGCCGGAGGAGGATGGGAC Fig S15a

Pcsk9- 2 GCGAGCAAGTGTGACAGCCACGGCACCCAC Fig S15a

Pcsk9- 3 TGGCAGGTGTGGTCAGCGGCCGGGATGCTG Fig S15a

RfxCas13d

mini-RfxCas13d
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