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Figure S1. HNH substitution with monomeric TadA domains (A, B) Editing efficiencies at

different adenine bases within the protospacer region comparing ABEmax7.10 and HNHx-
ABEmax7.10 (A) or ABE8e and HNHx-ABES8e (B) on endogenous loci in HEK293T cells.
Numbering starts with PAM-distal nucleotides. Values represent mean of three independent

biological replicates performed on separate days =+ s.d.
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Figure S2. Linker optimization for FERNY and PmCDAL1 integration (A, B) Heat map
depicting different flanking amino acids of Cas9 and linkers to incorporate the FERNY (A)
and PmCDAI1 (B) deaminases in place of the HNH domain. The FERNY and PmCDAI
deaminase reading frames are listed in the Supplementary Information. Linkers that join Cas9

and deaminase at different amino acid positions within the deaminase are indicated in brackets.
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Figure S3. SaKKH-HNHx-ABEmax7.10 constructs Heat map depicting editing efficiencies
with SeKKH-HNHx-ABEmax7.10 constructs, where different linkers were used to incorporate
the TadA deaminase in place of the HNH domain of SaCas9-KKH. Editing efficiencies of
different adenine bases within the protospacer region on endogenous loci Sa20 (left) and Sa25
(right) in HEK293T cells. Numbering starts with PAM-distal nucleotides. Values represent
mean of two independent biological replicates performed on separate days + s.d. The TadA

deaminase reading frame is listed in the Supplementary Information.
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Figure S4. Transcriptome-wide RNA off-target deamination RNA-seq analysis of

transcriptome-wide A to I RNA off-target editing after transfection of ABEmax7.10, ABESe,

HNHx-ABEmax7.10 and HNHx-ABESe constructs. Indicated p-Values represent comparison

of means of three independent biological replicates using two-tailed unpaired t-test.



Figure S5. Different viewing angles of a hypothetical HNHx-ABE variant with a
dimerized TadA Subunits are colored as follows: Cas9 AHNH, grey; TadA linked to Cas9,
blue; TadA from another molecule dimerizes to Cas9-bound TadA for functional deamination,

orange.

barcode barcode

Figure S6. Schematic organisation of a self-targeting construct Each self-targeting
construct consists of a human U6 promoter (red), a constant SpCas9 scaffold (grey), a matching

guide- and target sequence (green) and unique barcodes (orange). Sequences used are listed in

Supplementary Table 2.



% A to G conversion

Figure S7. A to G conversions using TadA7.10-based constructs on self-targeting loci High

throughput sequencing data compares editing efficiencies of ABEmax7.10, HNHx-



ABEmax7.10 and HNHx-ABEmax7.10HD on 59 self-tageting loci in HEK293T cells. Solid
line represents mean of two independent biological replicates performed on separate days, with

error band indicating =+ s.d.
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Figure S8. A to G conversions using TadA8e-based constructs on self-targeting loci. High

throughput sequencing data compares editing efficiencies of ABE8e, HNHx-ABES8e and



HNHx-ABE8eHD on 70 self-targeting loci in HEK293T cells. Solid line represents mean of
two independent biological replicates performed on separate days, with error band indicating

+s.d.



PRIMER and gBLOCK SEQUENCES
See Supplemental tables 1 & 2.

AMINO ACID SEQUENCES OF BASE EDITOR CONSTRUCTS

HNHx-ABEmax7.10

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDREFNASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSGGS
SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETIMALRQGGLV
MONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGIL
ADECAALLCYFFRMPROVENAQKKAQSSTDSGGRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV
KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKM
IAKSEQETIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLTIETNGETGE IVWDKGRDFATVRKVLSM
POQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKL
KSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNE
LALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSA
YNKHRDKPIREQAENITHLFTLTNLGAPAAFKYEFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRID
LSQLGGDSGGS

SpCas9, Linker (Cas9), Linker (Gly-Gly-
Ser, Ser-Gly-Gly), TadA (adenosine deaminase, 7.10)



HNHx-ABE8e

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSGGS
SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETIMALRQGGLV
MONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNSKRGAAGSLMNVLNYPGMNHRVEITEGIL
ADECAALLCDFYRMPROVENAQKKAQSSTNSGGROQLVETRQITKHVAQILDSRMNTKYDENDKLIREV
KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKM
IAKSEQETIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLTIETNGETGE IVWDKGRDFATVRKVLSM
POQVNIVKKTEVQTGGEFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKL
KSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNE
LALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSA
YNKHRDKPIREQAENITHLFTLTNLGAPAAFKYEFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRID
LSQLGGDSGGS

SpCas9, Linker (Cas9), Linker (Gly-Gly-
Ser, Ser-Gly-Gly), TadA (adenosine deaminase, 8e)



HNHx-ABEmax7.10HD

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSGGS
SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETIMALRQGGLV
MONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGIL
ADECAALLCYFFRMPROVENAQKKAQSSTD SEVEF'S
HEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETMALRQGGLVMQONYRL
IDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAA
LLCYFFRMPROVENAQKKAQSSTDSGCGROLVETROQITKHVAQILDSRMNTKYDENDKLTIREVKVITLK
SKLVSDFRKDEFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQ
EIGKATAKYFFYSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIV
KKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKEL
LGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSK
YVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRD
KPIREQAENITHLEFTLTNLGAPAAFKYEFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGG
DSGGS

SpCas9, Linker (Cas9), Linker (Gly-Gly-
Ser, Ser-Gly-Gly), TadA (adenosine deaminase, 7.10), TadA
(WT)



HNHx-ABE8eHD

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSGGS
SEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETIMALRQGGLV
MONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNSKRGAAGSLMNVLNYPGMNHRVEITEGIL
ADECAALLCDEYRMPROVENAQKKAQSSTN SEVEF'S
HEYWMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETMALRQGGLVMQONYRL
IDATLYVTFEPCVMCAGAMIHSRIGRVVEGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAA
LLCYFFRMPROVENAQKKAQSSTDSGCGROLVETROQITKHVAQILDSRMNTKYDENDKLTIREVKVITLK
SKLVSDFRKDEFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQ
EIGKATAKYFFYSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIV
KKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKEL
LGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSK
YVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRD
KPIREQAENITHLEFTLTNLGAPAAFKYEFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGG
DSGGS

SpCas9, Linker (Cas9), Linker (Gly-Gly-
Ser, Ser-Gly-Gly), TadA (adenosine deaminase, 7.10), TadA
(WT)



HNHx-PmCDA1l

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSTDA
EYVRIHEKLDIYTFKKQFSNNKKSVSHRCYVLFELKRRGERRACEFWGYAVNKPQSGTERGIHAEIFSI
RKVEEYLRDNPGQFTINWYSSWSPCADCAEKILEWYNQELRGNGHTLKIWVCKLYYEKNARNQIGLWN
LRDNGVGLNVMVSEHYQCCRKIFIQSSHNQLNENRWLEKTLKRAEKRRSELSIMFQVKILHTTKSPAV
SGGSGGROLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINN
YHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNEFKT
EITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGEFSKESILPKRNS
DKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDEFLEA
KGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDN
EQKQLEFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGA
PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSGGSGGSGGSTNLSDI TEKE
TGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWALVIQDSNGEN
KIKMLSGGSGGSGGSTNLSDITIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDEN
VMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGS

SpCas9, Linker (Cas9), Linker (Ser-Gly-
Gly-Ser-Gly-Gly), PmCDAl, UGI



FERNY (=evolved APOBEC) Variant

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGSGGSGSFERNYDPRELRKETYLL
YETKWGKSGKLWRHWCONNRTQHAEVYFLENIEFNARRENPSTHCSITWYLSWSPCAECSQKIVDFLKE
HPNVNLEIYVARLYYPENERNRQGLRDLVNSGVTIRIMDLPDYNYCWKTEFVSDQGGDEDYWPGHEFAPW
IKQYSLKLSGKAGFIKROQLVETRQITKHEVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFE
QFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFF
YSNIMNEFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGES
KESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFE
EKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY
EKLKGSPEDNEQKQLEVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENTIT
HLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSGGSGGSGGS
TNLSDITEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHTAYDESTDENVMLLTSDAPEYKPWA
LVIODSNGENKIKMLSGGSGGSGGSTNLSDITIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVH
TAYDESTDENVMLLTSDAPEYKPWALVIQODSNGENKIKMLSGGS

SpCas9, Linker (Cas9), Linker (Ser-Gly-
Gly-Ser-Gly-Ser, Ser-Gly), FERNY (=evolved APOBEC), UGI



ABEmax7.10 PI1

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQIL
KEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWROQLLNAKLITQRKEFDNLTKAERGGLSELDKAGFTIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGE
TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLTIARKKDWDPKKYGGEDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE
ELENGRKRMLASAGELQKGNELALPSKYVNEFLYLASHYEKLKGGSGGSGGSGGSGGSSEVEFSHEYWM
RHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGLVMONYRLIDATL
YVTFEPCVMCAGAMIHSRIGRVVEGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYF
FRMPROVENAQKKAQSSTDGGSGGSGGSGGSGGSPEDNEQKQLEVEQHKHYLDEITEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLTIHQ
SITGLYETRIDLSQLGGDSGGS

SpCas9, Linker (Gly-Gly-Ser), TadA
(adenosine deaminase, 7.10)



ABEmax7.10 PI2

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQIL
KEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWROQLLNAKLITQRKEFDNLTKAERGGLSELDKAGFTIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGE
TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLTIARKKDWDPKKYGGEDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLF
ELENGRKRMLASAGELQKGNELALPSKYVNEFLYLASHYEKLKGGSGGSGGSSEVEFSHEYWMRHALTL
AKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETMALRQGGLVMONYRLIDATLYVTFEP
CVMCAGAMIHSRIGRVVEFGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYEFFRMPRQ
VENAQKKAQSSTDGGSGGSGGSGGSPEDNEQKQLEVEQHKHYLDEITEQISEFSKRVILADANLDKVL
SAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLTIHOSITGLYETR
IDLSQLGGDSGGS

SpCas9, Linker (Gly-Gly-Ser), TadA
(adenosine deaminase, 7.10)



ABEmax7.10 PI3

GSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKEFKVLGNTDRHSIKKNLIT
GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQETFSNEMAKVDDSFFHRLEESFLVEEDKKHERH
PIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKL
FIQLVOQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLEFGNLIALSLGLTPNEFE
KSNEDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATILLSDILRVNTEITKAPLSAS
MIKRYDEHHODLTLLKALVROQOLPEKYKETFFDOSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE
LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRROQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNEDKNLPNEKVLPKHSLLYEYFTVYNEL
TKVKYVTEGMRKPAFLSGEQKKAIVDLLEFKTNRKVIVKQLKEDYFKKIECFDSVEISGVEDRENASLG
TYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWG
RLSRKLINGIRDKQSGKTILDFLKSDGFANRNEFMOQLIHDDSLTFKEDIQKAQVSGOQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTOKGOKNSRERMKRIEEGIKELGSQIL
KEHPVENTQLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNR
GKSDNVPSEEVVKKMKNYWROQLLNAKLITQRKEFDNLTKAERGGLSELDKAGFTIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKK
YPKLESEEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFEFYSNIMNFFKTEITLANGEIRKRPLIETNGE
TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLTIARKKDWDPKKYGGEDS
PTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLF
ELENGRKRMLASAGELQKGNELALPSKYVNEFLYLASHYEKLKGGSGGSGGSSEVEFSHEYWMRHALTL
AKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAETMALRQGGLVMONYRLIDATLYVTFEP
CVMCAGAMIHSRIGRVVEFGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYEFFRMPRQ
VENAQKKAQSSTDGGSGGSGGSPEDNEQKQLEVEQHKHYLDEITEQISEFSKRVILADANLDKVLSAY
NKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLTITHQSITGLYETRIDL
SQLGGDSGGS

SpCas9, Linker (Gly-Gly-Ser), TadA
(adenosine deaminase, 7.10)



SaKKH-HNHx-ABEmax7.10 (S484)

GSKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRR
SKRGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRR
GVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEAKQLL
KVOKAYHQLDQSFIDTYIDLLETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYN
ADLYNALNDLNNLVITRDENEKLEYYEKFQITENVFKQKKKPTLKQITAKETILVNEEDIKGYRVTSTGK
PEFTNLKVYHDIKDITARKEITENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEETITEQISNLKG
YTGTHNLSLKAINLILDELWHTNDNQIATIFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSEIQ
SIKVINAITKKYGLPNDITIIELAREKNSGSSEVEFSHEYWMRHALTLAKRARDEREVPVGAVLVLNNR
VIGEGWNRAIGLHDPTAHAEIMALRQGGLVMONYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVEGVR
NAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMPROVENAQKKAQSSTDSSTRYATR
GLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKWKFKKERNKGYKHHAEDALT IANADFIFKEWKKLD
KAKKVMENOQMFEEKQAESMPETIETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPNRKLINDTLYS
TRKDDKGNTLIVNNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYY
EETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYREFDVYLDNGVYKEV
TVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFTASFYKNDLIKINGELYRVIGVNNDLLNRIEV
NMIDITYREYLENMNDKRPPHITIKTIASKTQSIKKYSTDILGNLYEVKSKKHPQITKKGSGGS

SaKKH, Linker (Gly-Ser, Ser-Ser), TadA
(adenosine deaminase, 7.10)



SaKKH-HNHx-ABEmax7.10 (G513)

GSKRNYILGLAIGITSVGYGIIDYETRDVIDAGVRLEFKEANVENNEGRR
SKRGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSAALLHLAKRR
GVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGEVRGSINRFKTSDYVKEAKQLL
KVOKAYHQLDQSFIDTYIDLLETRRTYYEGPGEGSPFGWKDIKEWYEMLMGHCTYFPEELRSVKYAYN
ADLYNALNDLNNLVITRDENEKLEYYEKFQITENVFKOQKKKPTLKQIAKEILVNEEDIKGYRVTSTGK
PEFTNLKVYHDIKDITARKEITENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEETITEQISNLKG
YTGTHNLSLKAINLILDELWHTNDNQIATIFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSEIQ
SIKVINAITKKYGLPNDITITIELAREKNSKDAQKMINEMOKRNROQTNERIEEITRTTGGSSEVEFSHEY
WMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIMATLROGGLVMONYRLIDA
TLYVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLC
YEFFRMPROVENAQKKAQSSTDSSSVQKDEFINRNLVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGE
TSFLRRKWKFKKERNKGYKHHAEDALT IANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEIETEQ
EYKEIFITPHQIKHIKDEFKDYKYSHRVDKKPNRKLINDTLYSTRKDDKGNTLIVNNLNGLYDKDNDKL
KKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKYYEETGNYLTKYSKKDNGPVIKKIKYYG
NKLNAHLDITDDYPNSRNKVVKLSLKPYRFDVYLDNGVYKEFVTVKNLDVIKKENYYEVNSKCYEEAKK
LKKISNQAEFTASFYKNDLIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPHITKTI
ASKTQSIKKYSTDILGNLYEVKSKKHPQIIKKGSGGS

SaKKH, Linker (Gly-Ser, Ser-Ser), TadA
(adenosine deaminase, 7.10)



