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Fig. S1. In vitro DNA cleavage assay of Cas12b proteins. a Schematic ilustration of the 

genomic architecture of CRISPR-Cas12b from Alicyclobacillus kakegawensis (NBRC 103104), 

Alicyclobacillus macrosporangiidus (strain DSM 17980), Bacillus sp. (NSP2.1) (left), and the 

crRNA/tracrRNA duplex from each strain (right). b Coomassie blue staining of AaCas12b, 

AkCas12b, AmCas12b and BsCas12b purified from E. coli. c In vitro cleavage of double-

stranded DNAs containing the 5’-NTTN PAMs by the purified AaCas12b, AkCas12b, 

AmCas12b and BsCas12b proteins and their cognate crRNA/tracrRNA duplexes. The cleavage 

rate is shown under the cleaved lanes. d In vitro cleavage activity of AaCas12b at various 

temperatures. The cleavage rate is shown under the cleaved lanes. e In vitro cleavage activity 

of AaCas12b under various pH conditions. The cleavage rate is shown under the cleaved lanes. 

f In vitro cleavage assay showing the Mg2+-dependent endonuclease activity of AaCas12b. The 

cleavage rate is shown under the cleaved lanes. g In vitro cleavage assay of AaCas12b in the 

presence of indicated metals, Ca2+, Mn2+, Sr2+, Ni2+, Fe2+, Co2+, Zn2+, Cu2+. The cleavage rate 

is shown under the cleaved lanes. h In vitro validation of the PAM requirements of AkCas12b 

showing that PAMs matching the 5’-TTTN sequence can be efficiently cleaved. The cleavage 

rate is shown under the cleaved lanes. i Cleavage site determination of AaCas12b by sequencing 

the cleavage products. The cleavage sites are indicated by red triangles in the left panel. TS, 

target strand; NTS, non-target strand. 
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Fig. S2 Cas12b nucleases mediate robust genome editing in mammalian cells. a 

Immunofluorescence staining showing two nuclear localization signals (NLSs) ensured nuclear 

compartmentalization of AaCas12b in HeLa cells. Scale bar, 20 µm. b (Left) Schematic 

illustration of the human RNF2 target site 2 of AaCas12b and crRNA/tracrRNA duplex. Red 

letters indicate the PAM sequence. (Right) T7EI analysis of indels produced by Cas12b 

orthologues (AaCas12b, AkCas12b, AmCas12b and BsCas12b) at the human RNF2 gene target 

site 2. The indel rate is shown under the lane with mutation. mock, an U6 empty vector without 

crRNA/tracrRNA expression. GFP, an empty backbone vector without Cas12b protein 

expression. c (Left) Schematic illustration of the mouse Nrl target site 1 of AaCas12b and 

crRNA/tracrRNA duplex. Red letters indicate the PAM sequences. (Right) T7EI analysis of 

indels produced by Cas12b orthologues (AaCas12b, AkCas12b, AmCas12b and BsCas12b) at 

the mouse Nrl gene target site 1. The indel rate is shown under the lane with mutation. mock, 

an U6 empty vector without crRNA/tracrRNA expression. GFP, an empty backbone vector 

without Cas12b protein expression. d Sanger sequencing results showing the indels in human 

RNF2 target site 2 produced by AaCas12b. Blue dashes, deleted bases; red uppercases, PAM. e 

Sanger sequencing results showing the indels in mouse Nrl target site 1 produced by AaCas12b. 

Blue dashes, deleted bases; purple lowercases, insertions or mutations; red uppercases, PAM. 
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Fig. S3 Frequency of AaCas12b-, AsCas12a- and SpCas9-mediated targeted indel 

mutations at on-target sites in mammalian cells. Target genomic DNA sequences and the 

resulted indel frequencies of AaCas12b, AsCas12a and SpCas9 are shown. Target sites for 

AaCas12b, AsCas12a and SpCas9 are shown and underlined in red, green and blue, respectively. 

Mutation frequencies were assessed by T7EI assay. Error bars indicate standard errors of the 

mean (s.e.m.), n = 2. 
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Fig. S4 Engineered AaCas12b chimeric sgRNAs for genome editing. a Indel frequencies 

induced by AaCas12b directed by crRNA/tracrRNA duplexes and sgRNAs. Indel frequencies 

are calculated by T7EI assay. Error bars indicate standard errors of the mean (s.e.m.), n = 3. b 

Schematic illustration of 5’ truncated sgRNAs on stem loop 1, 2 and 3. c In vitro DNA cleavage 

assay of AaCas12b complexed with the optimized sgRNAs. The cleavage rate is shown under 

the cleaved lanes. d Targeting of mouse Nrl gene by AaCas12b complexed with the optimized 

sgRNAs. The indel rate is shown under the lanes with mutation. 
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Fig. S5 Engineer MS2 hairpin into sgRNA scaffold. a Schematic illustration of the sgRNA3.8 

scaffold constructed with the MS2 RNA hairpin. b Alignment of the sequences of sgRNA 

scaffolds engineered with MS2 RNA hairpin. c Schematic illustration of AaCas12b sgRNA 

scaffolds inserted with the MS2 RNA hairpin. d Insertion of the MS2 RNA hairpin into 

AaCas12b sgRNA stem loop 1 and 3, but not the stem loop 2, maintains the cleavage activity 

of AaCas12b in human cells. The indel rate is shown under the lanes with mutation. 
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Fig. S6 Multiplex genome editing using AaCas12b combined with sgRNA. a AaCas12b-

mediated large genomic deletions by simultaneously targeting human RNF2 target sites 3 and 

5 (~1093 bp deletion) (left), and human RNF2 target sites 3 and 4 (~229 bp deletion) (right) in 

293FT cells. The indel rate is shown under the lanes with mutation. b Sanger sequencing results 

showing the AaCas12b-mediated large genomic deletion by simultaneously targeting human 

RNF2 target sites 3 and 5 (~1093 bp deletion) (left), and human RNF2 target sites 3 and 4 (~229 

bp deletion) (right) in 293FT cells in Fig. S6a. c AaCas12b facilitated multiplex genome editing 

by simultaneously targeting the mouse Nrl and Prmt7 genes using two sgRNAs in the mouse 

genome. The indel rate is shown under the lanes with mutation. 
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AacCas12b 1    A  S K KL     P       G W  H   N GV YY     L RQ     R              E    EL     M VK I V  RL    EI      L KL   V A  R  TEWL  L  ENLY      DG Q C  TA EC    L R..            DDM   R...A      KE            S        R SPNG  E E DK     KA   E 
AaCas12b 1    A  S K KL     P       G W  H   N GV YY     L RQ     R              E    EL     M VK M V  RL    EI      L KL   V A  R  TEWL  L  ENLY      DG Q C  TA EC    L R..            DNM   R...A      TE            S        R SPNG  E E YK     KA   E 
AkCas12b 1    A  S K KL     P       G W  H   N GV YY     L RQ     R              E    EL     M VK I V  RL    DI      M  L     A  R  TEWV  M  E LY      DG Q C  TA DC    L R..            SEC   L...A   Q  RAT           S     I  S GP..  G Q YM     QR   R 
AmCas12b 1    A  S K KL     P       G W  H   N GV YY     L RQ     R              E    EL     V VK I V   L    EI      L HL   V L  R  TEWL  L   NLY      DG Q C  TA  C    L RMN          M GHL   R...E      EA            A    G   R GK..  A E YM   Q RQ   V 
BsCas12b 1    A  S K KL     P       G W  H   N GV YY     L RQ     R              E    EL     M IR I L  K     EA      I R    L          L     ES                   E     I H..           THTG   QNLRK    T RL  E  A  MKM L F    TGE PK............  LQE   C 

                                                             TT                 

AacCas12b 76  R  Q  N              L   R LYE LV    G  G AQ     FLSPL D    GG G  K G KP W     L  R      GH    GSDDEL  LA     L  PQ I  K D   IA       A                    RMRE  A  VE ..  RGPA       Q   Q        A  A     Q  RK       KDAV  L IA A N  R V    
AaCas12b 76  R  Q  N              L   R LYE LV    G  G AQ     FLSPL D    GG G  K G KP W     L  R      GH    GSDDEL  LA     L  PQ I  K D   IA       A                    RMRE  A  VE ..  CGPA       Q   Q        A  A     Q  RK       KDAV  L IA A N  R V    
AkCas12b 74  R  Q  N              L   R LYE LV    G  G AQ     FLSPL D    GG G  K G KP W     L  R      GR    GTD DL  I      I   Q I  R D   IA       V                    KMRD  N  LH ..  QDQP   A   A S R      L S  K     Q  SS       PNSK  R EA S R  A Q    
AmCas12b 76  R  Q  N              L   R LYE LV    G  G AQ     FLSPL D    GG G  K G KP W     L  R      GH    GTDEEL  VA     L  PQ V  K     LA       A                     MKE  D  KR ..  TGDP       G   R        S  K  Q  M  SG       PKSE  K TS S R  A MG   
BsCas12b 67  R  Q  N              L   R LYE LV    G  G AQ     FLSPL D    GG G  K G KP W     I          K       D A  AL     L  PS V    D   I        V                    K KE  EQ QR QAD NTQALPL K  E   Q        S  QS    I SRK       PNSE  K TS A A  T Q K  

                                         TT TT         TT                       

AacCas12b  154      W             D        L   G  P     T        W PL   Q VR WDRDM QQ  ER  SWESAGEP     K K E RK    T  VL     F LK L  VY DS  S V      K     T     F  AI  MM        G EEE E A T  SA R AD  RA AD      MR     EM S E K  R G A                     
AaCas12b 154      W             D        L   G  P     T        W PL   Q VR WDRDM QQ  ER  SWESAGEP     K K E RK    T  VL     F LK L  VY DS  S V      K     T     F  AI  MM        G EEE A A A  ST R AD  RA AD      MR     DM S Q K  R G A                     
AkCas12b 152      W             D        L   G  P     T        W PL   Q VR WDRDM QQ  ER  SWES GDP     R K E RK    S  IL       LR L  VF ET  S V      K     T     F  AL  LM    Q   R VAA E Y Q  AV P KE  NS DAL     FA     YR G D K  G S G                     
AmCas12b 154      W             D        L   G  P     T        W PL   Q VR WDRDM QQ  ER  SWESAGD      K R E  K    T  VI     Y LR L  VF ET  T I      K           F   L  LM       SR VEA A Y AN AK P KQ  AS EM      FD     YK . R M  G H G  A        S         
BsCas12b 147      W             D        L   G  P     T        W PL   Q VR WDRDM QQ  ER  SWESA DP       K   RR    T  VI     Y IR I  LY     T I            T        AI  LL     N  T EQDYE WKK  EE P AS  TT EE      FP   N.TV D A L  QSN F        L            

                                                                             TT 

AacCas12b  234 WN RV    A L              Q     L                         T R   G       W            G EY K  E K RF    F G EHLV  VN L QDMKEAS G E K  TAH V   ALR  D VFE    L   A  Q   Q     V Q N  EQKN V      H   Q Q       P L S EQ   Y  G     S K   K GK APD 
AaCas12b 234 WN RV    A L              Q     L                         T R   G       W            G  Y K  E K RF    F G EHLV  VN L QDMKEAS G E K  TAH L   ALR  D VFE    L   A  Q   EA    V Q S  EQKN V      Q   Q Q       H L S EQ   Y  G     S K   K EK DPD 
AkCas12b 232 WN RV    A L              Q     L                         T R   G       W            G EY R    K KF    F    HLV  A  L  DMR AS G E K  TAH I   ALR  D VFE    I   A  R   E     FQQ M  EQEH AE S   K  RA EA   A  Q F A RG   Q  R     A R   I KS PEE 
AmCas12b 233 WN RV    A L              Q     L                         T R   G       W            G EF R  D R RF    F G EHLV  AQ L QEMKEAS G E K  QAH I   ALR  D I D    L      E   A     V R D  REKH T      A   R E       P F S SS   R  K     A G I D LK SEGE
BsCas12b 226 WN RV    A L              Q     L                         T R   G       W              EY K  E           G E I    Q   N  REL             I    MK    LYE        A  K  QE     K KMAQLNEQLEG   W SL E YEE RE   RENMTAAN.DKYR  K Q   WNE   L STFPAS 

                                                                                

AacCas12b  314             Q      FG    F  L E      W             N     L  A   AT TLP     P W R  D YD  IK V     RR  SHDL AK A P YQ L R D SFLTRYAVY  ILRK    K F  F    A    I   PF L  AE  N  RRNT               E  A   E A          S     NH  M       D TAH   T 
AaCas12b 314             Q      FG    F  L E      W             N     L  A   AT TLP     P W R  D YD  IK V     RR  SHDL AK A P YQ L R D SFLTRYAVY  IVRK    K F  F    A    I   PF L  TE  N  RRNT               K  A   E A          S     NH  M       D TAH   T 
AkCas12b 312             Q      FG    F  L E      W             N     L  A   AT TLP     P W R    YD  IR V     R   SHDL AK A P YQ L R D TFLTRYALY  VLR     R F  F    A    I   LFSQ  EV  Q  AEKR D             K  P   A E          G   D EK  Q       D CVN   T 
AmCas12b 313             Q      FG    F  L E      W             N     L  A   AT TLP     P W R  D FD  LR       RR  SHDL LK A P FQ L R D SFLSRWA Y  VL K    K F  F         V   PV R  EI  KR AQNP               V  P   E P       S  E  N  ED  Q       SPCSN   A 
BsCas12b 305             Q      FG    F  L E      W             N     L  A   AT TLP     P W R  E Y   LK V      R          M      I K   Q I  FVA   L KR    K         A    L   SH Q KEA  R  QRLRG   DAHF QY   EKNRL   GNP R HY   R E T   EE  QS  M   N RKH   V 

   TT          TT                  TT                            T..T      TT   

AacCas12b  394 F    G     Y          R    F            E     V    S Q                    D      D     NL    FLF   G   H IR  KLL V        D V  PI     LD LL  D      I L           KLG .  HQ T   NEF ER  A   H   K ENGVAR V D T   SM E   N  PR PNEP.. A YFR YGAEQ
AaCas12b 394 F    G     Y          R    F            E     V    S Q                    D      D     NL    FLF   G   H IR QKLL V        D V  PI     LD LL  D      V L           KLG .  HQ T   NEF EG  A       T EDGVAK V D T   SM A   D  PR PHEL.. A YFQ YGAEQ
AkCas12b 392 F    G     Y          R    F            E     V    S Q                    D      E     NL    FLF   G   H VR QRLL V        D V  PV     LD LV  E      V L           SSQ S  HK E   DHL PG  A       V ESEGAK R S V   AP G   K  LR EEKSS. A HLH TARPD
AmCas12b 393 F    G     Y          R    F            E     V    S Q                    D      E     NI    FLF   G   H VR QRMI M        E I  PI     LD LA  D      I V           NAE T  FK D   DHF KG  G       V RDGVPT V G V   AP R   A  PN AASP.. D FVG PAAPG
BsCas12b 385 F    G     Y          R    F            E     V    S Q                    D      D            A    P   R V  S LI            V   L         V           I           ARG NLQDY LT EADK RS  F T  Q  WPSESGWM KKD E E AL R FYQQ KLLKNDKGKQK EFK KGSGS

                     TT                                                         

AacCas12b  471        GAK Q  R  L                                    V LN         E   G    PY   F G FG   I        H  RR                           A D Y  VSVRV S S AR   R P  AAH T E       CR DQ A MH  .........................RG R          Q Q    . E R     
AaCas12b 471        GAK Q  R  L                                    V LN         E   G    PY     G FG   I        H   R                           A D Y  LSVRV S S AR   R P  AAHLA E       YR DQ N LHA .........................RG R          Q Q    . E R     
AkCas12b 471        GAK Q  R  L                                    V LN         E   G    PY   F   W    L        R  RR                           A D Y  ISVRV S S VR   R P  AAG MAE A     YE ST A KA  DKQGMRSWRRQPSMLMSAAQMLEDAKQ G          K P    . Q R     
AmCas12b 471        GAK Q  R  L                                    V LN         E   G    PY   F G FG   I        R  RR                           A E F  LSLRV S S      R P  AAA R Q       YR SA V KG  EEKAYLCGFRLPSQRRTG....TPADD G          E Q  QA. R N     
BsCas12b 465        GAK Q  R  L                                    V LN         E   G    PY   F G  G   L        K  K                            I   Y  V I     Q VK          T N HL      LE GD E EE NFED......................GE GS     V DFEPL    N RVQA  GQ

                                                                       TTT      

AacCas12b  525                                   G   L SG RVMS DLGLR  A  S F V                 VFRL      NHRA V F  L  YLAEHPD       G L  L    V     TS  I V R ARKDEL     GR PF     V...GD    F H DK SD       DGKL SE                   S            KPNSK  V  F
AaCas12b 525                                   G   L SG RVMS DLGLR  A  S F V                 VFRL      NHRA V F  L  YLAEHPD       G L  L    V     TS  I V R ARKDEL     GR PF     V...GD    F H DK SD       DGKL SE                   S            KPNSE  V  C
AkCas12b 550                                   G   L SG RVMS DLGLR  A  S F V                 LFRI      QRRV V Y  L  YL EHPD       G L  L    V     TS  I V R AKKEEV     GR P      D...DK    T N NK SA  E    KQIP AP                   S            EALGD  P HY
AmCas12b 546                                   G   L SG RVMS DLGLR  A  S F V                 VFHI      TRRV V Y  I  YLAEHPD       G    L    V     TS  I V R AHRDEL     GR PF     S...DQ    I R GE ER       TGIP SR  T                A            TPDAH  Q  F
BsCas12b 523                                   G   L SG RVMS DLGLR  A  S F V                 V  L        KV           I             A       I           I                  F  LQ IRRPNEFP  TTYKSEQLVEW KASPQHSA VES    F          AA AT   S E.....ESSDKNAAD S

                     TT                                                         

AacCas12b  602   I G   LVA H RS     PGE   K     R  R         Q   L    R        R      L        FP    D    V E   LLKL   TES  LR I EE    L  LR  LA  RLLV  G  D     RSW K   Q        K N N        Q           D  A     QRT RQ  T   Y      C SE VGR E   A  IE PVDAA
AaCas12b 602   I G   LVA H RS     PGE   K     R  R         Q   L    R        R      L        FP    E    V E   LLKL   TES  LR I EE    L  LR  LA  RLLV  G  D     RSW K   Q        E N N        Q           D  A     QRT RQ  T   Y      C SE VGR E   A  IE PMDAN
AkCas12b 627   I G   LVA H RS     PGE   K     R  R         Q   L    R        R      L        YP    D    V E   LI M   TET  LR L EE    L  L   LA  RLLV  G  D     RSW R   Q        H T D        H  Q        Q  K     QAV RP FA   L      C AA ERI T   Q  TK GREFT
AmCas12b 623   I G   LVA H RS     PGE   K     R  R         Q   L    R        R      L        FP    D    L E   LIRL   TES  VR I E     L  LR  MA  RLLV  G  D     RNW R   S        H M H        H           K  S   Q LDR NR  S   S      T VL EQK D   E  QS MERGG
BsCas12b 598   I G   LVA H RS     PGE   K     R  R         Q   L    R        R      L        Y          V     MLRL   Q    V    DE       VK  I     IM                          W E .TP     Q  Y        VE Q MEK    FQLHQR  F  RV AQ   MANKQYGD WDELDS KQAVEQKK

                                                                                

AacCas12b  682                  L           W   V            K V  WRK                    G S     M   WREAFE  L       G     E   A    VR VWR MG Q RD    VR    R KIRG   DVVG   I QNH TPD      NE QK KSLH ICSDK  MD  YES  R   H          D  S.GE P    YAK     N  E 
AaCas12b 682                  L           W   V            K V  WRK                    G S     M   WREAFE  L       G     E   A    VR VWR MG Q RD    VR    R KIRG   DVVG   I Q.Q TPD      DE QK KSLY ICGDR  TE  YES  R   H          D  S.GE P    YQK     N  E 
AkCas12b 707                  L           W   V            K V  WRK                    G S     L   WREA E  L       G     E   I    V  LWR MG Q RD    VK    K KVKG   DVVG   L QKR TPS    L LE TR EAYC RVPDD  SR  DRT IA   R          Q  S.GA V    YQL     N  A 
AmCas12b 703                  L           W   V            K V  WRK                    G S     M   W DLF   V                 M    VR LWR L  Q RD    VR    K KIRG   DV G   L QER PSD W   QAQ RY AQHRDASG.EA GR  QAA  T   Q A        E  RNAD V    IAR  P  H  A 
BsCas12b 677                  L           W   V            K V  WRK                    G S     L    R  WE  V       P     D   A     R A   VG               K          I    M NSP DQTD TF  GI CD TKVL RNE.A  EQ  VQIH K EEY   A QA   RFAADER G......... A L  W 

                    TT      TT                                                  

AacCas12b  761    LE     L  WS        V R          L  HI   K DRLK L   I M ALGYVY          W A  IEY   QYKF KS   F K  G  I AEK SRFAI  R   D A      K ADR I E              G     Y     R         F G VS Q      G     T  E   H  E                   ALD.ERGK K V K 
AaCas12b 760    LE     L  WS        V R          L  HI   K DRLK L   I M ALGYVY          W A  IEY   QYKF KS   F K  G  I AEK SRFAI  R   D A      K ADR I E              G     Y     R         F G VS Q      G     T  E   H  E                   ALDDERGK K V K 
AkCas12b 786    LE     L  WS        V R          L  HI   K DRLK L   I M ALGYVY          W A  IDY   QYKF R    F R  G  V ADR SHFAV  R   E A      K ADR L E              G           Q      R  F A AS L      E     A  Q   N  R                   EAS.GPRE Q T QH
AmCas12b 782    LE     L  WS        V R          L  HI   K DRLK L   I M ALGYVY          W A  LDY   QYRF RS   F    G  V AER SRFAV  R   D        K ADR L E              G     Y     R         A SVQA Q      D     A  E   NG K                   VTD.GRRA Q Q V 
BsCas12b 747    LE     L  WS        V R          L  HI   K DRLK L   I M ALGYVY          W A  IE      K   S     R        ER              V            V                      Y  E  GLR L I   RRT NPQE N F  GHTSHQR LT  QN  E    Q SHA   T      DER....KQE C E 

           TT    TT                                                             

AacCas12b  840 P CQ    E LS Y    DR   EN  LM W HR        QA       G   A  SSRF A TG PG RC  V     P  LILL E     FN   PPS  NQ       GV  ELI   QVHDLLV TM  AF    D R  A  I  RR P               E Q  N           Q S    FQ   N            Y                      ARC
AaCas12b 840 P CQ    E LS Y    DR   EN  LM W HR        QA       G   A  SSRF A TG PG RC  V     P  LILL E     FN   PPS  NQ       GV  ELL   QVHDLLV TM  AF    D R  A  I  RR P               E Q  N           Q S    FQ   N            Y                      ARC
AkCas12b 865 P CQ    E LS Y    DR   EN  LM W HR        QA       G   A  SSRF A TG PG RC  V     P  LIIL E     FS   PPS  S        GI  ELV   QVHDVLV TV  AF    D R  A  V  RR P               A R  D        K  A G    LE   N            Y                      ARF
AmCas12b 861 P CQ    E LS Y    DR   EN  LM W HR        QA       G   A  SSRF A TG PG RC  V     P  LVLL E     FS   PPS  SQ       GV  ELI   QVHDVLV TI  AF    D R  A  I  RR P               E R  N           V S    LE   H            P                      S..
BsCas12b 823 P CQ    E LS Y    DR   EN  LM W HR        QA       G   A  SSRF A TG PG RC  V        VIL         N        ST        I   V        I I  V   Y      K     I  KK      A     F N  Q RS L  STK      K A  S PKY HM  EPYG Q  D R E     Y    T        RGQD

                            TT                   TT                             

AacCas12b  920             L             LR     P   GE                  AD NAA NLQ R W               E  P W N FV     D       DLI TGE    VSP         H IH  L         L S FDIS IRTQEHNP PF W   K  VEHTL ACP  AD         IF   FS.AEEGDF Q        Q   Q    D    Q  
AaCas12b 920             L             LR     P   GE                  AD NAA NLQ R W         A     E  P W N FV     D       DLI TGE    VSP         H IH  L       R L S FDIS IR REQNP PF W   K  AEHKL GCP  AD         FF   FS.AEEGDF Q        Q        D    Q  
AkCas12b 945             L             LR     P   GE                  AD NAA NLQ R W         V     D  P W T FL     D       DVI TGE    VSP         R VH  I       R L Q FDIT LR GATVD SL L   E  DKHRL KNL  PD         FL   CG.EEAARV Q        Q        N    E  
AmCas12b 939             L             LR     P   GE                  AD NAA NLQ R W         I        P W S YL     D       ELI TGD    VTP         R VH  I       R L   FDLS IR PLKDAPSI I   H  KQTER AAA  PG         FL   AG.RGASGV V        H       EN    D  
BsCas12b 903             L             LR     P   GE                  AD NAA NLQ R W         L     E                       DIV        MT            L   I       K   Q Y    L  QGRRF NLQKR VNEQFLTEEQVKQ  PG    DDS  LF  LTDGSGSKEVVF Q      H     F  R N..E F

                                                                                

AacCas12b  999               L P                                                      E   EA  ALRCD     D   V I R T  R    Y   V  T      GVTY        R     Q     LSEEE  LLV  DE     WGEV. GEL     L GK TADS SNK FY ....NT    YERERGKK RKVFA ...EK     A         
AaCas12b 999               L P                                                      E   EA  ALRCD     D   V I R T  R    Y   V  T      GVTY        R     Q    ELSEEE  LLV  DE     WGEV. GEP     T GK TADS GNK FY ....KT    YERERGKK RKVFA ...E      A         
AkCas12b  1024               L P                                                      E   EA  ALRCD         V V R N  R    F   V  S      GVTF        K     Q    DLTD E  LIA  DE     VKMG.GEGT     V NA AKQL GKK LV ....QD    FERSQTGG PHSEK ...T    K L         
AmCas12b  1018               L P                                                      E   EA  AVRCD     D   V I R T  R    Y   I  S      GVSF        R     Q    DLSDEE  LLA  DD     RREGK GTV     L NQ VKER SGV FT ....ED    TVGDAKTR RSSAS GEGD      Q         
BsCas12b 981               L P                                                      E   EA  A         D     V K             V  S         W        K          E  ED   II   EE KVSCRVIVR EEEY    TKSVQAKLGKGLF KK DTAWKDVYV DSQAKLKG TTFTEESESP QL  FQ   E     

          TT    .                                                               

AacCas12b  1071       L RDPSG       W  Q  FW  V                             R KSVV        I   G     KE   M  QRIE  LV     R               E     M     I N.R N TR     S  N    GY  KQIRS VPLQDSACENTGDI
AaCas12b  1071       L RDPSG       W  Q  FW  V                             R KSVV        I   G     KE   M  QRIE  LV     R               E     M     I N.R D TR     S  N    GY  KQIRS VRLQESACENTGDI
AkCas12b  1096       L RDPSG       W  Q  FW  V                             R KSVV        I   G     RE   L  QRIE   A     R               A     F     H G.K H IR     S  K    SHT ERIRV GVGSSLD.......
AmCas12b   1094       L RDPSG       W  Q  FW  V                             R RSVV        V   G     R    M  NRIE  LA                     E     F     F N.G R TA  A  G  H    TL  ERFSVSGAAEKVRG......
BsCas12b  1061       L RDPSG       W  Q  FW  V                             K                       KD       KL   L      K               GTYRT F     VFFPESV YP     GE KR  YGK RERFLT AR............
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Fig. S7 Protein alignment of Cas12b orthologs. Multiple sequence alignment of amino acid 

sequences of AaCas12b, AkCas12b, AmCas12b and BsCas12b shows highly conserved 

residues. Strict identical residues are highlighted with the red background and conserved 

mutations are highlighted with an outline and red font. 
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Fig. S8 Catalytic residues required for AaCas12b-mediated DNA cleavage. a Coomassie 

blue staining of AaCas12b variants (R122A, D570A, R785A, D806A, R911A and D977A) and 

WT purified from E. coli. b Effect of mutation of catalytic residues of AaCas12b on DNA 

targeting in 293FT cells. The indel rate is shown under the lanes with mutation. GFP, an empty 

backbone vector without Cas12b protein expression. c (Left) Schematic of in vitro cleavage of 

Nb.BtsI- and Nt.BstNBI-nicked dsDNA fragments using site-directed mutated AaCas12b. 

(Right) In vitro nicked dsDNA cleavage analysis of the catalytic residue R785A of AaCas12b. 

The cleavage rate is shown under the cleaved lanes. 
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Figure S9. Mutated embryos generated by AaCas12b RNP microinjection. a Summary of 

mutated embryos generated by preassembled AaCas12b RNP microinjection.  b T7EI-based 

genotyping analysis of mouse embryos with AaCas12b RNP injected. The red font highlighted 

numbers denote induced mutants. c Representative indels in mutated embryos in Fig. S9b. Blue 

dashes, deleted bases; purple lowercases, insertions or mutations; red uppercases, PAM. 
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Fig. S10 Mutated mice generated by AaCas12b RNP microinjection. a Nrl mutated founder 

mice generated by microinjection of AaCas12b RNPs. The numbers in red denote newborn 

mice with induced indel mutations. The indel rate is shown under the lanes with mutation. b 

Prmt7 mutated founder mice generated by microinjection of AaCas12b RNPs. The numbers in 

red denote newborn mice with induced indel mutations. The indel rate is shown under the lanes 

with mutation. c Sanger sequencing of targeted Nrl alleles in mutated mice induced by injection 

of AaCas12b RNPs in Fig. 5d and S10a. Blue dashes, deleted bases; purple lowercases, 

insertions or mutations; red uppercases, PAM. Indel frequencies are indicated. d Sanger 

sequencing of targeted Prmt7 alleles in mutated mice induced by injection of AaCas12b RNPs 

in Fig. S10b. Blue dashes, deleted bases; purple lowercases, insertions or mutations; red 

uppercases, PAM. Indel frequencies are indicated. 
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Fig. S11 Successful germline transmission of mutated founders. a Nrl-mutant male founder 

#10 crossed with WT female mouse (top) and the genotypes of the pups were determined by 

T7EI assay (middle). Sanger sequencing reads represent genotypes of mutants (bottom). b Nrl-

mutant female founder #13 crossed with WT male mouse (top) and the genotypes of the pups 

were determined by T7EI assay (middle). Sanger sequencing reads represent genotypes of 

mutants (bottom). 
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Fig. S12 Analysis of off-target effects in mammalian genomes. a Effects of spacer length on 

AaCas12b/sgRNA cleavage activity in human and mouse cells. Error bars indicate standard 

errors of the mean (s.e.m.), n = 3. b Analysis of cleavage specificity of AaCas12b/sgRNA in 

human and mouse cells using sgRNAs carrying double base-pair mismatches in the guide 

sequence. Error bars indicate s.e.m., n = 3. c T7EI analysis of the 30 potential off-targets related 

to Nrl target in the mouse genome. Two WT mice and five indicated founder mice were applied 

for detection and no detectable off-target effects existed by T7EI assay. d Pooled PCR products 

containing the 30 off-target sites per mice were subjected to deep sequencing. Sequences 

containing insertions and deletions around the cleavage site were considered to be AaCas12b-

induced mutations. 
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Fig. S13 Sample-specific variant is not induced by off-target effects. a Sample-specific 

variant observed in WGS data. All the four Nrl-mutated founders contain the same variant and 

the indel frequencies are shown. b T7EI assay (top) and Sanger sequencing (bottom) showing 

the sample-specific variant in Fig. 6e also observed in wild-type siblings (WT #1 and #2). 
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Fig. S14 Comparison of off-target effects of AaCas12b, AsCas12a and SpCas9 in 

mammalian cells. a-b (Left) Schematic showing the targeting sequences of AaCas12b, 

AsCas12a and SpCas9 in human RNF2 locus. (Right) Activities of AaCas12b, AsCas12a and 

SpCas9 targeted to the human RNF2 locus using respective guide RNAs with single 

mismatches in human 293FT cells. Mutation frequencies were assessed by T7EI assay. Error 

bars indicate standard errors of the mean (s.e.m.), n = 3. 
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Fig. S15 AaCas12b generates minimal genome-wide off-target effects compared to 

SpCas9. a-b (Upper) Schematic showing the targeting sequences of AaCas12b and SpCas9 in 

the human CCR5 locus. (Lower) Frequencies of induced indels at on- and off-target sites by 

AaCas12b and SpCas9 in human 293FT cells. Mutation frequencies were assessed by T7EI 

assay. Error bars indicate standard errors of the mean (s.e.m.), n = 2. 

 



Table S1. Oligonucleotides (oligos) used for Cas12b coding gene and guide RNA synthesis. 

See separate Excel file 

 

Table S2. Target sequences bearing various 5’ PAM sequences used for in vitro DNA 

cleavage assay. Target sequences used for in vitro DNA cleavage analysis of PAM sequences 

were commercially synthesized with EcoRI 5’ and SphI 3’ overhangs highlighted with yellow 

and green backgrounds, respectively. Annealed oligos were constructed into EcoRI and SphI 

double-digested p11-LacY-wtx1 vector. 

See separate Excel file 

 

Table S3. Protospacer sequences of mammalian genomic targets. Protospacer targets 

designed based on CRISPR-Cas12b loci with their requisite PAMs against different genes in 

human and mouse genomes. The PAMs are highlighted in blue uppercase and mismatches in 

red lowercase. 

See separate Excel file 

 

Table S4. Frequency of AaCas12b-induced indel mutations at potential off-target sites in 

mammalian genomes. Sites in the human and mouse genomes bearing 1 to 3 mismatches from 

the CCR5, RNF2 and Nrl on-target sites for AaCas12b were detected by targeted deep 

sequencing. PAMs were highlighted in red, and mismatches were within lowercase. 

See separate Excel file 

 

Table S5. Frequency of AaCas12b- and SpCas9-induced indel mutations at potential off-

target sites in human 293FT cells. Sites in the human genome bearing 1 to 3 mismatches from 

the CCR5 and RNF2 on-target sites for AaCas12b and SpCas9 were detected by T7EI assay. 

PAMs were highlighted in red, and mismatches were within lowercase. 

See separate Excel file 

 

Table S6. List of primer sequences used in this study. 

See separate Excel file 



Supplementary Sequences 

Accession information for the four Cas12b orthologs and vectors used in this study. 

 

Cas12b coding sequence from Alicyclobacillus acidiphilus NBRC 100859 (GeneBank ID: 

NZ_BCQI01000053.1) 

ATGGCCGTTAAATCCATGAAAGTGAAACTTCGCCTCGATAATATGCCGGAGATTCGGGCTGG
TTTATGGAAACTCCATACGGAGGTCAACGCGGGGGTTCGATATTACACGGAATGGCTGAGTC
TTCTGCGTCAAGAGAATTTGTATCGAAGAAGTCCGAATGGGGACGGAGAGCAAGAATGTTAT
AAGACTGCAGAAGAATGCAAAGCCGAATTGTTGGAGCGGCTGCGCGCGCGTCAAGTGGAGAA
TGGACACTGTGGTCCGGCGGGATCGGACGATGAATTGCTGCAGTTGGCTCGTCAACTTTATG
AACTGTTGGTTCCGCAGGCGATAGGTGCGAAAGGCGATGCGCAGCAAATTGCGCGCAAGTTT
TTGAGCCCCTTAGCCGACAAGGATGCAGTGGGTGGGCTTGGAATCGCGAAGGCGGGGAACAA
ACCGCGGTGGGTTCGCATGCGCGAAGCGGGAGAACCTGGCTGGGAAGAGGAGAAGGCGAAGG
CTGAGGCGAGGAAATCTACGGATCGAACTGCGGATGTTTTGCGCGCGCTCGCGGATTTTGGG
TTAAAGCCACTGATGCGCGTGTACACCGATTCTGACATGTCATCTGTTCAGTGGAAACCGCT
TCGGAAGGGCCAAGCGGTTCGGACGTGGGACAGGGATATGTTCCAACAGGCCATCGAGCGGA
TGATGTCGTGGGAGTCGTGGAATCAGCGCGTTGGCGAAGCGTACGCGAAACTGGTAGAGCAA
AAAAGTCGATTTGAGCAGAAGAACTTCGTCGGCCAGGAACATTTGGTTCAACTCGTCAATCA
GTTGCAACAAGATATGAAAGAAGCATCGCACGGGCTCGAATCGAAAGAGCAAACCGCACATT
ATCTGACGGGACGGGCATTGCGCGGATCGGACAAAGTGTTTGAGAAGTGGGAGAAACTCGAC
CCTGATGCGCCATTCGATTTGTACGACACCGAAATCAAGAACGTGCAGAGACGTAACACGAG
GCGATTCGGCTCACACGACTTGTTCGCGAAATTGGCGGAACCGAAGTATCAGGCCCTGTGGC
GCGAAGATGCTTCGTTTCTCACGCGTTACGCGGTGTACAACAGCATCGTTCGCAAACTGAAT
CACGCCAAAATGTTCGCGACGTTTACTTTACCGGATGCAACTGCGCATCCGATTTGGACTCG
CTTTGATAAATTGGGCGGGAATTTGCACCAGTACACCTTTTTGTTCAACGAATTCGGAGAAG
GCAGGCACGCGATTCGTTTTCAAAAGCTGTTGACCGTCGAAGATGGTGTCGCAAAAGAAGTT
GATGATGTAACGGTGCCCATTTCCATGTCAGCGCAATTGGATGATCTGCTGCCAAGAGATCC
CCATGAACTGGTTGCACTATATTTTCAAGATTATGGAGCCGAACAGCATTTGGCGGGTGAAT
TCGGTGGCGCGAAGATTCAGTACCGTCGGGATCAACTAAATCATTTGCACGCACGCAGAGGG
GCGAGGGATGTTTATCTCAATCTCAGCGTACGTGTGCAGAGCCAGTCTGAGGCACGGGGAGA
ACGCCGCCCGCCGTATGCCGCAGTATTCCGCCTGGTCGGGGACAACCATCGTGCGTTTGTCC
ATTTTGATAAATTATCGGATTATCTTGCGGAACATCCGGATGATGGGAAGCTTGGATCGGAG
GGGCTGCTTTCCGGGCTACGGGTGATGAGTGTCGATCTCGGCCTTCGCACATCGGCATCGAT
TTCCGTTTTTCGCGTTGCCCGGAAGGACGAGTTGAAGCCGAACTCGGAAGGGCGTGTCCCAT
TCTGTTTTCCGATTGAAGGGAATGAAAATCTCGTCGCGGTTCATGAACGATCTCAACTTTTG
AAGCTGCCTGGCGAAACAGAGTCAAAGGACCTGCGGGCTATCCGAGAAGAGCGCCAACGGAC
CCTGCGGCAGCTGCGGACGCAACTGGCGTATTTGCGGCTGCTCGTGCGGTGTGGGTCGGAAG
ATGTGGGACGGCGTGAACGGAGTTGGGCAAAGCTTATTGAGCAGCCCATGGATGCCAATCAG
ATGACACCGGATTGGCGCGAAGCCTTTGAAGACGAACTTCAGAAGCTTAAGTCACTCTATGG
TATCTGTGGCGACAGGGAATGGACGGAGGCTGTCTACGAGAGCGTTCGCCGCGTGTGGCGCC
ATATGGGCAAACAGGTTCGCGATTGGCGAAAGGACGTACGGAGTGGAGAGCGGCCGAAGATT
CGCGGCTATCAAAAAGATGTGGTCGGCGGAAATTCGATTGAGCAAATTGAGTATCTTGAACG



GCAGTACAAGTTTCTCAAGAGTTGGAGCTTTTTTGGCAAGGTATCGGGACAAGTGATTCGTG
CGGAGAAGGGATCCCGATTTGCGATCACGCTGCGTGAACACATTGATCACGCGAAGGAAGAC
CGGCTGAAGAAATTGGCGGATCGCATCATTATGGAGGCGCTCGGTTATGTGTACGCGTTGGA
TGATGAGCGCGGCAAAGGAAAGTGGGTTGCGAAGTATCCGCCGTGCCAGCTCATCCTGCTGG
AGGAATTGAGCGAGTACCAGTTCAATAACGACAGGCCTCCGAGTGAAAACAATCAGTTGATG
CAATGGAGCCATCGCGGCGTGTTCCAGGAGTTGTTGAATCAGGCCCAAGTCCACGATTTACT
CGTTGGGACGATGTATGCAGCGTTCTCGTCGCGATTCGACGCGCGAACCGGGGCACCGGGTA
TCCGCTGTCGCAGGGTACCGGCGCGTTGCGCTCGGGAGCAGAATCCAGAACCATTTCCTTGG
TGGCTGAACAAGTTTGTGGCGGAACACAAGTTGGATGGTTGTCCCTTACGGGCAGACGACCT
CATCCCCACGGGTGAAGGAGAGTTTTTTGTCTCGCCGTTCAGTGCGGAGGAAGGGGACTTTC
ATCAGATTCATGCCGACCTGAATGCGGCGCAAAACCTGCAGCGGCGACTCTGGTCTGATTTT
GATATCAGTCAAATTCGGTTGCGGTGTGATTGGGGTGAAGTGGACGGTGAACCCGTTCTGAT
CCCAAGGACCACAGGAAAGCGAACGGCGGATTCATATGGCAACAAGGTGTTTTATACCAAAA
CAGGTGTCACCTATTATGAGCGAGAGCGGGGGAAGAAGCGGAGAAAGGTTTTCGCGCAAGAG
GAATTGTCGGAGGAAGAGGCGGAGTTGCTTGTGGAAGCAGACGAGGCAAGGGAGAAATCGGT
CGTTTTGATGCGTGATCCGTCCGGCATTATCAATCGTGGCGACTGGACCAGGCAAAAGGAGT
TTTGGTCGATGGTGAACCAGCGGATTGAAGGATACTTGGTCAAGCAGATTCGCTCGCGCGTT
CGCTTACAAGAAAGTGCGTGTGAAAACACGGGGGATATT 
 

Humanized AaCas12b coding sequence 

ATGGCCGTGAAGAGCATGAAGGTGAAGCTGCGCCTGGACAACATGCCCGAGATCCGCGCCGG
CCTGTGGAAGCTGCACACCGAGGTGAACGCCGGCGTGCGCTACTACACCGAGTGGCTGAGCC
TGCTGCGCCAGGAGAACCTGTACCGCCGCAGCCCCAACGGCGACGGCGAGCAGGAGTGCTAC
AAGACCGCCGAGGAGTGCAAGGCCGAGCTGCTGGAGCGCCTGCGCGCCCGCCAGGTGGAGAA
CGGCCACTGCGGCCCCGCCGGCAGCGACGACGAGCTGCTGCAGCTGGCCCGCCAGCTGTACG
AGCTGCTGGTGCCCCAGGCCATCGGCGCCAAGGGCGACGCCCAGCAGATCGCCCGCAAGTTC
CTGAGCCCCCTGGCCGACAAGGACGCCGTGGGCGGCCTGGGCATCGCCAAGGCCGGCAACAA
GCCCCGCTGGGTGCGCATGCGCGAGGCCGGCGAGCCCGGCTGGGAGGAGGAGAAGGCCAAGG
CCGAGGCCCGCAAGAGCACCGACCGCACCGCCGACGTGCTGCGCGCCCTGGCCGACTTCGGC
CTGAAGCCCCTGATGCGCGTGTACACCGACAGCGACATGAGCAGCGTGCAGTGGAAGCCCCT
GCGCAAGGGCCAGGCCGTGCGCACCTGGGACCGCGACATGTTCCAGCAGGCCATCGAGCGCA
TGATGAGCTGGGAGAGCTGGAACCAGCGCGTGGGCGAGGCCTACGCCAAGCTGGTGGAGCAG
AAGAGCCGCTTCGAGCAGAAGAACTTCGTGGGCCAGGAGCACCTGGTGCAGCTGGTGAACCA
GCTGCAGCAGGACATGAAGGAGGCCAGCCACGGCCTGGAGAGCAAGGAGCAGACCGCCCACT
ACCTGACCGGCCGCGCCCTGCGCGGCAGCGACAAGGTGTTCGAGAAGTGGGAGAAGCTGGAC
CCCGACGCCCCCTTCGACCTGTACGACACCGAGATCAAGAACGTGCAGCGCCGCAACACCCG
CCGCTTCGGCAGCCACGACCTGTTCGCCAAGCTGGCCGAGCCCAAGTACCAGGCCCTGTGGC
GCGAGGACGCCAGCTTCCTGACCCGCTACGCCGTGTACAACAGCATCGTGCGCAAGCTGAAC
CACGCCAAGATGTTCGCCACCTTCACCCTGCCCGACGCCACCGCCCACCCCATCTGGACCCG
CTTCGACAAGCTGGGCGGCAACCTGCACCAGTACACCTTCCTGTTCAACGAGTTCGGCGAGG
GCCGCCACGCCATCCGCTTCCAGAAGCTGCTGACCGTGGAGGACGGCGTGGCCAAGGAGGTG
GACGACGTGACCGTGCCCATCAGCATGAGCGCCCAGCTGGACGACCTGCTGCCCCGCGACCC
CCACGAGCTGGTGGCCCTGTACTTCCAGGACTACGGCGCCGAGCAGCACCTGGCCGGCGAGT
TCGGCGGCGCCAAGATCCAGTACCGCCGCGACCAGCTGAACCACCTGCACGCCCGCCGCGGC



GCCCGCGACGTGTACCTGAACCTGAGCGTGCGCGTGCAGAGCCAGAGCGAGGCCCGCGGCGA
GCGCCGCCCCCCCTACGCCGCCGTGTTCCGCCTGGTGGGCGACAACCACCGCGCCTTCGTGC
ACTTCGACAAGCTGAGCGACTACCTGGCCGAGCACCCCGACGACGGCAAGCTGGGCAGCGAG
GGCCTGCTGAGCGGCCTGCGCGTGATGAGCGTGGACCTGGGCCTGCGCACCAGCGCCAGCAT
CAGCGTGTTCCGCGTGGCCCGCAAGGACGAGCTGAAGCCCAACAGCGAGGGCCGCGTGCCCT
TCTGCTTCCCCATCGAGGGCAACGAGAACCTGGTGGCCGTGCACGAGCGCAGCCAGCTGCTG
AAGCTGCCCGGCGAGACCGAGAGCAAGGACCTGCGCGCCATCCGCGAGGAGCGCCAGCGCAC
CCTGCGCCAGCTGCGCACCCAGCTGGCCTACCTGCGCCTGCTGGTGCGCTGCGGCAGCGAGG
ACGTGGGCCGCCGCGAGCGCAGCTGGGCCAAGCTGATCGAGCAGCCCATGGACGCCAACCAG
ATGACCCCCGACTGGCGCGAGGCCTTCGAGGACGAGCTGCAGAAGCTGAAGAGCCTGTACGG
CATCTGCGGCGACCGCGAGTGGACCGAGGCCGTGTACGAGAGCGTGCGCCGCGTGTGGCGCC
ACATGGGCAAGCAGGTGCGCGACTGGCGCAAGGACGTGCGCAGCGGCGAGCGCCCCAAGATC
CGCGGCTACCAGAAGGACGTGGTGGGCGGCAACAGCATCGAGCAGATCGAGTACCTGGAGCG
CCAGTACAAGTTCCTGAAGAGCTGGAGCTTCTTCGGCAAGGTGAGCGGCCAGGTGATCCGCG
CCGAGAAGGGCAGCCGCTTCGCCATCACCCTGCGCGAGCACATCGACCACGCCAAGGAGGAC
CGCCTGAAGAAGCTGGCCGACCGCATCATCATGGAGGCCCTGGGCTACGTGTACGCCCTGGA
CGACGAGCGCGGCAAGGGCAAGTGGGTGGCCAAGTACCCCCCCTGCCAGCTGATCCTGCTGG
AGGAGCTGAGCGAGTACCAGTTCAACAACGACCGCCCCCCCAGCGAGAACAACCAGCTGATG
CAGTGGAGCCACCGCGGCGTGTTCCAGGAGCTGCTGAACCAGGCCCAGGTGCACGACCTGCT
GGTGGGCACCATGTACGCCGCCTTCAGCAGCCGCTTCGACGCCCGCACCGGCGCCCCCGGCA
TCCGCTGCCGCCGCGTGCCCGCCCGCTGCGCCCGCGAGCAGAACCCCGAGCCCTTCCCCTGG
TGGCTGAACAAGTTCGTGGCCGAGCACAAGCTGGACGGCTGCCCCCTGCGCGCCGACGACCT
GATCCCCACCGGCGAGGGCGAGTTCTTCGTGAGCCCCTTCAGCGCCGAGGAGGGCGACTTCC
ACCAGATCCACGCCGACCTGAACGCCGCCCAGAACCTGCAGCGCCGCCTGTGGAGCGACTTC
GACATCAGCCAGATCCGCCTGCGCTGCGACTGGGGCGAGGTGGACGGCGAGCCCGTGCTGAT
CCCCCGCACCACCGGCAAGCGCACCGCCGACAGCTACGGCAACAAGGTGTTCTACACCAAGA
CCGGCGTGACCTACTACGAGCGCGAGCGCGGCAAGAAGCGCCGCAAGGTGTTCGCCCAGGAG
GAGCTGAGCGAGGAGGAGGCCGAGCTGCTGGTGGAGGCCGACGAGGCCCGCGAGAAGAGCGT
GGTGCTGATGCGCGACCCCAGCGGCATCATCAACCGCGGCGACTGGACCCGCCAGAAGGAGT
TCTGGAGCATGGTGAACCAGCGCATCGAGGGCTACCTGGTGAAGCAGATCCGCAGCCGCGTG
CGCCTGCAGGAGAGCGCCTGCGAGAACACCGGCGACATC 
 

AaCas12b protein sequence 

MAVKSMKVKLRLDNMPEIRAGLWKLHTEVNAGVRYYTEWLSLLRQENLYRRSPNGDGEQECY
KTAEECKAELLERLRARQVENGHCGPAGSDDELLQLARQLYELLVPQAIGAKGDAQQIARKF
LSPLADKDAVGGLGIAKAGNKPRWVRMREAGEPGWEEEKAKAEARKSTDRTADVLRALADFG
LKPLMRVYTDSDMSSVQWKPLRKGQAVRTWDRDMFQQAIERMMSWESWNQRVGEAYAKLVEQ
KSRFEQKNFVGQEHLVQLVNQLQQDMKEASHGLESKEQTAHYLTGRALRGSDKVFEKWEKLD
PDAPFDLYDTEIKNVQRRNTRRFGSHDLFAKLAEPKYQALWREDASFLTRYAVYNSIVRKLN
HAKMFATFTLPDATAHPIWTRFDKLGGNLHQYTFLFNEFGEGRHAIRFQKLLTVEDGVAKEV
DDVTVPISMSAQLDDLLPRDPHELVALYFQDYGAEQHLAGEFGGAKIQYRRDQLNHLHARRG
ARDVYLNLSVRVQSQSEARGERRPPYAAVFRLVGDNHRAFVHFDKLSDYLAEHPDDGKLGSE
GLLSGLRVMSVDLGLRTSASISVFRVARKDELKPNSEGRVPFCFPIEGNENLVAVHERSQLL
KLPGETESKDLRAIREERQRTLRQLRTQLAYLRLLVRCGSEDVGRRERSWAKLIEQPMDANQ



MTPDWREAFEDELQKLKSLYGICGDREWTEAVYESVRRVWRHMGKQVRDWRKDVRSGERPKI
RGYQKDVVGGNSIEQIEYLERQYKFLKSWSFFGKVSGQVIRAEKGSRFAITLREHIDHAKED
RLKKLADRIIMEALGYVYALDDERGKGKWVAKYPPCQLILLEELSEYQFNNDRPPSENNQLM
QWSHRGVFQELLNQAQVHDLLVGTMYAAFSSRFDARTGAPGIRCRRVPARCAREQNPEPFPW
WLNKFVAEHKLDGCPLRADDLIPTGEGEFFVSPFSAEEGDFHQIHADLNAAQNLQRRLWSDF
DISQIRLRCDWGEVDGEPVLIPRTTGKRTADSYGNKVFYTKTGVTYYERERGKKRRKVFAQE
ELSEEEAELLVEADEAREKSVVLMRDPSGIINRGDWTRQKEFWSMVNQRIEGYLVKQIRSRV
RLQESACENTGDI 
 

Cas12b coding sequence from Alicyclobacillus kakegawensis NBRC 103104 (GeneBank ID: 

NZ_BCRP01000027.1) 

ATGGCTGTAAAATCTATTAAGGTCAAGTTGCGGTTGTCAGAGTGCCCAGACATCCTGGCTGG
CATGTGGCAGCTCCACCGGGCGACAAACGCGGGGGTTCGATACTACACAGAATGGGTGAGCT
TGATGCGCCAGGAGATCCTCTACTCGCGCGGGCCGGACGGCGGTCAGCAGTGCTACATGACC
GCGGAGGATTGCCAACGCGAGCTGCTGCGGCGGCTGCGCAATCGCCAGCTCCATAATGGCCG
CCAGGACCAGCCCGGTACAGATGCAGACCTACTGGCAATCAGTAGGAGACTCTATGAAATTC
TGGTCCTGCAATCCATCGGCAAGAGGGGGGACGCCCAGCAGATAGCGAGCAGCTTCCTCAGC
CCTCTGGTCGATCCGAACTCCAAAGGTGGGCGGGGTGAAGCCAAGTCCGGTCGAAAGCCTGC
GTGGCAGAAGATGCGCGATCAAGGTGATCCTCGTTGGGTTGCGGCAAGGGAAAAGTACGAGC
AACGCAAGGCGGTTGATCCATCTAAAGAAATCCTGAATTCATTGGACGCCCTGGGTCTCAGG
CCGCTATTTGCGGTCTTCACGGAGACCTACAGGTCGGGAGTCGATTGGAAGCCGCTCGGCAA
AAGCCAAGGTGTGCGCACATGGGACCGTGACATGTTCCAGCAGGCCCTCGAGCGCCTGATGT
CCTGGGAGTCTTGGAACCGCCGCGTGGGCGAGGAGTACGCCCGTCTTTTCCAACAGAAGATG
AAGTTCGAGCAGGAACACTTCGCGGAACAGTCTCATCTGGTTAAACTGGCGCGCGCGTTGGA
GGCGGACATGCGCGCCGCTTCACAGGGCTTCGAAGCCAAACGCGGCACTGCGCACCAGATCA
CAAGACGGGCGCTGCGCGGGGCGGATCGGGTATTTGAGATATGGAAGAGTATTCCAGAGGAA
GCTTTGTTCTCCCAATATGATGAAGTGATTCGACAGGTCCAGGCGGAGAAAAGACGGGACTT
TGGGTCCCATGATCTGTTCGCCAAGTTGGCGGAACCGAAGTATCAGCCCCTGTGGCGCGCCG
ACGAGACCTTTTTGACGCGCTACGCCCTGTACAATGGAGTCTTGCGGGATTTAGAGAAAGCG
AGACAGTTCGCCACGTTCACGCTGCCGGATGCCTGCGTCAATCCAATTTGGACGCGTTTTGA
AAGCAGCCAGGGGAGCAATCTGCATAAATATGAATTTCTCTTTGACCACCTGGGACCCGGAC
GGCACGCGGTGCGTTTTCAGAGGCTGCTGGTGGTAGAGAGCGAAGGTGCGAAGGAGAGGGAC
TCGGTGGTGGTGCCAGTCGCGCCATCCGGGCAACTGGACAAGCTTGTCCTGCGTGAAGAAGA
GAAATCAAGCGTTGCCTTACACCTTCATGACACAGCCCGGCCGGACGGTTTCATGGCAGAAT
GGGCGGGGGCGAAGCTGCAATATGAACGCAGTACCTTGGCACGCAAGGCGCGCCGTGATAAG
CAAGGGATGCGGTCGTGGCGTAGGCAGCCGTCTATGCTGATGTCTGCGGCACAGATGTTGGA
AGACGCAAAGCAAGCCGGAGACGTGTATCTGAACATCAGTGTGCGTGTGAAGAGCCCCAGTG
AAGTCCGCGGCCAGAGGCGGCCTCCTTACGCGGCCCTGTTTCGGATAGACGATAAACAGCGG
CGTGTGACCGTAAATTACAACAAACTGTCGGCTTACCTAGAGGAACATCCGGATAAACAGAT
TCCAGGCGCACCTGGGCTCCTTTCCGGTCTTCGGGTAATGAGCGTCGACCTTGGGTTGCGCA
CCTCCGCTTCCATCAGTGTGTTCCGTGTGGCAAAGAAGGAAGAGGTGGAAGCGCTGGGCGAC
GGTCGTCCCCCTCATTATTATCCCATCCATGGCACTGACGACCTGGTGGCGGTGCACGAGCG
CTCACATTTGATTCAAATGCCAGGCGAAACCGAAACGAAACAGCTGCGCAAGTTGCGTGAGG



AACGGCAGGCTGTCTTGCGTCCACTGTTCGCTCAACTGGCCCTGCTACGGTTGCTGGTCCGG
TGTGGTGCAGCCGACGAGCGGATTCGTACACGCAGTTGGCAGCGCTTGACGAAGCAGGGGCG
TGAGTTTACGAAGCGATTGACGCCGTCCTGGCGGGAGGCGTTGGAATTGGAGTTAACTCGCT
TGGAGGCGTATTGCGGTAGGGTTCCAGACGACGAATGGAGCCGCATCGTTGATAGAACGGTA
ATCGCTTTGTGGCGTCGCATGGGAAAACAGGTGCGCGATTGGCGTAAACAGGTGAAATCCGG
TGCGAAAGTCAAGGTCAAGGGGTACCAGCTGGATGTAGTCGGCGGCAACTCGCTGGCGCAAA
TCGATTATCTCGAACAGCAGTACAAGTTTCTGCGGCGCTGGAGCTTCTTTGCGCGGGCCAGC
GGTCTGGTTGTGCGGGCGGATCGCGAATCGCATTTCGCAGTCGCTTTACGCCAGCACATTGA
AAATGCCAAGCGGGATCGGCTGAAAAAGTTGGCGGACCGCATCCTGATGGAGGCGCTGGGCT
ACGTGTATGAAGCTTCCGGGCCGCGCGAAGGACAGTGGACGGCGCAGCATCCGCCGTGCCAG
TTGATTATCTTGGAGGAATTAAGCGCGTACCGGTTCAGTGACGACCGTCCGCCGAGCGAGAA
CAGTAAATTGATGGCTTGGGGGCATCGGGGAATTTTGGAGGAGTTGGTCAACCAAGCACAGG
TTCACGACGTGTTAGTGGGGACGGTGTACGCCGCTTTTTCGTCCCGCTTCGATGCCCGCACA
GGCGCCCCTGGAGTGCGCTGCCGCCGGGTACCCGCACGTTTTGTCGGCGCGACGGTGGATGA
TTCACTGCCGCTTTGGCTCACAGAGTTTCTGGACAAGCACAGGCTGGATAAAAACCTCCTGC
GGCCTGACGATGTGATTCCGACCGGAGAGGGTGAGTTTTTGGTTTCTCCGTGTGGCGAGGAA
GCGGCTCGGGTTCGGCAGGTGCACGCCGACATCAACGCGGCGCAAAACCTGCAGCGGAGGCT
GTGGCAGAATTTTGACATTACAGAGCTGCGTCTGCGCTGCGATGTGAAGATGGGTGGCGAAG
GAACGGTGCTGGTACCAAGGGTCAACAACGCCCGCGCCAAACAACTGTTTGGAAAGAAGGTG
TTGGTTTCGCAAGATGGCGTGACGTTCTTTGAACGCAGTCAAACAGGTGGGAAACCGCACAG
CGAGAAGCAGACGGATTTGACCGACAAGGAACTAGAACTAATTGCGGAGGCGGACGAGGCGC
GCGCCAAGTCGGTCGTCCTCTTTCGCGATCCGTCCGGGCACATCGGCAAGGGCCACTGGATT
CGCCAAAGGGAGTTTTGGTCGTTGGTGAAGCAAAGGATTGAATCGCACACGGCGGAAAGGAT
ACGGGTTCGCGGCGTCGGTAGCTCGCTGGAT 
 

Humanized AkCas12b coding sequence 

ATGGCCGTGAAGAGCATCAAGGTGAAGCTGCGCCTGAGCGAGTGCCCCGACATCCTGGCCGG
CATGTGGCAGCTGCACCGCGCCACCAACGCCGGCGTGCGCTACTACACCGAGTGGGTGAGCC
TGATGCGCCAGGAGATCCTGTACAGCCGCGGCCCCGACGGCGGCCAGCAGTGCTACATGACC
GCCGAGGACTGCCAGCGCGAGCTGCTGCGCCGCCTGCGCAACCGCCAGCTGCACAACGGCCG
CCAGGACCAGCCCGGCACCGACGCCGACCTGCTGGCCATCAGCCGCCGCCTGTACGAGATCC
TGGTGCTGCAGAGCATCGGCAAGCGCGGCGACGCCCAGCAGATCGCCAGCAGCTTCCTGAGC
CCCCTGGTGGACCCCAACAGCAAGGGCGGCCGCGGCGAGGCCAAGAGCGGCCGCAAGCCCGC
CTGGCAGAAGATGCGCGACCAGGGCGACCCCCGCTGGGTGGCCGCCCGCGAGAAGTACGAGC
AGCGCAAGGCCGTGGACCCCAGCAAGGAGATCCTGAACAGCCTGGACGCCCTGGGCCTGCGC
CCCCTGTTCGCCGTGTTCACCGAGACCTACCGCAGCGGCGTGGACTGGAAGCCCCTGGGCAA
GAGCCAGGGCGTGCGCACCTGGGACCGCGACATGTTCCAGCAGGCCCTGGAGCGCCTGATGA
GCTGGGAGAGCTGGAACCGCCGCGTGGGCGAGGAGTACGCCCGCCTGTTCCAGCAGAAGATG
AAGTTCGAGCAGGAGCACTTCGCCGAGCAGAGCCACCTGGTGAAGCTGGCCCGCGCCCTGGA
GGCCGACATGCGCGCCGCCAGCCAGGGCTTCGAGGCCAAGCGCGGCACCGCCCACCAGATCA
CCCGCCGCGCCCTGCGCGGCGCCGACCGCGTGTTCGAGATCTGGAAGAGCATCCCCGAGGAG
GCCCTGTTCAGCCAGTACGACGAGGTGATCCGCCAGGTGCAGGCCGAGAAGCGCCGCGACTT
CGGCAGCCACGACCTGTTCGCCAAGCTGGCCGAGCCCAAGTACCAGCCCCTGTggcgcgccG
ACGAGACCTTCCTGACCCGCTACGCCCTGTACAACGGCGTGCTGCGCGACCTGGAGAAGGCC



CGCCAGTTCGCCACCTTCACCCTGCCCGACGCCTGCGTGAACCCCATCTGGACCCGCTTCGA
GAGCAGCCAGGGCAGCAACCTGCACAAGTACGAGTTCCTGTTCGACCACCTGGGCCCCGGCC
GCCACGCCGTGCGCTTCCAGCGCCTGCTGGTGGTGGAGAGCGAGGGCGCCAAGGAGCGCGAC
AGCGTGGTGGTGCCCGTGGCCCCCAGCGGCCAGCTGGACAAGCTGGTGCTGCGCGAGGAGGA
GAAGAGCAGCGTGGCCCTGCACCTGCACGACACCGCCCGCCCCGACGGCTTCATGGCCGAGT
GGGCCGGCGCCAAGCTGCAGTACGAGCGCAGCACCCTGGCCCGCAAGGCCCGCCGCGACAAG
CAGGGCATGCGCAGCTGGCGCCGCCAGCCCAGCATGCTGATGAGCGCCGCCCAGATGCTGGA
GGACGCCAAGCAGGCCGGCGACGTGTACCTGAACATCAGCGTGCGCGTGAAGAGCCCCAGCG
AGGTGCGCGGCCAGCGCCGCCCCCCCTACGCCGCCCTGTTCCGCATCGACGACAAGCAGCGC
CGCGTGACCGTGAACTACAACAAGCTGAGCGCCTACCTGGAGGAGCACCCCGACAAGCAGAT
CCCCGGCGCCCCCGGCCTGCTGAGCGGCCTGCGCGTGATGAGCGTGGACCTGGGCCTGCGCA
CCAGCGCCAGCATCAGCGTGTTCCGCGTGGCCAAGAAGGAGGAGGTGGAGGCCCTGGGCGAC
GGCCGCCCCCCCCACTACTACCCCATCCACGGCACCGACGACCTGGTGGCCGTGCACGAGCG
CAGCCACCTGATCCAGATGCCCGGCGAGACCGAGACCAAGCAGCTGCGCAAGCTGCGCGAGG
AGCGCCAGGCCGTGCTGCGCCCCCTGTTCGCCCAGCTGGCCCTGCTGCGCCTGCTGGTGCGC
TGCGGCGCCGCCGACGAGCGCATCCGCACCCGCAGCTGGCAGCGCCTGACCAAGCAGGGCCG
CGAGTTCACCAAGCGCCTGACCCCCAGCTGGCGCGAGGCCCTGGAGCTGGAGCTGACCCGCC
TGGaggcctACTGCGGCCGCGTGCCCGACGACGAGTGGAGCCGCATCGTGGACCGCACCGTG
ATCGCCCTGTGGCGCCGCATGGGCAAGCAGGTGCGCGACTGGCGCAAGCAGGTGAAGAGCGG
CGCCAAGGTGAAGGTGAAGGGCTACCAGCTGGACGTGGTGGGCGGCAACAGCCTGGCCCAGA
TCGACTACCTGGAGCAGCAGTACAAGTTCCTGCGCCGCTGGAGCTTCTTCGCCCGCGCCAGC
GGCCTGGTGGTGCGCGCCGACCGCGAGAGCCACTTCGCCGTGGCCCTGCGCCAGCACATCGA
GAACGCCAAGCGCGACCGCCTGAAGAAGCTGGCCGACCGCATCCTGATGGAGGCCCTGGGCT
ACGTGTACGAGGCCAGCGGCCCCCGCGAGGGCCAGTGGACCGCCCAGCACCCCCCCTGCCAG
CTGATCATCCTGGAGGAGCTGAGCGCCTACCGCTTCAGCGACGACCGCCCCCCCAGCGAGAA
CAGCAAGCTGATGGCCTGGGGCCACCGCGGCATCCTGGAGGAGCTGGTGAACCAGGCCCAGG
TGCACGACGTGCTGGTGGGCACCGTGTACGCCGCCTTCAGCAGCCGCTTCGACGCCCGCACC
GGCGCCCCCGGCGTGCGCTGCCGCCGCGTGCCCGCCCGCTTCGTGGGCGCCACCGTGGACGA
CAGCCTGCCCCTGTGGCTGACCGAGTTCCTGGACAAGCACCGCCTGGACAAGAACCTGCTGC
GCCCCGACGACGTGATCCCCACCGGCGAGGGCGAGTTCCTGGTGAGCCCCTGCGGCGAGGAG
GCCGCCCGCGTGCGCCAGGTGCACGCCGACATCAACGCCGCCCAGAACCTGCAGCGCCGCCT
GTGGCAGAACTTCGACATCACCGAGCTGCGCCTGCGCTGCGACGTGAAGATGGGCGGCGAGG
GCACCGTGCTGGTGCCCCGCGTGAACAACGCCCGCGCCAAGCAGCTGTTCGGCAAGAAGGTG
CTGGTGAGCCAGGACGGCGTGACCTTCTTCGAGCGCAGCCAGACCGGCGGCAAGCCCCACAG
CGAGAAGCAGACCGACCTGACCGACAAGGAGCTGGAGCTGATCGCCGAGGCCGACGAGGCCC
GCGCCAAGAGCGTGGTGCTGTTCCGCGACCCCAGCGGCCACATCGGCAAGGGCCACTGGATC
CGCCAGCGCGAGTTCTGGAGCCTGGTGAAGCAGCGCATCGAGAGCCACACCGCCGAGCGCAT
CCGCGTGCGCGGCGTGGGCAGCAGCCTGGAC 
 

AkCas12b protein sequence 

MAVKSIKVKLRLSECPDILAGMWQLHRATNAGVRYYTEWVSLMRQEILYSRGPDGGQQCYMT
AEDCQRELLRRLRNRQLHNGRQDQPGTDADLLAISRRLYEILVLQSIGKRGDAQQIASSFLS
PLVDPNSKGGRGEAKSGRKPAWQKMRDQGDPRWVAAREKYEQRKAVDPSKEILNSLDALGLR
PLFAVFTETYRSGVDWKPLGKSQGVRTWDRDMFQQALERLMSWESWNRRVGEEYARLFQQKM



KFEQEHFAEQSHLVKLARALEADMRAASQGFEAKRGTAHQITRRALRGADRVFEIWKSIPEE
ALFSQYDEVIRQVQAEKRRDFGSHDLFAKLAEPKYQPLWRADETFLTRYALYNGVLRDLEKA
RQFATFTLPDACVNPIWTRFESSQGSNLHKYEFLFDHLGPGRHAVRFQRLLVVESEGAKERD
SVVVPVAPSGQLDKLVLREEEKSSVALHLHDTARPDGFMAEWAGAKLQYERSTLARKARRDK
QGMRSWRRQPSMLMSAAQMLEDAKQAGDVYLNISVRVKSPSEVRGQRRPPYAALFRIDDKQR
RVTVNYNKLSAYLEEHPDKQIPGAPGLLSGLRVMSVDLGLRTSASISVFRVAKKEEVEALGD
GRPPHYYPIHGTDDLVAVHERSHLIQMPGETETKQLRKLREERQAVLRPLFAQLALLRLLVR
CGAADERIRTRSWQRLTKQGREFTKRLTPSWREALELELTRLEAYCGRVPDDEWSRIVDRTV
IALWRRMGKQVRDWRKQVKSGAKVKVKGYQLDVVGGNSLAQIDYLEQQYKFLRRWSFFARAS
GLVVRADRESHFAVALRQHIENAKRDRLKKLADRILMEALGYVYEASGPREGQWTAQHPPCQ
LIILEELSAYRFSDDRPPSENSKLMAWGHRGILEELVNQAQVHDVLVGTVYAAFSSRFDART
GAPGVRCRRVPARFVGATVDDSLPLWLTEFLDKHRLDKNLLRPDDVIPTGEGEFLVSPCGEE
AARVRQVHADINAAQNLQRRLWQNFDITELRLRCDVKMGGEGTVLVPRVNNARAKQLFGKKV
LVSQDGVTFFERSQTGGKPHSEKQTDLTDKELELIAEADEARAKSVVLFRDPSGHIGKGHWI
RQREFWSLVKQRIESHTAERIRVRGVGSSLD 
 

Cas12b coding sequence from Alicyclobacillus macrosporangiidus strain DSM 17980 

(GeneBank ID: FPBV01000001.1) 

ATGAACGTGGCCGTGAAATCCATCAAGGTCAAGCTGATGTTGGGTCACCTCCCGGAAATCCG
GGAAGGGCTGTGGCACCTGCACGAGGCAGTCAACTTGGGAGTTCGCTACTACACGGAATGGC
TGGCCCTCCTGCGCCAGGGAAACCTGTACCGGCGAGGCAAGGATGGTGCGCAGGAGTGCTAC
ATGACGGCGGAGCAGTGCCGGCAGGAGTTGCTCGTGCGGCTGCGGGATCGACAGAAGCGCAA
TGGGCATACCGGGGACCCGGGCACGGACGAGGAGTTGCTTGGCGTCGCCAGGCGGCTGTATG
AGCTGTTGGTGCCGCAGTCCGTCGGGAAAAAGGGGCAGGCGCAGATGCTGGCCAGCGGTTTC
CTGAGTCCATTGGCGGATCCGAAGTCCGAGGGAGGAAAGGGCACGTCCAAGTCTGGGCGCAA
GCCGGCGTGGATGGGCATGAAGGAGGCCGGGGATTCGCGTTGGGTGGAGGCGAAGGCCCGGT
ACGAAGCCAATAAAGCGAAGGATCCGACGAAGCAGGTGATTGCGTCTCTCGAGATGTACGGC
CTGAGGCCGTTGTTCGACGTGTTCACGGAGACGTACAAAACGATCCGCTGGATGCCGTTGGG
CAAACATCAAGGCGTGCGCGCCTGGGATCGCGACATGTTCCAACAGTCCTTGGAACGCCTGA
TGTCCTGGGAATCCTGGAACGAACGCGTCGGGGCGGAGTTTGCCCGGTTGGTGGACCGGCGG
GACAGGTTCCGGGAAAAGCACTTCACCGGGCAGGAGCACCTGGTCGCGCTGGCGCAACGGCT
GGAACAGGAGATGAAAGAAGCGTCGCCGGGGTTCGAGTCCAAATCCTCTCAGGCGCACCGGA
TCACAAAGCGCGCGCTGCGGGGGGCGGACGGCATCATCGATGACTGGTTGAAGCTGTCTGAA
GGGGAACCGGTGGATCGATTCGATGAGATCCTCCGGAAGCGTCAGGCCCAGAATCCTCGCAG
GTTCGGATCCCATGATCTCTTCTTGAAGTTGGCGGAACCTGTCTTTCAGCCGCTGTGGCGGG
AGGACCCAAGTTTCTTGTCGCGCTGGGCGTCGTATAACGAAGTGTTGAACAAACTCGAGGAC
GCGAAGCAGTTCGCCACCTTTACGCTGCCAAGTCCGTGCTCGAACCCGGTGTGGGCCCGGTT
CGAGAACGCGGAGGGTACGAACATCTTCAAATACGACTTTCTCTTCGACCACTTCGGAAAGG
GACGACACGGAGTTCGGTTTCAGCGGATGATCGTGATGCGGGACGGCGTGCCGACCGAGGTG
GAGGGGATTGTCGTGCCGATTGCACCCTCCCGGCAGTTGGACGCGCTCGCCCCCAACGACGC
CGCGTCGCCGATTGACGTTTTCGTCGGCGATCCCGCGGCCCCGGGCGCATTTCGCGGACAGT
TCGGGGGTGCGAAGATCCAGTACCGTCGATCGGCGCTGGTACGCAAAGGACGGCGCGAAGAG
AAGGCGTACCTTTGTGGATTCCGCTTGCCGTCGCAACGCCGGACGGGGACGCCTGCCGACGA



CGCGGGCGAGGTGTTTTTGAACCTCAGCCTGCGCGTGGAGAGCCAGTCGGAGCAGGCAGGAC
GTCGCAATCCTCCCTATGCGGCCGTGTTTCACATTTCCGACCAAACCCGCCGCGTGATCGTG
AGATATGGCGAAATTGAGCGGTATCTGGCGGAGCACCCGGACACCGGCATCCCGGGGTCACG
GGGGCTCACGAGCGGCCTGCGTGTGATGAGCGTAGACCTGGGATTGCGGACGTCCGCCGCTA
TCTCGGTGTTTCGCGTGGCGCACAGGGACGAGCTCACGCCCGATGCGCATGGACGCCAGCCC
TTCTTTTTCCCCATTCATGGTATGGACCATCTCGTCGCCCTCCATGAGCGCTCCCACCTCAT
CCGCCTGCCGGGTGAGACGGAGTCCAAGAAAGTTCGCAGCATCCGGGAGCAGAGGCTGGATC
GGTTGAACCGGCTGCGGTCCCAGATGGCGTCGTTGCGGCTACTCGTTCGAACCGGGGTCCTG
GATGAGCAGAAACGGGATCGCAACTGGGAACGCCTTCAGTCCTCCATGGAACGCGGCGGAGA
GCGGATGCCATCCGATTGGTGGGACTTGTTCCAAGCACAGGTGAGGTATCTGGCTCAGCATC
GGGATGCTTCCGGCGAGGCGTGGGGGCGGATGGTACAGGCGGCAGTCCGCACCTTATGGAGG
CAACTGGCCAAGCAGGTGCGCGACTGGCGAAAAGAGGTCCGTCGGAATGCAGACAAGGTGAA
GATCAGGGGAATTGCCCGGGACGTTCCAGGGGGCCATTCCCTTGCGCAGCTGGACTATCTCG
AACGACAGTACCGGTTCTTGCGGAGTTGGAGCGCCTTCTCCGTGCAGGCCGGCCAGGTGGTC
CGCGCCGAGCGGGATTCCCGCTTCGCCGTGGCGCTGCGGGAGCATATCGACAACGGCAAGAA
GGATCGGTTGAAGAAATTGGCGGATCGGATCCTCATGGAAGCCTTGGGATACGTGTACGTCA
CGGACGGCCGCCGCGCCGGACAGTGGCAGGCTGTGTATCCGCCTTGTCAGCTCGTGCTGTTG
GAGGAGTTGAGCGAGTACCGGTTCAGCAATGACCGCCCGCCGAGCGAAAACAGTCAATTGAT
GGTGTGGAGCCACCGCGGCGTGTTGGAGGAGTTGATCCACCAGGCGCAGGTTCACGACGTGC
TGGTGGGCACCATTCCGGCGGCGTTCTCGTCCCGGTTCGATGCTCGGACGGGCGCACCGGGC
ATCCGGTGCAGGAGAGTGCCGTCGATCCCGCTGAAAGATGCCCCGTCCATCCCCATTTGGCT
GTCTCACTATCTCAAGCAAACGGAACGGGACGCTGCTGCTCTGCGGCCGGGCGAGCTCATCC
CGACCGGTGACGGGGAGTTTCTGGTGACCCCCGCGGGCCGCGGGGCATCCGGTGTTCGCGTC
GTCCATGCGGACATCAACGCGGCGCACAATCTGCAGAGGCGGTTGTGGGAGAACTTCGACCT
CAGCGACATTCGGGTTCGGTGTGACCGGCGTGAAGGGAAGGATGGCACGGTCGTCCTCATCC
CGAGGCTGACGAACCAGCGCGTGAAGGAGAGGTACAGCGGGGTCATCTTCACGTCGGAGGAC
GGTGTCAGCTTTACAGTGGGAGACGCCAAAACCCGGCGCCGATCTTCGGCTTCGCAGGGGGA
AGGTGACGACCTGTCGGACGAAGAGCAGGAGTTGCTCGCTGAGGCGGATGACGCGCGCGAGA
GGTCTGTCGTCCTGTTCCGTGACCCGTCTGGTTTCGTCAATGGGGGGCGATGGACCGCGCAA
CGGGCGTTTTGGGGCATGGTCCACAACCGGATCGAAACCTTGTTGGCCGAGCGGTTTTCTGT
GTCGGGAGCGGCCGAAAAGGTGAGAGGA 
 

Humanized AmCas12b coding sequence 

ATGAACGTGGCCGTGAAGAGCATCAAGGTGAAGCTGATGCTGGGCCACCTGCCCGAGATCCG
CGAGGGCCTGTGGCACCTGCACGAGGCCGTGAACCTGGGCGTGCGCTACTACACCGAGTGGC
TGGCCCTGCTGCGCCAGGGCAACCTGTACCGCCGCGGCAAGGACGGCGCCCAGGAGTGCTAC
ATGACCGCCGAGCAGTGCCGCCAGGAGCTGCTGGTGCGCCTGCGCGACCGCCAGAAGCGCAA
CGGCCACACCGGCGACCCCGGCACCGACGAGGAGCTGCTGGGCGTGGCCCGCCGCCTGTACG
AGCTGCTGGTGCCCCAGAGCGTGGGCAAGAAGGGCCAGGCCCAGATGCTGGCCAGCGGCTTC
CTGAGCCCCCTGGCCGACCCCAAGAGCGAGGGCGGCAAGGGCACCAGCAAGAGCGGCCGCAA
GCCCGCCTGGATGGGCATGAAGGAGGCCGGCGACAGCCGCTGGGTGGAGGCCAAGGCCCGCT
ACGAGGCCAACAAGGCCAAGGACCCCACCAAGCAGGTGATCGCCAGCCTGGAGATGTACGGC
CTGCGCCCCCTGTTCGACGTGTTCACCGAGACCTACAAGACCATCCGCTGGATGCCCCTGGG
CAAGCACCAGGGCGTGCGCGCCTGGGACCGCGACATGTTCCAGCAGAGCCTGGAGCGCCTGA



TGAGCTGGGAGAGCTGGAACGAGCGCGTGGGCGCCGAGTTCGCCCGCCTGGTGGACCGCCGC
GACCGCTTCCGCGAGAAGCACTTCACCGGCCAGGAGCACCTGGTGGCCCTGGCCCAGCGCCT
GGAGCAGGAGATGAAGGAGGCCAGCCCCGGCTTCGAGAGCAAGAGCAGCCAGGCCCACCGCA
TCACCAAGCGCGCCCTGCGCGGCGCCGACGGCATCATCGACGACTGGCTGAAGCTGAGCGAG
GGCGAGCCCGTGGACCGCTTCGACGAGATCCTGCGCAAGCGCCAGGCCCAGAACCCCCGCCG
CTTCGGCAGCCACGACCTGTTCCTGAAGCTGGCCGAGCCCGTGTTCCAGCCCCTGTGGCGCG
AGGACCCCAGCTTCCTGAGCCGCTGGGCCAGCTACAACGAGGTGCTGAACAAGCTGGAGGAC
GCCAAGCAGTTCGCCACCTTCACCCTGCCCAGCCCCTGCAGCAACCCCGTGTGGGCCCGCTT
CGAGAACGCCGAGGGCACCAACATCTTCAAGTACGACTTCCTGTTCGACCACTTCGGCAAGG
GCCGCCACGGCGTGCGCTTCCAGCGCATGATCGTGATGCGCGACGGCGTGCCCACCGAGGTG
GAGGGCATCGTGGTGCCCATCGCCCCCAGCCGCCAGCTGGACGCCCTGGCCCCCAACGACGC
CGCCAGCCCCATCGACGTGTTCGTGGGCGACCCCGCCGCCCCCGGCGCCTTCCGCGGCCAGT
TCGGCGGCGCCAAGATCCAGTACCGCCGCAGCGCCCTGGTGCGCAAGGGCCGCCGCGAGGAG
AAGGCCTACCTGTGCGGCTTCCGCCTGCCCAGCCAGCGCCGCACCGGCACCCCCGCCGACGA
CGCCGGCGAGGTGTTCCTGAACCTGAGCCTGCGCGTGGAGAGCCAGAGCGAGCAGGCCGGCC
GCCGCAACCCCCCCTACGCCGCCGTGTTCCACATCAGCGACCAGACCCGCCGCGTGATCGTG
CGCTACGGCGAGATCGAGCGCTACCTGGCCGAGCACCCCGACACCGGCATCCCCGGCAGCCG
CGGCCTGACCAGCGGCCTGCGCGTGATGAGCGTGGACCTGGGCCTGCGCACCAGCGCCGCCA
TCAGCGTGTTCCGCGTGGCCCACCGCGACGAGCTGACCCCCGACGCCCACGGCCGCCAGCCC
TTCTTCTTCCCCATCCACGGCATGGACCACCTGGTGGCCCTGCACGAGCGCAGCCACCTGAT
CCGCCTGCCCGGCGAGACCGAGAGCAAGAAGGTGCGCAGCATCCGCGAGCAGCGCCTGGACC
GCCTGAACCGCCTGCGCAGCCAGATGGCCAGCCTGCGCCTGCTGGTGCGCACCGGCGTGCTG
GACGAGCAGAAGCGCGACCGCAACTGGGAGCGCCTGCAGAGCAGCATGGAGCGCGGCGGCGA
GCGCATGCCCAGCGACTGGTGGGACCTGTTCCAGGCCCAGGTGCGCTACCTGGCCCAGCACC
GCGACGCCAGCGGCGAGGCCTGGGGCCGCATGGTGCAGGCCGCCGTGCGCACCCTGTGGCGC
CAGCTGGCCAAGCAGGTGCGCGACTGGCGCAAGGAGGTGCGCCGCAACGCCGACAAGGTGAA
GATCCGCGGCATCGCCCGCGACGTGCCCGGCGGCCACAGCCTGGCCCAGCTGGACTACCTGG
AGCGCCAGTACCGCTTCCTGCGCAGCTGGAGCGCCTTCAGCGTGCAGGCCGGCCAGGTGGTG
CGCGCCGAGCGCGACAGCCGCTTCGCCGTGGCCCTGCGCGAGCACATCGACAACGGCAAGAA
GGACCGCCTGAAGAAGCTGGCCGACCGCATCCTGATGGAGGCCCTGGGCTACGTGTACGTGA
CCGACGGCCGCCGCGCCGGCCAGTGGCAGGCCGTGTACCCCCCCTGCCAGCTGGTGCTGCTG
GAGGAGCTGAGCGAGTACCGCTTCAGCAACGACCGCCCCCCCAGCGAGAACAGCCAGCTGAT
GGTGTGGAGCCACCGCGGCGTGCTGGAGGAGCTGATCCACCAGGCCCAGGTGCACGACGTGC
TGGTGGGCACCATCCCCGCCGCCTTCAGCAGCCGCTTCGACGCCCGCACCGGCGCCCCCGGC
ATCCGCTGCCGCCGCGTGCCCAGCATCCCCCTGAAGGACGCCCCCAGCATCCCCATCTGGCT
GAGCCACTACCTGAAGCAGACCGAGCGCGACGCCGCCGCCCTGCGCCCCGGCGAGCTGATCC
CCACCGGCGACGGCGAGTTCCTGGTGACCCCCGCCGGCCGCGGCGCCAGCGGCGTGCGCGTG
GTGCACGCCGACATCAACGCCGCCCACAACCTGCAGCGCCGCCTGTGGGAGAACTTCGACCT
GAGCGACATCCGCGTGCGCTGCGACCGCCGCGAGGGCAAGGACGGCACCGTGGTGCTGATCC
CCCGCCTGACCAACCAGCGCGTGAAGGAGCGCTACAGCGGCGTGATCTTCACCAGCGAGGAC
GGCGTGAGCTTCACCGTGGGCGACGCCAAGACCCGCCGCCGCAGCAGCGCCAGCCAGGGCGA
GGGCGACGACCTGAGCGACGAGGAGCAGGAGCTGCTGGCCGAGGCCGACGACGCCCGCGAGC
GCAGCGTGGTGCTGTTCCGCGACCCCAGCGGCTTCGTGAACGGCGGCCGCTGGACCGCCCAG
CGCGCCTTCTGGGGCATGGTGCACAACCGCATCGAGACCCTGCTGGCCGAGCGCTTCAGCGT



GAGCGGCGCCGCCGAGAAGGTGCGCGGC 
 

AmCas12b protein sequence 

MNVAVKSIKVKLMLGHLPEIREGLWHLHEAVNLGVRYYTEWLALLRQGNLYRRGKDGAQECY
MTAEQCRQELLVRLRDRQKRNGHTGDPGTDEELLGVARRLYELLVPQSVGKKGQAQMLASGF
LSPLADPKSEGGKGTSKSGRKPAWMGMKEAGDSRWVEAKARYEANKAKDPTKQVIASLEMYG
LRPLFDVFTETYKTIRWMPLGKHQGVRAWDRDMFQQSLERLMSWESWNERVGAEFARLVDRR
DRFREKHFTGQEHLVALAQRLEQEMKEASPGFESKSSQAHRITKRALRGADGIIDDWLKLSE
GEPVDRFDEILRKRQAQNPRRFGSHDLFLKLAEPVFQPLWREDPSFLSRWASYNEVLNKLED
AKQFATFTLPSPCSNPVWARFENAEGTNIFKYDFLFDHFGKGRHGVRFQRMIVMRDGVPTEV
EGIVVPIAPSRQLDALAPNDAASPIDVFVGDPAAPGAFRGQFGGAKIQYRRSALVRKGRREE
KAYLCGFRLPSQRRTGTPADDAGEVFLNLSLRVESQSEQAGRRNPPYAAVFHISDQTRRVIV
RYGEIERYLAEHPDTGIPGSRGLTSGLRVMSVDLGLRTSAAISVFRVAHRDELTPDAHGRQP
FFFPIHGMDHLVALHERSHLIRLPGETESKKVRSIREQRLDRLNRLRSQMASLRLLVRTGVL
DEQKRDRNWERLQSSMERGGERMPSDWWDLFQAQVRYLAQHRDASGEAWGRMVQAAVRTLWR
QLAKQVRDWRKEVRRNADKVKIRGIARDVPGGHSLAQLDYLERQYRFLRSWSAFSVQAGQVV
RAERDSRFAVALREHIDNGKKDRLKKLADRILMEALGYVYVTDGRRAGQWQAVYPPCQLVLL
EELSEYRFSNDRPPSENSQLMVWSHRGVLEELIHQAQVHDVLVGTIPAAFSSRFDARTGAPG
IRCRRVPSIPLKDAPSIPIWLSHYLKQTERDAAALRPGELIPTGDGEFLVTPAGRGASGVRV
VHADINAAHNLQRRLWENFDLSDIRVRCDRREGKDGTVVLIPRLTNQRVKERYSGVIFTSED
GVSFTVGDAKTRRRSSASQGEGDDLSDEEQELLAEADDARERSVVLFRDPSGFVNGGRWTAQ
RAFWGMVHNRIETLLAERFSVSGAAEKVRG 
 

Cas12b coding sequence from Bacillus sp. NSP2.1 (GeneBank ID: NZ_KI301973.1) 

ATGGCAATCCGTAGCATAAAACTAAAACTAAAAACCCACACAGGCCCGGAAGCGCAAAACCT
CCGAAAAGGAATATGGCGGACGCATCGGTTGTTAAATGAAGGCGTCGCCTATTACATGAAAA
TGCTCCTGCTCTTTCGTCAGGAAAGCACTGGTGAACGGCCAAAAGAAGAACTACAGGAAGAA
CTGATTTGTCACATACGCGAACAGCAACAACGAAATCAGGCAGATAAAAATACGCAAGCGCT
TCCGCTAGATAAGGCACTGGAAGCTTTGCGCCAACTATATGAACTGCTTGTCCCCTCCTCGG
TCGGACAAAGTGGCGACGCCCAGATCATCAGCCGAAAGTTTCTCAGCCCGCTCGTCGATCCG
AACAGCGAAGGCGGCAAAGGTACTTCGAAGGCAGGGGCAAAACCCACTTGGCAGAAGAAAAA
AGAAGCGAACGACCCAACCTGGGAACAGGATTACGAAAAATGGAAAAAAAGACGCGAGGAAG
ACCCAACCGCTTCTGTGATTACTACTTTGGAGGAATACGGCATTAGACCGATCTTTCCCCTG
TACACGAACACCGTAACAGATATCGCGTGGTTGCCACTTCAATCCAATCAGTTTGTGCGAAC
CTGGGACAGAGACATGCTTCAACAAGCGATTGAAAGACTGCTCAGTTGGGAGAGCTGGAACA
AACGTGTCCAGGAAGAGTATGCCAAGCTGAAAGAAAAAATGGCTCAACTGAACGAGCAACTC
GAAGGCGGTCAGGAATGGATCAGCTTGCTAGAGCAGTACGAAGAAAACCGAGAGCGAGAGCT
TAGGGAAAACATGACCGCTGCCAATGACAAGTATCGGATTACCAAGCGGCAAATGAAAGGCT
GGAACGAGCTGTACGAGCTATGGTCAACCTTTCCCGCCAGTGCCAGTCACGAGCAATACAAA
GAGGCGCTCAAGCGTGTGCAGCAGCGACTGAGAGGGCGGTTTGGGGATGCTCATTTCTTCCA
GTATCTGATGGAAGAGAAGAACCGCCTGATCTGGAAGGGGAATCCGCAGCGTATCCATTATT
TTGTCGCGCGCAACGAACTGACGAAACGGCTGGAGGAAGCCAAGCAAAGCGCCACGATGACG
TTGCCCAATGCCAGGAAGCATCCATTGTGGGTGCGCTTCGATGCACGGGGAGGAAATTTGCA



AGACTACTACTTGACGGCTGAAGCGGACAAACCGAGAAGCAGACGTTTTGTAACGTTTAGTC
AGTTGATATGGCCAAGCGAATCGGGATGGATGGAAAAGAAAGACGTCGAGGTCGAGCTAGCT
TTGTCCAGGCAGTTTTACCAGCAGGTGAAGTTGCTGAAAAATGACAAAGGCAAGCAGAAAAT
CGAGTTCAAGGATAAAGGTTCGGGCTCGACGTTTAACGGACACTTGGGGGGAGCAAAGCTAC
AACTGGAGCGGGGCGATTTGGAGAAGGAAGAAAAAAACTTCGAGGACGGGGAAATCGGCAGC
GTTTACCTTAACGTTGTCATTGATTTCGAACCTTTGCAAGAAGTGAAAAATGGCCGCGTGCA
GGCGCCGTATGGACAAGTACTGCAACTCATTCGTCGCCCCAACGAGTTTCCCAAGGTCACTA
CCTATAAGTCGGAGCAACTTGTTGAATGGATAAAAGCTTCGCCACAACACTCGGCTGGGGTG
GAGTCGCTGGCATCCGGTTTTCGTGTAATGAGCATAGACCTTGGGCTGCGCGCGGCTGCAGC
GACTTCTATTTTTTCTGTAGAAGAGAGTAGCGATAAAAATGCGGCTGATTTTTCCTACTGGA
TTGAAGGAACGCCGCTGGTCGCTGTCCATCAGCGGAGCTATATGCTCAGGTTGCCTGGTGAA
CAGGTAGAAAAACAGGTGATGGAAAAACGGGACGAGCGGTTCCAGCTACACCAACGTGTGAA
GTTTCAAATCAGAGTGCTCGCCCAAATCATGCGTATGGCAAATAAGCAGTATGGAGATCGCT
GGGATGAACTCGACAGCCTGAAACAAGCGGTTGAGCAGAAAAAGTCGCCGCTCGATCAAACA
GACCGGACATTTTGGGAGGGGATTGTCTGCGACTTAACAAAGGTTTTGCCTCGAAACGAAGC
GGACTGGGAACAAGCGGTAGTGCAAATACACCGAAAAGCAGAGGAATACGTCGGAAAAGCCG
TTCAGGCATGGCGCAAGCGCTTTGCTGCTGACGAGCGAAAAGGCATCGCAGGTCTGAGCATG
TGGAACATAGAAGAATTGGAGGGCTTGCGCAAGCTGTTGATTTCCTGGAGCCGCAGGACGAG
GAATCCGCAGGAGGTTAATCGCTTTGAGCGAGGCCATACCAGCCACCAGCGTCTGTTGACCC
ATATCCAAAACGTCAAAGAGGATCGCCTGAAGCAGTTAAGTCACGCCATTGTCATGACTGCC
TTGGGGTATGTTTACGACGAGCGGAAACAAGAGTGGTGCGCCGAATACCCGGCTTGCCAGGT
CATTCTGTTTGAAAATCTGAGCCAGTACCGTTCTAACCTGGATCGCTCGACCAAAGAAAACT
CCACCTTGATGAAGTGGGCGCATCGCAGCATTCCGAAATACGTCCACATGCAGGCGGAGCCA
TACGGGATTCAGATTGGCGATGTCCGGGCGGAATATTCCTCTCGTTTTTACGCCAAGACAGG
AACGCCAGGCATTCGTTGTAAAAAGGTGAGAGGCCAAGACCTGCAGGGCAGACGGTTTGAGA
ACTTGCAGAAGAGGTTAGTCAACGAGCAATTTTTGACGGAAGAACAAGTGAAACAGCTAAGG
CCCGGCGACATTGTCCCGGATGATAGCGGAGAACTGTTCATGACCTTGACAGACGGAAGCGG
AAGCAAGGAGGTCGTGTTTCTCCAGGCCGATATTAACGCGGCGCACAATCTGCAAAAACGTT
TTTGGCAGCGATACAATGAACTGTTCAAGGTTAGCTGCCGCGTCATCGTCCGAGACGAGGAA
GAGTATCTCGTTCCCAAGACAAAATCGGTGCAGGCAAAGCTGGGCAAAGGGCTTTTTGTGAA
AAAATCGGATACAGCCTGGAAAGATGTATATGTGTGGGACAGCCAGGCAAAGCTTAAAGGTA
AAACAACCTTTACAGAAGAGTCTGAGTCGCCCGAACAACTGGAAGACTTTCAGGAGATCATC
GAGGAAGCAGAAGAGGCGAAAGGAACATACCGTACACTGTTCCGCGATCCTAGCGGAGTCTT
TTTTCCCGAATCCGTATGGTATCCCCAAAAAGATTTTTGGGGCGAGGTGAAAAGGAAGCTGT
ACGGAAAATTGCGGGAACGGTTTTTGACAAAGGCTCGG 
 

Humanized BsCas12b coding sequence 

ATGGCCATCCGCAGCATCAAGCTGAAGCTGAAGACCCACACCGGCCCCGAGGCCCAGAACCT
GCGCAAGGGCATCTGGCGCACCCACCGCCTGCTGAACGAGGGCGTGGCCTACTACATGAAGA
TGCTGCTGCTGTTCCGCCAGGAGAGCACCGGCGAGCGCCCCAAGGAGGAGCTGCAGGAGGAG
CTGATCTGCCACATCCGCGAGCAGCAGCAGCGCAACCAGGCCGACAAGAACACCCAGGCCCT
GCCCCTGGACAAGGCCCTGGAGGCCCTGCGCCAGCTGTACGAGCTGCTGGTGCCCAGCAGCG
TGGGCCAGAGCGGCGACGCCCAGATCATCAGCCGCAAGTTCCTGAGCCCCCTGGTGGACCCC
AACAGCGAGGGCGGCAAGGGCACCAGCAAGGCCGGCGCCAAGCCCACCTGGCAGAAGAAGAA



GGAGGCCAACGACCCCACCTGGGAGCAGGACTACGAGAAGTGGAAGAAGCGCCGCGAGGAGG
ACCCCACCGCCAGCGTGATCACCACCCTGGAGGAGTACGGCATCCGCCCCATCTTCCCCCTG
TACACCAACACCGTGACCGACATCGCCTGGCTGCCCCTGCAGAGCAACCAGTTCGTGCGCAC
CTGGGACCGCGACATGCTGCAGCAGGCCATCGAGCGCCTGCTGAGCTGGGAGAGCTGGAACA
AGCGCGTGCAGGAGGAGTACGCCAAGCTGAAGGAGAAGATGGCCCAGCTGAACGAGCAGCTG
GAGGGCGGCCAGGAGTGGATCAGCCTGCTGGAGCAGTACGAGGAGAACCGCGAGCGCGAGCT
GCGCGAGAACATGACCGCCGCCAACGACAAGTACCGCATCACCAAGCGCCAGATGAAGGGCT
GGAACGAGCTGTACGAGCTGTGGAGCACCTTCCCCGCCAGCGCCAGCCACGAGCAGTACAAG
GAGGCCCTGAAGCGCGTGCAGCAGCGCCTGCGCGGCCGCTTCGGCGACGCCCACTTCTTCCA
GTACCTGATGGAGGAGAAGAACCGCCTGATCTGGAAGGGCAACCCCCAGCGCATCCACTACT
TCGTGGCCCGCAACGAGCTGACCAAGCGCCTGGAGGAGGCCAAGCAGAGCGCCACCATGACC
CTGCCCAACGCCCGCAAGCACCCCCTGTGGGTGCGCTTCGACGCCCGCGGCGGCAACCTGCA
GGACTACTACCTGACCGCCGAGGCCGACAAGCCCCGCAGCCGCCGCTTCGTGACCTTCAGCC
AGCTGATCTGGCCCAGCGAGAGCGGCTGGATGGAGAAGAAGGACGTGGAGGTGGAGCTGGCC
CTGAGCCGCCAGTTCTACCAGCAGGTGAAGCTGCTGAAGAACGACAAGGGCAAGCAGAAGAT
CGAGTTCAAGGACAAGGGCAGCGGCAGCACCTTCAACGGCCACCTGGGCGGCGCCAAGCTGC
AGCTGGAGCGCGGCGACCTGGAGAAGGAGGAGAAGAACTTCGAGGACGGCGAGATCGGCAGC
GTGTACCTGAACGTGGTGATCGACTTCGAGCCCCTGCAGGAGGTGAAGAACGGCCGCGTGCA
GGCCCCCTACGGCCAGGTGCTGCAGCTGATCCGCCGCCCCAACGAGTTCCCCAAGGTGACCA
CCTACAAGAGCGAGCAGCTGGTGGAGTGGATCAAGGCCAGCCCCCAGCACAGcgccggcgTG
GAGAGCCTGGCCAGCGGCTTCCGCGTGATGAGCATCGACCTGGGCCTGCGCGCCGCCGCCGC
CACCAGCATCTTCAGCGTGGAGGAGAGCAGCGACAAGAACGCCGCCGACTTCAGCTACTGGA
TCGAGGGCACCCCCCTGGTGGCCGTGCACCAGCGCAGCTACATGCTGCGCCTGCCCGGCGAG
CAGGTGGAGAAGCAGGTGATGGAGAAGCGCGACGAGCGCTTCCAGCTGCACCAGCGCGTGAA
GTTCCAGATCCGCGTGCTGGCCCAGATCATGCGCATGGCCAACAAGCAGTACGGCGACCGCT
GGGACGAGCTGGACAGCCTGAAGCAGGCCGTGGAGCAGAAGAAGAGCCCCCTGGACCAGACC
GACCGCACCTTCTGGGAGGGCATCGTGTGCGACCTGACCAAGGTGCTGCCCCGCAACGAGGC
CGACTGGGAGCAGGCCGTGGTGCAGATCCACCGCAAGGCCGAGGAGTACGTGGGCAAGGCCG
TGCAGGCCTGGCGCAAGCGCTTCGCCGCCGACGAGCGCAAGGGCATCGCCGGCCTGAGCATG
TGGAACATCGAGGAGCTGGAGGGCCTGCGCAAGCTGCTGATCAGCTGGAGCCGCCGCACCCG
CAACCCCCAGGAGGTGAACCGCTTCGAGCGCGGCCACACCAGCCACCAGCGCCTGCTGACCC
ACATCCAGAACGTGAAGGAGGACCGCCTGAAGCAGCTGAGCCACGCCATCGTGATGACCGCC
CTGGGCTACGTGTACGACGAGCGCAAGCAGGAGTGGTGCGCCGAGTACCCCGCCTGCCAGGT
GATCCTGTTCGAGAACCTGAGCCAGTACCGCAGCAACCTGGACCGCAGCACCAAGGAGAACA
GCACCCTGATGAAGTGGGCCCACCGCAGCATCCCCAAGTACGTGCACATGCAGGCCGAGCCC
TACGGCATCCAGATCGGCGACGTGCGCGCCGAGTACAGCAGCCGCTTCTACGCCAAGACCGG
CACCCCCGGCATCCGCTGCAAGAAGGTGCGCGGCCAGGACCTGCAGGGCCGCCGCTTCGAGA
ACCTGCAGAAGCGCCTGGTGAACGAGCAGTTCCTGACCGAGGAGCAGGTGAAGCAGCTGCGC
CCCGGCGACATCGTGCCCGACGACAGCGGCGAGCTGTTCATGACCCTGACCGACGGCAGCGG
CAGCAAGGAGGTGGTGTTCCTGCAGGCCGACATCAACGCCGCCCACAACCTGCAGAAGCGCT
TCTGGCAGCGCTACAACGAGCTGTTCAAGGTGAGCTGCCGCGTGATCGTGCGCGACGAGGAG
GAGTACCTGGTGCCCAAGACCAAGAGCGTGCAGGCCAAGCTGGGCAAGGGCCTGTTCGTGAA
GAAGAGCGACACCGCCTGGAAGGACGTGTACGTGTGGGACAGCCAGGCCAAGCTGAAGGGCA
AGACCACCTTCACCGAGGAGAGCGAGAGCCCCGAGCAGCTGGAGGACTTCCAGGAGATCATC



GAGGAGGCCGAGGAGGCCAAGGGCACCTACCGCACCCTGTTCCGCGACCCCAGCGGCGTGTT
CTTCCCCGAGAGCGTGTGGTACCCCCAGAAGGACTTCTGGGGCGAGGTGAAGCGCAAGCTGT
ACGGCAAGCTGCGCGAGCGCTTCCTGACCAAGGCCCGC 
 

BsCas12b protein sequence 

MAIRSIKLKLKTHTGPEAQNLRKGIWRTHRLLNEGVAYYMKMLLLFRQESTGERPKEELQEE
LICHIREQQQRNQADKNTQALPLDKALEALRQLYELLVPSSVGQSGDAQIISRKFLSPLVDP
NSEGGKGTSKAGAKPTWQKKKEANDPTWEQDYEKWKKRREEDPTASVITTLEEYGIRPIFPL
YTNTVTDIAWLPLQSNQFVRTWDRDMLQQAIERLLSWESWNKRVQEEYAKLKEKMAQLNEQL
EGGQEWISLLEQYEENRERELRENMTAANDKYRITKRQMKGWNELYELWSTFPASASHEQYK
EALKRVQQRLRGRFGDAHFFQYLMEEKNRLIWKGNPQRIHYFVARNELTKRLEEAKQSATMT
LPNARKHPLWVRFDARGGNLQDYYLTAEADKPRSRRFVTFSQLIWPSESGWMEKKDVEVELA
LSRQFYQQVKLLKNDKGKQKIEFKDKGSGSTFNGHLGGAKLQLERGDLEKEEKNFEDGEIGS
VYLNVVIDFEPLQEVKNGRVQAPYGQVLQLIRRPNEFPKVTTYKSEQLVEWIKASPQHSAGV
ESLASGFRVMSIDLGLRAAAATSIFSVEESSDKNAADFSYWIEGTPLVAVHQRSYMLRLPGE
QVEKQVMEKRDERFQLHQRVKFQIRVLAQIMRMANKQYGDRWDELDSLKQAVEQKKSPLDQT
DRTFWEGIVCDLTKVLPRNEADWEQAVVQIHRKAEEYVGKAVQAWRKRFAADERKGIAGLSM
WNIEELEGLRKLLISWSRRTRNPQEVNRFERGHTSHQRLLTHIQNVKEDRLKQLSHAIVMTA
LGYVYDERKQEWCAEYPACQVILFENLSQYRSNLDRSTKENSTLMKWAHRSIPKYVHMQAEP
YGIQIGDVRAEYSSRFYAKTGTPGIRCKKVRGQDLQGRRFENLQKRLVNEQFLTEEQVKQLR
PGDIVPDDSGELFMTLTDGSGSKEVVFLQADINAAHNLQKRFWQRYNELFKVSCRVIVRDEE
EYLVPKTKSVQAKLGKGLFVKKSDTAWKDVYVWDSQAKLKGKTTFTEESESPEQLEDFQEII
EEAEEAKGTYRTLFRDPSGVFFPESVWYPQKDFWGEVKRKLYGKLRERFLTKAR 
 

pCAG-2AeGFP partial sequence 

(CAG-NLS-XmaI-NheI-NLS-T2A-eGFP-SV40) 
gacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagccca
tatatggagttccGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGA
CCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCC
ATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTAT
CATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGC
CCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTA
TTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCC
ACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGG
GGGGGGCGCGCGCCAGGCGGGGCGGGGCGGGGCGAGGGGCGGGGCGGGGCGAGGCGGAGAGG
TGCGGCGGCAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGC
GGCGGCGGCCCTATAAAAAGCGAAGCGCGCGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCC
CGTGCCCCGCTCCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCC
ACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGAC
GGCTCGTTTCTTTTCTGTGGCTGCGTGAAAGCCTTAAAGGGCTCCGGGAGGGCCCTTTGTGC
GGGGGGGAGCGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGTGGGGAGCGCCGCGTGCGGCC
CGCGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCTTTGTGCGCTCCGCGTGT
GCGCGAGGGGAGCGCGGCCGGGGGCGGTGCCCCGCGGTGCGGGGGGGCTGCGAGGGGAACAA



AGGCTGCGTGCGGGGTGTGTGCGTGGGGGGGTGAGCAGGGGGTGTGGGCGCGGCGGTCGGGC
TGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGG
GCTCCGTACGGGGCGTGGCGCGGGGCTCGCCGTGCCGGGCGGGGGGTGGCGGCAGGTGGGGG
TGCCGGGCGGGGCGGGGCCGCCTCGGGCCGGGGAGGGCTCGGGGGAGGGGCGCGGCGGCCCC
CGGAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTG
CGAGAGGGCGCAGGGACTTCCTTTGTCCCAAATCTGTGCGGAGCCGAAATCTGGGAGGCGCC
GCCGCACCCCCTCTAGCGGGCGCGGGGCGAAGCGGTGCGGCGCCGGCAGGAAGGAAATGGGC
GGGGAGGGCCTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTG
TCCGCAGGGGGACGGCTGCCTTCGGGGGGGACGGGGCAGGGCGGGGTTCGGCTTCTGGCGTG
TGACCGGCGGCTCTAGcGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGctc
ctgggcaacgtgctggttattgtgctgtctcatcattttggcaaaGCTAGTGAATTCTAATA
CGACTCACTATAGGCCGCCACCATGCCCAAGAAGAAGAGGAAGGTTcccggggctagcCCAA
AGAAGAAGAGGAAAGTCtctagaTACCCTTATGATGTTCCAGATTATGCCGGATACCCATAC
GATGTCCCTGACTATGCAGGCTCCTACCCTTATGACGTCCCAGACTACGCCggatccAGGTC
CGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGTGACGTGGAGGAGAATCCCGGCC
CAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGAC
GGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGG
CAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCG
TGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCAC
GACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGA
CGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCA
TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTAC
AACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAA
CTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGA
ACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCC
GCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGC
CGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGtaactgcagcgcggggatctcatgc
tggagttcttcgcccaccccaacttgtttattgcagcttataatggttacaaataaagcaat
agcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaa
actcatcaatgtatctta 
 

BPK2104-ccdB partial sequence 

(lacI-T7-lacO-NLS-XmaI-SpeI-His10-terminator) 
TCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACG
CGCGGGGAGAGGCGGTTTGCGTATTGGGCGCCAGGGTGGTTTTTCTTTTCACCAGTGAGACG
GGCAACAGCTGATTGCCCTTCACCGCCTGGCCCTGAGAGAGTTGCAGCAAGCGGTCCACGCT
GGTTTGCCCCAGCAGGCGAAAATCCTGTTTGATGGTGGTTAACGGCGGGATATAACATGAGC
TGTCTTCGGTATCGTCGTATCCCACTACCGAGATGTCCGCACCAACGCGCAGCCCGGACTCG
GTAATGGCGCGCATTGCGCCCAGCGCCATCTGATCGTTGGCAACCAGCATCGCAGTGGGAAC
GATGCCCTCATTCAGCATTTGCATGGTTTGTTGAAAACCGGACATGGCACTCCAGTCGCCTT
CCCGTTCCGCTATCGGCTGAATTTGATTGCGAGTGAGATATTTATGCCAGCCAGCCAGACGC
AGACGCGCCGAGACAGAACTTAATGGGCCCGCTAACAGCGCGATTTGCTGGTGACCCAATGC
GACCAGATGCTCCACGCCCAGTCGCGTACCGTCTTCATGGGAGAAAATAATACTGTTGATGG
GTGTCTGGTCAGAGACATCAAGAAATAACGCCGGAACATTAGTGCAGGCAGCTTCCACAGCA



ATGGCATCCTGGTCATCCAGCGGATAGTTAATGATCAGCCCACTGACGCGTTGCGCGAGAAG
ATTGTGCACCGCCGCTTTACAGGCTTCGACGCCGCTTCGTTCTACCATCGACACCACCACGC
TGGCACCCAGTTGATCGGCGCGAGATTTAATCGCCGCGACAATTTGCGACGGCGCGTGCAGG
GCCAGACTGGAGGTGGCAACGCCAATCAGCAACGACTGTTTGCCCGCCAGTTGTTGTGCCAC
GCGGTTGGGAATGTAATTCAGCTCCGCCATCGCCGCTTCCACTTTTTCCCGCGTTTTCGCAG
AAACGTGGCTGGCCTGGTTCACCACGCGGGAAACGGTCTGATAAGAGACACCGGCATACTCT
GCGACATCGTATAACGTTACTGGTTTCACATTCACCACCCTGAATTGACTCTCTTCCGGGCG
CTATCATGCCATACCGCGAAAGGTTTTGCGCCATTCGATGGTGTCCGGGATCTCGACGCTCT
CCCTTATGCGACTCCTGCATTAGGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGA
TAACAATTCCCCTGTAGAAATAATTTTGTTTAACTTTAATAAGGAGATATCATATGCCCAAG
AAGAAGAGGAAGGTTcccggggctagtCATCACCATCACCACCATCATCACCATCACTAGGC
GGCCGCATAATGCTTAAGTCGAACAGAAAGTAATCGTATTGTACACGGCCGCATAATCGAAA
TTAATacgactcactataggGAATTCGGTACCtgagaataactagcaTAACCCCTTGGGGCC
TCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAACCTCAGGCATTT 
 

pUC19-U6 partial sequence 

(U6-BasI-HindIII) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGAGAGACCNNNNNNNGGTCTCANNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-Aa_tracrRNA-tRNA-crRNA partial sequence 

(U6-Aa_tracrRNA-tRNA-crRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGGTCTAAAGGACAGAATTTTTCAACGGGTGTGCCAA
TGGCCACTTTCCAGGTGGCAAAGCCCGTTGAACTTCTCAAAAAGAACGCTCGCTCAGTGTTC
TGACAACAAAGCACCAGTGGTCTAGTGGTGGAATAGTACCCTGCCACGGTACAGACCCGGGT
TCGATTCCCGGCTGGTGCAGTCGGATCACTGAGCGAGCGATCTGAGAAGTGGCACAGAGACC
GAGAGAGGGTCTCAttttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-Ak_tracrRNA-tRNA-crRNA partial sequence 

(U6-Ak_tracrRNA-tRNA-crRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA



TATCTTGTGGAAAGGACGAAACACCGGGTCGTCTATAGGACGGCGAGGACAACGGGAAGTGC
CAATGTGCTCTTTCCAAGAGCAAACACCCCGTTGGCTTCAAGATGACCGCTCGCTCAGCGAT
CTGACAACAAAGCACCAGTGGTCTAGTGGTGGAATAGTACCCTGCCACGGTACAGACCCGGG
TTCGATTCCCGGCTGGTGCAAACGGATCGCTGAGCGAGCGGTCTGAGAAGTGGCACAGAGAC
CGAGAGAGGGTCTCAttttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-Am_tracrRNA-tRNA-crRNA partial sequence 

(U6-Am_tracrRNA-tRNA-crRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGGGAATTGCCGATCTATAGGACGGCAGATTCAACGG
GATGTGCCAATGCACTCTTTCCAGGAGTGAACACCCCGTTGGCTTCAACATGATCGCCCGCT
CAACGGTCCGATAACAAAGCACCAGTGGTCTAGTGGTGGAATAGTACCCTGCCACGGTACAG
ACCCGGGTTCGATTCCCGGCTGGTGCAGTCGGATCACTGAGCGAGCGATCTGAGAAGTGGCA
CAGAGACCGAGAGAGGGTCTCAttttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTC
CTG 
 

pUC19-U6-Bs_tracrRNA-tRNA-crRNA partial sequence 

(U6-Bs_tracrRNA-tRNA-crRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGCCATAAGTCGACTTACATATCCGTGCGTGTGCATT
ATGGGCCCATCCACAGGTCTATTCCCACGGATAATCACGACTTTCCACTAAGCTTTCGAATA
ACAAAGCACCAGTGGTCTAGTGGTGGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGAT
TCCCGGCTGGTGCAGTTCGAAAGCTTAGTGGAAAGCTTCGTGGTTAGCACAGAGACCGAGAG
AGGGTCTCAttttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-AasgRNA partial sequence 

(U6-AasgRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGGTCTAAAGGACAGAATTTTTCAACGGGTGTGCCAA
TGGCCACTTTCCAGGTGGCAAAGCCCGTTGAACTTCTCAAAAAGAACGCTCGCTCAGTGTTC
TGACGTCGGATCACTGAGCGAGCGATCTGAGAAGTGGCACAGAGACCGAGAGAGGGTCTCAt
tttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-AksgRNA partial sequence 



(U6-AksgRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGtcgtctataGGACGGCGAGGACAACGGGAAGTGCC
AATGTGCTCTTTCCAAGAGCAAACACCCCGTTGGCTTCAAGATGACCGCTCGCTCAGCGATC
TGACAACGGATCGCTGAGCGAGCGGTCTGAGAAGTGGCACAGAGACCGAGAGAGGGTCTCAt
tttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-AmsgRNA partial sequence 

(U6-AmsgRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGggaattgccgatctaTAGGACGGCAGATTCAACGG
GATGTGCCAATGCACTCTTTCCAGGAGTGAACACCCCGTTGGCTTCAACATGATCGCCCGCT
CAACGGTCCGATGTCGGATCGTTGAGCGGGCGATCTGAGAAGTGGCACAGAGACCGAGAGAG
GGTCTCAttttttttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 
 

pUC19-U6-BssgRNA partial sequence 

(U6-BssgRNA_scaffold-BasI-BasI-terminator) 
TGTAAAACGACGGCCAGTGAATTCGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATAT
ACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACTGTAAACACAAAGATATTAG
TACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGT
TTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATA
TATCTTGTGGAAAGGACGAAACACCGGCCATAAGTCGACTTACATATCCGTGCGTGTGCATT
ATGGGCCCATCCACAGGTCTATTCCCACGGATAATCACGACTTTCCACTAAGCTTTCGAATG
TTCGAAAGCTTAGTGGAAAGCTTCGTGGTTAGCACAGAGACCGAGAGAGGGTCTCAtttttt
ttAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 




