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ZMYM5, ZN783, SPI2B, LRP1, MIXL1, SGT1, LMCD1, CEBPA, GATA2, SOX14,WTIP, PRP19, 

CBX6, NKX11, RBBP4, DMRT2, SMCA2 and fragments thereof. 

[0011a] Also described herein is a method of modifying an epigenetic state of a target gene in a 

target chromosome, the method comprising contacting the target chromosome with an epigenetic 

editor, wherein the epigenetic editor comprises: (a) a first DNMT domain; (b) a DNA binding 

domain; and (c) a repressor domain, wherein the repressor domain is selected from the group 

consisting of: ZIM3, ZNF436, ZNF257, ZNF675, ZNF490, ZNF320, ZNF331, ZNF816, ZNF680, 

ZNF41, ZNF189, ZNF528, ZNF543, ZNF554, ZNF140, ZNF610, ZNF264, ZNF350, ZNF8, 

ZNF582, ZNF30, ZNF324, ZNF98, ZNF669, ZNF677, ZNF596, ZNF214, ZNF37A, ZNF34, 

ZNF250, ZNF547, ZNF273, ZNF354A, ZFP82, ZNF224, ZNF33A, ZNF45, ZNF175, ZNF595, 

ZNF184, ZNF419, ZFP28-1, ZFP28-2, ZNF18, ZNF213, ZNF394, ZFP1, ZFP14, ZNF416, 

ZNF557, ZNF566, ZNF729, ZIM2, ZNF254, ZNF764, ZNF785, ZNF10, CBX5, RYBP, YAF2, 

MGA, CBX1, SCMH1, MPP8, SUMO3, HERC2, BIN1, PCGF2, TOX, FOXA1, FOXA2, 

IRF2BP1, IRF2BP2, IRF2BPL IRF-2BP1_2 N-terminal domain, HOXA13, HOXB13, HOXC13, 

HOXA11, HOXC11, HOXC10, HOXA10, HOXB9, HOXA9, ZFP28, ZN334, ZN568, ZN37A, 

ZN181, ZN510, ZN862, ZN140, ZN208, ZN248, ZN571, ZN699, ZN726, ZIK1, ZNF2, Z705F, 

ZNF14, ZN471, ZN624, ZNF84, ZNF7, ZN891, ZN337, Z705G, ZN529, ZN729, ZN419, Z705A, 

ZNF45, ZN302, ZN486, ZN621, ZN688, ZN33A, ZN554, ZN878, ZN772, ZN224, ZN184, ZN544, 

ZNF57, ZN283, ZN549, ZN211, ZN615, ZN253, ZN226, ZN730, Z585A, ZN732, ZN681, ZN667, 

ZN649, ZN470, ZN484, ZN431, ZN382, ZN254, ZN124, ZN607, ZN317, ZN620, ZN141, ZN584, 

ZN540, ZN75D, ZN555, ZN658, ZN684, RBAK, ZN829, ZN582, ZN112, ZN716, HKR1, ZN350, 

ZN480, ZN416, ZNF92, ZN100, ZN736, ZNF74, CBX1, ZN443, ZN195, ZN530, ZN782, ZN791, 

ZN331, Z354C, ZN157, ZN727, ZN550, ZN793, ZN235, ZNF8, ZN724, ZN573, ZN577, ZN789, 

ZN718, ZN300, ZN383, ZN429, ZN677, ZN850, ZN454, ZN257, ZN264, ZFP82, ZFP14, ZN485, 

ZN737, ZNF44, ZN596, ZN565, ZN543, ZFP69, SUMO1, ZNF12, ZN169, ZN433, SUMO3, 

ZNF98, ZN175, ZN347, ZNF25, ZN519, Z585B, ZIM3, ZN517, ZN846, ZN230, ZNF66, ZFP1, 

ZN713, ZN816, ZN426, ZN674, ZN627, ZNF20, Z587B, ZN316, ZN233, ZN611, ZN556, ZN234, 

ZN560, ZNF77, ZN682, ZN614, ZN785, ZN445, ZFP30, ZN225, ZN551, ZN610, ZN528, ZN284, 

ZN418, MPP8, ZN490, ZN805, Z780B, ZN763, ZN285, ZNF85, ZN223, ZNF90, ZN557, ZN425, 

ZN229, ZN606, ZN155, ZN222, ZN442, ZNF91, ZN135, ZN778, RYBP, ZN534, ZN586, ZN567, 

ZN440, ZN583, ZN441, ZNF43, CBX5, ZN589, ZNF10, ZN563, ZN561, ZN136, ZN630, ZN527, 

ZN333, Z324B, ZN786, ZN709, ZN792, ZN599, ZN613, ZF69B, ZN799, ZN569, ZN564, ZN546, 

ZFP92,YAF2, ZN723, ZNF34, ZN439, ZFP57, ZNF19, ZN404, ZN274, CBX3, ZNF30, ZN250, 

ZN570, ZN675, ZN695, ZN548, ZN132, ZN738, ZN420, ZN626, ZN559, ZN460, ZN268, ZN304, 
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ZIM2, ZN605, ZN844, SUMO5, ZN101, ZN783, ZN417, ZN182, ZN823, ZN177, ZN197, ZN717, 

ZN669, ZN256, ZN251, CBX4, PCGF2, CDY2, CDYL2, HERC2, ZN562, ZN461, Z324A, ZN766, 

ID2, TOX, ZN274, SCMH1, ZN214, CBX7, ID1, CREM, SCX, ASCL1, ZN764, SCML2, TWST1, 

CREB1, TERF1, ID3, CBX8, CBX4, GSX1, NKX22, ATF1, TWST2, ZNF17, TOX3, TOX4, 

ZMYM3, I2BP1, RHXF1, SSX2, I2BPL, ZN680, CBX1, TRI68, HXA13, PHC3, TCF24, CBX3, 

HXB13, HEY1, PHC2, ZNF81, FIGLA, SAM11, KMT2B, HEY2,JDP2, HXC13, ASCL4, HHEX, 

HERC2, GSX2, BIN1, ETV7, ASCL3, PHC1, OTP, I2BP2, VGLL2, HXA11, PDLI4, ASCL2, 

CDX4, ZN860, LMBL4, PDIP3, NKX25, CEBPB, ISL1, CDX2, PROP1, SIN3B, SMBT1, HXC11, 

HXC10, PRS6A, VSX1, NKX23, MTG16, HMX3, HMX1, KIF22, CSTF2, CEBPE, DLX2, 

ZMYM3, PPARG, PRIC1,UNC4, BARX2, ALX3, TCF15, TERA, VSX2, HXD12, CDX1, TCF23, 

ALX1, HXA10, RX, CXXC5, SCML1, NFIL3, DLX6, MTG8, CBX8, CEBPD, SEC13, FIP1, 

ALX4, LHX3, PRIC2, MAGI3, NELL1, PRRX1, MTG8R, RAX2, DLX3, DLX1, NKX26, NAB1, 

SAMD7, PITX3,WDR5, MEOX2, NAB2, DHX8, FOXA2, CBX6, EMX2, CPSF6, HXC12, 

KDM4B, LMBL3, PHX2A, EMX1, NC2B, DLX4, SRY, ZN777, NELL1, ZN398, GATA3, BSH, 

SF3B4, TEAD1, TEAD3, RGAP1, PHF1, FOXA1, GATA2, FOXO3, ZN212, IRX4, ZBED6, 

LHX4, SIN3A, RBBP7, NKX61, TRI68, R51A1, MB3L1, DLX5, NOTC1, TERF2, ZN282, 

RGS12, ZN840, SPI2B, PAX7, NKX62, ASXL2, FOXO1, GATA3, GATA1, ZMYM5, ZN783, 

SPI2B, LRP1, MIXL1, SGT1, LMCD1, CEBPA, GATA2, SOX14,WTIP, PRP19, CBX6, NKX11, 

RBBP4, DMRT2, SMCA2 and fragments thereof. 

[0011b] Also described herein is the use of an epigenetic editor in the manufacture of a medicament 

for a treatment of a disease in a subject, wherein the epigenetic editor comprises: (a) a first DNMT 

domain; (b) a DNA binding domain; and (c) a repressor domain, wherein the repressor domain is 

selected from the group consisting of: ZIM3, ZNF436, ZNF257, ZNF675, ZNF490, ZNF320, 

ZNF331, ZNF816, ZNF680, ZNF41, ZNF189, ZNF528, ZNF543, ZNF554, ZNF140, ZNF610, 

ZNF264, ZNF350, ZNF8, ZNF582, ZNF30, ZNF324, ZNF98, ZNF669, ZNF677, ZNF596, 

ZNF214, ZNF37A, ZNF34, ZNF250, ZNF547, ZNF273, ZNF354A, ZFP82, ZNF224, ZNF33A, 

ZNF45, ZNF175, ZNF595, ZNF184, ZNF419, ZFP28-1, ZFP28-2, ZNF18, ZNF213, ZNF394, 

ZFP1, ZFP14, ZNF416, ZNF557, ZNF566, ZNF729, ZIM2, ZNF254, ZNF764, ZNF785, ZNF10, 

CBX5, RYBP, YAF2, MGA, CBX1, SCMH1, MPP8, SUMO3, HERC2, BIN1, PCGF2, TOX, 

FOXA1, FOXA2, IRF2BP1, IRF2BP2, IRF2BPL IRF-2BP1_2 N-terminal domain, HOXA13, 

HOXB13, HOXC13, HOXA11, HOXC11, HOXC10, HOXA10, HOXB9, HOXA9, ZFP28, ZN334, 

ZN568, ZN37A, ZN181, ZN510, ZN862, ZN140, ZN208, ZN248, ZN571, ZN699, ZN726, ZIK1, 

ZNF2, Z705F, ZNF14, ZN471, ZN624, ZNF84, ZNF7, ZN891, ZN337, Z705G, ZN529, ZN729, 

ZN419, Z705A, ZNF45, ZN302, ZN486, ZN621, ZN688, ZN33A, ZN554, ZN878, ZN772, ZN224, 
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ZN184, ZN544, ZNF57, ZN283, ZN549, ZN211, ZN615, ZN253, ZN226, ZN730, Z585A, ZN732, 

ZN681, ZN667, ZN649, ZN470, ZN484, ZN431, ZN382, ZN254, ZN124, ZN607, ZN317, ZN620, 

ZN141, ZN584, ZN540, ZN75D, ZN555, ZN658, ZN684, RBAK, ZN829, ZN582, ZN112, ZN716, 

HKR1, ZN350, ZN480, ZN416, ZNF92, ZN100, ZN736, ZNF74, CBX1, ZN443, ZN195, ZN530, 

ZN782, ZN791, ZN331, Z354C, ZN157, ZN727, ZN550, ZN793, ZN235, ZNF8, ZN724, ZN573, 

ZN577, ZN789, ZN718, ZN300, ZN383, ZN429, ZN677, ZN850, ZN454, ZN257, ZN264, ZFP82, 

ZFP14, ZN485, ZN737, ZNF44, ZN596, ZN565, ZN543, ZFP69, SUMO1, ZNF12, ZN169, ZN433, 

SUMO3, ZNF98, ZN175, ZN347, ZNF25, ZN519, Z585B, ZIM3, ZN517, ZN846, ZN230, ZNF66, 

ZFP1, ZN713, ZN816, ZN426, ZN674, ZN627, ZNF20, Z587B, ZN316, ZN233, ZN611, ZN556, 

ZN234, ZN560, ZNF77, ZN682, ZN614, ZN785, ZN445, ZFP30, ZN225, ZN551, ZN610, ZN528, 

ZN284, ZN418, MPP8, ZN490, ZN805, Z780B, ZN763, ZN285, ZNF85, ZN223, ZNF90, ZN557, 

ZN425, ZN229, ZN606, ZN155, ZN222, ZN442, ZNF91, ZN135, ZN778, RYBP, ZN534, ZN586, 

ZN567, ZN440, ZN583, ZN441, ZNF43, CBX5, ZN589, ZNF10, ZN563, ZN561, ZN136, ZN630, 

ZN527, ZN333, Z324B, ZN786, ZN709, ZN792, ZN599, ZN613, ZF69B, ZN799, ZN569, ZN564, 

ZN546, ZFP92,YAF2, ZN723, ZNF34, ZN439, ZFP57, ZNF19, ZN404, ZN274, CBX3, ZNF30, 

ZN250, ZN570, ZN675, ZN695, ZN548, ZN132, ZN738, ZN420, ZN626, ZN559, ZN460, ZN268, 

ZN304, ZIM2, ZN605, ZN844, SUMO5, ZN101, ZN783, ZN417, ZN182, ZN823, ZN177, ZN197, 

ZN717, ZN669, ZN256, ZN251, CBX4, PCGF2, CDY2, CDYL2, HERC2, ZN562, ZN461, Z324A, 

ZN766, ID2, TOX, ZN274, SCMH1, ZN214, CBX7, ID1, CREM, SCX, ASCL1, ZN764, SCML2, 

TWST1, CREB1, TERF1, ID3, CBX8, CBX4, GSX1, NKX22, ATF1, TWST2, ZNF17, TOX3, 

TOX4, ZMYM3, I2BP1, RHXF1, SSX2, I2BPL, ZN680, CBX1, TRI68, HXA13, PHC3, TCF24, 

CBX3, HXB13, HEY1, PHC2, ZNF81, FIGLA, SAM11, KMT2B, HEY2,JDP2, HXC13, ASCL4, 

HHEX, HERC2, GSX2, BIN1, ETV7, ASCL3, PHC1, OTP, I2BP2, VGLL2, HXA11, PDLI4, 

ASCL2, CDX4, ZN860, LMBL4, PDIP3, NKX25, CEBPB, ISL1, CDX2, PROP1, SIN3B, SMBT1, 

HXC11, HXC10, PRS6A, VSX1, NKX23, MTG16, HMX3, HMX1, KIF22, CSTF2, CEBPE, 

DLX2, ZMYM3, PPARG, PRIC1,UNC4, BARX2, ALX3, TCF15, TERA, VSX2, HXD12, CDX1, 

TCF23, ALX1, HXA10, RX, CXXC5, SCML1, NFIL3, DLX6, MTG8, CBX8, CEBPD, SEC13, 

FIP1, ALX4, LHX3, PRIC2, MAGI3, NELL1, PRRX1, MTG8R, RAX2, DLX3, DLX1, NKX26, 

NAB1, SAMD7, PITX3,WDR5, MEOX2, NAB2, DHX8, FOXA2, CBX6, EMX2, CPSF6, HXC12, 

KDM4B, LMBL3, PHX2A, EMX1, NC2B, DLX4, SRY, ZN777, NELL1, ZN398, GATA3, BSH, 

SF3B4, TEAD1, TEAD3, RGAP1, PHF1, FOXA1, GATA2, FOXO3, ZN212, IRX4, ZBED6, 

LHX4, SIN3A, RBBP7, NKX61, TRI68, R51A1, MB3L1, DLX5, NOTC1, TERF2, ZN282, 

RGS12, ZN840, SPI2B, PAX7, NKX62, ASXL2, FOXO1, GATA3, GATA1, ZMYM5, ZN783, 
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SPI2B, LRP1, MIXL1, SGT1, LMCD1, CEBPA, GATA2, SOX14,WTIP, PRP19, CBX6, NKX11, 

RBBP4, DMRT2, SMCA2 and fragments thereof. 

[0011c] Also described herein is an epigenetic editor as described herein for use in therapy. 

[0012] In some embodiments, at least one of the repressor domains is selected from the group 

consisting of: SEQ ID NO: 67-595. In some embodiments, the DNA binding domain binds to a 

target sequence in a target chromosome comprising a target gene. In some embodiments, the 

repressor domain specifically binds to an epigenetic effector protein in a cell comprising a target 

gene and directs the epigenetic editor to the target gene to effect an epigenetic modification in a 

nucleotide in the target gene or a histone bound to the target gene. In some embodiments, the 

repressor domains is selected from the group consisting of: ZIM3, ZNF264, ZN577, ZN793, ZFP28, 

ZN627, RYBP, TOX, TOX3, TOX4, I2BP1, SCMH1, SCML2, CDYL2, CBX8, CBX5, and CBX1, 

and fragments thereof.  

[0013] In some embodiments, the fusion protein further comprises a second DNMT domain. In 

some embodiments, the first DNMT domain is selected from the group consisting of a DNMT3A 

domain, a DNMT3B domain, a DNMT3C domain, and a DNMT3L domain. In some embodiments, 

the first DNMT domain is the DNMT3A domain. In some embodiments, the first DNMT domain is 

the DNMT3L domain. In some embodiments, the first DNMT domain is a human DNMT domain. In 

some embodiments, the first human DNMT domain is a human DNMT3A domain. In some 

embodiments, the human DNMT domain is a human DNMT3L domain. In some embodiments, the 

first DNMT domain is a mouse DNMT domain. In some embodiments, the mouse DNMT domain is 

a mouse DNMT3A domain. In some embodiments, the mouse DNMT domain is a mouse DNMT3L 

domain. In some embodiments, the first DNMT domain is a DNMT3A domain and the second 

DNMT domain is a DNMT3L domain. In some embodiments, the first DNMT domain is a human 

DNMT3A domain and the second DNMT domain is a human DNMT3L domain. In some 

embodiments, the first DNMT domain is a human DNMT3A domain and the second DNMT domain 

is a mouse DNMT3L domain. In some embodiments, the first DNMT domain is a mouse DNMT3A 

domain and the second DNMT domain is a human DNMT3L domain. In some embodiments, the 

first DNMT domain is a mouse DNMT3A domain and the second DNMT domain is a mouse 

DNMT3L domain. In some embodiments, the first DNMT domain is a catalytic portion of the 

DNMT domain. In some embodiments, the second DNMT domain is a catalytic portion of a DNMT 

domain. In some embodiments, the first DNMT domain and the second DNMT domain are selected 

from the group consisting of SEQ ID NO: 32-66.  

[0014] In some embodiments, the DNA binding domain comprises a zinc finger motif. In some 

embodiments, the DNA binding domain comprises a zinc finger array. In some embodiments,
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119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 

139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, or 150 base pairs of a guide RNA are 

chemically modified. Chemical modifications can be made in the protospacer region, the tracr RNA, 

the crRNA, the stem loop, or any combination thereof.  

Zinc finger proteins 

[0163] In some embodiments, an epigenetic editor described herein comprises a nucleic acid binding 

domain comprising a zinc finger domain.  

[0164] Zinc finger proteins are DNA-binding proteins that contain one or more zinc fingers. In some 

embodiments, a zinc finger (ZF) comprises a relatively small polypeptide domain comprising 

approximately 30 amino acids. A zinc finger may comprise an α-helix adjacent an antiparallel β-

sheet (known as a ββα-fold) which may co-ordinate with a zinc ion between four Cys and/or His 

residues, as described further below. In some embodiments, a ZF domain recognizes and binds to a 

nucleic acid triplet, or an overlapping quadruplet, in a double-stranded DNA target sequence. In 

certain embodiments, ZFs may also bind RNA and proteins.  

[0165] As used herein, the term “zinc finger” (ZF) or “zinc finger motif” (ZF motif) refers to an 

individual “finger”, which comprises a beta-beta-alpha (ββα)-protein fold stabilized by a zinc ion as 

described elsewhere herein. In some embodiments, each finger includes approximately 30 amino 

acids. In some embodiments, ZF proteins or ZF protein domains are protein motifs that contain 

multiple fingers or finger-like protrusions that make tandem contacts with their target molecule. For 

example, a ZF finger may bind a triplet or (overlapping) quadruplet nucleotide sequence. 

Accordingly, a tandem array of ZF fingers may be designed for ZF proteins that do not naturally 

exist to bind desired targets. 

[0166] Zinc finger proteins are widespread in eukaryotic cells. An exemplary motif characterizing 

one class of these proteins (C2H2 class) is -Cys-(X)2-4-Cys-(X)12-His-(X)3-5His (SEQ ID NO: 

1158), where X is any amino acid. A single finger domain may be about 30 amino acids in length. In 

some embodiments, a single finger comprises an alpha helix containing the two invariant histidine 

residues co-ordinated through zinc with the two cysteines of a single beta turn.  

[0167] In some embodiments, amino acid sequence of a zinc finger protein, e.g. a Zif268 protein 

may be altered by making amino acid substitutions at the helix positions (e.g., positions −1, 2, 3 and 

6 of Zif268) on a zinc finger recognition helix. For example, modified zinc fingers with non-

naturally occurring DNA recognition specificity may be generated by phage display and 

combinatorial libraries with randomized side-chains in either the first or middle finger of a Zif268 

and then isolated with an altered Zif268 binding site in which the appropriate DNA sub-site was 

replaced by an altered DNA triplet.  
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[0180] In some embodiments, a zinc finger or zinc finger array targeting a specific DNA sequence is 

designed with a modular assembly approach. For example, two or more pre-selected zinc fingers 

may be fused in a tandem fashion.  

[0181] In some embodiments, a zinc finger array comprises multiple zinc fingers fused via peptide 

bonds. In some embodiments, a zinc finger array comprises multiple zinc fingers, one or more of 

which connected by peptide linkers. For example, zinc fingers in a multiple finger array can be 

linked by peptide linkers of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or more amino acids in length. In 

some embodiments, zinc fingers in a multiple finger array are linked by peptide linkers of 5 amino 

acids in length. In some embodiments, zinc fingers in a multiple finger array are linked by peptide 

linkers of 6 amino acids in length. In some embodiments, the two-finger units bind adjacent bases 

and are connected by a linker with the sequence TGSQKP (SEQ ID NO.: 7041154). In some 

embodiments the two-finger units bind sequences that are separated by 1 or 2 nucleotides and the 

two-finger units are separated by a linker with the sequence TGGGGSQKP (SEQ ID NO.: 7051155). 

[0182] In some embodiments, ZF-containing proteins may contain ZF arrays of 2 or more ZF motifs, 

which may be directly adjacent one another (i.e. separated by a short (canonical) linker sequence), or 

may be separated by longer, flexible or structured polypeptide sequences. In some embodiments, 

directly adjacent fingers bind to contiguous nucleic acid sequences, i.e. to adjacent 

trinucleotides/triplets. In some embodiments, adjacent fingers cross-bind between each other’s 

respective target triplets, which may help to strengthen or enhance the recognition of the target 

sequence, and leads to the binding of overlapping quadruplet sequences. In some embodiments, 

distant ZF domains within the same protein may recognize (or bind to) non-contiguous nucleic acid 

sequences or even to different molecules (e.g. protein rather than nucleic acid). 

[0183] In some embodiments, an epigenetic editor comprises zinc fingers comprising more than 3-

fingers. In some embodiments, an epigenetic editor comprises at least 6 zinc fingers in the DNA 

binding domain. In some embodiments, an epigenetic editor comprises 6 zinc fingers in the DNA 

binding domain that binds to a 18bp target sequence. In some embodiments, the 18bp target 

sequence is unique in the human genome. In some embodiments, an epigenetic editor comprises zinc 

fingers comprising at least 7, 8, 9, 10, 11, 12, 13, 14, 15 or more zinc fingers. In some embodiments,  

the strong affinity of three-finger proteins would allow subsets of the longer array to bind DNA and 

therefore decrease specificity. Without wishing to be bound by any theory, zinc finger proteins 

comprising multiple two-finger units or three-finger units joined by extended linkers may confer 

higher DNA binding specificity as compared to fewer fingers, or 
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epigenetic modifications to DNA sequences, or associated histones in a target gene.  In some 

embodiments, an epigenetic editor described herein comprises a zinc finger array having specificity 

for a target DNA sequence. In some embodiments a zinc finger array may have the sequence: 

SRPGERPFQCRICMRNFSNNNNNNNHTRTHTGEKPFQCRICMRNFSNNNNNNNHLRTH[link

er]FQCRICMRNFSNNNNNNNHTRTHTGEKPFQCRICMRNFSNNNNNNNHLRTH[linker]FQC

RICMRNFSNNNNNNNHTRTHTGEKPFQCRICMRNFSNNNNNNNHLRTHLRGS (SEQ ID 

NO.: 1157). 

Where NNNNNNN represents the amino acids of the zinc finger recognition helix, which confer 

DNA-binding specificity upon the zinc finger. And [linker] represents a linker sequence. In some 

embodiments the linker sequence may be TGSQKP (SEQ ID NO.: 7041154). In some embodiments 

the linker sequence may be TGGGGSQKP (SEQ ID NO.: 7051155). In some embodiments, the two 

linkers of the zinc finger array are the same. In some embodiments, the two linkers of the zinc finger 

array are different. 

[0186] In some embodiments, the programmable DNA binding protein comprises an argonaute 

protein. One example of such a nucleic acid programmable DNA binding protein is an Argonaute 

protein from Natronobacterium gregoryi (NgAgo). NgAgo is a ssDNA-guided endonuclease. NgAgo 

binds 5' phosphorylated ssDNA of -24 nucleotides (gDNA) to guide it to its target site and will make 

DNA double-strand breaks at the gDNA site. In contrast to Cas9, the NgAgo-gDNA system does not 

require a protospacer-adjacent motif (PAM). Using a nuclease inactive NgAgo (dNgAgo) can greatly 

expand the bases that may be targeted. The characterization and use of NgAgo have been described 

in Gao et al., Nat Biotechnol., 2016 Jul;34(7):768-73. PubMed PMID: 27136078; Swarts et al., 

Nature. 507(7491) (2014):258-61; and Swarts et al., Nucleic Acids Res. 43(10) (2015):5120-9, each 

of which is incorporated herein by reference. 

[0187] In some embodiments, the nucleic acid binding domain comprises a virus derived RNA-

binding domain guided by an RNA sequence to bind the target gene. In some embodiments, the 

nucleic acid binding domain comprises a K Homology (KH) domain, a MS2 coat protein domain, a 

PP7 coat protein domain, a SfMu Com coat protein domain, a sterile alpha motif, a telomerase Ku 

binding motif and Ku protein, a telomerase Sm7 binding motif and Sm7 protein, or any other RNA 

recognition motifs. 

[0188] In some embodiments, the nucleic acid binding domain comprises an inactivated nuclease, 

for example, an inactivated meganuclease. Additional non-limiting examples of DNA binding 

domains include tetracycline-controlled repressor (tetR) DNA binding domain, leucine 
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Protein Name Species Target Protein Sequence 

CMT3 Arabidopsis 5MC SEQ ID NO.: 59 

Rid Neurospora 5MC SEQ ID NO.: 60 

hsdM gene bacteria (E.coli, strain 12) m6A SEQ ID NO.: 61  

hsdS gene bacteria (E.coli, strain 12) m6A SEQ ID NO.: 62 

M.TaqI bacteria; Thermus aquaticus m6A SEQ ID NO.: 63 

M.EcoDam E. coli m6A SEQ ID NO.: 64  

M.CcrMI Caulobacter crescentus m6A SEQ ID NO.: 65 

CamA Clostridioides difficile m6A SEQ ID NO.: 66 

 

[0335] In some embodiments, the effector domain recruits one or more protein domains that repress 

expression of the target gene. In some embodiments, the effector domain interacts with a scaffold 

protein domain that recruits one or more protein domains that repress expression of the target gene. 

For example, the effector domain may recruit or interact with a scaffold protein domain that recruits 

a PRMT protein, a HDAC protein, a SETDB1 protein, or a NuRD protein domain. In some 

embodiments, the effector domain comprises a Krüppel associated box (KRAB) repression domain; 

a Repressor Element Silencing Transcription Factor (REST) repression domain, KRAB-associated 

protein 1 (KAP1) domain, a MAD domain, a FKHR (forkhead in rhabdosarcoma gene) repressor 

domain, AegR-1 (early growth response gene product-1) repressor domain, a ets2 repressor factor 

repressor domain (ERD), a MAD smSIN3 interaction domain (SID), a WRPW motif (SEQ ID NO: 

1162) of the hairy-related basic helix-loop-helix (BhlH) repressor proteins; an HP1 alpha chromo-

shadow repression domain, or any combination thereof. In some embodiments, the effector domain 

comprises a KRAB domain. In some embodiments, the effector domain comprises a Tripartite motif 

containing 28 (TRIM28, TIF1-beta, or KAP1) protein.  

[0336] In some embodiments, an effector domain comprises a protein domain that represses 

expression of the target gene. For example, the effector domain may comprise a functional domain 

derived from a zinc finger repressor protein. In some embodiments, the effector domain comprises a 

functional repression domain derived from a KOX1/ZNF10 domain, a KOX8/ZNF708 domain, a 

ZNF43 domain, a ZNF184 domain, a ZNF91 KRAB domain, a HPF4 domain, a HTF10 domain or a 

HTF34 domain or any combination thereof. In some embodiments, the effector domain comprises a 

functional repression domain derived from a ZIM3 protein domain, a ZNF436 domain, a ZNF257 

domain, a ZNF675 domain, a ZNF490 domain, a ZNF320 domain, a ZNF331  domain, a ZNF816  

domain, a ZNF680  domain, a ZNF41  domain, a ZNF189  domain, a ZNF528  domain, a ZNF543  

domain, a ZNF554  
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Protein Species Protein Sequence  

TET2 Human SEQ ID NO.: 600 

TET3 Human SEQ ID NO.: 601 

TDG Human SEQ ID NO.: 602 

ROS1 Arabidopsis SEQ ID NO.: 603 

DME Arabidopsis SEQ ID NO.: 604 

DML2 Arabidopsis SEQ ID NO.: 605 

DML3 Arabidopsis SEQ ID NO.: 606 

 

[0353] The effector domain may activate expression of the target gene. In some embodiments, the 

effector domain comprises a protein domain that recruits one or more transcription activator 

domains. In some embodiments, the effector domain comprises a protein domain that recruits one or 

more transcription factors. In some embodiments, the effector domain comprises a transcription 

activator or a transcription factor domain. In some embodiments, the effector domain comprises a 

Herpes Simplex Virus Protein 16 (VP16) activation domain. In some embodiments, the effector 

domain comprises an activation domain comprising a tandem repeat of multiple VP16 activation 

domains. In some embodiments, the effector domain comprises four tandem copies of VP16, a VP64 

activation domain. In some embodiments, the effector domain comprises a p65 activation domain of 

NFκB; an Epstein-Barr virus R transactivator (Rta) activation domain. In some embodiments, the 

effector domain comprises a fusion of multiple activators, e.g., a tripartite activator of the VP64, the 

p65, and the Rta activation domains, (a VPR activation domain).  

[0354] In some embodiments, an effector domain comprises a transactivation domain of FOXO 

protein family (FOXO-TAD), a LMSTEN motif  domain (LMSTEN) ("LMSTEN" disclosed as SEQ 

ID NO: 1163), a Transducer of regulated CREB activity C terminus domain (TORC_C), a QLQ 

domain, a Nuclear receptor coactivator domain (Nuc_rec_co-act), an Autophagy receptor zinc 

finger-C2H2 domain (Zn-C2H2-12), an Anaphase-promoting complex subunit 16 (ANAPC16), a 

Dpy-30 domain, a ANC1 homology domain (AHD), a Signal transducer and activator of 

transcription 2 C terminal  (STAT2_C), a I-kappa-kinase-beta NEMO binding domain 

(IKKbetaNEMObind), a Early growth response N-terminal domain (DUF3446), a TFIIE beta subunit 

core domain (TFIIE_beta), a N-terminal domain of DPF2/REQ (Requiem_N), a LNR domain 

(Notch), a Atypical Arm repeat (Arm_3), a Protein kinase C terminal domain (pKinase_C), WW 

domain, a SH3 domain (SH3_1), a Myb-like DNA-binding domain, a WD domain G-beta repeat 

(WD40), a PHD-finger (PHD), a RNA recognition motif domain (RRM_1), a GATA zinc finger 

domain (GATA), a Vps4 C terminal oligomerization domain  (Vps4_C),  or in any combination 

thereof. In some embodiments, the 
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effector domain comprises a KRAB domain that activates expression of a target gene. For example  

the KRAB domain may be a  ZNF473 KRAB domain, a ZFP28 KRAB domain, a ZNF496 KRAB 

domain, or a ZNF597 KRAB domain or any combination thereof. In some embodiments, the KRAB 

domain comprises a 41-amino-acid ZNF473 KRAB domain (41 AA ZNF473). In some 

embodiments, the effector domain comprises a FOXO-TAD domain, a LMSTEN domain 

("LMSTEN" disclosed as SEQ ID NO: 1163), or a TORC_C domain. In some embodiment, the 

protein domain comprises a RNA polymerase II transcription mediator complex subunit 9 (Med9), 

TFIIE beta subunit core domain (TFIIEβ), nuclear receptor coactivator 3 domain (NCOA3), 

transactivation domain of FOXO protein family (FOXO-TAD), LMSTEN motif domain 

("LMSTEN" disclosed as SEQ ID NO: 1163), early growth response N-terminal domain 

(DUF3446), QLQ domain, or Dpy-30 motif domain or any combination thereof. In some 

embodiment, the effector domain comprises a ZNF473 KRAB domain or a Med9 domain.  

[0355] Exemplary domains that can activate or increase target gene expression are provided in Table 

5 below. 

Table 5. Exemplary protein domains that may be used in epigenetic effector domains to increase 

target gene expression 

Protein Species Protein Sequence  

VP16 Herpes simplex virus type 1 (strain 17) SEQ ID NO.: 607 

VP64 Herpes simplex virus type 1 SEQ ID NO.: 608 

VP160 Herpes simplex virus type 1 SEQ ID NO.: 609 

HIF1alpha Human SEQ ID NO.: 610 

CITED2 Human SEQ ID NO.: 611 

Stat3 Human SEQ ID NO.: 612 

p65  Human SEQ ID NO.: 613 

p53  Human SEQ ID NO.: 614 

ZNF473 Human SEQ ID NO.: 615 

FOXO1 Human SEQ ID NO.: 616 

Myb Human SEQ ID NO.: 617 

CRTC1 Human SEQ ID NO.: 618 

Med9 Human SEQ ID NO.: 619 

EGR3 Human SEQ ID NO.: 620 

SMARCA2 Human SEQ ID NO.: 621 

Dpy-30 Human SEQ ID NO.: 622 

NCOA3 Human SEQ ID NO.: 623 

ZFP28 Human SEQ ID NO.: 624 

ZNF496 Human SEQ ID NO.: 625 
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embodiments, the linker is 64 amino acids in length. In some embodiments, the linker comprises the 

amino acid sequence SEQ ID NO.: 687. 

[0377] In some embodiments, the linker is 92 amino acids in length. In some embodiments, the 

linker comprises the amino acid sequence SEQ ID NO.: 688. 

[0378] Various linker lengths and flexibilities between a effector domain (e.g. , a repressor domain) 

and a DNA binding protein (e.g., a Cas9 domain), between a effector domain and a second effector 

domain, or between any two components of an epigenetic editor can be employed (e.g., ranging from 

very flexible linkers of the form (GGGGS)n (SEQ ID NO: 1159), (GGGGS)n (SEQ ID NO: 1159), 

and (G)n to more rigid linkers of the form (EAAAK)n (SEQ ID NO: 1160), (SGGS)n (SEQ ID NO: 

1161), and (XP)n) in order to achieve the optimal length for effector domain activity for the specific 

application. In some embodiments, n is any integer between 3 and 30. In some embodiments, n is 1, 

2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15. In some embodiments, the linker comprises a (GGS)n 

motif, wherein n is 1, 3, or 7 (SEQ ID NO: 1164).  

[0379] In some embodiments, a linker in an epigenetic editor comprises a nuclear localization 

signal, for example, of peptide sequence SEQ ID NO.: 689-694. In some embodiments, a linker in an 

epigenetic editor comprises a cleavable peptide, e.g., a T2A peptide, a p2A peptide, or a furin/p2A 

peptide. In some embodiments, a linker in an epigenetic editor comprises an expression tag, e.g. a 

detectable tag such as a green fluorescence protein.  

[0380] In some embodiments, a linker comprises a nucleic acid. For example, one or more linkers of 

an epigenetic editor may include a nucleic acid that is capable of binding to, interacting with, 

associating with, or forming a complex with a polypeptide. In some embodiments, the nucleic acid 

linker may be a RNA linker capable of binding to and/or interacting with a RNA binding protein 

domain, e.g. a phase derived RNA binding domain. In some embodiments, the nucleic acid linker 

may be fused to a guide polynucleotide capable of binding to a Cas protein of an epigenetic editor. In 

some embodiments, the nucleic acid linker comprises a K homology (KH) domain binding sequence, 

a MS2 coat protein binding sequence, a PP7 coat protein binding sequence, a SfMu COM coat 

protein binding sequence, a telomerase Ku binding motif binding sequence, a sm7 protein binding 

sequence, or other RNA recognition motif binding sequence thereof.  

[0381] In some embodiments, a linker comprises an affinity domain that specifically binds a 

component of an epigenetic effector. For example, an epigenetic effector may comprise a 

programmable DNA binding domain, a linker comprising an affinity domain having specific binding 

affinity to an epigenetic effector domain. The affinity domain may comprise an antibody, a single 

chain antibody, a nanobody, and  antigen binding sequence, an antibody, a 



   -212- 

GGTGAGCAAGGGCGCCGAGCTGTTCACCGGCATCGTGCCCATCCTGATCGAGCTGAA

TGGCGATGTGAATGGCCACAAGTTCAGCGTGAGCGGCGAGGGCGAGGGCGATGCCACC

TACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCTGTGCCCTGGCC

C 

Table 7: Target Site Table 

Target Site Sequence 

GFP-1 SEQ ID NO.: 696 

GFP-2 SEQ ID NO.: 697 

GFP-3 SEQ ID NO.: 698 

GFP-4 SEQ ID NO.: 699 

GFP-5 SEQ ID NO.: 700 

GFP-6 SEQ ID NO.: 701 

GFP-7 SEQ ID NO.: 702 

 

Zinc finger sequences were designed for binding of the above described target site. Exemplary Zinc 

finger sequences are as follows: 

SRPGERPFQCRICMRNFS[F1]HTRTHTGEKPFQCRICMRNFS[F2]HLRTH[linker1]FQCRICMR

NFS[F3]HTRTHTGEKPFQCRICMRNFS[F4]HLRTH[linker2]FQCRICMRNFS[F5]HTRTHTGEK

PFQCRICMRNFS[F6]HLRTHLRGS (SEQ ID NO.: 703) 

Where zinc finger proteins for a given target site have the following linkers: 

Table 8: Linkers for a Given Target Site 

Target Site Sequence Linker 1 Linker 2 

GFP-1 SEQ ID NO.: 696 SEQ ID NO.: 704  SEQ ID NO.: 705  

GFP-2 SEQ ID NO.: 697 SEQ ID NO.: 705  SEQ ID NO.: 704  

GFP-3 SEQ ID NO.: 698 SEQ ID NO.: 704  SEQ ID NO.: 705  

GFP-4 SEQ ID NO.: 699 SEQ ID NO.: 704  SEQ ID NO.: 704  

GFP-5 SEQ ID NO.: 700 SEQ ID NO.: 704  SEQ ID NO.: 704  

GFP-6 SEQ ID NO.: 701 SEQ ID NO.: 704  SEQ ID NO.: 704  

GFP-7 SEQ ID NO.: 702 SEQ ID NO.: 704  SEQ ID NO.: 705  
 

and where recognition helices for a given target site may be selected from the following SEQ ID 

NO.: 716-961: 

Table 9: Recognition Helices for a Given Target Site 

Target 

Site 

Zinc 

Finger 

Protein 

Name F1 F2 F3 F4 F5 F6 

GFP-1 GFP1-ZF1 

HKSSLTR 

(SEQ ID 

NO: 716) 

RTEHLAR 

(SEQ ID 

NO: 757) 

QSAHLKR 

(SEQ ID 

NO: 798) 

RTEHLAR 

(SEQ ID 

NO: 839) 

HKSSLTR 

(SEQ ID 

NO: 880) 

RPESLAP 

(SEQ ID 

NO: 921) 
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Target 

Site 

Zinc 

Finger 

Protein 

Name F1 F2 F3 F4 F5 F6 

GFP-1 

GFP1-ZF2 

HKSSLTR 

(SEQ ID 
NO: 717) 

RTEHLAR 

(SEQ ID 
NO: 758) 

TSAHLAR 

(SEQ ID 
NO: 799) 

RREHLVR 

(SEQ ID 
NO: 840) 

HKSSLTR 

(SEQ ID 
NO: 881) 

RPESLAP 

(SEQ ID 
NO: 922) 

GFP1-ZF3 

IKAILTR 

(SEQ ID 

NO: 718) 

RREHLVR 

(SEQ ID 

NO: 759) 

QSAHLKR 

(SEQ ID 

NO: 800) 

RTEHLAR 

(SEQ ID 

NO: 841) 

HKSSLTR 

(SEQ ID 

NO: 882) 

RPESLAP 

(SEQ ID 

NO: 923) 
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Target 

Site 

Zinc 

Finger 

Protein 

Name F1 F2 F3 F4 F5 F6 

 GFP1-ZF4 

IKAILTR 

(SEQ ID 

NO: 719) 

RREHLVR 

(SEQ ID 

NO: 760) 

TSAHLAR 

(SEQ ID 

NO: 801) 

RREHLVR 

(SEQ ID 

NO: 842) 

HKSSLTR 

(SEQ ID 

NO: 883) 

RPESLAP 

(SEQ ID 

NO: 924) 

GFP-2 

GFP2-ZF1 

TSTLLNR 
(SEQ ID 

NO: 720) 

QQTNLTR 
(SEQ ID 

NO: 761) 

DEANLRR 
(SEQ ID 

NO: 802) 

QSAHLKR 
(SEQ ID 

NO: 843) 

IPNKLAR 
(SEQ ID 

NO: 884) 

RREVLEN 
(SEQ ID 

NO: 925) 

GFP2-ZF2 

TSTLLNR 
(SEQ ID 

NO: 721) 

QQTNLTR 
(SEQ ID 

NO: 762) 

DEANLRR 
(SEQ ID 

NO: 803) 

QSAHLKR 
(SEQ ID 

NO: 844) 

EAHHLSR 
(SEQ ID 

NO: 885) 

RKDALHV 
(SEQ ID 

NO: 926) 

GFP2-ZF3 

TSTLLNR 

(SEQ ID 
NO: 722) 

QQTNLTR 

(SEQ ID 
NO: 763) 

DRGNLTR 

(SEQ ID 
NO: 804) 

QGGHLKR 

(SEQ ID 
NO: 845) 

IPNKLAR 

(SEQ ID 
NO: 886) 

RREVLEN 

(SEQ ID 
NO: 927) 

GFP2-ZF4 

TSTLLNR 

(SEQ ID 

NO: 723) 

QQTNLTR 

(SEQ ID 

NO: 764) 

DRGNLTR 

(SEQ ID 

NO: 805) 

QGGHLKR 

(SEQ ID 

NO: 846) 

EAHHLSR 

(SEQ ID 

NO: 887) 

RKDALHV 

(SEQ ID 

NO: 928) 

GFP2-ZF5 

HKSSLTR 

(SEQ ID 

NO: 724) 

QTNNLGR 

(SEQ ID 

NO: 765) 

DEANLRR 

(SEQ ID 

NO: 806) 

QSAHLKR 

(SEQ ID 

NO: 847) 

IPNKLAR 

(SEQ ID 

NO: 888) 

RREVLEN 

(SEQ ID 

NO: 929) 

GFP2-ZF6 

HKSSLTR 
(SEQ ID 

NO: 725) 

QTNNLGR 
(SEQ ID 

NO: 766) 

DEANLRR 
(SEQ ID 

NO: 807) 

QSAHLKR 
(SEQ ID 

NO: 848) 

EAHHLSR 
(SEQ ID 

NO: 889) 

RKDALHV 
(SEQ ID 

NO: 930) 

GFP2-ZF7 

HKSSLTR 
(SEQ ID 

NO: 726) 

QTNNLGR 
(SEQ ID 

NO: 767) 

DRGNLTR 
(SEQ ID 

NO: 808) 

QGGHLKR 
(SEQ ID 

NO: 849) 

IPNKLAR 
(SEQ ID 

NO: 890) 

RREVLEN 
(SEQ ID 

NO: 931) 

GFP2-ZF8 

HKSSLTR 

(SEQ ID 
NO: 727) 

QTNNLGR 

(SEQ ID 
NO: 768) 

DRGNLTR 

(SEQ ID 
NO: 809) 

QGGHLKR 

(SEQ ID 
NO: 850) 

EAHHLSR 

(SEQ ID 
NO: 891) 

RKDALHV 

(SEQ ID 
NO: 932) 

GFP-3 

GFP3-ZF1 

QQTNLTR 

(SEQ ID 

NO: 728) 

IRHHLKR 

(SEQ ID 

NO: 769) 

DSSVLRR 

(SEQ ID 

NO: 810) 

LSTNLTR 

(SEQ ID 

NO: 851) 

QSTTLKR 

(SEQ ID 

NO: 892) 

RSDHLSL 

(SEQ ID 

NO: 933) 

GFP3-ZF2 

QQTNLTR 

(SEQ ID 

NO: 729) 

IRHHLKR 

(SEQ ID 

NO: 770) 

DGSTLNR 

(SEQ ID 

NO: 811) 

VRHNLTR 

(SEQ ID 

NO: 852) 

QSTTLKR 

(SEQ ID 

NO: 893) 

RSDHLSL 

(SEQ ID 

NO: 934) 

GFP3-ZF3 

RKPNLLR 

(SEQ ID 

NO: 730) 

EAHHLSR 

(SEQ ID 

NO: 771) 

DSSVLRR 

(SEQ ID 

NO: 812) 

LSTNLTR 

(SEQ ID 

NO: 853) 

QSTTLKR 

(SEQ ID 

NO: 894) 

RSDHLSL 

(SEQ ID 

NO: 935) 

GFP3-ZF4 

RKPNLLR 
(SEQ ID 

NO: 731) 

EAHHLSR 
(SEQ ID 

NO: 772) 

DGSTLNR 
(SEQ ID 

NO: 813) 

VRHNLTR 
(SEQ ID 

NO: 854) 

QSTTLKR 
(SEQ ID 

NO: 895) 

RSDHLSL 
(SEQ ID 

NO: 936) 

GFP-4 GFP4-ZF1 

VRHNLTR 

(SEQ ID 
NO: 732) 

ESGHLKR 

(SEQ ID 
NO: 773) 

RQDNLGR 

(SEQ ID 
NO: 814) 

KNHSLNN 

(SEQ ID 
NO: 855) 

RQDNLGR 

(SEQ ID 
NO: 896) 

KNHSLNN 

(SEQ ID 
NO: 937) 
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Target 

Site 

Zinc 

Finger 

Protein 

Name F1 F2 F3 F4 F5 F6 

GFP-5 

 

GFP5-ZF1 

DSSVLRR 

(SEQ ID 

NO: 733) 

LSTNLTR 

(SEQ ID 

NO: 774) 

LKEHLTR 

(SEQ ID 

NO: 815) 

RVDNLPR 

(SEQ ID 

NO: 856) 

LKEHLTR 

(SEQ ID 

NO: 897) 

RVDNLPR 

(SEQ ID 

NO: 938) 

GFP5-ZF2 
DSSVLRR 

(SEQ ID 

NO: 734) 

LSTNLTR 
(SEQ ID 

NO: 775) 

LKEHLTR 
(SEQ ID 

NO: 816) 

RVDNLPR 
(SEQ ID 

NO: 857) 

SPSKLVR 
(SEQ ID 

NO: 898) 

RQDNLGR 
(SEQ ID 

NO: 939) 

GFP5-ZF3 
DSSVLRR 

(SEQ ID 

NO: 735) 

LSTNLTR 
(SEQ ID 

NO: 776) 

SPSKLVR 
(SEQ ID 

NO: 817) 

RQDNLGR 
(SEQ ID 

NO: 858) 

LKEHLTR 
(SEQ ID 

NO: 899) 

RVDNLPR 
(SEQ ID 

NO: 940) 

GFP5-ZF4 

DSSVLRR 

(SEQ ID 
NO: 736) 

LSTNLTR 

(SEQ ID 
NO: 777) 

SPSKLVR 

(SEQ ID 
NO: 818) 

RQDNLGR 

(SEQ ID 
NO: 859) 

SPSKLVR 

(SEQ ID 
NO: 900) 

RQDNLGR 

(SEQ ID 
NO: 941) 

GFP5-ZF5 

DGSTLNR 

(SEQ ID 

NO: 737) 

VRHNLTR 

(SEQ ID 

NO: 778) 

LKEHLTR 

(SEQ ID 

NO: 819) 

RVDNLPR 

(SEQ ID 

NO: 860) 

LKEHLTR 

(SEQ ID 

NO: 901) 

RVDNLPR 

(SEQ ID 

NO: 942) 

GFP5-ZF6 

DGSTLNR 

(SEQ ID 

NO: 738) 

VRHNLTR 

(SEQ ID 

NO: 779) 

LKEHLTR 

(SEQ ID 

NO: 820) 

RVDNLPR 

(SEQ ID 

NO: 861) 

SPSKLVR 

(SEQ ID 

NO: 902) 

RQDNLGR 

(SEQ ID 

NO: 943) 

GFP5-ZF7 
DGSTLNR 

(SEQ ID 

NO: 739) 

VRHNLTR 
(SEQ ID 

NO: 780) 

SPSKLVR 
(SEQ ID 

NO: 821) 

RQDNLGR 
(SEQ ID 

NO: 862) 

LKEHLTR 
(SEQ ID 

NO: 903) 

RVDNLPR 
(SEQ ID 

NO: 944) 

GFP5-ZF8 
DGSTLNR 

(SEQ ID 

NO: 740) 

VRHNLTR 
(SEQ ID 

NO: 781) 

SPSKLVR 
(SEQ ID 

NO: 822) 

RQDNLGR 
(SEQ ID 

NO: 863) 

SPSKLVR 
(SEQ ID 

NO: 904) 

RQDNLGR 
(SEQ ID 

NO: 945) 

GFP-6 

GFP6-ZF1 

RKPNLLR 

(SEQ ID 
NO: 741) 

VRHNLTR 

(SEQ ID 
NO: 782) 

DKAQLGR 

(SEQ ID 
NO: 823) 

EAHHLSR 

(SEQ ID 
NO: 864) 

RQSRLQR 

(SEQ ID 
NO: 905) 

KGDHLRR 

(SEQ ID 
NO: 946) 

GFP6-ZF2 

RKPNLLR 

(SEQ ID 

NO: 742) 

VRHNLTR 

(SEQ ID 

NO: 783) 

DKAQLGR 

(SEQ ID 

NO: 824) 

EAHHLSR 

(SEQ ID 

NO: 865) 

EAHHLSR 

(SEQ ID 

NO: 906) 

DPSNLRR 

(SEQ ID 

NO: 947) 

GFP6-ZF3 

RKPNLLR 

(SEQ ID 

NO: 743) 

VRHNLTR 

(SEQ ID 

NO: 784) 

QSTTLKR 

(SEQ ID 

NO: 825) 

VDHHLRR 

(SEQ ID 

NO: 866) 

RQSRLQR 

(SEQ ID 

NO: 907) 

KGDHLRR 

(SEQ ID 

NO: 948) 

GFP6-ZF4 

RKPNLLR 

(SEQ ID 

NO: 744) 

VRHNLTR 

(SEQ ID 

NO: 785) 

QSTTLKR 

(SEQ ID 

NO: 826) 

VDHHLRR 

(SEQ ID 

NO: 867) 

EAHHLSR 

(SEQ ID 

NO: 908) 

DPSNLRR 

(SEQ ID 

NO: 949) 

GFP6-ZF5 
QQTNLTR 

(SEQ ID 

NO: 745) 

VGSNLTR 
(SEQ ID 

NO: 786) 

DKAQLGR 
(SEQ ID 

NO: 827) 

EAHHLSR 
(SEQ ID 

NO: 868) 

RQSRLQR 
(SEQ ID 

NO: 909) 

KGDHLRR 
(SEQ ID 

NO: 950) 

GFP6-ZF6 

QQTNLTR 

(SEQ ID 
NO: 746) 

VGSNLTR 

(SEQ ID 
NO: 787) 

DKAQLGR 

(SEQ ID 
NO: 828) 

EAHHLSR 

(SEQ ID 
NO: 869) 

EAHHLSR 

(SEQ ID 
NO: 910) 

DPSNLRR 

(SEQ ID 
NO: 951) 
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Target 

Site 

Zinc 

Finger 

Protein 

Name F1 F2 F3 F4 F5 F6 

 

GFP6-ZF7 

QQTNLTR 

(SEQ ID 
NO: 747) 

VGSNLTR 

(SEQ ID 
NO: 788) 

QSTTLKR 

(SEQ ID 
NO: 829) 

VDHHLRR 

(SEQ ID 
NO: 870) 

RQSRLQR 

(SEQ ID 
NO: 911) 

KGDHLRR 

(SEQ ID 
NO: 952) 

GFP6-ZF8 

QQTNLTR 

(SEQ ID 

NO: 748) 

VGSNLTR 

(SEQ ID 

NO: 789) 

QSTTLKR 

(SEQ ID 

NO: 830) 

VDHHLRR 

(SEQ ID 

NO: 871) 

EAHHLSR 

(SEQ ID 

NO: 912) 

DPSNLRR 

(SEQ ID 

NO: 953) 

GFP-7 

GFP7-ZF1 

QSTTLKR 

(SEQ ID 

NO: 749) 

VDHHLRR 

(SEQ ID 

NO: 790) 

EAHHLSR 

(SEQ ID 

NO: 831) 

DPSNLRR 

(SEQ ID 

NO: 872) 

QRSDLTR 

(SEQ ID 

NO: 913) 

QGGTLRR 

(SEQ ID 

NO: 954) 

GFP7-ZF2 
QSTTLKR 

(SEQ ID 

NO: 750) 

VDHHLRR 
(SEQ ID 

NO: 791) 

EAHHLSR 
(SEQ ID 

NO: 832) 

DPSNLRR 
(SEQ ID 

NO: 873) 

TKQILGR 
(SEQ ID 

NO: 914) 

QSTTLKR 
(SEQ ID 

NO: 955) 

GFP7-ZF3 

QSTTLKR 

(SEQ ID 
NO: 751) 

VDHHLRR 

(SEQ ID 
NO: 792) 

RQSRLQR 

(SEQ ID 
NO: 833) 

DSSVLRR 

(SEQ ID 
NO: 874) 

QRSDLTR 

(SEQ ID 
NO: 915) 

QGGTLRR 

(SEQ ID 
NO: 956) 

GFP7-ZF4 

QSTTLKR 

(SEQ ID 
NO: 752) 

VDHHLRR 

(SEQ ID 
NO: 793) 

RQSRLQR 

(SEQ ID 
NO: 834) 

DSSVLRR 

(SEQ ID 
NO: 875) 

TKQILGR 

(SEQ ID 
NO: 916) 

QSTTLKR 

(SEQ ID 
NO: 957) 

GFP7-ZF5 

DKAQLGR 

(SEQ ID 

NO: 753) 

EAHHLSR 

(SEQ ID 

NO: 794) 

EAHHLSR 

(SEQ ID 

NO: 835) 

DPSNLRR 

(SEQ ID 

NO: 876) 

QRSDLTR 

(SEQ ID 

NO: 917) 

QGGTLRR 

(SEQ ID 

NO: 958) 

GFP7-ZF6 

DKAQLGR 

(SEQ ID 

NO: 754) 

EAHHLSR 

(SEQ ID 

NO: 795) 

EAHHLSR 

(SEQ ID 

NO: 836) 

DPSNLRR 

(SEQ ID 

NO: 877) 

TKQILGR 

(SEQ ID 

NO: 918) 

QSTTLKR 

(SEQ ID 

NO: 959) 
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[0496] Example 2: epigenetic editor sequences. 

[0497] Amino acid sequences of exemplary epigenetic editors are provided below. 

Exemplary fusion protein DNMT3A-3L-ZF-KRAB (SEQ ID NO.: 978) where zinc finger is GFP1-

ZF1: 

MAPKKKRKMNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQVDRYIASEVCE

DSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFF

EFYRLLHDARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHFPVFMNEKEDILWC

TEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPS

FSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMFQFHRILQYALP

RQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVTLQDVRGRDYQNAMRVWSNIPG

LKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLSGG

GGSGGGGSVGIHGVPSRPGERPFQCRICMRNFSHKSSLTRHTRTHTGEKPFQCRICMRNFSRT

EHLARHLRTHTGSQKPFQCRICMRNFSQSAHLKRHTRTHTGEKPFQCRICMRNFSRTEHLAR

HLRTHTGGGGSQKPFQCRICMRNFSHKSSLTRHTRTHTGEKPFQCRICMRNFSRPESLAPHL

RTHLRGSGGGSMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYK

NLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSV(italics: DNMT3A; 

Bold: DNMT3L; underline: KRAB) 

[0498] Example 3: guide RNA design.  

[0499] Cas9 protospacers are chosen based on homology from sequences that perfectly match or 

nearly perfectly match spacer sequences in target DNA sequences and predicted by the MIT 

Specificity Score (calculated by http://crispor.tefor.net/).  

[0500] gRNA protospacer sequences that would permit epigenetic editors containing a 

Streptococcus pyogenes Cas9, or another Cas that can use the NGG PAM, to recognize the 

protospacer sequences identified throughout the target gene. gRNAs containing spacers of 20nts and 

Target 

Site 

Zinc 

Finger 

Protein 

Name F1 F2 F3 F4 F5 F6 

 

GFP7-ZF7 

DKAQLGR 

(SEQ ID 

NO: 755) 

EAHHLSR 

(SEQ ID 

NO: 796) 

RQSRLQR 

(SEQ ID 

NO: 837) 

DSSVLRR 

(SEQ ID 

NO: 878) 

QRSDLTR 

(SEQ ID 

NO: 919) 

QGGTLRR 

(SEQ ID 

NO: 960) 

GFP7-ZF8 
DKAQLGR 

(SEQ ID 

NO: 756) 

EAHHLSR 
(SEQ ID 

NO: 797) 

RQSRLQR 
(SEQ ID 

NO: 838) 

DSSVLRR 
(SEQ ID 

NO: 879) 

TKQILGR 
(SEQ ID 

NO: 920) 

QSTTLKR 
(SEQ ID 

NO: 961) 

http://crispor.tefor.net/
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a total length of 100nts are synthesized. gRNAs are co-transfected with mRNA encoding the Cas9 

epigenetic editor fusion protein into primary human hepatocytes via MessengerMax
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Testing DNA demethylation domains: To test the functionality of candidate domains for removing 

DNA methylation, the domain is fused to a DNA-binding domain for testing in human cells. The 

effector domain, identified and extracted from the full protein sequence may be fused to the N-

terminal or C-terminal end of any DNA-binding domain, using a variety of linkers. For example, a 

domain may be fused to Cas9. This fusion protein is then co-delivered into cells, along with a gRNA, 

using standard cell culture techniques. This may include plasmid transfection or electroporation, 

mRNA transfection or electroporation, or viral transduction. Because removal of DNA methylation 

marks at CpG dinucleotides is expected to increase target gene expression, this may be assayed by 

standard techniques such as RT-qPCR, staining for cell surface marker and quantifying by flow 

cytometry, ddPCR and Western blotting. Additionally, direct readout of DNA methylation is 

obtained through bisulfite sequencing. In this method, bisulfite treatment of DNA converts cytosine 

residues to uracil but leaves 5-methylcytosine residues unaffected. Standard Sanger sequencing or 

next-generation sequencing can then be performed to determine the rate of methylation at CpG 

dinucleotides.  

[0507] Example 5: alternate DNMT effectors and effector fusions. 

[0508] GripTite293 cells were seeded in 96-well plates and transfected with 25 ng of a gRNA-

expressing plasmid (targeting VIM), 50 ng of an Effector-DBD fusion plasmid, and 5ng of a 

Puromycin resistance plasmid using Mirus TransIT transfection reagent. VIM-targeting gRNAs used 

can be found in SEQ ID NO.: 962-969. Effector-DBD fusions can be found in SEQ ID NO.: 

1092112-113353. 

[0509] At day 1 post transfection, cells were cultured with Puromycin to select for positively 

transfected cells. At day 6 or day 7 post transfection, cells were analyzed for VIM expression via 

FACS (FIG. 2).  

[0510] When human-human and human-mouse fusions were tested against plant DNMT effectors 

and effector fusions, the mammalian fusions exhibited greateer VIM silencing (FIG. 3A); similar 

results were found when the mammalian fusions were compared to DNMT effectors and effector 

fusions from bacteria, fungi, and Drosophila (FIG. 3B). 

[0511] Example 6: alternate KRAB and non-KRAB repressors. 

[0512] GripTite293 cells were seeded in 96-well plates and transfected with 25 ng of a gRNA-

expressing plasmid (targeting VIM), 50 ng of a DBD-Effector fusion plasmid, and 5ng of a 

Puromycin resistance plasmid using Mirus TransIT transfection reagent. VIM-targeting gRNAs used 

can be found in SEQ ID NO.: 962-969. DBD-Effector fusions can be found in SEQ ID NO.: 100222-

11111091.
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[0513] At day 1 post transfection, cells were cultured with Puromycin to select for positively 

transfected cells. At day 6 post transfection, cells were analyzed for VIM expression via FACS (FIG 

5). Many alternate KRAB and non-KRAB repressors effectively silenced VIM expression.   

[0514] Example 7: gene repression. 

[0515] GripTite293 cells were seeded in 96-well plates and transfected with 25 ng of a gRNA-

expressing plasmid (either single gRNA or 4x (quad) gRNA plasmid targeting CD151 or CLTA), 50 

ng of a DBD-Effector fusion plasmid, and 5ng of a Puromycin resistance plasmid using Mirus 

TransIT transfection reagent. CD151-targeting gRNAs used can be found in SEQ ID NO.: 970-977. 

DBD-Effector fusion plasmids used can be found in SEQ ID NO.: 979978-10211001. 

[0516] At day 1 post transfection, cells were cultured with Puromycin to select for positively 

transfected cells. At day 6 post transfection, cells were analyzed for CD151 or CLTA expression via 

FACS. FIG 6-7 show that many of the alternate KRAB combination effectively silence CD151.   

[0517] While preferred embodiments of the present disclosure have been shown and described 

herein, it will be obvious to those skilled in the art that such embodiments are provided by way of 

example only. Numerous variations, changes, and substitutions will now occur to those skilled in the 

art without departing from the disclosure. It should be understood that various alternatives to the 

embodiments of the disclosure described herein may be employed in practicing the disclosure. It is 

intended that the following claims define the scope of the disclosure and that methods and structures 

within the scope of these claims and their equivalents be covered thereby. 

Other Embodiments 

[0518] From the foregoing description, it will be apparent that variations and modifications may be 

made to the disclosure described herein to adopt it to various usages and conditions. Such 

embodiments are also within the scope of the following claims. 

[0519] The recitation of a listing of elements in any definition of a variable herein includes 

definitions of that variable as any single element or combination (or subcombination) of listed 

elements. The recitation of an embodiment herein includes that embodiment as any single 

embodiment, any portion of the embodiment, or in combination with any other embodiments or any 

portion thereof. 

[0520] As is set forth herein, it will be appreciated that the disclosure comprises specific 

embodiments and examples of base editing systems to effect a nucleobase alteration in a gene and 

methods of using same for treatment of disease including compositions that comprise such base 

editing systems, designs and modifications thereto; and specific examples and 
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GFP7-ZF7 878 DSSVLRR 919 QRSDLTR 960 QGGTLRR 

GFP7-ZF8 879 DSSVLRR 920 TKQILGR 961 QSTTLKR 

 

SEQ 
ID NO 

Description Sequence  

962 SPACER GCCTACCGCAGGATGTTCGG 

963 SPACER GGCCCGGGGACGAGGCGTAG 

964 SPACER GCGCACGGCAGAGGAGCGCG 

965 SPACER GCCCTCGTTCGCCTCTTCTC 

966 TRACR 

GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

TTTT 

967 TRACR 
GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

TTTT 

968 TRACR 
GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

TTTT 

969 TRACR 

GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT
TTTT 

970 SPACER GTGTCCAGGGACAATGAGCA 

971 SPACER GCGGCCCGGAGCCTACGAGG 

972 SPACER GCGGCGGCGGCAGCAGCTGCG 

973 SPACER GCCGGACTCGGACGCGTGGT 

974 TRACR 

GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

TTTT 

975 TRACR 

GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

TTTT 

976 TRACR 
GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG
CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT

TTTT 

977 TRACR 

GTTTAAGAGCTAAGCTGGAAACAGCATAGCAAGTTTAAATAAGG

CTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT
TTTT 

978998 

DNMT3A-

3L-ZF-

KRAB (ZF 
is GFP1-

ZF1) 

MAPKKKRKMNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVL

KDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWG
PFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDR

PFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWGNL

PGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGKDQHF

PVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLGRSWSVPV
IRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGSHMGPME

IYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGGGTLK

YVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYMFQ

FHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAV

TLQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVR

SRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLSGGGGSGGGG
SVGIHGVPSRPGERPFQCRICMRNFSHKSSLTRHTRTHTGEKPFQCRI

CMRNFSRTEHLARHLRTHTGSQKPFQCRICMRNFSQSAHLKRHTRT

HTGEKPFQCRICMRNFSRTEHLARHLRTHTGGGGSQKPFQCRICMRN

FSHKSSLTRHTRTHTGEKPFQCRICMRNFSRPESLAPHLRTHLRGSGG
GSMDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVM
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LENYKNLVSLGYQLTKPDVILRLEKGEEPWLVEREIHQETHPDSETA
FEIKSSV 

979999 

DNMT3A/
L-

dSpCas9-

XTEN16-

ZIM3 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF
FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNL
VSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIW

KPKDVKESL 

980100

0 

DNMT3A/

L-

dSpCas9-

XTEN16-
HP1b 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
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HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMGKKQNKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWK

GFSDEDNTWEPEENLDCPDLIAEFLQSQKTAHETDKSEGGKRKADSD

SEDKGEESKPKKKKEESEKPRGFARGLEPERIIGATDSSGELMFLMK
WKNSDEADLVPAKEANVKCPQVVISFYEERLTWHSYPSEDDDKKD

DKN 

981100

1 

DNMT3A/

L-
dSpCas9-

XTEN16-

RYBP 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK



-314- 

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GPSEANSIQSANATTKTSETNHTSRPRLKNVDRSTAQQLAVTVGNVT

VIITDFKEKTRSSSTSSSTVTSSAGSEQQNQSSS 

982100

2 

DNMT3A/

L-

dSpCas9-
XTEN16-

ZFP28 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
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NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GNKKLEAVGTGIEPKAMSQGLVTFGDVAVDFSQEEWEWLNPIQRNL

YRKVMLENYRNLASLGLCVSKPDVISSLEQGKEPW 

983100

3 

DNMT3A/

L-
dSpCas9-

XTEN16-

ZN627 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
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RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GDSVAFEDVAVNFTLEEWALLDPSQKNLYRDVMRETFRNLASVGK

QWEDQNIEDPFKIPRRNISHIPERLCESKEGGQGEE 

984100

4 

DNMT3A/

L-
dSpCas9-

XTEN16-

CDYL2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
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GASGDLYEVERIVDKRKNKKGKWEYLIRWKGYGSTEDTWEPEHHL
LHCEEFIDEFNGLHMSKDKRIKSGKQSSTSKLLRDS 

985100

5 

DNMT3A/

L-

dSpCas9-
XTEN16-

TOX 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF
FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GKDPNEPQKPVSAYALFFRDTQAAIKGQNPNATFGEVSKIVASMWD
GLGEEQKQVYKKKTEAAKKEYLKQLAAYRASLVSK 

986100

6 

DNMT3A/

L-
dSpCas9-

XTEN16-

SCMH1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG
RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
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GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GDASRLSGRDPSSWTVEDVMQFVREADPQLGPHADLFRKHEIDGKA

LLLLRSDMMMKYMGLKLGPALKLSYHIDRLKQGKF 

987100
7 

DNMT3A/

L-

dSpCas9-

XTEN16-
SCML2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
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SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GKQGFSKDPSTWSVDEVIQFMKHTDPQISGPLADLFRQHEIDGKALF

LLKSDVMMKYMGLKLGPALKLCYYIEKLKEGKYS 

988100

8 

DNMT3A/

L-
dSpCas9-

XTEN16-

CBX8 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG



-320- 

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GGSGPPSSGGGLYRDMGAQGGRPSLIARIPVARILGDPEEESWSPSLT

NLEKVVVTDVTSNFLTVTIKESNTDQGFFKEKR 

989100
9 

DNMT3A/

L-

dSpCas9-

XTEN16-
TOX3 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG



-321- 

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GKDPNEPQKPVSAYALFFRDTQAAIKGQNPNATFGEVSKIVASMWD

SLGEEQKQVYKRKTEAAKKEYLKALAAYRASLVSK 

990101

0 

DNMT3A/

L-
dSpCas9-

XTEN16-

TOX4 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GKDPNEPQKPVSAYALFFRDTQAAIKGQNPNATFGEVSKIVASMWD

SLGEEQKQVYKRKTEAAKKEYLKALAAYKDNQECQ 

991101

1 

DNMT3A/
L-

dSpCas9-

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF



-322- 

XTEN16-
I2BP1 

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GASVQASRRQWCYLCDLPKMPWAMVWDFSEAVCRGCVNFEGADR

IELLIDAARQLKRSHVLPEGRSPGPPALKHPATKDLA 

992101

2 

DNMT3A/

L-

dSpCas9-
XTEN16-

MBD2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS



-323- 

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMRAHPGGGRCCPEQEEGESAAGGSGAGGDSAIEQGGQGSALAPSP

VSGVRREGARGGGRGRGRWKQAGRGGGVCGRGRGRGRGRGRGRG
RGRGRGRPPSGGSGLGGDGGGCGGGGSGGGGAPRREPVPFPSGSAG

PGPRGPRATESGKRMDCPALPPGWKKEEVIRKSGLSAGKSDVYYFSP

SGKKFRSKPQLARYLGNTVDLSSFDFRTGKMMPSKLQKNKQRLRND
PLNQNKGKPDLNTTLPIRQTASIFKQPVTKVTNHPSNKVKSDPQRMN

EQPRQLFWEKRLQGLSASDVTEQIIKTMELPKGLQGVGPGSNDETLL

SAVASALHTSSAPITGQVSAAVEKNPAVWLNTSQPLCKAFIVTDEDI

RKQEERVQQVRKKLEEALMADILSRAADTEEMDIEMDSGDEA 

993101

3 

DNMT3A/

L-

dSpCas9-
XTEN16-

SetDB1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF
FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN



-324- 

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMSSLPGCIGLDAATATVESEEIAELQQAVVEELGISMEELRHFIDEE
LEKMDCVQQRKKQLAELETWVIQKESEVAHVDQLFDDASRAVTNC

ESLVKDFYSKLGLQYRDSSSEDESSRPTEIIEIPDEDDDVLSIDSGDAG

SRTPKDQKLREAMAALRKSAQDVQKFMDAVNKKSSSQDLHKGTLS

QMSGELSKDGDLIVSMRILGKKRTKTWHKGTLIAIQTVGPGKKYKV
KFDNKGKSLLSGNHIAYDYHPPADKLYVGSRVVAKYKDGNQVWLY

AGIVAETPNVKNKLRFLIFFDDGYASYVTQSELYPICRPLKKTWEDIE

DISCRDFIEEYVTAYPNRPMVLLKSGQLIKTEWEGTWWKSRVEEVD
GSLVRILFLDDKRCEWIYRGSTRLEPMFSMKTSSASALEKKQGQLRT

RPNMGAVRSKGPVVQYTQDLTGTGTQFKPVEPPQPTAPPAPPFPPAP

PLSPQAGDSDLESQLAQSRKQVAKKSTSFRPGSVGSGHSSPTSPALSE

NVSGGKPGINQTYRSPLGSTASAPAPSALPAPPAPPVFHGMLERAPAE
PSYRAPMEKLFYLPHVCSYTCLSRVRPMRNEQYRGKNPLLVPLLYD

FRRMTARRRVNRKMGFHVIYKTPCGLCLRTMQEIERYLFETGCDFLF

LEMFCLDPYVLVDRKFQPYKPFYYILDITYGKEDVPLSCVNEIDTTPP
PQVAYSKERIPGKGVFINTGPEFLVGCDCKDGCRDKSKCACHQLTIQ

ATACTPGGQINPNSGYQYKRLEECLPTGVYECNKRCKCDPNMCTNR

LVQHGLQVRLQLFKTQNKGWGIRCLDDIAKGSFVCIYAGKILTDDFA
DKEGLEMGDEYFANLDHIESVENFKEGYESDAPCSSDSSGVDLKDQ

EDGNSGTEDPEESNDDSSDDNFCKDEDFSTSSVWRSYATRRQTRGQ

KENGLSETTSKDSHPPDLGPPHIPVPPSIPVGGCNPPSSEETPKNKVAS

WLSCNSVSEGGFADSDSHSSFKTNEGGEGRAGGSRMEAEKASTSGL
GIKDEGDIKQAKKEDTDDRNKMSVVTESSRNYGYNPSPVKPEGLRR

PPSKTSMHQSRRLMASAQSNPDDVLTLSSSTESEGESGTSRKPTAGQ

TSATAVDSDDIQTISSGSEGDDFEDKKNMTGPMKRQVAVKSTRGFA
LKSTHGIAIKSTNMASVDKGESAPVRKNTRQFYDGEESCYIIDAKLE

GNLGRYLNHSCSPNLFVQNVFVDTHDLRFPWVAFFASKRIRAGTELT

WDYNYEVGSVEGKELLCCCGAIECRGRLL 
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994101

4 

DNMT3A/

L-
dSpCas9-

XTEN16-

MeCP2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMVAGMLGLREEKSEDQDLQGLKDKPLKFKKVKKDKKEEKEGKH

EPVQPSAHHSAEPAEAGKAETSEGSGSAPAVPEASASPKQRRSIIRDR
GPMYDDPTLPEGWTRKLKQRKSGRSAGKYDVYLINPQGKAFRSKVE

LIAYFEKVGDTSLDPNDFDFTVTGRGSPSRREQKPPKKPKSPKAPGTG

RGRGRPKGSGTTRPKAATSEGVQVKRVLEKSPGKLLVKMPFQTSPG

GKAEGGGATTSTQVMVIKRPGRKRKAEADPQAIPKKRGRKPGSVVA
AAAAEAKKKAVKESSIRSVQETVLPIKKRKTRETVSIEVKEVVKPLL

VSTLGEKSGKGLKTCKSPGRKSKESSPKGRSSSASSPPKKEHHHHHH

HSESPKAPVPLLPPLPPPPPEPESSEDPTSPPEPQDLSSSVCKEEKMPRG
GSLESDGCPKEPAKTQPAVATAATAAEKYKHRGEGERKDIVSSSMP

RPNREEPVDSRTPVTERVS 
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995101

5 

DNMT3A/

L-

dSpCas9-
XTEN16-

Kap1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMAASAAAASAAAASAASGSPGPGEGSAGGEKRSTAPSAAASASAS

AAASSPAGGGAEALELLEHCGVCRERLRPEREPRLLPCLHSACSACL
GPAAPAAANSSGDGGAAGDGTVVDCPVCKQQCFSKDIVENYFMRD

SGSKAATDAQDANQCCTSCEDNAPATSYCVECSEPLCETCVEAHQR

VKYTKDHTVRSTGPAKSRDGERTVYCNVHKHEPLVLFCESCDTLTC

RDCQLNAHKDHQYQFLEDAVRNQRKLLASLVKRLGDKHATLQKST
KEVRSSIRQVSDVQKRVQVDVKMAILQIMKELNKRGRVLVNDAQK

VTEGQQERLERQHWTMTKIQKHQEHILRFASWALESDNNTALLLSK

KLIYFQLHRALKMIVDPVEPHGEMKFQWDLNAWTKSAEAFGKIVAE
RPGTNSTGPAPMAPPRAPGPLSKQGSGSSQPMEVQEGYGFGSGDDP

YSSAEPHVSGVKRSRSGEGEVSGLMRKVPRVSLERLDLDLTADSQPP

VFKVFPGSTTEDYNLIVIERGAAAAATGQPGTAPAGTPGAPPLAGMA



-327- 

IVKEEETEAAIGAPPTATEGPETKPVLMALAEGPGAEGPRLASPSGST
SSGLEVVAPEGTSAPGGGPGTLDDSATICRVCQKPGDLVMCNQCEFC

FHLDCHLPALQDVPGEEWSCSLCHVLPDLKEEDGSLSLDGADSTGV

VAKLSPANQRKCERVLLALFCHEPCRPLHQLATDSTFSLDQPGGTLD

LTLIRARLQEKLSPPYSSPQEFAQDVGRMFKQFNKLTEDKADVQSIIG
LQRFFETRMNEAFGDTKFSAVLVEPPPMSLPGAGLSSQELSGGPGDG

P 

996101

6 

DNMT3A/

L-
dSpCas9-

XTEN16-

HP1a 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMGKKTKRTADSSSSEDEEEYVVEKVLDRRVVKGQVEYLLKWKGF

SEEHNTWEPEKNLDCPELISEFMKKYKKMKEGENNKPREKSESNKR
KSNFSNSADDIKSKKKREQSNDIARGFERGLEPEKIIGATDSCGDLMF

LMKWKGTDEADLVLAKEANVKCPQIVIAFYEERLTWHAYPEDAEN

KEKETAKS 
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997101
7 

DNMT3A/
L-

dSpCas9-

XTEN16-
EED 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMSEREVSTAPAGTDMPAAKKQKLSSDENSNPDLSGDENDDAVSIE

SGTNTERPDTPTNTPNAPGRKSWGKGKWKSKKCKYSFKCVNSLKED
HNQPLFGVQFNWHSKEGDPLVFATVGSNRVTLYECHSQGEIRLLQS

YVDADADENFYTCAWTYDSNTSHPLLAVAGSRGIIRIINPITMQCIKH

YVGHGNAINELKFHPRDPNLLLSVSKDHALRLWNIQTDTLVAIFGGV

EGHRDEVLSADYDLLGEKIMSCGMDHSLKLWRINSKRMMNAIKESY
DYNPNKTNRPFISQKIHFPDFSTRDIHRNYVDCVRWLGDLILSKSCEN

AIVCWKPGKMEDDIDKIKPSESNVTILGRFDYSQCDIWYMRFSMDF

WQKMLALGNQVGKLYVWDLEVEDPHKAKCTTLTHHKCGAAIRQT
SFSRDSSILIAVCDDASIWRWDRLR 

998101

8 

DNMT3A/

L-

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL



-329- 

dSpCas9-
XTEN16-

RBBP4 

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF
FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMADKEAAFDDAVEERVINEEYKIWKKNTPFLYDLVMTHALEWPS
LTAQWLPDVTRPEGKDFSIHRLVLGTHTSDEQNHLVIASVQLPNDDA

QFDASHYDSEKGEFGGFGSVSGKIEIEIKINHEGEVNRARYMPQNPCII

ATKTPSSDVLVFDYTKHPSKPDPSGECNPDLRLRGHQKEGYGLSWN
PNLSGHLLSASDDHTICLWDISAVPKEGKVVDAKTIFTGHTAVVEDV

SWHLLHESLFGSVADDQKLMIWDTRSNNTSKPSHSVDAHTAEVNCL

SFNPYSEFILATGSADKTVALWDLRNLKLKLHSFESHKDEIFQVQWS

PHNETILASSGTDRRLNVWDLSKIGEEQSPEDAEDGPPELLFIHGGHT
AKISDFSWNPNEPWVICSVSEDNIMQVWQMAENIYNDEDPEGSVDP

EGQGS 

999101

9 

DNMT3A/

L-

dSpCas9-

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG



-330- 

XTEN16-
RCOR1 

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GMPAMVEKGPEVSGKRRGRNNAAASASAAAASAAASAACASPAAT

AASGAAASSASAAAASAAAAPNNGQNKSLAAAAPNGNSSSNSWEE

GSSGSSSDEEHGGGGMRVGPQYQAVVPDFDPAKLARRSQERDNLG
MLVWSPNQNLSEAKLDEYIAIAKEKHGYNMEQALGMLFWHKHNIE

KSLADLPNFTPFPDEWTVEDKVLFEQAFSFHGKTFHRIQQMLPDKSI

ASLVKFYYSWKKTRTKTSVMDRHARKQKREREESEDELEEANGNN
PIDIEVDQNKESKKEVPPTETVPQVKKEKHSTQAKNRAKRKPPKGMF

LSQEDVEAVSANATAATTVLRQLDMELVSVKRQIQNIKQTNSALKE

KLDGGIEPYRLPEVIQKCNARWTTEEQLLAVQAIRKYGRDFQAISDVI

GNKSVVQVKNFFVNYRRRFNIDEVLQEWEAEHGKEETNGPSNQKPV
KSPDNSIKMPEEEDEAPVLDVRYASAS 

100010

20 

DNMT3A/

L-
dSpCas9-

XTEN16-

EZH2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
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DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG
RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GMGQTGKKSEKGPVCWRKRVKSEYMRLRQLKRFRRADEVKSMFSS
NRQKILERTEILNQEWKQRRIQPVHILTSVSSLRGTRECSVTSDLDFPT

QVIPLKTLNAVASVPIMYSWSPLQQNFMVEDETVLHNIPYMGDEVL

DQDGTFIEELIKNYDGKVHGDRECGFINDEIFVELVNALGQYNDDDD
DDDGDDPEEREEKQKDLEDHRDDKESRPPRKFPSDKIFEAISSMFPD

KGTAEELKEKYKELTEQQLPGALPPECTPNIDGPNAKSVQREQSLHS

FHTLFCRRCFKYDCFLHPFHATPNTYKRKNTETALDNKPCGPQCYQ
HLEGAKEFAAALTAERIKTPPKRPGGRRRGRLPNNSSRPSTPTINVLE

SKDTDSDREAGTETGGENNDKEEEEKKDETSSSSEANSRCQTPIKMK

PNIEPPENVEWSGAEASMFRVLIGTYYDNFCAIARLIGTKTCRQVYEF

RVKESSIIAPAPAEDVDTPPRKKKRKHRLWAAHCRKIQLKKDGSSNH
VYNYQPCDHPRQPCDSSCPCVIAQNFCEKFCQCSSECQNRFPGCRCK

AQCNTKQCPCYLAVRECDPDLCLTCGAADHWDSKNVSCKNCSIQR

GSKKHLLLAPSDVAGWGIFIKDPVQKNEFISEYCGEIISQDEADRRGK
VYDKYMCSFLFNLNNDFVVDATRKGNKIRFANHSVNPNCYAKVMM

VNGDHRIGIFAKRAIQTGEELFFDYRYSQADALKYVGIEREMEIP 



-332- 

100110
21 

:DNMT3A/

L-

dSpCas9-
XTEN16-

KOX1KR

AB-ZIM3 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMNNSQGRVTF
EDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKP

DVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESL 

100210

22 

:DNMT3A/
L-

dSpCas9-

XTEN16-
KOX1KR

AB-ZFP28 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
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GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGNKKLEAVGTGI

EPKAMSQGLVTFGDVAVDFSQEEWEWLNPIQRNLYRKVMLENYRN

LASLGLCVSKPDVISSLEQGKEPW 

100310

23 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR
AB-ZN627 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF
FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
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IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGDSVAFEDVAV

NFTLEEWALLDPSQKNLYRDVMRETFRNLASVGKQWEDQNIEDPFK

IPRRNISHIPERLCESKEGGQGEE 

100410

24 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR

AB-RYBP 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK



-335- 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGPSEANSIQSAN

ATTKTSETNHTSRPRLKNVDRSTAQQLAVTVGNVTVIITDFKEKTRS
SSTSSSTVTSSAGSEQQNQSSS 

100510
25 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR
AB-

CDYL2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG
RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
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EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGASGDLYEVERI

VDKRKNKKGKWEYLIRWKGYGSTEDTWEPEHHLLHCEEFIDEFNGL

HMSKDKRIKSGKQSSTSKLLRDS 

100610

26 

:DNMT3A/

L-

dSpCas9-

XTEN16-
KOX1KR

AB-TOX 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
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SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGKDPNEPQKPVS
AYALFFRDTQAAIKGQNPNATFGEVSKIVASMWDGLGEEQKQVYK

KKTEAAKKEYLKQLAAYRASLVSK 

100710
27 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR
AB-

SCMH1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGDASRLSGRDPS
SWTVEDVMQFVREADPQLGPHADLFRKHEIDGKALLLLRSDMMMK

YMGLKLGPALKLSYHIDRLKQGKF 



-338- 

100810
28 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR
AB-

SCML2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGKQGFSKDPST
WSVDEVIQFMKHTDPQISGPLADLFRQHEIDGKALFLLKSDVMMKY

MGLKLGPALKLCYYIEKLKEGKYS 

100910

29 

:DNMT3A/
L-

dSpCas9-

XTEN16-
KOX1KR

AB-CBX8 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
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GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE
ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER
MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGGSGPPSSGGGL

YRDMGAQGGRPSLIARIPVARILGDPEEESWSPSLTNLEKVVVTDVT

SNFLTVTIKESNTDQGFFKEKR 

101010

30 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR
AB-TOX3 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF
FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN



-340- 

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGKDPNEPQKPVS

AYALFFRDTQAAIKGQNPNATFGEVSKIVASMWDSLGEEQKQVYKR

KTEAAKKEYLKALAAYRASLVSK 

101110

31 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR

AB-TOX4 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK



-341- 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGKDPNEPQKPVS

AYALFFRDTQAAIKGQNPNATFGEVSKIVASMWDSLGEEQKQVYKR
KTEAAKKEYLKALAAYKDNQECQ 

101210
32 

:DNMT3A/

L-

dSpCas9-
XTEN16-

KOX1KR

AB-I2BP1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG
RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE



-342- 

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGASVQASRRQW

CYLCDLPKMPWAMVWDFSEAVCRGCVNFEGADRIELLIDAARQLK

RSHVLPEGRSPGPPALKHPATKDLA 

101310

33 

:DNMT3A/

L-

dSpCas9-

XTEN16-
KOX1KR

AB-MBD2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG



-343- 

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMRAHPGGGRC
CPEQEEGESAAGGSGAGGDSAIEQGGQGSALAPSPVSGVRREGARG

GGRGRGRWKQAGRGGGVCGRGRGRGRGRGRGRGRGRGRGRPPSG

GSGLGGDGGGCGGGGSGGGGAPRREPVPFPSGSAGPGPRGPRATES
GKRMDCPALPPGWKKEEVIRKSGLSAGKSDVYYFSPSGKKFRSKPQ

LARYLGNTVDLSSFDFRTGKMMPSKLQKNKQRLRNDPLNQNKGKP

DLNTTLPIRQTASIFKQPVTKVTNHPSNKVKSDPQRMNEQPRQLFWE

KRLQGLSASDVTEQIIKTMELPKGLQGVGPGSNDETLLSAVASALHT
SSAPITGQVSAAVEKNPAVWLNTSQPLCKAFIVTDEDIRKQEERVQQ

VRKKLEEALMADILSRAADTEEMDIEMDSGDEA 

101410

34 

:DNMT3A/
L-

dSpCas9-

XTEN16-

KOX1KR
AB-

MeCP2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN



-344- 

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMVAGMLGLRE

EKSEDQDLQGLKDKPLKFKKVKKDKKEEKEGKHEPVQPSAHHSAEP
AEAGKAETSEGSGSAPAVPEASASPKQRRSIIRDRGPMYDDPTLPEG

WTRKLKQRKSGRSAGKYDVYLINPQGKAFRSKVELIAYFEKVGDTS

LDPNDFDFTVTGRGSPSRREQKPPKKPKSPKAPGTGRGRGRPKGSGT
TRPKAATSEGVQVKRVLEKSPGKLLVKMPFQTSPGGKAEGGGATTS

TQVMVIKRPGRKRKAEADPQAIPKKRGRKPGSVVAAAAAEAKKKA

VKESSIRSVQETVLPIKKRKTRETVSIEVKEVVKPLLVSTLGEKSGKG

LKTCKSPGRKSKESSPKGRSSSASSPPKKEHHHHHHHSESPKAPVPLL
PPLPPPPPEPESSEDPTSPPEPQDLSSSVCKEEKMPRGGSLESDGCPKE

PAKTQPAVATAATAAEKYKHRGEGERKDIVSSSMPRPNREEPVDSR

TPVTERVS 

101510

35 

:DNMT3A/

L-

dSpCas9-

XTEN16-
KOX1KR

AB-Kap1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS
HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT
LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF
LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK
NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH
LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF
RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG



-345- 

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMAASAAAASA
AAASAASGSPGPGEGSAGGEKRSTAPSAAASASASAAASSPAGGGA

EALELLEHCGVCRERLRPEREPRLLPCLHSACSACLGPAAPAAANSS

GDGGAAGDGTVVDCPVCKQQCFSKDIVENYFMRDSGSKAATDAQD
ANQCCTSCEDNAPATSYCVECSEPLCETCVEAHQRVKYTKDHTVRS

TGPAKSRDGERTVYCNVHKHEPLVLFCESCDTLTCRDCQLNAHKDH

QYQFLEDAVRNQRKLLASLVKRLGDKHATLQKSTKEVRSSIRQVSD

VQKRVQVDVKMAILQIMKELNKRGRVLVNDAQKVTEGQQERLERQ
HWTMTKIQKHQEHILRFASWALESDNNTALLLSKKLIYFQLHRALK

MIVDPVEPHGEMKFQWDLNAWTKSAEAFGKIVAERPGTNSTGPAP

MAPPRAPGPLSKQGSGSSQPMEVQEGYGFGSGDDPYSSAEPHVSGV
KRSRSGEGEVSGLMRKVPRVSLERLDLDLTADSQPPVFKVFPGSTTE

DYNLIVIERGAAAAATGQPGTAPAGTPGAPPLAGMAIVKEEETEAAI

GAPPTATEGPETKPVLMALAEGPGAEGPRLASPSGSTSSGLEVVAPE
GTSAPGGGPGTLDDSATICRVCQKPGDLVMCNQCEFCFHLDCHLPA

LQDVPGEEWSCSLCHVLPDLKEEDGSLSLDGADSTGVVAKLSPANQ

RKCERVLLALFCHEPCRPLHQLATDSTFSLDQPGGTLDLTLIRARLQE

KLSPPYSSPQEFAQDVGRMFKQFNKLTEDKADVQSIIGLQRFFETRM
NEAFGDTKFSAVLVEPPPMSLPGAGLSSQELSGGPGDGP 

101610
36 

:DNMT3A/

L-

dSpCas9-
XTEN16-

KOX1KR

AB-HP1a 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG
RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS
EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP
LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE



-346- 

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR
QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS
KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG
SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG
YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMGKKTKRTAD

SSSSEDEEEYVVEKVLDRRVVKGQVEYLLKWKGFSEEHNTWEPEKN

LDCPELISEFMKKYKKMKEGENNKPREKSESNKRKSNFSNSADDIKS
KKKREQSNDIARGFERGLEPEKIIGATDSCGDLMFLMKWKGTDEAD

LVLAKEANVKCPQIVIAFYEERLTWHAYPEDAENKEKETAKS 

101710
37 

:DNMT3A/

L-

dSpCas9-
XTEN16-

KOX1KR

AB-HP1b 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG



-347- 

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST
GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMGKKQNKKK

VEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGFSDEDNTWEP
EENLDCPDLIAEFLQSQKTAHETDKSEGGKRKADSDSEDKGEESKPK

KKKEESEKPRGFARGLEPERIIGATDSSGELMFLMKWKNSDEADLVP

AKEANVKCPQVVISFYEERLTWHSYPSEDDDKKDDKN 

101810

38 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR

AB-EED 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG



-348- 

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMSEREVSTAPA
GTDMPAAKKQKLSSDENSNPDLSGDENDDAVSIESGTNTERPDTPTN

TPNAPGRKSWGKGKWKSKKCKYSFKCVNSLKEDHNQPLFGVQFNW

HSKEGDPLVFATVGSNRVTLYECHSQGEIRLLQSYVDADADENFYT

CAWTYDSNTSHPLLAVAGSRGIIRIINPITMQCIKHYVGHGNAINELK
FHPRDPNLLLSVSKDHALRLWNIQTDTLVAIFGGVEGHRDEVLSADY

DLLGEKIMSCGMDHSLKLWRINSKRMMNAIKESYDYNPNKTNRPFI

SQKIHFPDFSTRDIHRNYVDCVRWLGDLILSKSCENAIVCWKPGKME
DDIDKIKPSESNVTILGRFDYSQCDIWYMRFSMDFWQKMLALGNQV

GKLYVWDLEVEDPHKAKCTTLTHHKCGAAIRQTSFSRDSSILIAVCD

DASIWRWDRLR 

101910

39 

:DNMT3A/
L-

dSpCas9-

XTEN16-
KOX1KR

AB-

RBBP4 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG



-349- 

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMADKEAAFDD
AVEERVINEEYKIWKKNTPFLYDLVMTHALEWPSLTAQWLPDVTRP

EGKDFSIHRLVLGTHTSDEQNHLVIASVQLPNDDAQFDASHYDSEKG

EFGGFGSVSGKIEIEIKINHEGEVNRARYMPQNPCIIATKTPSSDVLVF

DYTKHPSKPDPSGECNPDLRLRGHQKEGYGLSWNPNLSGHLLSASD
DHTICLWDISAVPKEGKVVDAKTIFTGHTAVVEDVSWHLLHESLFGS

VADDQKLMIWDTRSNNTSKPSHSVDAHTAEVNCLSFNPYSEFILATG

SADKTVALWDLRNLKLKLHSFESHKDEIFQVQWSPHNETILASSGTD
RRLNVWDLSKIGEEQSPEDAEDGPPELLFIHGGHTAKISDFSWNPNEP

WVICSVSEDNIMQVWQMAENIYNDEDPEGSVDPEGQGS 

102010

40 

:DNMT3A/

L-

dSpCas9-
XTEN16-

KOX1KR

AB-

RCOR1 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV

DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL
VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG

GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM
FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK

LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG
SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK

VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT
RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL

SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL
QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG

YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF
DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK

AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT
YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG

FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK
KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ

ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE
EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD

YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK
RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG

KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY
SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN

KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL
DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMPAMVEKGPE
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VSGKRRGRNNAAASASAAAASAAASAACASPAATAASGAAASSAS
AAAASAAAAPNNGQNKSLAAAAPNGNSSSNSWEEGSSGSSSDEEHG

GGGMRVGPQYQAVVPDFDPAKLARRSQERDNLGMLVWSPNQNLSE

AKLDEYIAIAKEKHGYNMEQALGMLFWHKHNIEKSLADLPNFTPFP

DEWTVEDKVLFEQAFSFHGKTFHRIQQMLPDKSIASLVKFYYSWKK
TRTKTSVMDRHARKQKREREESEDELEEANGNNPIDIEVDQNKESK

KEVPPTETVPQVKKEKHSTQAKNRAKRKPPKGMFLSQEDVEAVSAN

ATAATTVLRQLDMELVSVKRQIQNIKQTNSALKEKLDGGIEPYRLPE
VIQKCNARWTTEEQLLAVQAIRKYGRDFQAISDVIGNKSVVQVKNFF

VNYRRRFNIDEVLQEWEAEHGKEETNGPSNQKPVKSPDNSIKMPEEE

DEAPVLDVRYASAS 

102110

41 

:DNMT3A/

L-
dSpCas9-

XTEN16-

KOX1KR

AB-EZH2 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HMGPMEIYKTVSAWKRQPVRVLSLFRNIDKVLKSLGFLESGSGSGG
GTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQPLGSSCDRCPGWYM

FQFHRILQYALPRQESQRPFFWIFMDNLLLTEDDQETTTRFLQTEAVT

LQDVRGRDYQNAMRVWSNIPGLKSKHAPLTPKEEEYLQAQVRSRSK
LDAPKVDLLVKNCLLPLREYFKYFSQNSLPLGGPSSGAPPPSGGSPAG

SPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPS

EGSAPGTSTEPSEPKKKRKVYMDKKYSIGLAIGTNSVGWAVITDEYK
VPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYT

RRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN

IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHF

LIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARL
SKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKL

QLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTE

ITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNG
YAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGP

LARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKK
AIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGT

YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAH

LFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDG
FANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIK

KGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRER

MKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQ
ELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSE

EVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKR

QLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF

RKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGD
YKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRK

RPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFS

KESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKG
KSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKY

SLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKG

SPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYN
KHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVL

DATLIHQSITGLYETRIDLSQLGGDPKKKRKVSGSETPGTSESATPEST

GRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLG



-351- 

YQLTKPDVILRLEKGEEPSTEPSEGSAPGTSTEPSETGMGQTGKKSEK
GPVCWRKRVKSEYMRLRQLKRFRRADEVKSMFSSNRQKILERTEIL

NQEWKQRRIQPVHILTSVSSLRGTRECSVTSDLDFPTQVIPLKTLNAV

ASVPIMYSWSPLQQNFMVEDETVLHNIPYMGDEVLDQDGTFIEELIK

NYDGKVHGDRECGFINDEIFVELVNALGQYNDDDDDDDGDDPEERE
EKQKDLEDHRDDKESRPPRKFPSDKIFEAISSMFPDKGTAEELKEKY

KELTEQQLPGALPPECTPNIDGPNAKSVQREQSLHSFHTLFCRRCFKY

DCFLHPFHATPNTYKRKNTETALDNKPCGPQCYQHLEGAKEFAAAL
TAERIKTPPKRPGGRRRGRLPNNSSRPSTPTINVLESKDTDSDREAGT

ETGGENNDKEEEEKKDETSSSSEANSRCQTPIKMKPNIEPPENVEWS

GAEASMFRVLIGTYYDNFCAIARLIGTKTCRQVYEFRVKESSIIAPAP

AEDVDTPPRKKKRKHRLWAAHCRKIQLKKDGSSNHVYNYQPCDHP
RQPCDSSCPCVIAQNFCEKFCQCSSECQNRFPGCRCKAQCNTKQCPC

YLAVRECDPDLCLTCGAADHWDSKNVSCKNCSIQRGSKKHLLLAPS

DVAGWGIFIKDPVQKNEFISEYCGEIISQDEADRRGKVYDKYMCSFL
FNLNNDFVVDATRKGNKIRFANHSVNPNCYAKVMMVNGDHRIGIF

AKRAIQTGEELFFDYRYSQADALKYVGIEREMEIP 

102210

42 
Cas-ZIM3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSN
LVSVGQGETTKPDVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQI

WKPKDVKESL 

102310
43 

Cas-
ZNF554 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS



-352- 

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMFSQEERMAAGYLPRWSQELVTFEDVSMDFSQEEWELLEPAQK
NLYREVMLENYRNVVSLEALKNQCTDVGIKEGPLSPAQTSQVTSLSS

WTGYLLFQPVASSHLEQREALWIEEKGTPQASCSDWMTVLRNQDST

YKKVALQE 

102410

44 

Cas-

ZNF264 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
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ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAAAVLTDRAQVSVTFDDVAVTFTKEEWGQLDLAQRTLYQEV
MLENCGLLVSLGCPVPKAELICHLEHGQEPWTRKEDLSQDTCPGDK

GKPKTTEPTTCEPALSE 

102510

45 

Cas-

ZNF354A 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAAGQREARPQVSLTFEDVAVLFTRDEWRKLAPSQRNLYRDVM
LENYRNLVSLGLPFTKPKVISLLQQGEDPWEVEKDGSGVSSLGSKSS

HKTTKSTQTQDSSFQ 

102610

46 

Cas-

ZNF324 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
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SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAFEDVAVYFSQEEWGLLDTAQRALYRRVMLDNFALVASLGLS

TSRPRVVIQLERGEEPWVPSGTDTTLSRTTYRRRNPGSWSLTEDRDV
SG 

102710

47 
Cas-ZFP28 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-355- 

TGNKKLEAVGTGIEPKAMSQGLVTFGDVAVDFSQEEWEWLNPIQRN
LYRKVMLENYRNLASLGLCVSKPDVISSLEQGKEPW 

102810

48 
Cas-ZN627 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGDSVAFEDVAVNFTLEEWALLDPSQKNLYRDVMRETFRNLASVG

KQWEDQNIEDPFKIPRRNISHIPERLCESKEGGQGEE 

102910

49 
Cas-ZN793 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-356- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGIEYQIPVSFKDVVVGFTQEEWHRLSPAQRALYRDVMLETYSNLVS
VGYEGTKPDVILRLEQEEAPWIGEAACPGCHCWED 

103010

50 
Cas-ZN736 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGGVLTFRDVAVEFSPEEWECLDSAQQRLYRDVMLENYGNLVSLGL

AIFKPDLMTCLEQRKEPWKVKRQEAVAKHPAGSFHF 

103110
51 

Cas-ZN577 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-357- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGNATIVMSVRREQGSSSGEGSLSFEDVAVGFTREEWQFLDQSQKVL

YKEVMLENYINLVSIGYRGTKPDSLFKLEQGEPPG 

103210

52 

Cas-

SUMO1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-358- 

TGEGEYIKLKVIGQDSSEIHFKVKMTTHLKKLKESYCQRQGVPMNSL
RFLFEGQRIADNHTPKELGMEEEDVIEVYQEQTGG 

103310

53 

Cas-

SUMO3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGENDHINLKVAGQDGSVVQFKIKRHTPLSKLMKAYCERQGLSMRQ

IRFRFDGQPINETDTPAQLEMEDEDTIDVFQQQTGG 

103410

54 
Cas-MPP8 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-359- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGAEAFGDSEEDGEDVFEVEKILDMKTEGGKVLYKVRWKGYTSDD
DTWEPEIHLEDCKEVLLEFRKKIAENKAKAVRKDIQR 

103510

55 
Cas-RYBP 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGPSEANSIQSANATTKTSETNHTSRPRLKNVDRSTAQQLAVTVGNV

TVIITDFKEKTRSSSTSSSTVTSSAGSEQQNQSSS 

103610
56 

Cas-YAF2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-360- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGKDKVEKEKSEKETTSKKNSHKKTRPRLKNVDRSSAQHLEVTVGD

LTVIITDFKEKTKSPPASSAASADQHSQSGSSSDNT 

103710

57 

Cas-

SUMO5 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-361- 

TGKDEDIKLRVIGQDSSEIHFKVKMTTPLKKLKKSYCQRQGVPVNSL
RFLFEGQRIADNHTPEELGMEEEDVIEVYQEQIGG 

103810

58 
Cas-CBX4 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGRSEAGEPPSSLQVKPETPASAAVAVAAAAAPTTTAEKPPAEAQDE

PAESLSEFKPFFGNIIITDVTANCLTVTFKEYVTV 

103910

59 

Cas-

PCGF2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-362- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGHRTTRIKITELNPHLMCALCGGYFIDATTIVECLHSFCKTCIVRYLE
TNKYCPMCDVQVHKTRPLLSIRSDKTLQDIVYK 

104010

60 
Cas-CDY2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGASQEFEVEAIVDKRQDKNGNTQYLVRWKGYDKQDDTWEPEQHL

MNCEKCVHDFNRRQTEKQKKLTWTTTSRIFSNNARRR 

104110
61 

Cas-
CDYL2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-363- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGASGDLYEVERIVDKRKNKKGKWEYLIRWKGYGSTEDTWEPEHH

LLHCEEFIDEFNGLHMSKDKRIKSGKQSSTSKLLRDS 

104210

62 

Cas-

HERC2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-364- 

TGTLIRKADLENHNKDGGFWTVIDGKVYDIKDFQTQSLTGNSILAQF
AGEDPVVALEAALQFEDTRESMHAFCVGQYLEPDQ 

104310

63 
Cas-ID2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGSDHSLGISRSKTPVDDPMSLLYNMNDCYSKLKELVPSIPQNKKVS

KMEILQHVIDYILDLQIALDSHPTIVSLHHQRPGQ 

104410

64 
Cas-TOX 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-365- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGKDPNEPQKPVSAYALFFRDTQAAIKGQNPNATFGEVSKIVASMW
DGLGEEQKQVYKKKTEAAKKEYLKQLAAYRASLVSK 

104510

65 

Cas-

SCMH1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGDASRLSGRDPSSWTVEDVMQFVREADPQLGPHADLFRKHEIDGK

ALLLLRSDMMMKYMGLKLGPALKLSYHIDRLKQGKF 

104610
66 

Cas-CBX7 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-366- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGELSAIGEQVFAVESIRKKRVRKGKVEYLVKWKGWPPKYSTWEPE

EHILDPRLVMAYEEKEERDRASGYRKRGPKPKRLLL 

104710

67 
Cas-ID1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-367- 

TGGGAGARLPALLDEQQVNVLLYDMNGCYSRLKELVPTLPQNRKV
SKVEILQHVIDYIRDLQLELNSESEVGTPGGRGLPVR 

104810

68 
Cas-CREM 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGVVMAASPGSLHSPQQLAEEATRKRELRLMKNREAAKECRRRKK

EYVKCLESRVAVLEVQNKKLIEELETLKDICSPKTDY 

104910

69 
Cas-SCX 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-368- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGGGGPGGRPGREPRQRHTANARERDRTNSVNTAFTALRTLIPTEPA
DRKLSKIETLRLASSYISHLGNVLLAGEACGDGQP 

105010

70 

Cas-

ASCL1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGSGFGYSLPQQQPAAVARRNERERNRVKLVNLGFATLREHVPNGA

ANKKMSKVETLRSAVEYIRALQQLLDEHDAVSAAFQ 

105110
71 

Cas-
SCML2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-369- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGKQGFSKDPSTWSVDEVIQFMKHTDPQISGPLADLFRQHEIDGKAL

FLLKSDVMMKYMGLKLGPALKLCYYIEKLKEGKYS 

105210

72 

Cas-

TWST1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-370- 

TGSGGGSPQSYEELQTQRVMANVRERQRTQSLNEAFAALRKIIPTLP
SDKLSKIQTLKLAARYIDFLYQVLQSDELDSKMAS 

105373 
Cas-

CREB1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGIAPGVVMASSPALPTQPAEEAARKREVRLMKNREAARECRRKKK

EYVKCLENRVAVLENQNKTLIEELKALKDLYCHKSD 

105474 
Cas-

TERF1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
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QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGSRIPVSKSQPVTPEKHRARKRQAWLWEEDKNLRSGVRKYGEGN
WSKILLHYKFNNRTSVMLKDRWRTMKKLKLISSDSED 

105575 Cas-ID3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGSLAIARGRGKGPAAEEPLSLLDDMNHCYSRLRELVPGVPRGTQLS

QVEILQRVIDYILDLQVVLAEPAPGPPDGPHLPIQ 

105676 Cas-CBX8 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-372- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGGSGPPSSGGGLYRDMGAQGGRPSLIARIPVARILGDPEEESWSPSL

TNLEKVVVTDVTSNFLTVTIKESNTDQGFFKEKR 

105777 Cas-CBX4 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-373- 

TGELPAVGEHVFAVESIEKKRIRKGRVEYLVKWRGWSPKYNTWEPE
ENILDPRLLIAFQNRERQEQLMGYRKRGPKPKPLVV 

105878 Cas-GSX1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGVDSSSNQLPSSKRMRTAFTSTQLLELEREFASNMYLSRLRRIEIAT

YLNLSEKQVKIWFQNRRVKHKKEGKGSNHRGGGG 

105979 
Cas-

NKX22 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
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QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGTPGGGGDAGKKRKRRVLFSKAQTYELERRFRQQRYLSAPEREHL
ASLIRLTPTQVKIWFQNHRYKMKRARAEKGMEVTPL 

106080 Cas-ATF1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGQTVVMTSPVTLTSQTTKTDDPQLKREIRLMKNREAARECRRKKK

EYVKCLENRVAVLENQNKTLIEELKTLKDLYSNKSV 

106181 
Cas-
TWST2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-375- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGKGSPSAQSFEELQSQRILANVRERQRTQSLNEAFAALRKIIPTLPSD

KLSKIQTLKLAARYIDFLYQVLQSDEMDNKMTS 

106282 Cas-TOX3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-376- 

TGKDPNEPQKPVSAYALFFRDTQAAIKGQNPNATFGEVSKIVASMW
DSLGEEQKQVYKRKTEAAKKEYLKALAAYRASLVSK 

106383 Cas-TOX4 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGKDPNEPQKPVSAYALFFRDTQAAIKGQNPNATFGEVSKIVASMW

DSLGEEQKQVYKRKTEAAKKEYLKALAAYKDNQECQ 

106484 
Cas-

ZMYM3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-377- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGLDGSTWDFCSEDCKSKYLLWYCKAARCHACKRQGKLLETIHWR
GQIRHFCNQQCLLRFYSQQNQPNLDTQSGPESLLNSQ 

106585 Cas-I2BP1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGASVQASRRQWCYLCDLPKMPWAMVWDFSEAVCRGCVNFEGAD

RIELLIDAARQLKRSHVLPEGRSPGPPALKHPATKDLA 

106686 
Cas-
RHXF1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-378- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGMEGPQPENMQPRTRRTKFTLLQVEELESVFRHTQYPDVPTRRELA

ENLGVTEDKVRVWFKNKRARCRRHQRELMLANELR 

106787 Cas-SSX2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-379- 

TGPKIMPKKPAEEGNDSEEVPEASGPQNDGKELCPPGKPTTSEKIHER
SGPKRGEHAWTHRLRERKQLVIYEEISDPEEDDE 

106888 Cas-I2BPL 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGSAAQVSSSRRQSCYLCDLPRMPWAMIWDFSEPVCRGCVNYEGA

DRIEFVIETARQLKRAHGCFQDGRSPGPPPPVGVKTV 

106989 Cas-CBX1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-380- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGNKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKWKGFSDE
DNTWEPEENLDCPDLIAEFLQSQKTAHETDKSEGGKR 

107090 Cas-TRI68 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGLANVVEKVRLLRLHPGMGLKGDLCERHGEKLKMFCKEDVLIMC

EACSQSPEHEAHSVVPMEDVAWEYKWELHEALEHLKK 

107191 
Cas-
HXA13 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-381- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGVVSHPSDASSYRRGRKKRVPYTKVQLKELEREYATNKFITKDKR

RRISATTNLSERQVTIWFQNRRVKEKKVINKLKTTS 

107292 Cas-PHC3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-382- 

TGENSDLLPVAQTEPSIWTVDDVWAFIHSLPGCQDIADEFRAQEIDG
QALLLLKEDHLMSAMNIKLGPALKICARINSLKES 

107393 Cas-TCF24 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGAGPGGGSRSGSGRPAAANAARERSRVQTLRHAFLELQRTLPSVPP

DTKLSKLDVLLLATTYIAHLTRSLQDDAEAPADAG 

107494 
Cas-

HXB13 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-383- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGQHPPDACAFRRGRKKRIPYSKGQLRELEREYAANKFITKDKRRKI
SAATSLSERQITIWFQNRRVKEKKVLAKVKNSATP 

107595 Cas-HEY1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGSMSPTTSSQILARKRRRGIIEKRRRDRINNSLSELRRLVPSAFEKQG

SAKLEKAEILQMTVDHLKMLHTAGGKGYFDAHA 

107696 Cas-PHC2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL



-384- 

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGLVGMGHHFLPSEPTKWNVEDVYEFIRSLPGCQEIAEEFRAQEIDG

QALLLLKEDHLMSAMNIKLGPALKIYARISMLKDS 

107797 
Cas-

FIGLA 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE



-385- 

TGGYSSTENLQLVLERRRVANAKERERIKNLNRGFARLKALVPFLPQ
SRKPSKVDILKGATEYIQVLSDLLEGAKDSKKQDP 

107898 
Cas-

SetDB1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMSSLPGCIGLDAATATVESEEIAELQQAVVEELGISMEELRHFIDE

ELEKMDCVQQRKKQLAELETWVIQKESEVAHVDQLFDDASRAVTN

CESLVKDFYSKLGLQYRDSSSEDESSRPTEIIEIPDEDDDVLSIDSGDA
GSRTPKDQKLREAMAALRKSAQDVQKFMDAVNKKSSSQDLHKGTL

SQMSGELSKDGDLIVSMRILGKKRTKTWHKGTLIAIQTVGPGKKYK

VKFDNKGKSLLSGNHIAYDYHPPADKLYVGSRVVAKYKDGNQVWL
YAGIVAETPNVKNKLRFLIFFDDGYASYVTQSELYPICRPLKKTWEDI

EDISCRDFIEEYVTAYPNRPMVLLKSGQLIKTEWEGTWWKSRVEEV

DGSLVRILFLDDKRCEWIYRGSTRLEPMFSMKTSSASALEKKQGQLR
TRPNMGAVRSKGPVVQYTQDLTGTGTQFKPVEPPQPTAPPAPPFPPA

PPLSPQAGDSDLESQLAQSRKQVAKKSTSFRPGSVGSGHSSPTSPALS

ENVSGGKPGINQTYRSPLGSTASAPAPSALPAPPAPPVFHGMLERAPA

EPSYRAPMEKLFYLPHVCSYTCLSRVRPMRNEQYRGKNPLLVPLLY
DFRRMTARRRVNRKMGFHVIYKTPCGLCLRTMQEIERYLFETGCDF

LFLEMFCLDPYVLVDRKFQPYKPFYYILDITYGKEDVPLSCVNEIDTT

PPPQVAYSKERIPGKGVFINTGPEFLVGCDCKDGCRDKSKCACHQLT
IQATACTPGGQINPNSGYQYKRLEECLPTGVYECNKRCKCDPNMCT

NRLVQHGLQVRLQLFKTQNKGWGIRCLDDIAKGSFVCIYAGKILTD

DFADKEGLEMGDEYFANLDHIESVENFKEGYESDAPCSSDSSGVDLK
DQEDGNSGTEDPEESNDDSSDDNFCKDEDFSTSSVWRSYATRRQTR

GQKENGLSETTSKDSHPPDLGPPHIPVPPSIPVGGCNPPSSEETPKNKV

ASWLSCNSVSEGGFADSDSHSSFKTNEGGEGRAGGSRMEAEKASTS



-386- 

GLGIKDEGDIKQAKKEDTDDRNKMSVVTESSRNYGYNPSPVKPEGL
RRPPSKTSMHQSRRLMASAQSNPDDVLTLSSSTESEGESGTSRKPTA

GQTSATAVDSDDIQTISSGSEGDDFEDKKNMTGPMKRQVAVKSTRG

FALKSTHGIAIKSTNMASVDKGESAPVRKNTRQFYDGEESCYIIDAKL

EGNLGRYLNHSCSPNLFVQNVFVDTHDLRFPWVAFFASKRIRAGTEL
TWDYNYEVGSVEGKELLCCCGAIECRGRLL 

107999 Cas-MBD1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAEDWLDCPALGPGWKRREVFRKSGATCGRSDTYYQSPTGDRI

RSKVELTRYLGPACDLTLFDFKQGILCYPAPKAHPVAVASKKRKKPS
RPAKTRKRQVGPQSGEVRKEAPRDETKADTDTAPASFPAPGCCENC

GISFSGDGTQRQRLKTLCKDCRAQRIAFNREQRMFKRVGCGECAAC

QVTEDCGACSTCLLQLPHDVASGLFCKCERRRCLRIVERSRGCGVCR
GCQTQEDCGHCPICLRPPRPGLRRQWKCVQRRCLRGKHARRKGGC

DSKMAARRRPGAQPLPPPPPSQSPEPTEPHPRALAPSPPAEFIYYCVD

EDELQPYTNRRQNRKCGACAACLRRMDCGRCDFCCDKPKFGGSNQ

KRQKCRWRQCLQFAMKRLLPSVWSESEDGAGSPPPYRRRKRPSSAR
RHHLGPTLKPTLATRTAQPDHTQAPTKQEAGGGFVLPPPGTDLVFLR

EGASSPVQVPGPVAASTEALLQEAQCSGLSWVVALPQVKQEKADTQ

DEWTPGTAVLTSPVLVPGCPSKAVDPGLPSVKQEPPDPEEDKEENKD
DSASKLAPEEEAGGAGTPVITEIFSLGGTRFRDTAVWLPRSKDLKKP

GARKQ 

108010
0 

Cas-MBD2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS



-387- 

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMRAHPGGGRCCPEQEEGESAAGGSGAGGDSAIEQGGQGSALAPS
PVSGVRREGARGGGRGRGRWKQAGRGGGVCGRGRGRGRGRGRGR

GRGRGRGRPPSGGSGLGGDGGGCGGGGSGGGGAPRREPVPFPSGSA

GPGPRGPRATESGKRMDCPALPPGWKKEEVIRKSGLSAGKSDVYYF

SPSGKKFRSKPQLARYLGNTVDLSSFDFRTGKMMPSKLQKNKQRLR
NDPLNQNKGKPDLNTTLPIRQTASIFKQPVTKVTNHPSNKVKSDPQR

MNEQPRQLFWEKRLQGLSASDVTEQIIKTMELPKGLQGVGPGSNDE

TLLSAVASALHTSSAPITGQVSAAVEKNPAVWLNTSQPLCKAFIVTD
EDIRKQEERVQQVRKKLEEALMADILSRAADTEEMDIEMDSGDEA 

108110

1 
Cas-MBD3 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ



-388- 

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGMERKRWECPALPQGWEREEVPRRSGLSAGHRDVFYYSPSGKKFR

SKPQLARYLGGSMDLSTFDFRTGKMLMSKMNKSRQRVRYDSSNQV

KGKPDLNTALPVRQTASIFKQPVTKITNHPSNKVKSDPQKAVDQPRQ
LFWEKKLSGLNAFDIAEELVKTMDLPKGLQGVGPGCTDETLLSAIAS

ALHTSTMPITGQLSAAVEKNPGVWLNTTQPLCKAFMVTDEDIRKQE

ELVQQVRKRLEEALMADMLAHVEELARDGEAPLDKACAEDDDEED
EEEEEEEPDPDPEMEHV 

108210

2 
Cas-MBD4 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMGTTGLESLSLGDRGAAPTVTSSERLVPDPPNDLRKEDVAMELE

RVGEDEEQMMIKRSSECNPLLQEPIASAQFGATAGTECRKSVPCGWE
RVVKQRLFGKTAGRFDVYFISPQGLKFRSKSSLANYLHKNGETSLKP

EDFDFTVLSKRGIKSRYKDCSMAALTSHLQNQSNNSNWNLRTRSKC

KKDVFMPPSSSSELQESRGLSNFTSTHLLLKEDEGVDDVNFRKVRKP



-389- 

KGKVTILKGIPIKKTKKGCRKSCSGFVQSDSKRESVCNKADAESEPV
AQKSQLDRTVCISDAGACGETLSVTSEENSLVKKKERSLSSGSNFCSE

QKTSGIINKFCSAKDSEHNEKYEDTFLESEEIGTKVEVVERKEHLHTD

ILKRGSEMDNNCSPTRKDFTGEKIFQEDTIPRTQIERRKTSLYFSSKYN

KEALSPPRRKAFKKWTPPRSPFNLVQETLFHDPWKLLIATIFLNRTSG
KMAIPVLWKFLEKYPSAEVARTADWRDVSELLKPLGLYDLRAKTIV

KFSDEYLTKQWKYPIELHGIGKYGNDSYRIFCVNEWKQVHPEDHKL

NKYHDWLWENHEKLSLS 

108310
3 

Cas-
MeCP2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGMVAGMLGLREEKSEDQDLQGLKDKPLKFKKVKKDKKEEKEGK

HEPVQPSAHHSAEPAEAGKAETSEGSGSAPAVPEASASPKQRRSIIRD

RGPMYDDPTLPEGWTRKLKQRKSGRSAGKYDVYLINPQGKAFRSK
VELIAYFEKVGDTSLDPNDFDFTVTGRGSPSRREQKPPKKPKSPKAPG

TGRGRGRPKGSGTTRPKAATSEGVQVKRVLEKSPGKLLVKMPFQTS

PGGKAEGGGATTSTQVMVIKRPGRKRKAEADPQAIPKKRGRKPGSV

VAAAAAEAKKKAVKESSIRSVQETVLPIKKRKTRETVSIEVKEVVKP
LLVSTLGEKSGKGLKTCKSPGRKSKESSPKGRSSSASSPPKKEHHHH

HHHSESPKAPVPLLPPLPPPPPEPESSEDPTSPPEPQDLSSSVCKEEKMP

RGGSLESDGCPKEPAKTQPAVATAATAAEKYKHRGEGERKDIVSSS
MPRPNREEPVDSRTPVTERVS 

108410

4 
Cas-Kap1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA



-390- 

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAASAAAASAAAASAASGSPGPGEGSAGGEKRSTAPSAAASASA

SAAASSPAGGGAEALELLEHCGVCRERLRPEREPRLLPCLHSACSAC
LGPAAPAAANSSGDGGAAGDGTVVDCPVCKQQCFSKDIVENYFMR

DSGSKAATDAQDANQCCTSCEDNAPATSYCVECSEPLCETCVEAHQ

RVKYTKDHTVRSTGPAKSRDGERTVYCNVHKHEPLVLFCESCDTLT

CRDCQLNAHKDHQYQFLEDAVRNQRKLLASLVKRLGDKHATLQKS
TKEVRSSIRQVSDVQKRVQVDVKMAILQIMKELNKRGRVLVNDAQ

KVTEGQQERLERQHWTMTKIQKHQEHILRFASWALESDNNTALLLS

KKLIYFQLHRALKMIVDPVEPHGEMKFQWDLNAWTKSAEAFGKIVA
ERPGTNSTGPAPMAPPRAPGPLSKQGSGSSQPMEVQEGYGFGSGDDP

YSSAEPHVSGVKRSRSGEGEVSGLMRKVPRVSLERLDLDLTADSQPP

VFKVFPGSTTEDYNLIVIERGAAAAATGQPGTAPAGTPGAPPLAGMA

IVKEEETEAAIGAPPTATEGPETKPVLMALAEGPGAEGPRLASPSGST
SSGLEVVAPEGTSAPGGGPGTLDDSATICRVCQKPGDLVMCNQCEFC

FHLDCHLPALQDVPGEEWSCSLCHVLPDLKEEDGSLSLDGADSTGV

VAKLSPANQRKCERVLLALFCHEPCRPLHQLATDSTFSLDQPGGTLD
LTLIRARLQEKLSPPYSSPQEFAQDVGRMFKQFNKLTEDKADVQSIIG

LQRFFETRMNEAFGDTKFSAVLVEPPPMSLPGAGLSSQELSGGPGDG

P 

108510

5 
Cas-HP1a 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
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MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMGKKTKRTADSSSSEDEEEYVVEKVLDRRVVKGQVEYLLKWKG
FSEEHNTWEPEKNLDCPELISEFMKKYKKMKEGENNKPREKSESNK

RKSNFSNSADDIKSKKKREQSNDIARGFERGLEPEKIIGATDSCGDLM

FLMKWKGTDEADLVLAKEANVKCPQIVIAFYEERLTWHAYPEDAE
NKEKETAKS 

108610
6 

Cas-HP1b 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE



-392- 

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMGKKQNKKKVEEVLEEEEEEYVVEKVLDRRVVKGKVEYLLKW

KGFSDEDNTWEPEENLDCPDLIAEFLQSQKTAHETDKSEGGKRKADS

DSEDKGEESKPKKKKEESEKPRGFARGLEPERIIGATDSSGELMFLM
KWKNSDEADLVPAKEANVKCPQVVISFYEERLTWHSYPSEDDDKK

DDKN 

108710
7 

Cas-HP1g 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMASNKTTLQKMGKKQNGKSKKVEEAEPEEFVVEKVLDRRVVNG
KVEYFLKWKGFTDADNTWEPEENLDCPELIEAFLNSQKAGKEKDGT

KRKSLSDSESDDSKSKKKRDAADKPRGFARGLDPERIIGATDSSGEL

MFLMKWKDSDEADLVLAKEANMKCPQIVIAFYEERLTWHSCPEDE
AQ 

108810
8 

Cas-
SetDB2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR



-393- 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMGEKNGDAKTFWMELEDDGKVDFIFEQVQNVLQSLKQKIKDGS

ATNKEYIQAMILVNEATIINSSTSIKGASQKEVNAQSSDPMPVTQKEQ

ENKSNAFPSTSCENSFPEDCTFLTTENKEILSLEDKVVDFREKDSSSNL
SYQSHDCSGACLMKMPLNLKGENPLQLPIKCHFQRRHAKTNSHSSA

LHVSYKTPCGRSLRNVEEVFRYLLETECNFLFTDNFSFNTYVQLARN

YPKQKEVVSDVDISNGVESVPISFCNEIDSRKLPQFKYRKTVWPRAY
NLTNFSSMFTDSCDCSEGCIDITKCACLQLTARNAKTSPLSSDKITTG

YKYKRLQRQIPTGIYECSLLCKCNRQLCQNRVVQHGPQVRLQVFKT

EQKGWGVRCLDDIDRGTFVCIYSGRLLSRANTEKSYGIDENGRDENT
MKNIFSKKRKLEVACSDCEVEVLPLGLETHPRTAKTEKCPPKFSNNP

KELTVETKYDNISRIQYHSVIRDPESKTAIFQHNGKKMEFVSSESVTP

EDNDGFKPPREHLNSKTKGAQKDSSSNHVDEFEDNLLIESDVIDITKY

REETPPRSRCNQATTLDNQNIKKAIEVQIQKPQEGRSTACQRQQVFC
DEELLSETKNTSSDSLTKFNKGNVFLLDATKEGNVGRFLNHSCCPNL

LVQNVFVETHNRNFPLVAFFTNRYVKARTELTWDYGYEAGTVPEKE

IFCQCGVNKCRKKIL 

108910

9 

Cas-

SUV39H1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA



-394- 

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAENLKGCSVCCKSSWNQLQDLCRLAKLSCPALGISKRNLYDFE
VEYLCDYKKIREQEYYLVKWRGYPDSESTWEPRQNLKCVRILKQFH

KDLERELLRRHHRSKTPRHLDPSLANYLVQKAKQRRALRRWEQELN

AKRSHLGRITVENEVDLDGPPRAFVYINEYRVGEGITLNQVAVGCEC
QDCLWAPTGGCCPGASLHKFAYNDQGQVRLRAGLPIYECNSRCRCG

YDCPNRVVQKGIRYDLCIFRTDDGRGWGVRTLEKIRKNSFVMEYVG

EIITSEEAERRGQIYDRQGATYLFDLDYVEDVYTVDAAYYGNISHFV
NHSCDPNLQVYNVFIDNLDERLPRIAFFATRTIRAGEELTFDYNMQV

DPVDMESTRMDSNFGLAGLPGSPKKRVRIECKCGTESCRKYLF 

109011
0 

Cas-

SUV39H1[

H320R] 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAENLKGCSVCCKSSWNQLQDLCRLAKLSCPALGISKRNLYDFE
VEYLCDYKKIREQEYYLVKWRGYPDSESTWEPRQNLKCVRILKQFH

KDLERELLRRHHRSKTPRHLDPSLANYLVQKAKQRRALRRWEQELN

AKRSHLGRITVENEVDLDGPPRAFVYINEYRVGEGITLNQVAVGCEC
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QDCLWAPTGGCCPGASLHKFAYNDQGQVRLRAGLPIYECNSRCRCG
YDCPNRVVQKGIRYDLCIFRTDDGRGWGVRTLEKIRKNSFVMEYVG

EIITSEEAERRGQIYDRQGATYLFDLDYVEDVYTVDAAYYGNISRFV

NHSCDPNLQVYNVFIDNLDERLPRIAFFATRTIRAGEELTFDYNMQV

DPVDMESTRMDSNFGLAGLPGSPKKRVRIECKCGTESCRKYLF 

109111
1 

Cas-
SUV39H2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGMAAVGAEARGAWCVPCLVSLDTLQELCRKEKLTCKSIGITKRNL

NNYEVEYLCDYKVVKDMEYYLVKWKGWPDSTNTWEPLQNLKCPL

LLQQFSNDKHNYLSQVKKGKAITPKDNNKTLKPAIAEYIVKKAKQRI
ALQRWQDELNRRKNHKGMIFVENTVDLEGPPSDFYYINEYKPAPGIS

LVNEATFGCSCTDCFFQKCCPAEAGVLLAYNKNQQIKIPPGTPIYECN

SRCQCGPDCPNRIVQKGTQYSLCIFRTSNGRGWGVKTLVKIKRMSFV
MEYVGEVITSEEAERRGQFYDNKGITYLFDLDYESDEFTVDAARYG

NVSHFVNHSCDPNLQVFNVFIDNLDTRLPRIALFSTRTINAGEELTFD

YQMKGSGDISSDSIDHSPAKKRVRTVCKCGAVTCRGYLN 

109211

2 

Cas-

SUV420H1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
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MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMKWLGESKNMVVNGRRNGGKLSNDHQQNQSKLQHTGKDTLKA
GKNAVERRSNRCNGNSGFEGQSRYVPSSGMSAKELCENDDLATSLV

LDPYLGFQTHKMNTSAFPSRSSRHFSKSDSFSHNNPVRFRPIKGRQEE

LKEVIERFKKDEHLEKAFKCLTSGEWARHYFLNKNKMQEKLFKEHV
FIYLRMFATDSGFEILPCNRYSSEQNGAKIVATKEWKRNDKIELLVG

CIAELSEIEENMLLRHGENDFSVMYSTRKNCAQLWLGPAAFINHDCR

PNCKFVSTGRDTACVKALRDIEPGEEISCYYGDGFFGENNEFCECYT
CERRGTGAFKSRVGLPAPAPVINSKYGLRETDKRLNRLKKLGDSSKN

SDSQSVSSNTDADTTQEKNNATSNRKSSVGVKKNSKSRTLTRQSMS

RIPASSNSTSSKLTHINNSRVPKKLKKPAKPLLSKIKLRNHCKRLEQK

NASRKLEMGNLVLKEPKVVLYKNLPIKKDKEPEGPAQAAVASGCLT
RHAAREHRQNPVRGAHSQGESSPCTYITRRSVRTRTNLKEASDIKLE

PNTLNGYKSSVTEPCPDSGEQLQPAPVLQEEELAHETAQKGEAKCH

KSDTGMSKKKSRQGKLVKQFAKIEESTPVHDSPGKDDAVPDLMGPH
SDQGEHSGTVGVPVSYTDCAPSPVGCSVVTSDSFKTKDSFRTAKSKK

KRRITRYDAQLILENNSGIPKLTLRRRHDSSSKTNDQENDGMNSSKIS

IKLSKDHDNDNNLYVAKLNNGFNSGSGSSSTKLKIQLKRDEENRGSY

TEGLHENGVCCSDPLSLLESRMEVDDYSQYEEESTDDSSSSEGDEEE
DDYDDDFEDDFIPLPPAKRLRLIVGKDSIDIDISSRRREDQSLRLNA 

109311
3 

Cas-
SUV420H2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
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DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMGPDRVTARELCENDDLATSLVLDPYLGFRTHKMNVSPVPPLRR

QQHLRSALETFLRQRDLEAAYRALTLGGWTARYFQSRGPRQEAALK
THVYRYLRAFLPESGFTILPCTRYSMETNGAKIVSTRAWKKNEKLEL

LVGCIAELREADEGLLRAGENDFSIMYSTRKRSAQLWLGPAAFINHD

CKPNCKFVPADGNAACVKVLRDIEPGDEVTCFYGEGFFGEKNEHCE

CHTCERKGEGAFRTRPREPALPPRPLDKYQLRETKRRLQQGLDSGSR
QGLLGPRACVHPSPLRRDPFCAACQPLRLPACSARPDTSPLWLQWLP

QPQPRVRPRKRRRPRPRRAPVLSTHHAARVSLHRWGGCGPHCRLRG

EALVALGQPPHARWAPQQDWHWARRYGLPYVVRVDLRRLAPAPP
ATPAPAGTPGPILIPKQALAFAPFSPPKRLRLVVSHGSIDLDVGGEEL 

109411
4 

Cas-EZH1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
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TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMEIPNPPTSKCITYWKRKVKSEYMRLRQLKRLQANMGAKALYV

ANFAKVQEKTQILNEEWKKLRVQPVQSMKPVSGHPFLKKCTIESIFP

GFASQHMLMRSLNTVALVPIMYSWSPLQQNFMVEDETVLCNIPYMG
DEVKEEDETFIEELINNYDGKVHGEEEMIPGSVLISDAVFLELVDALN

QYSDEEEEGHNDTSDGKQDDSKEDLPVTRKRKRHAIEGNKKSSKKQ

FPNDMIFSAIASMFPENGVPDDMKERYRELTEMSDPNALPPQCTPNI
DGPNAKSVQREQSLHSFHTLFCRRCFKYDCFLHPFHATPNVYKRKN

KEIKIEPEPCGTDCFLLLEGAKEYAMLHNPRSKCSGRRRRRHHIVSAS

CSNASASAVAETKEGDSDRDTGNDWASSSSEANSRCQTPTKQKASP

APPQLCVVEAPSEPVEWTGAEESLFRVFHGTYFNNFCSIARLLGTKT
CKQVFQFAVKESLILKLPTDELMNPSQKKKRKHRLWAAHCRKIQLK

KDNSSTQVYNYQPCDHPDRPCDSTCPCIMTQNFCEKFCQCNPDCQN

RFPGCRCKTQCNTKQCPCYLAVRECDPDLCLTCGASEHWDCKVVSC
KNCSIQRGLKKHLLLAPSDVAGWGTFIKESVQKNEFISEYCGELISQD

EADRRGKVYDKYMSSFLFNLNNDFVVDATRKGNKIRFANHSVNPN

CYAKVVMVNGDHRIGIFAKRAIQAGEELFFDYRYSQADALKYVGIE
RETDVL 

109511

5 
Cas-EZH2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMGQTGKKSEKGPVCWRKRVKSEYMRLRQLKRFRRADEVKSMFS

SNRQKILERTEILNQEWKQRRIQPVHILTSVSSLRGTRECSVTSDLDFP
TQVIPLKTLNAVASVPIMYSWSPLQQNFMVEDETVLHNIPYMGDEV

LDQDGTFIEELIKNYDGKVHGDRECGFINDEIFVELVNALGQYNDDD

DDDDGDDPEEREEKQKDLEDHRDDKESRPPRKFPSDKIFEAISSMFP
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DKGTAEELKEKYKELTEQQLPGALPPECTPNIDGPNAKSVQREQSLH
SFHTLFCRRCFKYDCFLHPFHATPNTYKRKNTETALDNKPCGPQCYQ

HLEGAKEFAAALTAERIKTPPKRPGGRRRGRLPNNSSRPSTPTINVLE

SKDTDSDREAGTETGGENNDKEEEEKKDETSSSSEANSRCQTPIKMK

PNIEPPENVEWSGAEASMFRVLIGTYYDNFCAIARLIGTKTCRQVYEF
RVKESSIIAPAPAEDVDTPPRKKKRKHRLWAAHCRKIQLKKDGSSNH

VYNYQPCDHPRQPCDSSCPCVIAQNFCEKFCQCSSECQNRFPGCRCK

AQCNTKQCPCYLAVRECDPDLCLTCGAADHWDSKNVSCKNCSIQR
GSKKHLLLAPSDVAGWGIFIKDPVQKNEFISEYCGEIISQDEADRRGK

VYDKYMCSFLFNLNNDFVVDATRKGNKIRFANHSVNPNCYAKVMM

VNGDHRIGIFAKRAIQTGEELFFDYRYSQADALKYVGIEREMEIP 

109611

6 

Cas-

EZH2[S21
A] 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGMGQTGKKSEKGPVCWRKRVKAEYMRLRQLKRFRRADEVKSMF

SSNRQKILERTEILNQEWKQRRIQPVHILTSVSSLRGTRECSVTSDLDF

PTQVIPLKTLNAVASVPIMYSWSPLQQNFMVEDETVLHNIPYMGDEV

LDQDGTFIEELIKNYDGKVHGDRECGFINDEIFVELVNALGQYNDDD
DDDDGDDPEEREEKQKDLEDHRDDKESRPPRKFPSDKIFEAISSMFP

DKGTAEELKEKYKELTEQQLPGALPPECTPNIDGPNAKSVQREQSLH

SFHTLFCRRCFKYDCFLHPFHATPNTYKRKNTETALDNKPCGPQCYQ
HLEGAKEFAAALTAERIKTPPKRPGGRRRGRLPNNSSRPSTPTINVLE

SKDTDSDREAGTETGGENNDKEEEEKKDETSSSSEANSRCQTPIKMK

PNIEPPENVEWSGAEASMFRVLIGTYYDNFCAIARLIGTKTCRQVYEF
RVKESSIIAPAPAEDVDTPPRKKKRKHRLWAAHCRKIQLKKDGSSNH

VYNYQPCDHPRQPCDSSCPCVIAQNFCEKFCQCSSECQNRFPGCRCK

AQCNTKQCPCYLAVRECDPDLCLTCGAADHWDSKNVSCKNCSIQR



-400- 

GSKKHLLLAPSDVAGWGIFIKDPVQKNEFISEYCGEIISQDEADRRGK
VYDKYMCSFLFNLNNDFVVDATRKGNKIRFANHSVNPNCYAKVMM

VNGDHRIGIFAKRAIQTGEELFFDYRYSQADALKYVGIEREMEIP 

109711
7 

Cas-
EHMT1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAAADAEAVPARGEPQQDCCVKTELLGEETPMAADEGSAEKQA

GEAHMAADGETNGSCENSDASSHANAAKHTQDSARVNPQDGTNTL
TRIAENGVSERDSEAAKQNHVTADDFVQTSVIGSNGYILNKPALQAQ

PLRTTSTLASSLPGHAAKTLPGGAGKGRTPSAFPQTPAAPPATLGEGS

ADTEDRKLPAPGADVKVHRARKTMPKSVVGLHAASKDPREVREAR
DHKEPKEEINKNISDFGRQQLLPPFPSLHQSLPQNQCYMATTKSQTA

CLPFVLAAAVSRKKKRRMGTYSLVPKKKTKVLKQRTVIEMFKSITHS

TVGSKGEKDLGASSLHVNGESLEMDSDEDDSEELEEDDGHGAEQAA
AFPTEDSRTSKESMSEADRAQKMDGESEEEQESVDTGEEEEGGDESD

LSSESSIKKKFLKRKGKTDSPWIKPARKRRRRSRKKPSGALGSESYKS

SAGSAEQTAPGDSTGYMEVSLDSLDLRVKGILSSQAEGLANGPDVLE

TDGLQEVPLCSCRMETPKSREITTLANNQCMATESVDHELGRCTNSV
VKYELMRPSNKAPLLVLCEDHRGRMVKHQCCPGCGYFCTAGNFME

CQPESSISHRFHKDCASRVNNASYCPHCGEESSKAKEVTIAKADTTST

VTPVPGQEKGSALEGRADTTTGSAAGPPLSEDDKLQGAASHVPEGF
DPTGPAGLGRPTPGLSQGPGKETLESALIALDSEKPKKLRFHPKQLYF

SARQGELQKVLLMLVDGIDPNFKMEHQNKRSPLHAAAEAGHVDICH

MLVQAGANIDTCSEDQRTPLMEAAENNHLEAVKYLIKAGALVDPK
DAEGSTCLHLAAKKGHYEVVQYLLSNGQMDVNCQDDGGWTPMIW

ATEYKHVDLVKLLLSKGSDINIRDNEENICLHWAAFSGCVDIAEILLA

AKCDLHAVNIHGDSPLHIAARENRYDCVVLFLSRDSDVTLKNKEGE



-401- 

TPLQCASLNSQVWSALQMSKALQDSAPDRPSPVERIVSRDIARGYER
IPIPCVNAVDSEPCPSNYKYVSQNCVTSPMNIDRNITHLQYCVCIDDC

SSSNCMCGQLSMRCWYDKDGRLLPEFNMAEPPLIFECNHACSCWRN

CRNRVVQNGLRARLQLYRTRDMGWGVRSLQDIPPGTFVCEYVGELI

SDSEADVREEDSYLFDLDNKDGEVYCIDARFYGNVSRFINHHCEPNL
VPVRVFMAHQDLRFPRIAFFSTRLIEAGEQLGFDYGERFWDIKGKLFS

CRCGSPKCRHSSAALAQRQASAAQEAQEDGLPDTSSAAAADPL 

109811

8 

Cas-

EHMT2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAAAAGAAAAAAAEGEAPAEMGALLLEKETRGATERVHGSLG
DTPRSEETLPKATPDSLEPAGPSSPASVTVTVGDEGADTPVGATPLIG

DESENLEGDGDLRGGRILLGHATKSFPSSPSKGGSCPSRAKMSMTGA

GKSPPSVQSLAMRLLSMPGAQGAAAAGSEPPPATTSPEGQPKVHRA
RKTMSKPGNGQPPVPEKRPPEIQHFRMSDDVHSLGKVTSDLAKRRK

LNSGGGLSEELGSARRSGEVTLTKGDPGSLEEWETVVGDDFSLYYDS

YSVDERVDSDSKSEVEALTEQLSEEEEEEEEEEEEEEEEEEEEEEEED

EESGNQSDRSGSSGRRKAKKKWRKDSPWVKPSRKRRKREPPRAKEP
RGVNGVGSSGPSEYMEVPLGSLELPSEGTLSPNHAGVSNDTSSLETE

RGFEELPLCSCRMEAPKIDRISERAGHKCMATESVDGELSGCNAAIL

KRETMRPSSRVALMVLCETHRARMVKHHCCPGCGYFCTAGTFLEC
HPDFRVAHRFHKACVSQLNGMVFCPHCGEDASEAQEVTIPRGDGVT

PPAGTAAPAPPPLSQDVPGRADTSQPSARMRGHGEPRRPPCDPLADT

IDSSGPSLTLPNGGCLSAVGLPLGPGREALEKALVIQESERRKKLRFH
PRQLYLSVKQGELQKVILMLLDNLDPNFQSDQQSKRTPLHAAAQKG

SVEICHVLLQAGANINAVDKQQRTPLMEAVVNNHLEVARYMVQRG

GCVYSKEEDGSTCLHHAAKIGNLEMVSLLLSTGQVDVNAQDSGGW



-402- 

TPIIWAAEHKHIEVIRMLLTRGADVTLTDNEENICLHWASFTGSAAIA
EVLLNARCDLHAVNYHGDTPLHIAARESYHDCVLLFLSRGANPELR

NKEGDTAWDLTPERSDVWFALQLNRKLRLGVGNRAIRTEKIICRDV

ARGYENVPIPCVNGVDGEPCPEDYKYISENCETSTMNIDRNITHLQH

CTCVDDCSSSNCLCGQLSIRCWYDKDGRLLQEFNKIEPPLIFECNQAC
SCWRNCKNRVVQSGIKVRLQLYRTAKMGWGVRALQTIPQGTFICEY

VGELISDAEADVREDDSYLFDLDNKDGEVYCIDARYYGNISRFINHL

CDPNIIPVRVFMLHQDLRFPRIAFFSSRDIRTGEELGFDYGDRFWDIKS
KYFTCQCGSEKCKHSAEAIALEQSRLARLDPHPELLPELGSLPPVNT 

109911
9 

Cas-LSD1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMLSGKKAAAAAAAAAAAATGTEAGPGTAGGSENGSEVAAQPA

GLSGPAEVGPGAVGERTPRKKEPPRASPPGGLAEPPGSAGPQAGPTV
VPGSATPMETGIAETPEGRRTSRRKRAKVEYREMDESLANLSEDEYY

SEEERNAKAEKEKKLPPPPPQAPPEEENESEPEEPSGVEGAAFQSRLP

HDRMTSQEAACFPDIISGPQQTQKVFLFIRNRTLQLWLDNPKIQLTFE

ATLQQLEAPYNSDTVLVHRVHSYLERHGLINFGIYKRIKPLPTKKTG
KVIIIGSGVSGLAAARQLQSFGMDVTLLEARDRVGGRVATFRKGNY

VADLGAMVVTGLGGNPMAVVSKQVNMELAKIKQKCPLYEANGQA

VPKEKDEMVEQEFNRLLEATSYLSHQLDFNVLNNKPVSLGQALEVV
IQLQEKHVKDEQIEHWKKIVKTQEELKELLNKMVNLKEKIKELHQQ

YKEASEVKPPRDITAEFLVKSKHRDLTALCKEYDELAETQGKLEEKL

QELEANPPSDVYLSSRDRQILDWHFANLEFANATPLSTLSLKHWDQD
DDFEFTGSHLTVRNGYSCVPVALAEGLDIKLNTAVRQVRYTASGCE

VIAVNTRSTSQTFIYKCDAVLCTLPLGVLKQQPPAVQFVPPLPEWKTS

AVQRMGFGNLNKVVLCFDRVFWDPSVNLFGHVGSTTASRGELFLF



-403- 

WNLYKAPILLALVAGEAAGIMENISDDVIVGRCLAILKGIFGSSAVPQ
PKETVVSRWRADPWARGSYSYVAAGSSGNDYDLMAQPITPGPSIPG

APQPIPRLFFAGEHTIRNYPATVHGALLSGLREAGRIADQFLGAMYTL

PRQATPGVPAQQSPSM 

110020 Cas-SUZ12 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMAPQKHGGGGGGGSGPSAGSGGGGFGGSAAVAAATASGGKSG
GGSCGGGGSYSASSSSSAAAAAGAAVLPVKKPKMEHVQADHELFL

QAFEKPTQIYRFLRTRNLIAPIFLHRTLTYMSHRNSRTNIKRKTFKVD

DMLSKVEKMKGEQESHSLSAHLQLTFTGFFHKNDKPSPNSENEQNS
VTLEVLLVKVCHKKRKDVSCPIRQVPTGKKQVPLNPDLNQTKPGNF

PSLAVSSNEFEPSNSHMVKSYSLLFRVTRPGRREFNGMINGETNENID

VNEELPARRKRNREDGEKTFVAQMTVFDKNRRLQLLDGEYEVAMQ
EMEECPISKKRATWETILDGKRLPPFETFSQGPTLQFTLRWTGETNDK

STAPIAKPLATRNSESLHQENKPGSVKPTQTIAVKESLTTDLQTRKEK

DTPNENRQKLRIFYQFLYNNNTRQQTEARDDLHCPWCTLNCRKLYS

LLKHLKLCHSRFIFNYVYHPKGARIDVSINECYDGSYAGNPQDIHRQ
PGFAFSRNGPVKRTPITHILVCRPKRTKASMSEFLESEDGEVEQQRTY

SSGHNRLYFHSDTCLPLRPQEMEVDSEDEKDPEWLREKTITQIEEFSD

VNEGEKEVMKLWNLHVMKHGFIADNQMNHACMLFVENYGQKIIK
KNLCRNFMLHLVSMHDFNLISIMSIDKAVTKLREMQQKLEKGESASP

ANEEITEEQNGTANGFSEINSKEKALETDSVSGVSKQSKKQKL 

110121 Cas-EED 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS



-404- 

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE
TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMSEREVSTAPAGTDMPAAKKQKLSSDENSNPDLSGDENDDAVSI
ESGTNTERPDTPTNTPNAPGRKSWGKGKWKSKKCKYSFKCVNSLKE

DHNQPLFGVQFNWHSKEGDPLVFATVGSNRVTLYECHSQGEIRLLQ

SYVDADADENFYTCAWTYDSNTSHPLLAVAGSRGIIRIINPITMQCIK

HYVGHGNAINELKFHPRDPNLLLSVSKDHALRLWNIQTDTLVAIFGG
VEGHRDEVLSADYDLLGEKIMSCGMDHSLKLWRINSKRMMNAIKES

YDYNPNKTNRPFISQKIHFPDFSTRDIHRNYVDCVRWLGDLILSKSCE

NAIVCWKPGKMEDDIDKIKPSESNVTILGRFDYSQCDIWYMRFSMDF
WQKMLALGNQVGKLYVWDLEVEDPHKAKCTTLTHHKCGAAIRQT

SFSRDSSILIAVCDDASIWRWDRLR 

110222 
Cas-
RING1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ
EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
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AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMTTPANAQNASKTWELSLYELHRTPQEAIMDGTEIAVSPRSLHSE

LMCPICLDMLKNTMTTKECLHRFCSDCIVTALRSGNKECPTCRKKLV
SKRSLRPDPNFDALISKIYPSREEYEAHQDRVLIRLSRLHNQQALSSSI

EEGLRMQAMHRAQRVRRPIPGSDQTTTMSGGEGEPGEGEGDGEDVS

SDSAPDSAPGPAPKRPRGGGAGGSSVGTGGGGTGGVGGGAGSEDSG
DRGGTLGGGTLGPPSPPGAPSPPEPGGEIELVFRPHPLLVEKGEYCQT

RYVKTTGNATVDHLSKYLALRIALERRQQQEAGEPGGPGGGASDTG

GPDGCGGEGGGAGGGDGPEEPALPSLEGVSEKQYTIYIAPGGGAFTT

LNGSLTLELVNEKFWKVSRPLELCYAPTKDPK 

110323 
Cas-

RING2 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMSQAVQTNGTQPLSKTWELSLYELQRTPQEAITDGLEIVVSPRSL

HSELMCPICLDMLKNTMTTKECLHRFCADCIITALRSGNKECPTCRK
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KLVSKRSLRPDPNFDALISKIYPSRDEYEAHQERVLARINKHNNQQA
LSHSIEEGLKIQAMNRLQRGKKQQIENGSGAEDNGDSSHCSNASTHS

NQEAGPSNKRTKTSDDSGLELDNNNAAMAIDPVMDGASEIELVFRP

HPTLMEKDDSAQTRYIKTSGNATVDHLSKYLAVRLALEELRSKGES

NQMNLDTASEKQYTIYIATASGQFTVLNGSFSLELVSEKYWKVNKP
MELYYAPTKEHK 

110424 Cas-PHC1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMETESEQNSNSTNGSSSSGGSSRPQIAQMSLYERQAVQALQALQR

QPNAAQYFHQFMLQQQLSNAQLHSLAAVQQATIAASRQASSPNTST
TQQQTTTTQASINLATTSAAQLISRSQSVSSPSATTLTQSVLLGNTTSP

PLNQSQAQMYLRPQLGNLLQVNRTLGRNVPLASQLILMPNGAVAAV

QQEVPSAQSPGVHADADQVQNLAVRNQQASAQGPQMQGSTQKAIP
PGASPVSSLSQASSQALAVAQASSGATNQSLNLSQAGGGSGNSIPGS

MGPGGGGQAHGGLGQLPSSGMGGGSCPRKGTGVVQPLPAAQTVTV

SQGSQTEAESAAAKKAEADGSGQQNVGMNLTRTATPAPSQTLISSA

TYTQIQPHSLIQQQQQIHLQQKQVVIQQQIAIHHQQQFQHRQSQLLHT
ATHLQLAQQQQQQQQQQQQQQQPQATTLTAPQPPQVPPTQQVPPSQ

SQQQAQTLVVQPMLQSSPLSLPPDAAPKPPIPIQSKPPVAPIKPPQLGA

AKMSAAQQPPPHIPVQVVGTRQPGTAQAQALGLAQLAAAVPTSRG
MPGTVQSGQAHLASSPPSSQAPGALQECPPTLAPGMTLAPVQGTAH

VVKGGATTSSPVVAQVPAAFYMQSVHLPGKPQTLAVKRKADSEEER

DDVSTLGSMLPAKASPVAESPKVMDEKSSLGEKAESVANVNANTPS
SELVALTPAPSVPPPTLAMVSRQMGDSKPPQAIVKPQILTHIIEGFVIQ

EGAEPFPVGCSQLLKESEKPLQTGLPTGLTENQSGGPLGVDSPSAELD

KKANLLKCEYCGKYAPAEQFRGSKRFCSMTCAKRYNVSCSHQFRLK



-407- 

RKKMKEFQEANYARVRRRGPRRSSSDIARAKIQGKCHRGQEDSSRG
SDNSSYDEALSPTSPGPLSVRAGHGERDLGNPNTAPPTPELHGINPVF

LSSNPSRWSVEEVYEFIASLQGCQEIAEEFRSQEIDGQALLLLKEEHL

MSAMNIKLGPALKICAKINVLKET 

110525 Cas-BMI1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMHRTTRIKITELNPHLMCVLCGGYFIDATTIIECLHSFCKTCIVRYL
ETSKYCPICDVQVHKTRPLLNIRSDKTLQDIVYKLVPGLFKNEMKRR

RDFYAAHPSADAANGSNEDRGEVADEDKRIITDDEIISLSIEFFDQNR

LDRKVNKDKEKSKEEVNDKRYLRCPAAMTVMHLRKFLRSKMDIPN
TFQIDVMYEEEPLKDYYTLMDIAYIYTWRRNGPLPLKYRVRPTCKR

MKISHQRDGLTNAGELESDSGSDKANSPAGGIPSTSSCLPSPSTPVQS

PHPQFPHISSTMNGTSNSPSGNHQSSFANRPRKSSVNGSSATSSG 

110626 
Cas-

RBBP4 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
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FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE
TGMADKEAAFDDAVEERVINEEYKIWKKNTPFLYDLVMTHALEWP

SLTAQWLPDVTRPEGKDFSIHRLVLGTHTSDEQNHLVIASVQLPNDD

AQFDASHYDSEKGEFGGFGSVSGKIEIEIKINHEGEVNRARYMPQNP

CIIATKTPSSDVLVFDYTKHPSKPDPSGECNPDLRLRGHQKEGYGLS
WNPNLSGHLLSASDDHTICLWDISAVPKEGKVVDAKTIFTGHTAVVE

DVSWHLLHESLFGSVADDQKLMIWDTRSNNTSKPSHSVDAHTAEVN

CLSFNPYSEFILATGSADKTVALWDLRNLKLKLHSFESHKDEIFQVQ
WSPHNETILASSGTDRRLNVWDLSKIGEEQSPEDAEDGPPELLFIHGG

HTAKISDFSWNPNEPWVICSVSEDNIMQVWQMAENIYNDEDPEGSV

DPEGQGS 

110727 
Cas-

RBBP7 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
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QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMASKEMFEDTVEERVINEEYKIWKKNTPFLYDLVMTHALQWPSL
TVQWLPEVTKPEGKDYALHWLVLGTHTSDEQNHLVVARVHIPNDD

AQFDASHCDSDKGEFGGFGSVTGKIECEIKINHEGEVNRARYMPQNP

HIIATKTPSSDVLVFDYTKHPAKPDPSGECNPDLRLRGHQKEGYGLS
WNSNLSGHLLSASDDHTVCLWDINAGPKEGKIVDAKAIFTGHSAVV

EDVAWHLLHESLFGSVADDQKLMIWDTRSNTTSKPSHLVDAHTAEV

NCLSFNPYSEFILATGSADKTVALWDLRNLKLKLHTFESHKDEIFQV

HWSPHNETILASSGTDRRLNVWDLSKIGEEQSAEDAEDGPPELLFIHG
GHTAKISDFSWNPNEPWVICSVSEDNIMQIWQMAENIYNDEESDVTT

SELEGQGS 

110828 Cas-REST 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMATQVMGQSSGGGGLFTSSGNIGMALPNDMYDLHDLSKAELAA
PQLIMLANVALTGEVNGSCCDYLVGEERQMAELMPVGDNNFSDSEE

GEGLEESADIKGEPHGLENMELRSLELSVVEPQPVFEASGAPDIYSSN

KDLPPETPGAEDKGKSSKTKPFRCKPCQYEAESEEQFVHHIRVHSAK
KFFVEESAEKQAKARESGSSTAEEGDFSKGPIRCDRCGYNTNRYDHY

TAHLKHHTRAGDNERVYKCIICTYTTVSEYHWRKHLRNHFPRKVYT

CGKCNYFSDRKNNYVQHVRTHTGERPYKCELCPYSSSQKTHLTRHM
RTHSGEKPFKCDQCSYVASNQHEVTRHARQVHNGPKPLNCPHCDY

KTADRSNFKKHVELHVNPRQFNCPVCDYAASKKCNLQYHFKSKHPT

CPNKTMDVSKVKLKKTKKREADLPDNITNEKTEIEQTKIKGDVAGK



-410- 

KNEKSVKAEKRDVSKEKKPSNNVSVIQVTTRTRKSVTEVKEMDVHT
GSNSEKFSKTKKSKRKLEVDSHSLHGPVNDEESSTKKKKKVESKSKN

NSQEVPKGDSKVEENKKQNTCMKKSTKKKTLKNKSSKKSSKPPQKE

PVEKGSAQMDPPQMGPAPTEAVQKGPVQVEPPPPMEHAQMEGAQI

RPAPDEPVQMEVVQEGPAQKELLPPVEPAQMVGAQIVLAHMELPPP
METAQTEVAQMGPAPMEPAQMEVAQVESAPMQVVQKEPVQMELS

PPMEVVQKEPVQIELSPPMEVVQKEPVKIELSPPIEVVQKEPVQMELS

PPMGVVQKEPAQREPPPPREPPLHMEPISKKPPLRKDKKEKSNMQSE
RARKEQVLIEVGLVPVKDSWLLKESVSTEDLSPPSPPLPKENLREEAS

GDQKLLNTGEGNKEAPLQKVGAEEADESLPGLAANINESTHISSSGQ

NLNTPEGETLNGKHQTDSIVCEMKMDTDQNTRENLTGINSTVEEPVS

PMLPPSAVEEREAVSKTALASPPATMAANESQEIDEDEGIHSHEGSDL
SDNMSEGSDDSGLHGARPVPQESSRKNAKEALAVKAAKGDFVCIFC

DRSFRKGKDYSKHLNRHLVNVYYLEEAAQGQE 

110929 
Cas-

RCOR1 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG
NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA
QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS
QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD
DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD
AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK
SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG
ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA

TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMPAMVEKGPEVSGKRRGRNNAAASASAAAASAAASAACASPAA
TAASGAAASSASAAAASAAAAPNNGQNKSLAAAAPNGNSSSNSWE

EGSSGSSSDEEHGGGGMRVGPQYQAVVPDFDPAKLARRSQERDNLG

MLVWSPNQNLSEAKLDEYIAIAKEKHGYNMEQALGMLFWHKHNIE
KSLADLPNFTPFPDEWTVEDKVLFEQAFSFHGKTFHRIQQMLPDKSI

ASLVKFYYSWKKTRTKTSVMDRHARKQKREREESEDELEEANGNN

PIDIEVDQNKESKKEVPPTETVPQVKKEKHSTQAKNRAKRKPPKGMF
LSQEDVEAVSANATAATTVLRQLDMELVSVKRQIQNIKQTNSALKE

KLDGGIEPYRLPEVIQKCNARWTTEEQLLAVQAIRKYGRDFQAISDVI



-411- 

GNKSVVQVKNFFVNYRRRFNIDEVLQEWEAEHGKEETNGPSNQKPV
KSPDNSIKMPEEEDEAPVLDVRYASAS 

111030 Cas-SIN3A 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW
MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMKRRLDDQESPVYAAQQRRIPGSTEAFPHQHRVLAPAPPVYEAV

SETMQSATGIQYSVTPSYQVSAMPQSSGSHGPAIAAVHSSHHHPTAV

QPHGGQVVQSHAHPAPPVAPVQGQQQFQRLKVEDALSYLDQVKLQ
FGSQPQVYNDFLDIMKEFKSQSIDTPGVISRVSQLFKGHPDLIMGFNT

FLPPGYKIEVQTNDMVNVTTPGQVHQIPTHGIQPQPQPPPQHPSQPSA

QSAPAPAQPAPQPPPAKVSKPSQLQAHTPASQQTPPLPPYASPRSPPV
QPHTPVTISLGTAPSLQNNQPVEFNHAINYVNKIKNRFQGQPDIYKAF

LEILHTYQKEQRNAKEAGGNYTPALTEQEVYAQVARLFKNQEDLLS

EFGQFLPDANSSVLLSKTTAEKVDSVRNDHGGTVKKPQLNNKPQRP
SQNGCQIRRHPTGTTPPVKKKPKLLNLKDSSMADASKHGGGTESLFF

DKVRKALRSAEAYENFLRCLVIFNQEVISRAELVQLVSPFLGKFPELF

NWFKNFLGYKESVHLETYPKERATEGIAMEIDYASCKRLGSSYRALP

KSYQQPKCTGRTPLCKEVLNDTWVSFPSWSEDSTFVSSKKTQYEEHI
YRCEDERFELDVVLETNLATIRVLEAIQKKLSRLSAEEQAKFRLDNTL

GGTSEVIHRKALQRIYADKAADIIDGLRKNPSIAVPIVLKRLKMKEEE

WREAQRGFNKVWREQNEKYYLKSLDHQGINFKQNDTKVLRSKSLL
NEIESIYDERQEQATEENAGVPVGPHLSLAYEDKQILEDAAALIIHHV

KRQTGIQKEDKYKIKQIMHHFIPDLLFAQRGDLSDVEEEEEEEMDVD

EATGAVKKHNGVGGSPPKSKLLFSNTAAQKLRGMDEVYNLFYVNN
NWYIFMRLHQILCLRLLRICSQAERQIEEENREREWEREVLGIKRDKS

DSPAIQLRLKEPMDVDVEDYYPAFLDMVRSLLDGNIDSSQYEDSLRE

MFTIHAYIAFTMDKLIQSIVRQLQHIVSDEICVQVTDLYLAENNNGAT



-412- 

GGQLNTQNSRSLLESTYQRKAEQLMSDENCFKLMFIQSQGQVQLTIE
LLDTEEENSDDPVEAERWSDYVERYMNSDTTSPELREHLAQKPVFLP

RNLRRIRKCQRGREQQEKEGKEGNSKKTMENVDSLDKLECRFKLNS

YKMVYVIKSEDYMYRRTALLRAHQSHERVSKRLHQRFQAWVDKW

TKEHVPREMAAETSKWLMGEGLEGLVPCTTTCDTETLHFVSINKYR
VKYGTVFKAP 

111131 
Cas-
HDAC5 

MGTPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK
YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS

DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD
LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI

KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL
GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH

SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD
FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK

RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE
LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS

QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML
ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE

QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKVGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

TGMNSPNESDGMSGREPSLEILPRTSLHSIPVTVEVKPVLPRAMPSSM

GGGGGGSPSPVELRGALVGSVDPTLREQQLQQELLALKQQQQLQKQ
LLFAEFQKQHDHLTRQHEVQLQKHLKQQQEMLAAKQQQEMLAAK

RQQELEQQRQREQQRQEELEKQRLEQQLLILRNKEKSKESAIASTEV

KLRLQEFLLSKSKEPTPGGLNHSLPQHPKCWGAHHASLDQSSPPQSG
PPGTPPSYKLPLPGPYDSRDDFPLRKTASEPNLKVRSRLKQKVAERRS

SPLLRRKDGTVISTFKKRAVEITGAGPGASSVCNSAPGSGPSSPNSSHS

TIAENGFTGSVPNIPTEMLPQHRALPLDSSPNQFSLYTSPSLPNISLGL

QATVTVTNSHLTASPKLSTQQEAERQALQSLRQGGTLTGKFMSTSSI
PGCLLGVALEGDGSPHGHASLLQHVLLLEQARQQSTLIAVPLHGQSP

LVTGERVATSMRTVGKLPRHRPLSRTQSSPLPQSPQALQQLVMQQQ

HQQFLEKQKQQQLQLGKILTKTGELPRQPTTHPEETEEELTEQQEVL
LGEGALTMPREGSTESESTQEDLEEEDEEDDGEEEEDCIQVKDEEGE

SGAEEGPDLEEPGAGYKKLFSDAQPLQPLQVYQAPLSLATVPHQAL

GRTQSSPAAPGGMKSPPDQPVKHLFTTGVVYDTFMLKHQCMCGNT
HVHPEHAGRIQSIWSRLQETGLLSKCERIRGRKATLDEIQTVHSEYHT

LLYGTSPLNRQKLDSKKLLGPISQKMYAVLPCGGIGVDSDTVWNEM

HSSSAVRMAVGCLLELAFKVAAGELKNGFAIIRPPGHHAEESTAMGF



-413- 

CFFNSVAITAKLLQQKLNVGKVLIVDWDIHHGNGTQQAFYNDPSVL
YISLHRYDNGNFFPGSGAPEEVGGGPGVGYNVNVAWTGGVDPPIGD

VEYLTAFRTVVMPIAHEFSPDVVLVSAGFDAVEGHLSPLGGYSVTAR

CFGHLTRQLMTLAGGRVVLALEGGHDLTAICDASEACVSALLSVEL

QPLDEAVLQQKPNINAVATLEKVIEIQSKHWSCVQKFAAGLGRSLRE
AQAGETEEAETVSAMALLSVGAEQAQAAAAREHSPRPAEEPMEQEP

AL 

111232 
(Hs)DNMT

1-Cas 

MPARTAPARVPTLAVPAISLPDDVRRRLKDLERDSLTEKECVKEKLN

LLHEFLQTEIKNQLCDLETKLRKEELSEEGYLAKVKSLLNKDLSLEN
GAHAYNREVNGRLENGNQARSEARRVGMADANSPPKPLSKPRTPR

RSKSDGEAKPEPSPSPRITRKSTRQTTITSHFAKGPAKRKPQEESERAK

SDESIKEEDKDQDEKRRRVTSRERVARPLPAEEPERAKSGTRTEKEEE
RDEKEEKRLRSQTKEPTPKQKLKEEPDREARAGVQADEDEDGDEKD

EKKHRSQPKDLAAKRRPEEKEPEKVNPQISDEKDEDEKEEKRRKTTP

KEPTEKKMARAKTVMNSKTHPPKCIQCGQYLDDPLKYGQHPPDAV
DEPQMLTNEKLSIFDANESGFESYEALPQHKLTCFSVYCKHGHLCPID

TGLIEKNIELFFSGSAKPIYDDDPSLEGGVNGKNLGPINEWWITGFDG

GEKALIGFSTSFAEYILMDPSPEYAPIFGLMQEKIYISKIVVEFLQSNSD

STYEDLINKIETTVPPSGLNLNRFTEDSLLRHAQFVVEQVESYDEAGD
SDEQPIFLTPCMRDLIKLAGVTLGQRRAQARRQTIRHSTREKDRGPT

KATTTKLVYQIFDTFFAEQIEKDDREDKENAFKRRRCGVCEVCQQPE

CGKCKACKDMVKFGGSGRSKQACQERRCPNMAMKEADDDEEVDD
NIPEMPSPKKMHQGKKKKQNKNRISWVGEAVKTDGKKSYYKKVCI

DAETLEVGDCVSVIPDDSSKPLYLARVTALWEDSSNGQMFHAHWFC

AGTDTVLGATSDPLELFLVDECEDMQLSYIHSKVKVIYKAPSENWA
MEGGMDPESLLEGDDGKTYFYQLWYDQDYARFESPPKTQPTEDNK

FKFCVSCARLAEMRQKEIPRVLEQLEDLDSRVLYYSATKNGILYRVG

DGVYLPPEAFTFNIKLSSPVKRPRKEPVDEDLYPEHYRKYSDYIKGSN

LDAPEPYRIGRIKEIFCPKKSNGRPNETDIKIRVNKFYRPENTHKSTPA
SYHADINLLYWSDEEAVVDFKAVQGRCTVEYGEDLPECVQVYSMG

GPNRFYFLEAYNAKSKSFEDPPNHARSPGNKGKGKGKGKGKPKSQA

CEPSEPEIEIKLPKLRTLDVFSGCGGLSEGFHQAGISDTLWAIEMWDP
AAQAFRLNNPGSTVFTEDCNILLKLVMAGETTNSRGQRLPQKGDVE

MLCGGPPCQGFSGMNRFNSRTYSKFKNSLVVSFLSYCDYYRPRFFLL

ENVRNFVSFKRSMVLKLTLRCLVRMGYQCTFGVLQAGQYGVAQTR

RRAIILAAAPGEKLPLFPEPLHVFAPRACQLSVVVDDKKFVSNITRLS
SGPFRTITVRDTMSDLPEVRNGASALEISYNGEPQSWFQRQLRGAQY

QPILRDHICKDMSALVAARMRHIPLAPGSDWRDLPNIEVRLSDGTMA

RKLRYTHHDRKNGRSSSGALRGVCSCVEAGKACDPAARQFNTLIPW
CLPHTGNRHNHWAGLYGRLEWDGFFSTTVTNPEPMGKQGRVLHPE

QHRVVSVRECARSQGFPDTYRLFGNILDKHRQVGNAVPPPLAKAIGL

EIKLCMLAKARESASAKIKEEEAAKDGGPSSGAPPPSGGSPAGSPTST
EEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP

GTSTEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKF

KVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRI

CYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVA
YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDL

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRL

ENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT
YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLS

ASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYID

GGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPH
QIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSR

FAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKV

LPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLF



-414- 

KTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKII
KDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVM

KQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFM

QLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVK

VVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGI
KELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLS

DYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMK

NYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQI
TKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYK

VREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVR

KMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRN
SDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSV

KELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENG

RKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQK
QLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIR

EQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSI

TGLYETRIDLSQLGGDPKKKRKV 

111333 
(Hs)DNMT

3A-Cas 

MPAMPSSGPGDTSSSAAEREEDRKDGEEQEEPRGKEERQEPSTTARK
VGRPGRKRKHPPVESGDTPKDPAVISKSPSMAQDSGASELLPNGDLE

KRSEPQPEEGSPAGGQKGGAPAEGEGAAETLPEASRAVENGCCTPKE

GRGAPAEAGKEQKETNIESMKMEGSRGRLRGGLGWESSLRQRPMPR
LTFQAGDPYYISKRKRDEWLARWKREAEKKAKVIAGMNAVEENQG

PGESQKVEEASPPAVQQPTDPASPTVATTPEPVGSDAGDKNATKAG

DDEPEYEDGRGFGIGELVWGKLRGFSWWPGRIVSWWMTGRSRAAE
GTRWVMWFGDGKFSVVCVEKLMPLSSFCSAFHQATYNKQPMYRK

AIYEVLQVASSRAGKLFPVCHDSDESDTAKAVEVQNKPMIEWALGG

FQPSGPKGLEPPEEEKNPYKEVYTDMWVEPEAAAYAPPPPAKKPRK

STAEKPKVKEIIDERTRERLVYEVRQKCRNIEDICISCGSLNVTLEHPL
FVGGMCQNCKNCFLECAYQYDDDGYQSYCTICCGGREVLMCGNNN

CCRCFCVECVDLLVGPGAAQAAIKEDPWNCYMCGHKGTYGLLRRR

EDWPSRLQMFFANNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIAT
GLLVLKDLGIQVDRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVT

QKHIQEWGPFDLVIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLH

DARPKEGDDRPFFWLFENVVAMGVSDKRDISRFLESNPVMIDAKEV

SAAHRARYFWGNLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVR
TITTRSNSIKQGKDQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVS

NMSRLARQRLLGRSWSVPVIRHLFAPLKEYFACVGGPSSGAPPPSGG

SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTS
TEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITD

EYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARR

RYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI
FGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFR

GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILS

ARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAED

AKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRV
NTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQS

KNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQ

RTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYY
VGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTN

FDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGE

QKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNAS
LGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTY

AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKS

DGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPA



-415- 

IKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSR
ERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYV

DQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP

SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFI

KRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVS
DFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVY

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEI

RKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTG
GFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKV

EKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIK

LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYE

KLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVL
SAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTST

KEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

111434 

(Hs)DNMT

3A(CD)-
Cas 

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG

NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK
DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVGGPSSGAPPPSGGSPAGSPTSTEEGT

SESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTST
EPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVL

GNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYL

QEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHE
KYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPD

NSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL

IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYD

DDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS
MIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGG

ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQI

HLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRF
AWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVL

PKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIK

DKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMK
QLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQL

IHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVV

DELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKE
LGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDY

DVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNY

WRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITK
HVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVR

EINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMI

AKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE

IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDK
LIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKEL

LGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKR

MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLF
VEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQA

ENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL

YETRIDLSQLGGDPKKKRKV 

111535 
(Hs/Hs)DN

MT3A(CD

MNHDQEFDPPKVYPPVPAEKRKPIRVLSLFDGIATGLLVLKDLGIQV
DRYIASEVCEDSITVGMVRHQGKIMYVGDVRSVTQKHIQEWGPFDL

VIGGSPCNDLSIVNPARKGLYEGTGRLFFEFYRLLHDARPKEGDDRPF



-416- 

)/L(CD)-
Cas 

FWLFENVVAMGVSDKRDISRFLESNPVMIDAKEVSAAHRARYFWG
NLPGMNRPLASTVNDKLELQECLEHGRIAKFSKVRTITTRSNSIKQGK

DQHFPVFMNEKEDILWCTEMERVFGFPVHYTDVSNMSRLARQRLLG

RSWSVPVIRHLFAPLKEYFACVSSGNSNANSRGPSFSSGLVPLSLRGS

HNPLEMFETVPVWRRQPVRVLSLFEDIKKELTSLGFLESGSDPGQLK
HVVDVTDTVRKDVEEWGPFDLVYGATPPLGHTCDRPPSWYLFQFH

RLLQYARPKPGSPRPFFWMFVDNLVLNKEDLDVASRFLEMEPVTIPD

VHGGSLQNAVRVWSNIPAIRSRHWALVSEEELSLLAQNKQSSKLAA
KWPTKLVKNCFLPLREYFKYFSTELTSSLGGPSSGAPPPSGGSPAGSP

TSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEG

SAPGTSTEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPS

KKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRK
NRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVD

EVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIE

GDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSK
SRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQL

SKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEIT

KAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY
AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFD

NGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPL

ARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKN

LPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKA
IVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTY

HDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLF

DDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFA
NRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGI

LQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMK

RIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELD
INRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVV

KKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLV

ETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKD

FQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKV
YDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLI

ETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESI

LPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSK
KLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLF

ELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPE

DNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKH

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDA
TLIHQSITGLYETRIDLSQLGGDPKKKRKV 

111636 
(Hs)DNMT
3B-Cas 

MKGDTRHLNGEEDAGGREDSILVNGACSDQSSDSPPILEAIRTPEIRG

RRSSSRLSKREVSSLLSYTQDLTGDGDGEDGDGSDTPVMPKLFRETR
TRSESPAVRTRNNNSVSSRERHRPSPRSTRGRQGRNHVDESPVEFPAT

RSLRRRATASAGTPWPSPPSSYLTIDLTDDTEDTHGTPQSSSTPYARL

AQDSQQGGMESPQVEADSGDGDSSEYQDGKEFGIGDLVWGKIKGFS

WWPAMVVSWKATSKRQAMSGMRWVQWFGDGKFSEVSADKLVAL
GLFSQHFNLATFNKLVSYRKAMYHALEKARVRAGKTFPSSPGDSLE

DQLKPMLEWAHGGFKPTGIEGLKPNNTQPVVNKSKVRRAGSRKLES

RKYENKTRRRTADDSATSDYCPAPKRLKTNCYNNGKDRGDEDQSR
EQMASDVANNKSSLEDGCLSCGRKNPVSFHPLFEGGLCQTCRDRFL

ELFYMYDDDGYQSYCTVCCEGRELLLCSNTSCCRCFCVECLEVLVG

TGTAAEAKLQEPWSCYMCLPQRCHGVLRRRKDWNVRLQAFFTSDT
GLEYEAPKLYPAIPAARRRPIRVLSLFDGIATGYLVLKELGIKVGKYV

ASEVCEESIAVGTVKHEGNIKYVNDVRNITKKNIEEWGPFDLVIGGSP

CNDLSNVNPARKGLYEGTGRLFFEFYHLLNYSRPKEGDDRPFFWMF



-417- 

ENVVAMKVGDKRDISRFLECNPVMIDAIKVSAAHRARYFWGNLPG
MNRPVIASKNDKLELQDCLEYNRIAKLKKVQTITTKSNSIKQGKNQL

FPVVMNGKEDVLWCTELERIFGFPVHYTDVSNMGRGARQKLLGRS

WSVPVIRHLFAPLKDYFACEGGPSSGAPPPSGGSPAGSPTSTEEGTSE

SATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEP
SEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGN

TDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEI

FSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKY
PTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSD

VDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQ

LPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDL

DNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIK
RYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQ

EEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLG

ELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWM
TRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHS

LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRK

VTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDF
LDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKR

RRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDD

SLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDEL

VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA
QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV
WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI

ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKV 

111737 

(Hs)DNMT

3B(CD)-

Cas 

MIRVLSLFDGIATGYLVLKELGIKVGKYVASEVCEESIAVGTVKHEG
NIKYVNDVRNITKKNIEEWGPFDLVIGGSPCNDLSNVNPARKGLYEG

TGRLFFEFYHLLNYSRPKEGDDRPFFWMFENVVAMKVGDKRDISRF

LECNPVMIDAIKVSAAHRARYFWGNLPGMNRPVIASKNDKLELQDC
LEYNRIAKLKKVQTITTKSNSIKQGKNQLFPVVMNGKEDVLWCTEL

ERIFGFPVHYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDYFAC

EGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAP
GSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGL

AIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSG

ETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEE

SFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKAD
LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEE

NPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSL

GLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLA
AKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVR

QQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEE

LLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDN
REKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDK

GASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVT

EGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSV



-418- 

EISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFE
DREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDK

QSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSL

HEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMAREN

QTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLY
YLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRS

DKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAER

GGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIRE
VKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALI

KKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMN

FFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQV

NIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV
AYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKG

YKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYV

NFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVI
LADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFD

TTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

111838 

(Hs/Mm)D

NMT3B(C
D)/L(CD)-

Cas 

MIRVLSLFDGIATGYLVLKELGIKVGKYVASEVCEESIAVGTVKHEG

NIKYVNDVRNITKKNIEEWGPFDLVIGGSPCNDLSNVNPARKGLYEG
TGRLFFEFYHLLNYSRPKEGDDRPFFWMFENVVAMKVGDKRDISRF

LECNPVMIDAIKVSAAHRARYFWGNLPGMNRPVIASKNDKLELQDC

LEYNRIAKLKKVQTITTKSNSIKQGKNQLFPVVMNGKEDVLWCTEL
ERIFGFPVHYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDYFAC

ESSGNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVR

VLSLFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKW
GPFDLVYGSTQPLGSSCDRCPGWYMFQFHRILQYALPRQESQRPFFW

IFMDNLLLTEDDQETTTRFLQTEAVTLQDVRGRDYQNAMRVWSNIP

GLKSKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYF

KYFSQNSLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTS
TEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVM

DKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLI

GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDD
SFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLV

DSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQ

TYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLF

GNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQ
YADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLT

LLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILE

KMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQED
FYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPW

NFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNE

LTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYF
KKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILED

IVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSR

KLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQ

VSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENI
VIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL

QNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSI

DNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKF
DNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYD

ENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNA

VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYF
FYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRK

VLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKY

GGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPI



-419- 

DFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNEL
ALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQIS

EFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPA

AFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPK

KKRKV 

111939 
(Hs)DNMT
3-Cas 

MAAIPALDPEAEPSMDVILVGSSELSSSVSPGTGRDLIAYEVKANQRN

IEDICICCGSLQVHTQHPLFEGGICAPCKDKFLDALFLYDDDGYQSYC

SICCSGETLLICGNPDCTRCYCFECVDSLVGPGTSGKVHAMSNWVCY

LCLPSSRSGLLQRRRKWRSQLKAFYDRESENPLEMFETVPVWRRQP
VRVLSLFEDIKKELTSLGFLESGSDPGQLKHVVDVTDTVRKDVEEW

GPFDLVYGATPPLGHTCDRPPSWYLFQFHRLLQYARPKPGSPRPFFW

MFVDNLVLNKEDLDVASRFLEMEPVTIPDVHGGSLQNAVRVWSNIP
AIRSSRHWALVSEEELSLLAQNKQSSKLAAKWPTKLVKNCFLPLREY

FKYFSTELTSSLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGT

STEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKV
MDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKN

LIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKV

DDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKK

LVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQL
VQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKN

GLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQI

GDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHH
QDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFI

KPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILR

RQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEET
ITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFT

VYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK

EDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENE

DILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGW
GRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKED

IQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGR

HKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPV
ENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFL

KDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLI

TQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRM

NTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHD
AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA

TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF

ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDW
DPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS

FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGEL

QKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYL
DEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLT

NLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQ

LGGDPKKKRKV 

112040 
(Mm)DNM

T3L-Cas 

MGSRETPSSCSKTLETLDLETSDSSSPDADSPLEEQWLKSSPALKEDS
VDVVLEDCKEPLSPSSPPTGREMIRYEVKVNRRSIEDICLCCGTLQVY

TRHPLFEGGLCAPCKDKFLESLFLYDDDGHQSYCTICCSGGTLFICES

PDCTRCYCFECVDILVGPGTSERINAMACWVCFLCLPFSRSGLLQRR
KRWRHQLKAFHDQEGAGPMEIYKTVSAWKRQPVRVLSLFRNIDKV

LKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPFDLVYGSTQ

PLGSSCDRCPGWYMFQFHRILQYALPRQESQRPFFWIFMDNLLLTED

DQETTTRFLQTEAVTLQDVRGRDYQNAMRVWSNIPGLKSKHAPLTP
KEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYFSQNSLPLG

GPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSP



-420- 

AGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIG
TNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETA

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL

VEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPI
NASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLT

PNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKN

LSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQL
PEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLV

KLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREK

IEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGAS

AQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEG
MRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEI

SGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED

REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ
SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH

EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ

TTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYY
LQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSD

KNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERG

GLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIK
KYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFF

KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNI

VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVA
YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY

KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVN

FLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDT

TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

112141 
(Mm)DNM

T3C-Cas 

MRGGSRHLSNEEDVSGCEDCIIISGTCSDQSSDPKTVPLTQVLEAVCT

VENRGCRTSSQPSKRKASSLISYVQDLTGDGDEDRDGEVGGSSGSGT
PVMPQLFCETRIPSKTPAPLSWQANTSASTPWLSPASPYPIIDLTDEDV

IPQSISTPSVDWSQDSHQEGMDTTQVDAESRDGGNIEYQVSADKLLL

SQSCILAAFYKLVPYRESIYRTLEKARVRAGKACPSSPGESLEDQLKP

MLEWAHGGFKPTGIEGLKPNKKQPENKSRRRTTNDPAASESSPPKRL
KTNSYGGKDRGEDEESREQMASDVTNNKGNLEDHCLSCGRKDPVS

FHPLFEGGLCQSCRDRFLELFYMYDEDGYQSYCTVCCEGRELLLCSN

TSCCRCFCVECLEVLVGAGTAEDVKLQEPWSCYMCLPQRCHGVLRR
RKDWNMRLQDFFTTDPDLEEFEPPKLYPAIPAAKRRPIRVLSLFDGIA

TGYLVLKELGIKVEKYIASEVCAESIAVGTVKHEGQIKYVDDIRNITK

EHIDEWGPFDLVIGGSPCNDLSCVNPVRKGLFEGTGRLFFEFYRLLN
YSCPEEEDDRPFFWMFENVVAMEVGDKRDISRFLECNPVMIDAIKVS

AAHRARYFWGNLPGMNRPVMASKNDKLELQDCLEFSRTAKLKKVQ

TITTKSNSIRQGKNQLFPVVMNGKDDVLWCTELERIFGFPEHYTDVS

NMGRGARQKLLGRSWSVPVIRHLFAPLKDHFACEGGPSSGAPPPSG
GSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGT

STEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITD

EYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARR
RYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI

FGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFR

GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILS
ARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAED

AKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRV

NTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQS



-421- 

KNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQ
RTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYY

VGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTN

FDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGE

QKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNAS
LGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTY

AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKS

DGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPA
IKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSR

ERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYV

DQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP

SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFI
KRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVS

DFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVY

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEI
RKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTG

GFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKV

EKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIK
LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYE

KLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVL

SAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTST

KEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

112242 

(Mm)DNM

T3C(CD)-
Cas 

MIRVLSLFDGIATGYLVLKELGIKVEKYIASEVCAESIAVGTVKHEGQ

IKYVDDIRNITKEHIDEWGPFDLVIGGSPCNDLSCVNPVRKGLFEGTG

RLFFEFYRLLNYSCPEEEDDRPFFWMFENVVAMEVGDKRDISRFLEC
NPVMIDAIKVSAAHRARYFWGNLPGMNRPVMASKNDKLELQDCLE

FSRTAKLKKVQTITTKSNSIRQGKNQLFPVVMNGKDDVLWCTELERI

FGFPEHYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDHFACEG

GPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSP
AGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIG

TNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETA

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL
VEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPI

NASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLT

PNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKN
LSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQL

PEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLV

KLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREK
IEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGAS

AQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEG

MRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEI
SGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED

REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ

SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH

EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYY

LQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSD

KNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERG
GLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIK

KYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFF
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNI

VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVA

YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY



-422- 

KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVN
FLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVIL

ADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDT

TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

112343 

(Mm/Mm)

DNMT3C(

CD)/L(CD)

-Cas 

MIRVLSLFDGIATGYLVLKELGIKVEKYIASEVCAESIAVGTVKHEGQ
IKYVDDIRNITKEHIDEWGPFDLVIGGSPCNDLSCVNPVRKGLFEGTG

RLFFEFYRLLNYSCPEEEDDRPFFWMFENVVAMEVGDKRDISRFLEC

NPVMIDAIKVSAAHRARYFWGNLPGMNRPVMASKNDKLELQDCLE

FSRTAKLKKVQTITTKSNSIRQGKNQLFPVVMNGKDDVLWCTELERI
FGFPEHYTDVSNMGRGARQKLLGRSWSVPVIRHLFAPLKDHFACESS

GNSNANSRGPSFSSGLVPLSLRGSHMGPMEIYKTVSAWKRQPVRVLS

LFRNIDKVLKSLGFLESGSGSGGGTLKYVEDVTNVVRRDVEKWGPF
DLVYGSTQPLGSSCDRCPGWYMFQFHRILQYALPRQESQRPFFWIFM

DNLLLTEDDQETTTRFLQTEAVTLQDVRGRDYQNAMRVWSNIPGLK

SKHAPLTPKEEEYLQAQVRSRSKLDAPKVDLLVKNCLLPLREYFKYF
SQNSLPLGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPS

EGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKK

YSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALL

FDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFH
RLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTD

KADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQ

LFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLI
ALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYAD

LFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLK

ALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKM
DGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYP

FLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFE

EVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTK

VKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKI
ECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVL

TLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLI

NGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVS
GQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVI

EMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQN

EKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDN

KVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN
LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDEN

DKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAV

VGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFF
YSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKV

LSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYG

GFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPID
FLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELA

LPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISE

FSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAA

FKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKK
KRKV 

112444 
(Mp)M.Mp

eI-Cas 

MNSNKDKIKVIKVFEAFAGIGSQFKALKNIARSKNWEIQHSGMVEW

FVDAIVSYVAIHSKNFNPKIEQLDKDILSISNDSKMPISEYGIKKINNTI
KASYLNYAKKHFNNLFDIKKVNKDNFPKNIDIFTYSFPCQDLSVQGL

QKGIDKELNTRSGLLWEIERILEEIKNSFSKEEMPKYLLMENVKNLLS

HKNKKNYNTWLKQLEKFGYKSKTYLLNSKNFDNCQNRERVFCLSIR

DDYLEKTGFKFKELEKVKNPPKKIKDILVDSSNYKYLNLNKYETTTF
RETKSNIISRSLKNYTTFNSENYVYNINGIGPTLTASGANSRIKIETQQ

GVRYLTPLECFKYMQFDVNDFKKVQSTNLISENKMIYIAGNSIPVKIL



-423- 

EAIFNTLEFVNNEEGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESG
PGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKK

RKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSI

KKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEM

AKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHL
RKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLF

IQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEK

KNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLA
QIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEH

HQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKF

IKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAIL

RRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEE
TITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYF

TVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQL

KEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN
EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGW

GRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKED

IQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGR
HKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPV

ENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFL

KDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLI

TQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRM
NTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHD

AYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKA

TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF
ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDW

DPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSS

FEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGEL
QKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYL

DEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLT

NLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQ

LGGDPKKKRKV 

112545 
(Sm)M.Sss
I-Cas 

MSKVENKTKKLRVFEAFAGIGAQRKALEKVRKDEYEIVGLAEWYVP

AIVMYQAIHNNFHTKLEYKSVSREEMIDYLENKTLSWNSKNPVSNG

YWKRKKDDELKIIYNAIKLSEKEGNIFDIRDLYKRTLKNIDLLTYSFP

CQDLSQQGIQKGMKRGSGTRSGLLWEIERALDSTEKNDLPKYLLME
NVGALLHKKNEEELNQWKQKLESLGYQNSIEVLNAADFGSSQARRR

VFMISTLNEFVELPKGDKKPKSIKKVLNKIVSEKDILNNLLKYNLTEF

KKTKSNINKASLIGYSKFNSEGYVYDPEFTGPTLTASGANSRIKIKDG
SNIRKMNSDETFLYIGFDSQDGKRVNEIEFLTENQKIFVCGNSISVEVL

EAIIDKIGGGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTE

PSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMD
KKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIG

ALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDS

FFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVD

STDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQT
YNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFG

NLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY

ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTL
LKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDF

YPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWN
FEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNEL

TKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFK

KIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDI



-424- 

VLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRK
LINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQV

SGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIV

IEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQ

NEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSID
NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFD

NLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDE

NDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNA
VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYF

FYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRK

VLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKY

GGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPI
DFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNEL

ALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQIS

EFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPA
AFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPK

KKRKV 

112646 
(Hp)M.Hpa

II-Cas 

MKDVLDDNLLEEPAAQYSLFEPESNPNLREKFTFIDLFAGIGGFRIAM

QNLGGKCIFSSEWDEQAQKTYEANFGDLPYGDITLEETKAFIPEKFDI
LCAGFPCQAFSIAGKRGGFEDTRGTLFFDVAEIIRRHQPKAFFLENVK

GLKNHDKGRTLKTILNVLREDLGYFVPEPAIVNAKNFGVPQNRERIY

IVGFHKSTGVNSFSYPEPLDKIVTFADIREEKTVPTKYYLSTQYIDTLR
KHKERHESKGNGFGYEIIPDDGIANAIVVGGMGRERNLVIDHRITDFT

PTTNIKGEVNREGIRKMTPREWARLQGFPDSYVIPVSDASAYKQFGN

SVAVPAIQATGKKILEKLGNLYDGGPSSGAPPPSGGSPAGSPTSTEEG
TSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTS

TEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVL

GNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYL

QEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHE
KYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPD

NSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENL

IAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYD
DDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSAS

MIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGG

ASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQI

HLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRF
AWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVL

PKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIK
DKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMK

QLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQL

IHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVV
DELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKE

LGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDY

DVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNY

WRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITK
HVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVR

EINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMI

AKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGE
IVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDK

LIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKEL

LGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLF

VEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQA
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ENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL
YETRIDLSQLGGDPKKKRKV 

112747 
(Al)M.AluI
-Cas 

MSKANAKYSFVDLFAGIGGFHAALAATGGVCEYAVEIDREAAAVYE

RNWNKPALGDITDDANDEGVTLRGYDGPIDVLTGGFPCQPFSKSGA

QHGMAETRGTLFWNIARIIEEREPTVLILENVRNLVGPRHRHEWLTII
ETLRFFGYEVSGAPAIFSPHLLPAWMGGTPQVRERVFITATLVPERM

RDERIPRTETGEIDAEAIGPKPVATMNDRFPIKKGGTELFHPGDRKSG

WNLLTSGIIREGDPEPSNVDLRLTETETLWIDAWDDLESTIRRATGRP

LEGFPYWADSWTDFRELSRLVVIRGFQAPEREVVGDRKRYVARTDM
PEGFVPASVTRPAIDETLPAWKQSHLRRNYDFFERHFAEVVAWAYR

WGVYTDLFPASRRKLEWQAQDAPRLWDTVMHFRPSGIRAKRPTYL

PALVAITQTSIVGPLERRLSPRETARLQGLPEWFDFGEQRAAATYKQ
MGNGVNVGVVRHILREHVRRDRALLKLTPAGQRIINAVLADEPDAT

VGALGAAEGGPSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTST

EPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVM
DKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLI

GALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDD

SFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLV

DSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQ
TYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLF

GNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQ

YADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLT
LLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILE

KMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQED

FYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPW
NFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNE

LTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYF

KKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILED

IVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSR
KLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQ

VSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENI

VIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL
QNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSI

DNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKF

DNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYD

ENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNA
VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYF

FYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRK

VLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKY
GGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPI

DFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNEL

ALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQIS
EFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPA

AFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPK

KKRKV 

112848 
(Al)M.AluI

-del82-Cas 

MSKANAKYSFVDLFAGIGGFHAALAATGGVCEYAVEIDREAAAVYE
RNWNKPALGDITDDANDEGVTLRGYDGPIDVLTGGFPCQPFSKSGA

QHGMAETRGTLFWNIARIIEEREPTVLILENVRNLVGPRHRHEWLTII

ETLRFFGYEVSGAPAIFSPHLLPAWMGGTPQVRERVFITATLVPERM
RDERSTIRRATGRPLEGFPYWADSWTDFRELSRLVVIRGFQAPEREV

VGDRKRYVARTDMPEGFVPASVTRPAIDETLPAWKQSHLRRNYDFF

ERHFAEVVAWAYRWGVYTDLFPASRRKLEWQAQDAPRLWDTVMH

FRPSGIRAKRPTYLPALVAITQTSIVGPLERRLSPRETARLQGLPEWFD
FGEQRAAATYKQMGNGVNVGVVRHILREHVRRDRALLKLTPAGQR

IINAVLADEPDATVGALGAAEGGPSSGAPPPSGGSPAGSPTSTEEGTS
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ESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTE
PSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLG

NTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQ

EIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEK

YPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNS
DVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIA

QLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDD

LDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMI
KRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGAS

QEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKD

FLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLK
RRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHD

DSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDE

LVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGS
QILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVD

AIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ

LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVA

QILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREIN
NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAK

SEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIV

WDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLI
ARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLG

ITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRML

ASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVE
QHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN

IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE

TRIDLSQLGGDPKKKRKV 

112949 
(Ha)M.Hae

III-Cas 

MNLISLFSGAGGLDLGFQKAGFRIICANEYDKSIWKTYESNHSAKLIK
GDISKISSDEFPKCDGIIGGPPCQSWSEGGSLRGIDDPRGKLFYEYIRIL

KQKKPIFFLAENVKGMMAQRHNKAVQEFIQEFDNAGYDVHIILLNA

NDYGVAQDRKRVFYIGFRKELNINYLPPIPHLIKPTFKDVIWDLKDNP

IPALDKNKTNGNKCIYPNHEYFIGSYSTIFMSRNRVRQWNEPAFTVQ
ASGRQCQLHPQAPVMLKVSKNLNKFVEGKEHLYRRLTVRECARVQ

GFPDDFIFHYESLNDGYKMIGNAVPVNLAYEIAKTIKSALEICKGNGG

PSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPA
GSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGT

NSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE

ATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLI

YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPIN

ASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP

NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNL
SDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLP

EKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVK

LNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI
EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGAS

AQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEG

MRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEI
SGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED

REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ

SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH
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EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYY

LQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSD

KNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERG

GLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV
KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIK

KYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFF

KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNI
VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVA

YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY

KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVN

FLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVIL
ADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDT

TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

113050 

(Ha)M.Hae

III-T29-
Cas 

MNLISLFSGAGGLDLGFQKAGFRIICANEYDKSIWKTYESNHSAKLIK
GDISKISSDEFPKCDGIIGGPPCQSWSEGGSLRGIDDPRGKLFYEYIRIL

KQKKPIFFLAENVKGMMAQRHNKAVQEFIQEFDNAGYDVHIILLNA

NDYGVAQDRKRVFYIGFRKELNINYLPPIPHLIKPTFKDVIWDLKDNP

IPALDKNKTNGNKCIYPNHEYFIGSYSTIFMSANRVRQWNEPAFTVQ
ASGRQCQLHPQAPVMLKVSKLMWKFVEGKEHLYRRLTVRECARVQ

GFPDDFIFHYESLNDGYKMIGNAVPVNLAYEIAKTIKSALEICKGNGG

PSSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPA
GSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGT

NSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE

ATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLI

YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPIN

ASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP

NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNL
SDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLP

EKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVK

LNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI
EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGAS

AQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEG

MRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEI

SGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED
REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ

SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH

EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYY

LQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSD

KNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERG
GLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIK

KYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFF

KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNI
VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVA

YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY

KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVN
FLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVIL

ADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDT

TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

113151 
(Hh)M.Hha

I-Cas 

MIEIKDKQLTGLRFIDLFAGLGGFRLALESCGAECVYSNEWDKYAQE
VYEMNFGEKPEGDITQVNEKTIPDHDILCAGFPCQAFSISGKQKGFED

SRGTLFFDIARIVREKKPKVVFMENVKNFASHDNGNTLEVVKNTMN
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ELDYSFHAKVLNALDYGIPQKRERIYMICFRNDLNIQNFQFPKPFELN
TFVKDLLLPDSEVEHLVIDRKDLVMTNQEIEQTTPKTVRLGIVGKGG

QGERIYSTRGIAITLSAYGGGIFAKTGGYLVNGKTRKLHPRECARVM

GYPDSYKVHPSTSQAYKQFGNSVVINVLQYIAYNIGSSLNFKPYGGP

SSGAPPPSGGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPA
GSPTSTEEGTSTEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGT

NSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAE

ATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLV
EEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLI

YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPIN

ASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTP

NFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNL
SDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLP

EKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVK

LNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI
EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGAS

AQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEG

MRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEI
SGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED

REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ

SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLH

EHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQ
TTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYY

LQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSD

KNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERG
GLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIK

KYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFF
KTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNI

VKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVA

YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGY

KEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVN
FLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVIL

ADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDT

TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

113252 

 

(Ms)M.Ms

pI-Cas 

MKPEILKLIRSKLDLTQKQASEIIEVSDKTWQQWESGKTEMHPAYYS
FLQEKLKDKINFEELSAQKTLQKKIFDKYNQNQITKNAEELAEITHIE

ERKDAYSSDFKFIDLFSGIGGIRQSFEVNGGKCVFSSEIDPFAKFTYYT

NFGVVPFGDITKVEATTIPQHDILCAGFPCQPFSHIGKREGFEHPTQGT
MFHEIVRIIETKKTPVLFLENVPGLINHDDGNTLKVIIETLEDMGYKV

HHTVLDASHFGIPQKRKRFYLVAFLNQNIHFEFPKPPMISKDIGEVLE

SDVTGYSISEHLQKSYLFKKDDGKPSLIDKNTTGAVKTLVSTYHKIQ
RLTGTFVKDGETGIRLLTTNECKAIMGFPKDFVIPVSRTQMYRQMGN

SVVVPVVTKIAEQISLALKTVNQQSPQENFELELVGGPSSGAPPPSGG

SPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTS

TEPSEGSAPGTSTEPSEPKKKRKVMDKKYSIGLAIGTNSVGWAVITD
EYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARR

RYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPI

FGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFR
GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILS

ARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAED

AKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRV
NTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQS

KNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQ

RTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYY
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VGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTN
FDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGE

QKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNAS

LGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTY

AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKS
DGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPA

IKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSR

ERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYV
DQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVP

SEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFI

KRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVS

DFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVY
GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEI

RKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTG

GFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKV
EKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIK

LPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYE

KLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVL
SAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTST

KEVLDATLIHQSITGLYETRIDLSQLGGDPKKKRKV 

113353 
 

(Ai)Masc1-
Cas 

MSERRYEAGMTVALHEGSFLKIQRVYIRQYHADNRREHMLVGPLFR

RTKYLKALSKKVNEVAIVHESIHVPVQDVIGVRELIITNRPFPECRKG
DEHTGRLVCRWVYNLDERAKGREYKKQRYIRRITEAEADPEYRVED

RVLRRRWFQEGYIGDEISYKEHGNGDIVDIRSESPLQVLDGWGGDLV

DLENGEETSIPGPCRSASSYGRLMKPPLAQAADSNTSRKYTFGDTFC
GGGGVSLGARQAGLEVKWAFDMNPNAGANYRRNFPNTDFFLAEAE

QFIQLSVGISQHVDILHLSPPCQTFSRAHTIAGKNDENNEASFFAVVN

LIKAVRPRLFTVEETDGIMDRQSRQFIDTALMGITELGYSFRICVLNAI

EYGVCQNRKRLIIIGAAPGEELPPFPLPTHQDFFSKDPRRDLLPAVTLD
DALSTITPESTDHHLNHVWQPAEWKTPYDAHRPFKNAIRAGGGEYD

IYPDGRRKFTVRELACIQGFPDEYEFVGTLTDKRRIIGNAVPPPLSAAI

MSTLRQWMTEKDFERMEGGPSSGAPPPSGGSPAGSPTSTEEGTSESA
TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAPGTSTEPSE

PKKKRKVMDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGNTD

RHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFS

NEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPT
IYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDV

DKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQL

PGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLD
NLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR

YDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQE

EFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGE
LHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMT

RKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSL

LYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKV

TVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFL
DNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRR

RYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDS

LTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELV
KVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQI

LKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAI

VPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQL
LNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQ

ILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINN

YHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKS


