System 1
pCAG-dCas9TETICD gRNA cloning vector

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT CAATAAT
GACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAA
TGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTICACTCT
CCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTTATTTATTTTT TAATTATT TT GTGCAGCGATGGGGGC CGCGCCAGGCGGGGCGGEGCGGGGCGAGGGGCGGGGCGGE
GCGAGGC GCGGCGGCAGCCAAT GCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGGCGGCGGCCCTAT, GCG. CGCGGCGGGCGGGAGTCGCTGCGTTG
CCTTCGCCCCGTGCCCCGCTCCGCGCCGCCTCGCGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTIGGTTTAATGA
CGGCTCGTTTCTITTCTGTGGCTGCGTGAAAGCCTTAAAGGGCTCCGGG CCTITGTGC 5CGGCTCGGGGGGTGCGTGCGTGTGTGTGTGCGIGGG ‘GCCGCGTGCGGCCCGCGCT
GCCCGGCGGCTGIGAGCGCTGCGGGCECEGCGCGGGGCTITGTGCGCTCCGCGTGTGCGCCAGGGGAGCGUGGCCGGGGECEGTGCCCCGCGGTGL TGCGAGGGGAACAAAGGCTGCGT
GGGGTGTGTGCGT GAGCAGGGGGTGTGGGCGCGGCGGTCGGGCTGT: CCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGGGCGTG
GCGCGGGECTCGCCGTGCCGGGCEGEEGETGGCGGT, CCGGGCEGGGCEGEGCCGCCTCGGGCCY TCGGGGGAGH GCGGCGGCC AGCGCCGGCGGCTGTCGAG
uCuCGGC(:AGCCGCAGCL,ATTGCCTI'TIATGGTAATCGTGCUAGAGGL:CGCAGGGALTTCCHTGTCCCAAATCTGG(‘G(‘ CCGAAATCTGGGAGGCGCCGCCGCACCCCCTCTAGCGGGCGCGGGT!

AGCGGTGCGGCGCCGGCAGGAA ATGGGCH CTTCGTGCGTCGCCGCGCCGCCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGE, GGCTGCCTTCK CGGGG
CAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTTCTTCTT TITCCTACAGCTCCTGGGCAACGTGCTGGTTGTIGTGCTGTCTCATCATTTTGGCAAA
GAATTCTGCAGTCGACGGTACCATGTACCCATACGATGTTCCAGATTACGCTTCGCCGAAGAAAAAGCGCAAGGTCGAAGCGTCCGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTG
GGCTGGGCCGTGATCACCGACGAGTA AAGGTGCCCAGCAAU/\AATTCAAUGTUFTGuuC CACCGACCGGCACAGCATC, “CTGATCGGAGC TGTTCGACAGCGGCGAAACAGCC
GAGGCCACCCGGCTGA CGCCAGAAG. TACACCAGAC! CGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAA
GAGTCCTTCCI'GGTGGA_AGAGGATAAGAAGCACGAGCGGCACC(,CATCTTCGUCAACATLGTGGACGAGGTGGCCI'ACCACGAGAAGTA(LCCACCATCTACCA( CTGAGAAAGAAACTGGTGGA CAGC
ACCGACAAGGCCGACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGG
TGCAGACCTACAACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCG
AGAAGAAGAATGGCCTGTTCGGCAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCT
GGACAACCTGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGCCATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGE
GCCTCTATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGCAGCTGOCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCT
ACATTGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACGGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCT
TCOACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCAT
CCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTT
CATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAATG
AGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAG TCGAGTGCTTCGACTCC
GTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAAT GAGGACATTCTGGAAGATATCGTGC
TGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGCTGAGCC
GGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTTAAAGAGGA

CATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGAAAGT
GATGGGCCGGCACAAGH AATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGG GC
AGCCAGATCCT

C GC lbLA(:AA(,(:A(:AA(:(,l(:lALLlulALlALLl(:(,A(:AAl(x(:(:(,(:(}ﬁAlAl(:lA(,(:l(x(:At,(,Au(:AA(,l(:(:A(,AILAA(,L(:(:(,IblLL(:AL
ACGATGTGGACGCCATCGTGCCTCAGAG "ATCGACAACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCG: GAAG
ATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACK ‘r' 3AAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACT GGATAAGGCCGGCTTCATCAAGAGACAGCTG
GTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGT GTCC
GATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGT

TCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTICTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTAC
CCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCOAGACAAACGGCGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGCATGCCCCAAGTGAATAT

TGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTATCCTGCCCAAG. AGCGATAAGCTGATCGCCAG GACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCC
CCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGH CAAGTCCAAGAAACTGAAGAGTGT GCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCG

ACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGG
GAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGTGGAACAGCACAAGCACTACCT
GGACGAGATCATCGAGCAGATCAGCGAGTTCTC GTGATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCATCAGAGAGCAGGCCGAGAATAT
CATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAGAGGTACACCAGCACCAAAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCA
CCGGOCTGTACGAGACACGGATCGACCTGTCTCAGCTGGGAGGCGACAGCCCCAAGAAGAAGAGAAAGGTGGAGGCCAGCGGTGGOGGAGGATCCGAACTGCCCACCTGCAGCTGTCTTGATCGAGTTA
TACAAAAAGACAAAGGCCCATATTATACACACCTTGGGGCAGGACCAAGTGTTGCTGCTGTCAGGGAAATCATGGAGAATAGGTATGGTCAAAAAGGAAACGCAATAAGGATAGAAATAGTAGTGTACA
CCGGTAAAGAAGGGAAAAGCTCTCATGGGTGTCCAATTGCTAAGTGGGTTTTAAGAAGAAGCAGTGATGAAGAAAAAGTTCTTTGTTTGGTCCGGCAGCGTACAGGCCACCACTGTCCAACTGCTGTGATG
GTGGTGCTCATCATGGTGTGGGATGGCATCCCTCTTCCAATGGCCGACCGGCTATACACAGAGCTCACAGAGAATCTAAAGTCATACAATGGGCACCCTACCGACAGAAGATGCACCCTCAATGAAAATC
GTACCTGTACATGTCAAGGAATTGATCCAGAGACTTGTGGAGCTTCATTCTCTTTTGGCTGTTCATGGAGTATGTACTTTAATGGCTGTAAGTTTGGTAGAAGCCCAAGCCCCAGAAGATTTAGAATTGATCC
AAGCTCTCCCTTACATGAAAAAAACCTTGAAGATAACTTACAGAGTTTGGCTACACGATTAGCTCCAATTTATAAGCAGTATGCTCCAGTAGCTTACCAAAATCAGGTGGAATATGAAAATGTTG CCCGAG
AATGTCGGCTTGGCAGCAAGGAAGGTCGTCCCTTCTCTGGGGTCACTGCTTGCCTGGACTTCTGTGCTCATCCCCACAGGGACATTCACAACATGAATAATGGAAGCACTGTGGTTTGTACCTTAACTCGAG

AAGATAACCGCTCTTTGGGTGTTATTCCTCAAGATGAGCAGCTCCATGTGCTACCTCTTTATAAGCTTTCAGACACAGATGAGTTTGGCTCCAAG GAATGGAAGCCAAGATCAAATCTGGGGCCATC
GAGGTCCTGGCACCCCGCCGCAAAAAAAGAACGTGTTTCACTCAGCCTGTTCCCCGTTCT G. GGGCTGCGATGATGACAGAGGTTCTTGCACATAAGATAAGGGCAGTGGAAAAGAA ACCTA
TTCCCCGAATCAAGCY GAATAACTC; CAACAAACAACAGTAAGCCTTCGTCACTGCCAACCTTAGGGAGTAACACTGAGACCGTGCAACCTGAAGTAAAAAGTGAAACCGAACCCCATTTTAT

CTTAAAAAGTTCAGACAA(‘ACEAA&ALTTA'ITCGCTC:AT\:CCA.TCCGCTC('I'CACCLAGTGAAAGAGGCATCT(,CAGGLTTCI‘(,CTGGTCCCCGAAGALTGLTTCA.GCCALACCA(:LT(CACTGAAGAAT(:
ACGCAACAGCCTCATGCGGGTTITCAG TGT. LGAIL:LLJI AAGACTCAGTGGTGCCAATGCAGCTGCTGCTGATGGCCCTGGCATTTCACAGCTIGGCGAAGTGGLT
¥ TC (:(:‘\(:LLLLI(,AUAAI Li AGCCT CTGGTGTGACTG. ‘GCT G AAA(, ACCA(:(,(,(, T LlLA(,LlLlLC’l

SATGAGCAGCATTCTGAAGCAGATGAGCCT! ATTGCCCCACATTGATGAGTIATTGGTCAGAC
GATGCAAATATTGGTGGGGTGGCCATCGCACCTGCTCACGGCTCGGTT G LrlbLL,L,GGLL-A(:AGCl(:(,ACGCl CCACTCCTGT] [(:A(:LALL,L,(,AALL,(AAAIL,AI
CAACL,CGL,CTCTC(,CTIGTCTHTAFFA(‘«“ CAAAAACCTAAATAAGCCCCAAC TGG‘[TI“IuAACTAAACAAGATTAAGTTI‘GAG

ccC. GTCCAGAACAGTCCTCTGAAGTAAATGAATTGAACCAA., 'ITCC'ITCTCATAAAGCATI'AAL,ATT‘&ACCCATG‘&CAATL:TTGTL,A L,GTGTCL,L,CTTATGCTCTCACAC‘KC‘
GCGGGGCCCTATAACCA'ITGUGTL,TGAGCGGL,CGCGACTCT/\GATCATAATCAGL,L,ATACCACATTIGT/\GAGGTTT[ACTI‘GCTI‘TAAA’\ AACCTCCCACACCTCCCCCTGAACCTGAAACATAAAAT

G T

TAGCATCACAAATTTCACAAATAAAGCATTTTITICACTGCA TICTAGTTGTGGTITUTCCAA/\CTCATCAATG
ATCAGCTCATTITITAACCAATAGGCCGAAATCGGC:

CGTCAAAGGGCG, '(“LJTCI'ATV"AGGGCGATGGLCCACTACGTGAACCAT(AC el (TAATCAAG'ITI‘
CCCCGATTTAGAGCTTGAC ‘CGGCGAACGTGGCG. CGGGCGCTA
GCT |AATG(‘GCCGCTACAGGG(‘G(‘GTCAGGTGG(‘ACTTTI‘CGGGGAAATGTGLG( GGAACCCCTATITG
ATGCTIC. TGTGTGTCAGTTAGGGTGTGGAAA
CCCACvGCTCCCCAGCAGGCAGAAGTATGCAAAG(‘ATG'CATCICAATTACrTCAGCAACCAGGTGTGGA_AAGTCCCCAGGCI'CCCC.-\GCAGGCAG.-\AGTATGC.-\AAGCATGCATCTCAATEAGTCAGCA
ACCATAGTCCCGCCCCTAACI'CCCrCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGC ATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCC
AGAAGTAGTGAGGA TKTGGAG(‘CCTAGGCTTI'T(‘CAAAGATCGATCAAGAGACAGGATGAGGAT(‘GTT[CGCATuATEGAACA-\GATGG TJ'GCACGCAGGTTCTCCGGCCGC’H‘GGGTGGAGA
GG(‘A‘ATT(‘GU(‘TAT(‘A(‘FGGG(‘A(‘AA(‘-\GA(‘AAT(‘GG(‘FG(‘T(‘T(}AT(‘K‘(‘(K CGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAA
GA(‘,GA(‘(‘(‘AG(‘G(‘GUK‘TAT(‘GT(‘K‘/(‘TGG(‘(‘-\(‘GA(‘GGG(‘uTr(‘(‘TF(‘(‘(‘(‘AG(‘F(‘T(‘(‘T(‘GA(‘(‘WOT(‘A(‘TGAAG(‘(‘(‘(‘AAG(‘(‘:A(‘I‘(‘G(‘T(‘(‘TATI‘GGG(‘OAA;.TG(‘(‘GGGG(‘AGGAT(‘T(‘(‘T(‘T(‘AT
CTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCC CCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATG
GAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGOGCCAGCOGAACTGTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGOCT
GCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGC GGCGAA
TGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCA
AC(‘TGCCATCACGAGATTI‘CGATTCCACCGCCGCL’I‘TL’IATGAAAGGTTGGGCT'J‘CGGAAT(‘GT'ITTCCGGGACGCCuGCTGGATGATCCFCCAGCG(‘GGGGATCTCATGCTGGAGTK‘TTCGCCCACCCTA

"AATACCGG, CCGCGCTATGACGGCAAT. GACAGAAT. CGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGG
GCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGOGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGT

CCTGCCATAGCCTCAGGTTACTCATATATACTI TAGATIGATI TAAAACTTCAT! rrNAA'lTM,\AAGGAT( TAGGTGAAGATCCTITITGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTICGTTCCA
CTGAG TAGAAAAGATCAAAGGATCTTCTTGAGATCCTITITITCTGCG AT GCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTIGCCGGATCAAGAGCTACC
AACTCT 1 'AGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCT

TGCTGCT
'AGCCGTAS

CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAA'

ACTGTCCTT L‘l‘AU

GITACCA TALPTOTGTATTACCOGTEaACTOANGAORTACTIACORAATAABC CEAUONGTCLOR A BEGEGATIC T GUMERBAGCECACCTTUGATEOA
ACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGG. GCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCT
TCCAGGGGGAAACGCCTGGTATCTTTATAGT CCTGTCGGGTTICGCCACCTCTGACTTGAGCGTCGATTT TTGTGATGCTCGT GAGCCTAT CCAGCAACGCGGCCTTTTTACG

GTTCCTGGCCTTITGCTGGCCTTTTGCTCACATGTTCTTICCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCAT

Supplementary Figure 1
Design and sequence of system 1 for targeted demethylation.

(a) Design of system 1 for targeted demethylation. TET1CD was fused to a catalytic inactive Cas9 nuclease (dCas9) and expressed
using the CAG promoter (pCAG-dCas9TET1CD). Each gRNA vector was generated by incorporating the target sequence into the
gRNA cloning vector with the U6 promoter (Addgene, 41824) using Gibson assembly (New England BioLabs). (b) Full sequence of
pCAG-dCas9TET1CD.
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a System 2
pCAG-dCas9-10xGCN4_v4 gRNA cloning vector

CC (Y

multi GCN4 L : A~

(5aa Linker) .
| w— — -

PpCAG-scFvGCN4sfGFPTET1CD

LAGTOGCTOCETTECT
P L

COGTOCCCCaoTCCOCaECaECTEGCGO0s
GGGAGIGGCTCEBE6CETICATOCCTBTIT

CCCORETCTRACTGACCG
GOGTOGGGAGCGCCGCaT!

CGCTAC ATATCAASCITGCGOTS TOGGCTO06000T GAC
T\“mxo:‘mc\' CCTGCTCTTCGACAGG: GATCTGCTATCT o

TG ACAAGGECGECAGEGCCCAGAGETTCATCG,
ARAAAGECATCGTGGACCTOCTGTTCAAGACE:

CTTCGATAAGAACCTOCCE AACTAC AGGTOCTGOCCAAGEACAGCCTOCTGTAS GAGTAS
GACOGTGAAGCAGCTG: GACTACTICAAGAAAATCCACTGOTTCBACTCOOTGEAAAY

oA TCACOAO A A ACT ARACCHTCACCOCCTOGANTTICA
(T ACOTGACCGAGGGARTGAGAAAGOCCGOCTTCCTGAR

CCOOGECARGACCEA

ACGOTATOGTGCCT! IO AT A A TGO AT ACAL
CGGLT

CAGAGCTTTC: AACCTGOCCTODEARG AT CTCTCANG AAGATC AAGAACTACT B (GCTGCTBANTGOCAAGCT CATTAL GOAAGTICGACAAT
muummmmmmmmcommwm A

G
TG A TOCCGGATEACACT AT A AL CACAACCACAAN TG ATCCOOGAAGTCAAGTGATCACCCT CANTCCAAGC

A0E
cre

CCACOAGAGCATCACCBGCCTTACGAGATA CGACGOCTAT CAGELTY
GCGGATOCAACGT /ccccoccom(}msm\cr‘vnrccm\GMnm‘cATm“& N OAAGT SO TTAAGAAAGATTET 00 AC

STGCTERACGOCACK
TAGTOGGAGCAAC!

T < T oI r G, o CTTGCT,

TSI TARGCCTTAMATT ST AAGCGTTANTATT TIGTTARAATT
TCCAACGTCAAGOGCGAAAAALC GTCT ATCAGEG COATGGCCCACT

ATTGCASCTTATAATCGTTACAAATAARGE
CCGARTCOGCAAAATCCCTTATARTCAAAAGAAT

AT AATTTCACh AT A AT TTTTCACT AT CTAGTITOOTTTG
AGALCGACATACOUTTCATOTTITICG G

TICOCECARATE AT TACATT: (CTTCAATAATATT G
TCGCCTATGACT TCITT scach
AT AT A GOCOO T T TUO ATOASGATEATCT GO ACCAGAGCATCS TOCCOATATEATS o
TTCATOGACTGTGGOCGGCT G CTATG000GACCGCTATC AGG ACATAGSTTGGCT AL iCOTTCTAT GoACTCT
. e o
ACCACTICAAS FAGCACCGOCTACATACCTCCCTCTG CTTCAGOTAA
CCTACAC AT GAGATACE ‘GTGAGCT; T ACCTCTGACTIGAGE
TAGTTATT TTaccoT. GACGT) (mac . can
™ < TTCCTAC i
{TTTTOTATTTATTTATTTTTTAAT
@mmu;uv G TICTTT s T

{TGAGCAAGGTICOCACCCACE CTGACCEGECT CTGOTGACCGTOAGCAGCTACECATACK
GAGGTCEANGOCOT ASCAAACGAGAAGAACTITT cmA(r\"m‘c((A‘Ancnvr‘)».‘aTr,u«"uf*rGAmﬁMm”wAcm\A"Tncm

AAACGTATTGATT TCTTG
G CCAACG, TISAGTTTG
CTTGATCGAGTT. ATTATACACACCTT:
GTGGAGCT SITTTS6CTE
™ ACTTT, GTTTC o TTTAGAATTE CTTGAAGATAACTTACAGAGTTTGH CTCCAN G
TGTTGCCCS CTTOCITGEAT C TACCTTAACTC GooTGTTAT
GGCARTS: < 2 c. < CTEACTOCCAMCCTTARGEAS AAACOANCDSCATTTTATCTTAAAAAGTT GAT:
COCTGGCATTICACA TAATTCTGAGCCT GCCGCT CCTCTOCTCARGACCTIGECTCTT! .
SATTETOAOCACATOACOCTCCATCASA AATTOCCCCATATTATGASTATTGCTCAGAC TITTEEATOCAAKTAT crce
CACTOCTO AGCACAMALACCTARATAAGCCCCAACATGGTTTTA GATTAAGTTTGAGGS GG
CTTTTTATICCASCTTAT AXTOCTT A ATITEAC AN AT ToTCOTT . TTAA
e o AT AGGGTTCASTOTTGTTCCAGTTT. . c

CATTIGTTTAT

G TOGCATGATTOARC) GCACGCAG CAGAC:

ATABAACECAC
7

AAGTTCGEGTGAAG AGCCTCAGSTTACTCATATATACTTTAGATTGAT 144

AACCGTATTACCGOCATGCAT

Supplementary Figure 2
Design and sequence of system 2 for targeted demethylation.

(a) Design of system 2 for targeted demethylation. dCas9 with ten copies of the GCN4 peptide was expressed using the CAG promoter
(pCAG-dCas9-10xGCN4_v4). The length of the linker separating each 19 aa GCN4 peptide unit of the array was 5 aa. An anti-GCN4
peptide antibody (scFv)-sfGFP-TET1CD fusion protein was expressed using the CAG promoter (pCAG-scFvGCN4sfGFPTET1CD).
Each gRNA vector was generated by incorporating the target sequence into the gRNA cloning vector with the U6 promoter (Addgene,
41824) using Gibson assembly (New England BioLabs). (b) Full sequence of pCAG-dCas9-10xGCN4_v4. (c) Full sequence of
scFvGCN4sfGFPTET1CD.
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pCAG-dCas9-5xPlat2AfID gRNA cloning vector
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TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACT TACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT CAATAATGACGTA,
TGTTCCCATAGTAACGCCAATAGGGAC ATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATG
GCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGT CATCGCTATTACCATGGGTCGAGGTGAGCCCCACGTTCTGCTTCACTCTCCCCATCT CCCTC
CCCACCCCCAATTTTGTATTTATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCGGGGGGGGGGEGGGCGCGCGCCAGECGGEGCGGGGCGGGGCGAGGGGCGGGGCGEGECGAGGCGGAGAGGTGCGGCGG
CAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCGACGGCGACCCTATAAAAAGCGAAGCGCGOGGCGGGCGGGAGTCGCTGCGTTGCCTTCGCCCCGTGOCCCGCTCCGCGCOGE
CTCGOGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTCTCCTCCGGGCTGTAATTAGCGCTTGGTITAATGACGGCTCGTTTCTTITICTGTGGCTGCGTGAAAGCCT

GGGCTCCGH 5GGCCCTTTGTGH GGCTCGGGGGETGCGTGCGTGTGTGTGTGC GGAGCGCCGCETGOGECCCGOGCTGCCCGGCGGCTGTGAGCGCTGCGGGCGCGGCGCGGGGCT
TTGTGCGCTCCGCGTGTGCGCGAGGH GCGGCCGGGEGCGETGCCCCGCGGTG TGCGAGGGG. AGGCTGCGTGCGGGGTGTGTGCGT AGCAGGGGGTGTGEGCGCGGCG
GTCGGGCTGTAACCCCCCCCTGCACCCCCCTCCCCGAGTTGCTGAGCACGGCCCGGCTTCGGGTGCGGGGCTCCGTGCGGEGCGTGGCGCGEGGCTCGCCGTGCCGGGCGGEGEGTGOCOGCAGGTGEGGGTGCCG
GGCGGGGCGGEGECCGCCTCGGGCC TC CGCGGCGG GAGCGCCGGCGGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGG GCGCAGGGA
ClTCCl'll(:lCCCAAATCIG(:LGGAGL‘L'GAAA’IC'IbeGAG(:(,(:LLuLL(:LALLLLLlLlA(:LC:(:(:LUL(:(:(:LuAA(:L(:G’l(:L(:(:(,(:LL SCAGGAAGGAAATGGGCGGGG. TTCGTGUGTCGCCGCGCCG
CCGTCCCCTTCTCCATCTCCAGCCTCGGGGCTGCCGC: GGACGGCTGCCTTC GGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTTCATGCCTT
CTTCTTTTTCCTACAGCTCCTGGGE: A(‘GTG(‘TCGTF(‘TTGTGCF(‘T(‘TCAT(‘ATI‘ITGG(‘AAAGAATF(‘TG(‘AGT(‘GA(‘(‘uTA(‘CG(‘GGGC(‘CCLTAGG(‘TM‘(‘(‘(‘(‘(‘(‘(‘ACC»\TuC(‘ AAGAAGAAGCGCAAGGTG
GGACGCGTCTGCAGGATATCAAGCTTGCGGTACCGOGGGCCCGGGATCGCCACCATGGACAAGAAGTACAGCATCGGCCTGGO! AT(‘(‘(‘(‘A(‘(‘AA(‘T(‘F(‘T(‘(‘u(‘T(‘(‘G(‘(‘(‘TGAT(‘A(‘(‘[‘A(‘GA(}TA(‘AAF(‘TU
ccce, G GC

GATCGGCGCOCTGCTGTTY

CGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGAC Cc'rrccTuGT TAAGAAGCACG. GCGGCACCC

AACATCGTGGAC CTGAGAAAG. "ACAG(‘ACLUACAAGGCCGA& GL,UUCTGATCTATCTGGCV‘CIGGCCCACATGATC

AAGTTCCGGGGCCACTICCTGATCGAGGGCGACCTGAACCCCGACAACAGCGACOTOGACAAGCTGTICATCCAGCTGGTGCAGACCT. CCAGCTGTICG, cC GAC

GCCAAGGCCATCCTGTCTGCCAGACTGAGCAAGAGCAGACG FTGGAAAATCTGATCGCCCAGC]'G(‘F{“F ATGGc(—fcnr GC. r-rGAn-GL~erAGcc-n.chcmALccccMcn-CA

AGCAACTTCGACCTGGCCGAGGH CTGCAGCTGAGC. “TGGACAACCTGCTGG GATCGGUGACCAGTACGCCGAC ACCTGTC

A(,(:(C‘\']‘(,(,'l(:(,TGA(:LGACATCCTGAGAGTGAACALCG‘\(:ATCAL(,AAGG(,(,CC(,(,]‘GA(:LGCCT(TAT(:AT(‘ GATACGACGAGCACCACCAGH A(‘(‘TGA(,(,CT(}(,[GAAAC:CTLT(,(:TGCGG(,AGC‘\G(,T

GCCT TACAAAGAGATTTTCTTCGACC: GCTACGCCGGCTACATCGATGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTG CGGC:

A(‘TG(‘T(‘,UTuAAG(,’FGAA(‘,A(‘.AGAGGA(‘,(‘,T;.(‘,TGCGGAAG(‘A(‘C(‘UA(‘,(‘,TTC(‘A(‘,AAC(‘;,(‘,A(‘CATC(‘ ‘CACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGAAGATTTTTACCCATTCCTG
AAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTC
GAGGAAGTGGTGGACAAGGGCGCCAGCGCCCAG.-\GcTTcATr ‘GAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGT GTACAACGAG

TGAAATACGTGACC T CCGCCTTCCTGAGCGGCGAGE: CCATCGTGGACCTGCTGTTC, CCAACCGGAAAGTGACCGTGAAGCAGCT
c'rrcAAaAA/\AnGAGTGcrnGAcchGTuomATcrccGGcGTGuAAGATLusn'LAAchcnurroauc ACATACCACGATCTGCTG. TTATCAAGGACAAGGACTTCCTGGACAATG CGAG
GACATTCTGGAAGATATCGTGCTGACCCTGACACTGITIGAGGAC TGATCGAGGAACGGCTGAAAACCTATGC CG GTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGC
TGGGGCAGGCTGAGCCGGAAGCTG, CGGC g ‘GGCAAGACAATCCTGGATTTCCTGAAG 'AACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCT
TTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACG: CCAAT C 3GGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGA
AAGTGATGGGCCGGCACAAGH GAACATCGTGATCGAAATGGCCAGAG: cec, G. TGAAGCGGATCGAAGAGGGCAT GAGCTGGGCAG

CCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGT

GGACGCTATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTG

GCGCCAGCTGCTGAATGCCAAGCTGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCAC

AAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTAC
AAA

GCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATC STACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGT GTACGACGTG
CGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTICTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCG

AGACAAACGGCGAAACAGGCGAGATCGTGTGGGATAAGGGCCGGGACTTTGCCACCGTGCGGARAGTGCTGTCTATGCCCC, FTGAATATCGT AAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGT
CTATCCTGCCC, 3GAACAGCGACAAGCTGATCGCCAG, 3 SACTGGGACCCTAAGAAGTACGGCGGCTTCGACAGCCCCAC TATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGCAAGT
CCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCTTCGAGAAGAATCCCATCGACTTTCTGGAAGC (‘ AAGGGCTACAAAGAAGTGAAAAAGGACCTGATCATCAAGCTGC
CTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACCTGGCCAGCCACTATGAGAA
(‘(‘TGAA(‘G(‘(‘T(‘,(‘,CCCGA(‘(‘ATAAT(‘A(‘(‘»’\(‘AA»’\(‘A(‘(‘I'(‘TTT(‘T(‘GAA(‘A[‘(‘A{‘AAA(‘A(‘TA(‘(‘T(‘(‘A(‘(‘A;,AT(‘AT(‘GA(‘( AGATCAGCGAGTTCTCCAAGAGAGTGATCCTGGCCGACGCTAATCTGGACAA

TATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAG
AGGTACACCAGCA(‘V"A AAGAGGTGCTGGACGCCACCCTGATCCACCAGAGCATCACCGG(‘C[GTACGAGACACGuATCGACCTGTCTCAGCTGGGAGGCGACGCCTATCCCTATGACGTGCCCGATTATGCCAGCC
CGGCT C G

CT: CCTCGAAAACG. T ‘c AGGAAGCGG ‘n,c G GGAAGTUGCTCCOGATCTGGAQGTTCEGU(AGCGGAGGTAGLUOCAGTGU( UAAG/\GCTCCTTAUTAAGAAC
TATCATLTEGGAAAATGAGGTAGCL-CGC'H'AAAGAAAGGGTL,L-GGAAGTGGCG\:CAGCGGAAGTGGGAGT
AACGAAGTCGCACGGCTAAAAAAA CGGCT (:AA(:LC:(:(: u

GGTTAAAGAAGGGGAGCGGC] 1(,(:(: G G(:Al CGGH 5

GGGAAGC GGTAGTGGTGGTTCAGGGTCTGG’JTCAGGTGGCAGTGGGTCTGGGGGCTCAGGGTC GGGTAGGCGGCCGCGACTCTAG ATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAAC
CTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATT
CTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAAGGCGTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTT
ATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTA -\TTAAAGAACGTuGACTCCAACGTCAAAGGuCGAAAAACCGTCTATCAGGGCGATGGCCCA CTACGTuAACC
ATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGG CGGCGAACGTGGC!
GAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCG r‘TAC,\GGQCGCGTCAGGTGUCACTTITCGGGL:AAATGTGLULUGAAL,L( cTATrTuTrT
ATTTTTCTAAATACATICAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTICAATAATATIGAA SAAGAGTCCTGAGGCG CCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAA
GICCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA
GICCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGT TCCGCCCATTCT CCGCCCCATGGCTGACTAATTTITI TIATITATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATT CCAGAAGTAGTGAG
GAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGATCGATCAAGAGACAGGATGAGGATCGTTTCGCATGATT GAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTG
GGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGCGCGGCTATCGTGG
CTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCAT

GAGCATCAGGGGCTCGOGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGA AAATGGr‘r‘GCmTr‘rGGAT
TCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCT TGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTIT TCGCCGCTCCCGATTCG
CAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCY TICTATGAAAGGTTGGGCT
TCGGAATCGTTTICCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAGGCTAACT Ct AATACCGGAAGGAACCCGCGCTATGAC
SCAATAAAAAGACAGAATAAAACGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGT CGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTT
CCCCACCCC, ‘CAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGT CGGGGCGGCAGGCCCTGCCATAGCCTCAGGTTACTCATATATACT I TAGATTGATITAAAACT TCATTTTTAATTTAAAAGGATCT
AGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACC
ACTJ‘CAAGAA(‘T(TGTAG(‘ACCu(‘(‘TA(‘ATACCT(‘GCT(TGCTAATCCT(‘TTACCAGTGG(TGCTGCCA(‘TGu(‘GATAA(‘T(‘(‘T(‘T("ITAC(‘GG(‘TTGGACTCAA\GA(‘GATA(‘rTTAC(‘GUATAAGG(‘GCAGCGGT(‘G
CTGAACGGG GGTTCGTuCACACAGCCCAGCTTGGAGCGAACGACCIACACCGA CTGAGATACCTACAGCGTG.
SGTCGGAAC, SGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTC TGACTI'GAG(‘GT GATTI'TI'GTG.-\TGCT TCAG(:GGGGCGGAGCCTATG
GCAAL,L-CCJGCCTTITTACGGTTCCIGUCCTI‘ITGCTGGCCT'ITI‘GCTCACATUTFCTITCCIGCGTTATCL,CCTGATTCIGTGGATAAC( ‘GTATTACCGCCATGCAT

Supplementary Figure 3
Design and sequence of system 3 for targeted demethylation.

(a) Design of system 3 for targeted demethylation. dCas9 with five copies of the GCN4 peptide was expressed using the CAG promoter
(pCAG-dCas9-5xPlat2AfID). The length of the linker separating each 19 aa GCN4 peptide unit of the array was 22 aa. An anti-GCN4
peptide antibody (scFv)-sfGFP-TET1CD fusion protein was expressed using the CAG promoter (pCAG-scFvGCN4sfGFPTET1CD).
Each gRNA vector was generated by incorporating the target sequence into the gRNA cloning vector with the U6 promoter (Addgene:
41824) using Gibson assembly (New England BioLabs). (b) Full sequence of pCAG-dCas9-5xPlat2AfID.
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4  System 4
pCAG-dCas9-3.5xSuper gRNA cloning vector

O Y 2

multi GCN4
(43aa Linker)
) ) )

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGT TCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGT CAATAATGACGTA

TGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACTATITACGGTAAACT GCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATIGACGTCAATGACGGTAAATG
GCCCGCCTGGCATJ'ATGCCCAGTACATGACCT[ATGGGACTI‘TCCTACTIGGC’\GTACATCTACGTATTAL:TCATCGCTATI‘ CCATGGGTCGAGH GTU/\GCCCCAL, TTCTGCTTCACTCICCCCATCTCCCCCCCCTC
CCCACCCCCAATTTTGTATITATTTATTTITTAATTATITTGTGCAGCGATGH AGGCGGGGCGGGGH GGGCGGGGCGGGGCGAGGCG CGG
CAGCCAATCAGAGCGGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCUGGCGGCGGCGECGGCCCTAT. CGAAGCGCGCGGCGGGCGGGAGTCGCTGUGTTGCCTTCGCCCCGTGCCCGH c
CTLGLULLUCLCGLCCCGGLTCTU’\(TGAPL,UL,UTI'ACTL,C AL,AuoTuAscGGchGu/\cGGcccTrcn,crc( GGGCTGTM\TIAL:L,UCITUU‘HTA /\TGALGQCTCGTTICTHTCTGTGGCTGCGTGAAAU( cr
T GCTCC 5GCCCTTTGTG GC GGGGUTGLUJU\,UAL:AUA TGTGC CCGCGTGC m,u Luuux‘u,au GCTGTGAGCGCTGCGGGCGCGGH

GTGCGCGAGGGGAGCGCGGCC Q G GTGC CTGCGAGGGGAACAAAGGCTGCGTGCGGGGTG] GAGCAGGGH Aujuum,m,uuCG
GTCGGGCTGTA A(‘cm,ccccm( ACK CPPLCTCC(,CUAGTIGCT(:AGCACGGLLCGGWITk,GGGTG( G(:GGWTCCGTU( uGGGCGTGGCGCGGGGCTCGCCGTGCCGGGC GGGEGGTGGH ‘CGGCAGG GGGGGTGCCG
GGCGGGH GGCTGTCGAGGCGCGGCGAGCCGCAGCCATTGCCTTTTATGGTAATCGTGCGAGAGGGCGCAGGGA

GCGGGGCCGCCTCGGOCCGEGGAGGGCTCGEGEGAGGGECECGGCGECCCCGRAGH GGC
C'JTCCTH'GTCCCAAATCTGGPUGAGCCGAAATCI‘GGGAUUCGCCGC(GCACCCLA‘ICTAGCGGGV"GCGGGCGAAGk‘GuTGPGu(GC((r‘v(‘ TGGGC CTTCGTGCGTCGCCGCGCCG
CCGTCCCCTICTCCATCTCCAGCCTCGEGGCTGCOGCAGGGOGACGGCTGC GGGGCAGGGCGGGGTTCGGCTTCTGGCGTGTGACCGGCGGCTCTAGAGCCTCTGCTAACCATGTICATGCCTT
CTTCTITITCCTACAGCTCCTGGGCAACGTGCTGGTTGTTGTGCTGTCTCATC AT'ITTGGCAAAGAATL‘ AGTCGACGGTACCGCGGGCCCCCTAGGCTACGCGCGCCACCATGCCCAAGAAGAAGCGCAAGGTG
GGACGCGTCTGCAGGATATCAAGCTTGCGGTACCGCGGGC! ATCGC(ACCATGGACAAGAAGTACAG(‘ATLGL\'CCTGGLCATCGGCAU‘AACTCTGTGGGCTGGGCCGTGATCAC(GACGAGTAFAAGGTG
CccAGcAAGAAATrcAAGGTGchGGcAA(ACCGACCGGCACAGCATCAAGAA A GCCC G ‘PLACCCO A
CACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCTTCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTT CACA CTe 2 CLTT ) SCGGCAS
CATCTTCGGCAACATCGTGGACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTACCA TGGTGG. ACCTGCGGCTGATCEATCTGuCCCTGGCCCACATGATC
AAGTTCCGGGGCCACTTCCTGATCGAGGGCGACCTGAACCCCGACAACAGCGA ‘CI'ACAACCAGCTGTTCGAGGAAAACCCCATC CGCCAGH TGGAS
A CTGTCT GGAAAATCTGATCGH GCT GCAACCTGATTGCCCTGAGH GGGCCTGACCCCCAACT CA
AGAGCAACTTCGACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACC GAcGAcGAcchGAcAAccTGchGc ‘CAGATCGGCGACCAGTACGCCGACCTGTTT CAAGAACCTGTCCA
GCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGC CC CTGAAAGCTCTCGTGCGGCAGCAGCT
J CcC. GCTACGCCGGCTACATCGATGGCGGAGCC, AGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGACG GCACCGAGGA
ACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACK CACGCCATTCTGCGGCGGCAS ATTTTTA TTCCTG

C GAGAS C AAGATT
AAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCGAGGAAACCATCACCCCCTGGAACTTC
GAGGAAGTGGTGGACAAGGGOGOCAGOGCCCAGAGCTTCATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGCCTGCTGTACGAGTACTTCACCGT GTACAACGAG
CTGACCAAAGTGAAATACGTGACCGAGGGAATGAGAAAGCCCGOCTTCCTGAGCGGOGAGCAGAAAAAAGCCATCGTGGACCTGCTGTTCAAGACCAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTA
X “TCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGCTGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAG
GACATTCTGGAAGATATCGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCCCACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGE
TGGGGCAGGCTGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCTGAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGA CAGCCTGACCT
TTAAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCAATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCTCGTGA
AAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAGACCACCCAGAAGGGACAGA AGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAGAGCTGGGCAG
CAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGGCTGTCCGACTACGATGT
GGACGCTATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGATAACAAAGTGCTGACTCGGAGCGACAAGAACCGGGGCAAGAGCGACAACGTGOCCTCCGAAGAGGTCGTGAAGAAGATGAAGAACTACTG
GCGCCAGCTGCTGAATGCCAAGCTGATTACCCAGAGGAAGTTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCAAGAGACAGCTGGTGGAAACCCGGCAGATCAC
AAAGCACGTGGCACAGATCCTGGACTCCCGGATGAACACTAAGTACGACGAGAACGACAAACTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCCAAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTAC
AAAGTGCGCGAGATCAACAACTACCACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAAGCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTG
CGGAAGATGATCGCCAAGAGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTTTCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCG
AGA(‘AA"\CGGCGAAACAGGCGAGATCGTGTGGGAT GGGCCGGGACTTTGCCACCGTGCGGAAAGTGCTGTCTATGCCCCAAGTGAATATCGT CCGAGGTG CAGGCGGCTTCAGCAAAGAGT
CTATCCTGCC CGACAAGCTGATCGCCAG, G TGGGACCCTAA\GAAGTACGGCGGCTTCGACAG(‘(‘CCACCGTGGCCTATI‘CTGTGCI'GGTGGTGGCCAAAGTGGAAAAGGGCAAGT
CCAAGAA‘\CTGA‘\GAGTGTGAAQGAGCTGCTGGGGATCAC(‘ATCATGGAQAGAAG(‘AGCFTCuAGAAGAATCCCATCGA(TTFCT(‘(‘ GCCAAGGGCTAC, CCTGATCATCAAGCTGC
CTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCTGCCGGCGAACTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAL ATATGTGAACTT(‘CTGT ACCTGGCCAGCCACTATGAGAA
GCTGAAGGGCTCCCCCGAGGATAATG. GAAACAGCTGTTTGTGGAACAGCACAAACACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCH GAGTGATCCTGGCCGACGCTAATCTGGACAA
GGTGCTGAGCGCCTACAACAAGC: GACAAGCCTATCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTGCCGCCTTCAAGTACTTTGACACCACCATCGACCGGAAG
AGGTACAL,CAuCAL(AAAGAGGTGCTGGA(GC(‘ CCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGG: TCGACCTGT(‘I‘CAGCTGGGAGGCGAC(:CCTAT(,CCTATGACGTGCCCGA[TATGCCAGCC
GGGCAGCGGCTCCCCC, GGTGGAAGATCCTAAGA GGAAAGTGGACGGCATTGGTAGTGGGAGCAACGGCAGCAGCGGAT CGGTCCGACTGACGCCGC GGAACTC
CTATCAAAGAATTATCACTTGGAAA. r~ TGGCTAGACT GGGGTCGGGAAGCGGAGGTAGTGGGTCTY 3AAGCGGATCAGGAGGTAGCGGCTCCGGCGG. TCG(:GTGGGTCCGG(‘I‘CA(:(:(
ATCGGGITCIGGGGGGTCAGGTICAGGTGOATCTGGTTCCGGCGAAGAACTCCTTICCAAGAACTACCATTIGGAGAATGAAGTGGCCAGACTCAAGAAAGGGAGCGGGTCCGGTGGCTCCGGAT CIGGTGGATCG
I i rc 3 3CGGCTCTGGCGGCTCAGGGTCG 'ACT Y
T

"GTTCCAGT

TT GCCGTAAAGCACTAAATCGGAACCCT T TIGACGH AGCCGGCGAACG
(:A(:LUGGLGCJA(:(:G(,(:(,IG(:(,AAU!(:IA(;\,(;GI(‘ CGCTGCGCGTAACCACCACACC CTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTIGTTT
ATTTTICTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTICAATAATATTGAAAAAGG: GTCCTGAGGC! ACCAGCTGTGGAATGTGTGTCAGT TAGGGTGIGGAAA
GTCCCCAGGCTCCCCAGCAGGCAGAAGTATGC, TGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCC GCTCCCCAGCAGGCAGAAGTATGC, CATGCATCTCAATTAGT CAGCAACCATA

GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATT TITT TTATT TATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAG
GAGGCTTTITIGGAGGCCTAGGCTITIGCAAAGATCGATCAAGAGACAGGATGAGGAT CGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTG
GGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTITGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGCGCGGCTATCGTGG
CTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGT TGICACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGAT CTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCAT
CATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAA
GAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCOATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTICTGGAT
TCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATT GCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCG
CAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTICTGAGCGGGACTCTGGGGTTCGAAATGACCGACC, AAGCGACGLCCAALCTGCCATCACUAGATTICGATTCLAL,L,uk,LuL,CTTCIATGAAAUGTIGGGCT
TCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCT CTAACTGAAACAC G, CCGGAAGGAACCCGCGCTATGAC
GGCAATAAAAAGACAGAATAAAACGCACGGTGTTGGGTCGTTTGITCATAAACGCGGGGTTCGGTC LAUGGCTUGCALI TGTCGATACCCCACCG., ‘\rrPL,ATrrma“‘ TACGCCCGCGTTTCTTCCTTTT
“CCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCH GGCCC GCCATAGCCTLAGGTIACT(AT/\TATACTTEAGATTGA'ITT/\1\AACTTCA1TH‘I'1\ATTIAAAAUQAT(T
AGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTICTGH
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAA TCTTlTl'lZICGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACI‘GT(ZICITCTAGTGTAU

ACTECAAGAACTCTGTAGCACCGCCTA(‘ATA(fCl'(‘GCTCTGCTAATCCTGTI‘A(T GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCG
TGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGC

GGCAGGGTCGGAAC, FAGCGCACK CTTCCAGH GCCTGL:TATCT'JTATAGTCLTGTCGGGTT[CGCCACCTCEGACTTGAG(‘GTCGATTTI‘TGTUATGCTCGT(‘AGGGGGGCGGAGCCTATG
GAAAAACGCCAGCAACGCGGCCTTTITACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTICTITCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCAT

Supplementary Figure 4
Design and sequence of system 4 for targeted demethylation.

(a) Design of system 4 for targeted demethylation. dCas9 with four copies of the GCN4 peptide was expressed using the CAG promoter
(pCAG-dCas9-3.5xSuper). The length of the linker separating each 19 aa GCN4 peptide unit of the array was 43 aa. An anti-GCN4
peptide antibody (scFv)-sfGFP-TET1CD fusion protein was expressed using the CAG promoter (pCAG-scFvGCN4sfGFPTET1CD).
Each gRNA vector was generated by incorporating the target sequence into the gRNA cloning vector with the U6 promoter (Addgene:
41824) using Gibson assembly (New England BioLabs). (b) Full sequence of pCAG-dCas9-3.5xSuper.
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Supplementary Figure 5
Validation of linker length and specificity of demethylation.

(a) The length of the linker separating each GCN4 peptide unit of the array fused to dCas9 is important for maximization of the
demethylation activity. There are two possibilities to explain this. If the linker is too short, there is only a small amount of space for
antibody-TET1CD fusion proteins to approach and bind to the GCN4 peptide array, resulting in poor demethylation activity (possibility
1). Alternatively, the amount of space is too small for antibody-TET1CD fusion proteins to work properly, resulting in poor demethylation
activity (possibility 2). (b) Co-IP of the Cas9-peptide array and antibody-sfGFP-TET1CD fusion protein (systems 2—4). The Cas9-
peptide array (with a HA tag) was immunoprecipitated with anti-HA magnetic beads and subjected to western blot analysis. The amount
of co-immunoprecipitated antibody-sfGFP-TET1CD fusion protein (vector lacking the HA tag was used in this case) was quantified by
western blotting with an anti-GFP antibody and normalized by the amount of the Cas9-peptide array quantified by western blotting with
an anti-HA antibody. Normalized values are shown in the bar graph. Data are shown as the mean + s.e.m. Statistical analyses were
performed using an ANOVA with Tukey’s post-hoc test (N.S., not significant (p > 0.05)). (c) Demethylation activities of system 3
(dCas9-GCN4 and scFV-GFP-TET1CD), that with catalytic inactive TET1 (H1671Y, D1673A), that without scFv-GFP-TET1CD, and that
without dCas9-GCN4. Demethylation of the STAT3-binding site was analyzed by COBRA. The gRNA used was target 2 of Gfap.
Demethylation was analyzed as in Figure 1c. Data are shown as the mean + s.e.m. (n = 3 from two independent experiments). The two-
sided Student’s t-test was performed. ***P < 0.005.
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Supplementary Figure 6
Quantification of the viability of ESCs into which systems 2, 3, and 4 were introduced.

(a) ESCs were transfected with the Gfap_2 gRNA using systems 2, 3, and 4. Two days after transfection, ESCs were stained with PI,
and cell viability was quantified using a FACSVerse flow cytometer (BD Biosciences) with a 488-nm blue laser. Cells were categorized
into four groups based on dye uptake and GFP signals. Quadrant UL shows Pl-negative/GFP-positive cells, quadrant UR shows
PI/GFP-positive cells, quadrant LL shows PIl/GFP-negative cells, and quadrant LR shows Pl-positive/GFP-negative cells. (b) The
population of Pl-positive cells among GFP-positive cells was compared among the systems. Data are shown as the mean +s.e.m (n=
3 from two independent experiments). Statistical analyses were performed using an ANOVA with Tukey’s post-hoc test (N.S., not
significant (p > 0.05)).
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Supplementary Figure 7

Design and sequence of the all-in-one system for targeted demethylation.

(a) Design of the all-in-one system for targeted demethylation. This vector included the gRNA under the control of the U6 promoter,
dCas9 with the GCN4 array (system 3), and the antibody-TET1CD fusion protein. Cloning was performed by linearization of an Af/ Il site
and Gibson assembly-mediated incorporation of the gRNA insert fragment. (b) Full sequence of pPlatTET-gRNA2.
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Supplementary Figure 8
Methylation surrounding the target site.

ESCs transfected with Gfap gRNA (Gfap_2) or a control using systems 2, 3 (same as Figure 1f), and 4 were sorted to isolate GFP-
expressing cells, and methylation in the surrounding area was analyzed using bisulfite sequencing. Methylation for active and
catalytically-dead TET1 is shown. Black/white circles indicate the percentage of methylation in each CpG site. Black indicates the
methylation percentage. Each number beneath the circles indicates the position. The red bar indicates the STAT3-binding site. The
blue bar indicates the target site. A scale is provided at the bottom. For each group, at least 14 randomly selected clones were
sequenced and analyzed. The statistical significance between the two groups of the entire set of CpG sites was evaluated with the
Mann-Whitney U-test (also called the Wilcoxon rank-sum test).
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Supplementary Figure 9
Off-target analysis and genome-wide analysis of DNA methylation and gene expression.

(a) Methylation surrounding the off-target sites of the Gfap_2 gRNA. ESCs were transfected with this gRNA or a control using system 3,
sorted, and analyzed for methylation in the area surrounding off-target sites by bisulfite sequencing. Matched sequences are written in
red and mismatched sequences are written in black. Red bars indicate the homologous sequence to the Gfap target sites. Black/white
circles indicate the percentage of methylation in each CpG site. Black indicates the methylation percentage. Each number beneath the
circles indicates the position. A scale is provided at the bottom. For each group, at least 14 randomly selected clones were sequenced
and analyzed. The statistical significance between the two groups of the entire set of CpG sites was evaluated with the Mann-Whitney
U-test (also called the Wilcoxon rank-sum test). (b) BS-seq analysis of ESCs that were transfected with the all-in-one vector targeting
Gfap (samples 1 and 3) or control (samples 2 and 4). Vectors with active (samples 1 and 2) or catalytically-dead (samples 3 and 4)
TET1 were used. Sample 1 and 2 was mixed and randomly divided in half to generate samples a and b. Scatter plots of 1 vs. 2, 3 vs. 4,
1 vs. 3, and a vs. b are shown, along with the correlation coefficients. Each red line indicates the regression line of each sample. (c)
BS-seq methylation landscape of the Gfap gene in samples 1-4. The STAT3-binding site and corresponding methylation are indicated
by a pink bar and a pink square, respectively. (d) RNA-seq analysis of the same samples as in Supplementary Figure 9b. Scatter plots
of 1vs. 2, 3 vs. 4, and 1 vs. 3 are shown, along with the correlation coefficients.
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Supplementary Figure 10
Methylation surrounding the H19 DMR CTCF-binding sites (m1 and m2).

ESCs were transfected with H19 DMR_2 gRNA using system 3, sorted, and analyzed for methylation in the area surrounding target site
2 by bisulfite sequencing. Methylation for active and catalytically-dead TET1 is shown. Black/white circles indicate the percentage of
methylation in each CpG site. Black indicates the methylation percentage. Each number beneath the circles indicates the position. Red
bars indicate the CTCF-binding sites (m1 and m2). The blue bar indicates the position of target 2. A scale is provided at the bottom. For
each group, at least 14 randomly selected clones were sequenced and analyzed. The statistical significance between the two groups of
the entire set of CpG sites was evaluated with the Mann-Whitney U-test (also called the Wilcoxon rank-sum test).
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Supplementary Figure 11
Methylation surrounding the off-target sites of the HI9DMR 1-4 gRNAs.

ESCs were transfected with these gRNAs using system 3, sorted, and analyzed for methylation in the area surrounding off-target sites
by bisulfite sequencing. Matched sequences are written in red and mismatched sequences are written in black. Red bars indicate the
homologous sequence to the H719 target sites. Black/white circles indicate the percentage of methylation in each CpG site. Black
indicates the methylation percentage. Each number beneath the circles indicates the position. A scale is provided at the bottom. For
each group, at least 14 randomly selected clones were sequenced and analyzed. The statistical significance between the two groups of
the entire set of CpG sites was evaluated with the Mann-Whitney U-test (also called the Wilcoxon rank-sum test).
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Supplementary Figure 12
Expression and methylation analysis of methylation-edited cells.

(a) Expression analysis of methylation-edited cells. Cells were transfected with gRNAs for RHOXF2B, CARD9, SH3BP2, or CNKSR1
using system 3 with active or catalytically-dead TET1CD. The cells were sorted and analyzed for expression by quantitative PCR. Data
are shown as the mean £ s.e.m. (n = 3 from two independent experiments). The two-sided Student’s t-test was performed. N.S., not
significant; **P < 0.01; ***P < 0.005. (b) Demethylation of the RHOXF2B, CARD9, SH3BP2, and CNKSR1 genes in human cells using
system 3 with sorting. Demethylation activities for active and catalytically-dead TET1 are shown. Demethylation was analyzed as in
Figure 1c. Data are shown as the mean * s.e.m. (n = 3 from two independent experiments). The two-sided Student’s t-test was
performed. N.S., not significant; ***P < 0.005.
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Supplementary Figure 13
E18 brain sections that were electroporated with the vector targeting Gfap or the control vector at E14.

(a) E18 brain sections that were electroporated with the vector targeting Gfap or the control vector at E14. Brain sections obtained
using catalytically-dead TET1 are also shown. Green, red, and blue indicate GFP, GFAP, and Hoechst, respectively. Magnified images
of the boxed areas indicated are also shown in 1, 2, 1’, and 2’, respectively. The population of GFAP-positive cells among GFP-positive
cells was significantly increased compared to the control. A scale bar is provided in the image. (b) The percentage of GFAP-positive
cells among GFP-positive cells. The results obtained using catalytically-dead TET1 are also shown. Cortical sections at the same
anatomical level were analyzed, and confocal images were taken with a confocal microscope. To assess astrocyte differentiation, at
least 300 GFP-positive cells per sample (n=4—6 brains per group) were counted. GFAP-positive cells among GFP-positive cells were
counted in high-magnification images, and each GFAP-positive cell was identified by GFAP staining around the nucleus, as indicated
by both GFP and Hoechst. Data are shown as the mean * s.e.m. Statistical analyses were performed using an ANOVA with Tukey’'s
post-hoc test (*p < 0.05, **p < 0.01, ***p < 0.001). (c) DNA methylation of the Gfap locus in GFP-positive cells in fetal brains that were
electroporated with the vector targeting Gfap (Gfap_2, Gfap_3, and Gfap_0) or the control vector. The results obtained with
catalytically-dead TET1 are also shown. GFP-positive cells were electroporated with the vectors at E14. At 24 h after electroporation,
GFP-positive cells were sorted by FACS and used for DNA methylation analysis. The average methylation of CpGs at the Gfap locus
analyzed by bisulfite sequencing is presented. At least three samples were used for analysis. Data are shown as the mean + s.e.m.
Statistical analyses were performed using an ANOVA with Tukey's post-hoc test (*p < 0.05).
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Supplementary Figure 14

Luciferase reporter assay of the Gfap promoter.

A neural progenitor cell line from adult rat hippocampus (HCN cells) was co-transfected with the all-in-one vector (expressing gRNA for
the control or Gfap locus) and a Gfap promoter-reporter plasmid, which expresses firefly luciferase under the regulation of the 2.6 kb
Gfap promoter. The reporter assay using catalytically-dead TET1 is also shown. As an internal control, the sea pansy luciferase-
expressing vector under the control of the human elongation factor-1a promoter was also co-transfected. One day after transfection,
cells were stimulated with LIF (50 ng/ml) for 8 h and used for luciferase analysis. Firefly luciferase activities were determined by three
independent transfections and normalized by comparison with Renilla luciferase activities as the internal control. Data are shown as the
mean * s.e.m. Statistical analyses were performed using an ANOVA with Tukey’s post-hoc test (*p < 0.05). ns, not significant (p >

0.05).
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Flowchart of selection of off-targets for BS-Seq analysis
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Supplementary Figure 15
A flowchart of the selection of off-target sites for bisulfite sequencing analysis.

Off-targets sites were searched for using a web tool called CRISPR direct (http://crispr.dbcls.jp/). By using this tool, the 12 bases in the
3’ region of the target sequence adjacent to the PAM were searched against the genome because this region contains critical residues
determining target specificity. Next, the sites unsuitable for analysis (sequences containing repeats and those giving no PCR primers by
Meth Primer (http://www.urogene.org/methprimer/) in the default condition except for the product size) were removed. As for the off-
target analysis of Gfap, all these sites were selected and subjected to off-target analysis. As for the off-targets of H79, at least all the
off-targets in which more than 16 of 20 bases match were selected. If there were fewer than three selected sites, sites of lower
homology were selected.
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Target sequences

Target name

Target sequence

Methylation-sensitive site near the targets

Gfap 0 GTGAGACCACCTTCTGCCTCTGG Gfap STAT3-binding site

Gfap 1 ATAGACATAATGGTCAGGGGTGG Gfap STAT3-binding site

Gfap 2 GGATGCCAGGATGTCAGCCCCGG Gfap STAT3-binding site

Gfap 3 ATATGGCAAGGGCAGCCCCGTGG Gfap STAT3-binding site
H19DMR 1 GTGGGGGGGCTCTTTAGGTTTGG H19 DMR CTCF-binding site 1
H19DMR 2 ACCCTGGTCTTTACACACAAAGG H19 DMR CTCF-binding site 2
H19DMR 3 GAAGCTGTTATGTGCAACAAGGG H19 DMR CTCF-binding site 3
H19DMR 4 CAGATTTGGCTATAGCTAAATGG H19 DMR CTCF-binding site 4
RHOXF2B GCTTGGCCTTGCCCGGATGAGGG RHOXF2B promoter

CARD9 TGGGAGCAGCTTTCCTCTGGAGG CARD9 promoter

SH3BP2 TGAGGTCCTGAAAGCTGCCTGGG SH3BP2 promoter

CNKSR1 TGTGAGCCCAGGTATGCAGTAGG CNKSR1 promoter

PAM sequences are indicated in red.

Sequences of unrelated gRNAs

Target name gRNA sequence

UR 1 CCATTATTGCATTAATCTGA
UR 2 TAATGCAGCCAGAAAATGAC
UR 3 TCAGGGATCAAATTCTGAGC




COBRA primer sequences

Primer name Primer sequence Restriction enzyme Methylation-sensitive site near the targets
GfapSTAT3-B1 GTTGAAGATTTGGTAGTGTTGAGTT Hpy188lII Gfap STAT3-binding site
GfapSTAT3-B2 TAAAACATATAACAAAAACAACCCC

H19DMR-B1 AAGGAGATTATGTTTTATTTTTGGA BstUI H19 DMR CTCF-binding site 1
H19DMR-B2 AAAAAAACTCAATCAATTACAATCC

H19DMR-B1 AAGGAGATTATGTTTTATTTTTGGA Rsal H19 DMR CTCF-binding site 2
H19DMR-B2 AAAAAAACTCAATCAATTACAATCC

H19DMR-B3 GGGTTTTTTTGGTTATTGAATTTTAA BstUI H19 DMR CTCF-binding site 3
H19DMR-B4 AATACACACATCTTACCACCCCTATA

H19DMR-B5 TTTTTGGGTAGTTTTTTTAGTTTTG BstUI H19 DMR CTCF-binding site 4
H19DMR-B6 ACACAAATACCTAATCCCTTTATTAAAC

RHOXF2B-B1 GTTATAAAATGGGTTTGTATAATTTAGTAT BstUI RHOXF2B promoter
RHOXF2B-B2 AAAACCTCCTCTCTTACTTTTCTACTTC

CARD9-B3 GGTTATTAGGGATTGTTTTTTTGTG Aci | CARD9 promoter

CARD9-B4 ATCTTCCAAAAACCACCTACACTAC

SH3BP2-B1 TTATAGGGTAGAAGGTAGGAAGTGT Aci | SH3BP2 promoter

SH3BP2-B2 ATCTCCCAAACATATAAAACCTAAC

CNKSR1-B1 TTTTTTTAGGTTTGGGTTTTGG Taq | CNKSR1 promoter
CNKSR1-B2 AATAACCCACCCACCTTAACTTC

Nature Biotechnology: doi:10.1038/nbt.3658




Bisulfite sequencing PCR primer sequences

Primer name

Primer sequence

Methylation-sensitive site near the targets

GfapSTAT3-B3

TTGGTTAGTTTTTAGGATTTTTTTT

GfapSTAT3-B4

AAAACTTCAAACCCATCTATCTCTTC

Gfap STAT3-binding site (ES)

GFmS

GGGATTTATTAGGAGAATTTTAGTAAGTAG

Gfap STAT3-binding site (primary culture)

GFmMAS TCTACCCATACTTAAACTTCTAA TATCTAC

H19DMR-B1 AAGGAGATTATGTTTTATTTTTGGA H19 DMR CTCF-binding site 1
H19DMR-B2 AAAAAAACTCAATCAATTACAATCC

Gfap_0O1B1 TTGTAAAGGTAGGATTAATAAGGGAATT Gfap off-target site 1
Gfap_01B2 AAAAAAAACCCTTCAAAAAAAATCTA

Gfap_02B1 TTATTATTTATATTTGGAGGGAGGG Gfap off-target site 2
Gfap_02B2 ATTACACCAAAAAAATTTTAAAAAC

Gfap_03B1 TTTAAATTTTTTTATGTGAATATGG Gfap off-target site 3
Gfap_03B2 AAACATTTAATTCATTAATACACAC

Gfap_04B1 TTTTAAGTTTTTAGGATGAGAAAGA Gfap off-target site 4
Gfap_04B2 AAAATTATTTCCAATAAACTACCCC

Gfap_0O5B1 ATTATTTTTGTGGATTGTTTTAGGG Gfap off-target site 5
Gfap_0O5B2 AACCACCAAAAATTACATAAACTCC

Gfap_06B1 TGGGAGAAGTTTTTAGGAGTATGAG Gfap off-target site 6
Gfap_06B2 ACAAATAAAAAAACCACAAAAAAACA

Gfap_O7B1 TTAGTTTGGAATTTTGAGGTTAGTAGTTT Gfap off-target site 7
Gfap_07B2 AAACATCTTACAATACAATAAACATTTACA

Gfap_08B1 TGTTTATTTTAAGGTAATAAAGATTTAGT Gfap off-target site 8
Gfap_08B2 ATAAAATTATCAAATCTCCATATATTACTT

Gfap_09B1 TGTTGTTGTAAGTTAGGGGTAGGTT Gfap off-target site 9
Gfap_09B2 ATTTTCCCACCACACTAAAAATTAC

Gfap_010B1 TTGTATTTTTTTAGGGTTGTTTTTTAATT Gfap off-target site 10
Gfap_010B2 CACACATACCAAAATATACCAATCAC

H19DMR10T1-B1

GAGGGTATTGTATATTTGAAGGAGTTT

H19DMR10T1-B2

AATTCTAAAAAACAACAAACTTATCTCACT

H19DMR1 off-target site 1

H19DMR10T2-B1

TTTTTTTTGTTAAAGGTAAGGAAA

H19DMR10T2-B2

CAACAAAACCATCATAACCTACAAA

H19DMR1 off-target site 2

H19DMR10T3-B1

TGTTATTTTTGAGTTTTAATAGTTTTAGAA

H19DMR10T3-B2

ATAAACCCCAACCTAAAAAACAAAC

H19DMR1 off-target site 3

H19DMR20T1-B1

TTTTTTTATTATGTGGTTTAAGTT

H19DMR20T1-B2

ATACAAATTCAAAAAACATTTC

H19DMR?2 off-target site 1

H19DMR20T2-B1

GATGTTATTGTTTGTTTTTTAAGAT

H19DMR20T2-B2

TTTCCAAAATTAATTTAAACCTC

H19DMR?2 off-target site 2

H19DMR20T3-B1

TTAATAGATTATTTTTTGAATTAAAT

H19DMR20T3-B2

CTAATCACTATACTATATCTCACTAAAATT

H19DMR?2 off-target site 3

H19DMR30T1-B1

GGATATTATTATTAATGTTTTAAGTATAA

H19DMR30T1-B2

CATTATATTACTTATCTATTTCCCC

H19DMR3 off-target site 1

H19DMR30T2-B1

TATTAAAGTTTAGTTGGTTTTTTTT

H19DMR30T2-B2

ACACACCATTATTACACATACTAAA

H19DMR3 off-target site 2

H19DMR30T3-B1

TTTGTTTTAGGAATTTTTGTGAAAAAT

H19DMR30T3-B2

TAATACCAAACAACCAAAATATCCC

H19DMR3 off-target site 3

H19DMR40T1-B1

AAATTAGTTTTATTTTGTTTTAAGTTT

H19DMR40T1-B2

TTATATTAAAATTCAATACTCTTAACAATT

H19DMR3 off-target site 1

H19DMR40T2-B1

ATAGGGTTTGGGATGAAATATTATG

H19DMR40T2-B2

ATCTCATTACTACTCACACATCAAAA

H19DMR3 off-target site 2




gPCR primer sequences

Primer name Primer sequence Analysis

GfapEx1S-1 GGAGAGGGACAACTTTGCAC Gfap expression analysis
GfapEx2AS-1 ATACGCAGCCAGGTTGTTCT

RHOXF2B-3 GGCAAGAAGCATGAATGTGA RHOXF2B expression analysis
RHOXF2B-4 TGTCTCCTCCATTTGGCTCT

H19Ex4,5-S1 TACCTGCCTCAGGAATCTGC H19 expression analysis
H19Ex4,5-AS1 GTTGGCCATGAAGATGGATT

Mus18S-S1 CCCGAAGCGTTTACTTTGAA Normalization for expression in ESCs
Mus18S-AS1 CCCTCTTAATCATGGCCTCA

ACTB sense GATGCAGAAGGAGATCACTGC Normalization for expression in HEK293
ACTB antisense GTACTTGCGCTCAGGAGGAG

CARD?9-1 CAGGCTCCTGGTGTGTCTG CARD? expression analysis
CARD9-2 CTCCAGCACTCGTCATCGT

SH3BP2-1 ATGTGTTGGGTCAGCACCA SH3BP2 expression analysis
SH3BP2-2 CAGGCATGGTTAGCAGGTTC

CNKSR1-1 GGCAAAACAGGAGCTGATTC CNKSR1 expression analysis
CNKSR1-2 TAGTCCTGCAGGGAGTCGTC




Gfap off-targets
Total number: 20

Analyzable site for BS-seq

Name chr start end Target homology sequence (red indicates matched sequence) Matched bases | Homology (%)
1 3 150428404 150428426 GTGACACAGGATGTCAGCCCGGG 15 75
2 4 140805328 140805350 CCATGCTGGGATGTCAGCCCTGG 16 80
3 6 119524707 119524729 GTCACCTTGGATGTCAGCCCCGG 14 70
4 7 115312494 115312516 CCAGGTCAGGATGTCAGCCCAGG 16 80
5 9 28791399 28791421 AGAAGGAAGGATGTCAGCCCAGG 16 80
6 12 110252461 110252483 TGGAGCCTGGATGTCAGCCCAGG 16 80
7 15 46277591 46277613 TATTGTCAGGATGTCAGCCCTGG 16 80
8 10 108920123 108920145 ATTTTTCTGGATGTCAGCCCTGG 14 70
9 14 75098476 75098498 ACACCAAAGGATGTCAGCCCAGG 14 70
10 14 118137632 118137654 TTATGAGTGGATGTCAGCCCAGG 15 75

Nature Biotechnology: doi:10.1038/nbt.3658




H19DMR1 off-targets

Total number: 10
Selected for BS-seq

Name chr start end Target homology sequence (red indicates matched sequence) Matched bases | Homology (%)
H19DMR10T1 chr3 144227273 144227295 CTGTGCCAGCTCTTTAGGTTTGG 15 75
H19DMR10T2 chr12 117985145 117985167 CTTGATTTGCTCTTTAGGTTGGG 14 70
H19DMR10T3 chr2 78025434 78025456 AAAAGCCTGCTCTTTAGGTTGGG 13 65

H19DMR?2 off-targets
Total number: 23
Selected for BS-seq

Name chr start end Target homology sequence (red indicates matched sequence) Matched bases | Homology (%)
H19DMR20T1 chr2 59697881 59697903 AAACAAGCCTTTACACACAAAGG 15 75
H19DMR20T2 chrl 119309953 119309975 GCCAAGGACTTTACACACAAGGG 16 80
H19DMR20T3 chr3 103987311 103987333 ACAGTTAGCTTTACACACAAAGG 15 75

H19DMRS3 off-targets
Total number: 19
Selected for BS-seq

Name chr start end Target homology sequence (red indicates matched sequence) Matched bases | Homology (%)
H19DMR30T1 chr10 116061270 116061292 AAATCTGTTATGTGCAACAAGGG 18 90
H19DMR30T2 chrl 38175983 38176005 TATCCCAGTATGTGCAACAATGG 14 70
H19DMR30T3 chrl7 55592675 55592697 ATCATCATTATGTGCAACAAGGG 13 65

H19DMR4 off-targets
Total number: 15
Selected for BS-seq No primers were found suitable to be designed on other off-targets.

Name chr start end Target homology sequence (red indicates matched sequence) Matched bases | Homology (%)
H19DMR40T1 chrl0 28388331 28388353 CTGATGAAGCTATAGCTAAAGGG 16 80
H19DMR40T2 chrd 101710864 101710886 GGTTGTGAGCTATAGCTAAAGGG 13 65

Nature Biotechnology: doi:10.1038/nbt.3658
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