
Supplementary,Discussion!

Calculation*of*RFN*Targeting*Range*in*Random*DNA*Sequence!

We!conservatively!estimate!that!an!RFN!target!site!can!be!found!on,average!once!in!every!64!bps!of!random!
DNA!sequence.!!We!arrive!at!this!conclusion!as!follows:!!The!probability!of!finding!an!RFN!target!with!two!halfC
sites!each!of!the!form!5’CN20CNGGC3’!and!a!single!particular!spacing!between!them!is!one!in!every!46!or!256!
bps.!!However,!our!studies!show!that!four!particular!length!spacer!lengths!between!these!halfCsites!are!
permitted!by!RFNs!(13,!14,!15,!or!16!bps).!!If!one!allows!for!all!four!spacer!lengths,!then!the!probability!of!
finding!a!target!sites!rises!to!one!site!in!every!44/4!or!64!bps.!!!

However,!our!work!also!shows!that!spacer!lengths!of!17!or!18!bps!may!also!be!permitted.!!If!one!accounts!for!
these!spacer!lengths!then!the!targeting!range!becomes!one!site!in!every!44/6!or!~43!bps.!!Thus,!the!targeting!
range!of!our!method!is!likely!one!site!in!every!43!to!64!bps!in!random!DNA.!!, ,



Supplementary,Fig.,1,,dCas9:FokI,activities,in,the,EGFP,disruption,assay,

,

,
,
Results!of!a!screen!for!dCas9CFokI!activity!in!U2OS.EGFP!cells!using!60!gRNA!pairs!targeting!sites!with!spacings!of!0C31!bp!and!PAMCin!
or!PAMCout!orientations.!!Note!the!background!level!of!EGFP!disruption!in!these!experiments!shown!by!the!control!in!which!only!a!
tdTomato!plasmid!was!transfected.!!The!control!shown!in!both!of!these!bar!graphs!and!in!those!of!Fig.!2b!is!the!same!experimental!
sample!and!is!presented!redundantly!in!each!of!these!graphs!for!ease!of!comparison.!!!
, ,

Supplementary Figure 1.
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Supplementary,Fig.,2,,Sequences,of,RFN:induced,mutations,in,U2OS,cells,
,
APC,
Mutations,in,9,of,23,sequences,≈,39.1%,
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTCTGGCCACTGGGCGAGCGTCTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC WT 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTCTGGCCACTGGcgaAGCGTCTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ0 (Δ3 +3) 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTCTGGCC------------TCTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ12 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTCT------------AGCGTCTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ12 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTC----------------GTCTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ16 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTCTGGCCACTG-----------------TGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ17 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGTACTTCTGGC-------------------AGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ19 
CAGGAGACGAAGAGCCCGGGCGGCGCTCGT-----------------------CTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ23 
CAGGAGACGAAGAGCC----------------------------------CGTCTGGCAGGTGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ34 
ACCGGCGGCAGCAGG--------------------/ /-----------------------TGAGTGAGGCTGCAGGCATTGACGTCTCCTC Δ73 
,
BRCA1,
Mutations,in,7,of,86,sequences,≈,8.1%,
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGGTATTCTTTGAGGGGGGGTAGGGGCGGAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG WT 
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGGTATTCTTTGA------GTAGGGGCGGAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG Δ6 
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGGTAT--------GGGGGGTAGGGGCGGAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG Δ8 
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGGTATTCTT--------GGTAGGGGCGGAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG Δ8 
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGGTATTCTTTGAGGGGG----------GAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG Δ10 
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGGTATTCTTTG------------GGCGGAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG Δ12 
TGGGAGAGTGGATTTCCGAAGCTGACAGATGGG----------------------GCGGAACCTGAGAGGCGTAAGGCGTTGTGAACCCTGG Δ22 (2x) 
,
EMX1,
Mutations,in,2,of,91,sequences,≈,2.2%,
CAAGCTGGACTCTGGCCACTCCCTGGCCAGGCTTTGGGGAGGCCTGGAGTCATGGCCCCACAGGGCTTGAAGCCCGGGGGGCCGCCATTGAC WT 
CAAGCTGGACTCTGGCCACTCCCTGGCCAGGCTTT----------------ATGGCCCCACAGGGCTTGAAGCCCGGGGGGCCGCCATTGAC Δ16 (2x) 
              
FANCF,site,1,
Mutations,in,9,of,29,sequences,≈,31%,
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAGGGCCTTCGCGCACCTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC WT 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAG--------CGCACCTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ8 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAGGGCC---------CTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ9 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAGGcCCT----------CATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ10 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAGGGCCT----------CATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ10 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAG----------CACCTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ10 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAa-----------CGCACCTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ11 (Δ12 +1) 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAGTAGGGCCTTCGCGCA--------------TTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ14 
AGAGAGTCGCCGTCTCCAAGGTGAAAGCGGAAG---------------CCTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ15 
AGAGAGTCGCCGTCTCCAAG-------------------------------CATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC Δ31 
,
FANCF,site,2,
Mutations,in,13,of,71,sequences,≈,18.3%,
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCTGCACAACCAGTGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC WT 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCG---CAACCAGTGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ3 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCT----AACCAGTGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ4 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGC--------CAGTGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ8 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCTG---------TGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ9 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCTG-----------GAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ11 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGga------------GAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ12 (Δ14 +2) 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGC-------------GAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ13 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCTG--------------GCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ14 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGC---------------GGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ15 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAG------------------TGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ18 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAG-----------------------GCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC Δ23 
TTTGGTCGGCATGGCCCC----------------------------------/ /-----------------------------GTCACTGT Δ97 
 
TTTGGTCGGCATGGCCCCATTCGCACGGCTCTGGAGCGGCGGCacactattgcaatgaaaataaatttcctttattagctagaagtgagatc +168(Δ9 +177) 
Tgaaggggcttcatgatgtccccataatttttggcagagggaaaaagatctcagtggtatttgtgagccagggcattggccacaccagccac 
caccttttgataggcagcctgcacctgaggagtgcgAGTGGAGGCAAGAGGGCGGCTTTGGGCGGGGTCCAGTTCC  
 
GLI1,
Mutations,in,4,of,66,sequences,≈,6.1%,
GTTCAACTCGATGACCCCACCACCAATCAGTAGCTATGGCGAGCCCTGCTGTCTCCGGCCCCTCCCCAGTCAGGGGGCCCCCAGTGTGGGGA WT 
GTTCAACTCGATGACCCCACCACCAATCAGTAGCTAT-------CCTGCTGTCTCCGGCCCCTCCCCAGTCAGGGGGCCCCCAGTGTGGGGA Δ7 
GTTCAACTCGATGACCCCACCACCAATCAGTAGCTATG-------------TCTCCGGCCCCTCCCCAGTCAGGGGGCCCCCAGTGTGGGGA Δ13 
GTTCAACTCGATGACCCCACCACCAATCAGTAGCTATGGCGAGCCC-----------------CCCCAGTCAGGGGGCCCCCAGTGTGGGGA Δ17 
GTTCAACTCGATGACCCCACCACCAA------------------CCTGCTGTCTCCGGCCCCTCCCCAGTCAGGGGGCCCCCAGTGTGGGGA Δ18 
 
, ,



MLH1,
Mutations,in,4,of,20,sequences,≈,20%,
TGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTTCCTTGGCTCTTCTGGCGCCAAAATGTCGTTCGTGGCAGGGGTTATTCGGCGGCTGG WT 
TGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTTCCT---------TGGCGCCAAAATGTCGTTCGTGGCAGGGGTTATTCGGCGGCTGG Δ9 
TGGCTGAAGGCACTTCCGTTGAGCATCTA----------------TTCTGGCGCCAAAATGTCGTTCGTGGCAGGGGTTATTCGGCGGCTGG Δ16 
TGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTTCCTTGG----------------ATGTCGTTCGTGGCAGGGGTTATTCGGCGGCTGG Δ16 
TGGCTGAAGGCACTTCCGTTGAGCATCTAGACGTTT------------------------GTCGTTCGTGGCAGGGGTTATTCGGCGGCTGG Δ24 
,
RARA,
Mutations,in,4,of,86,sequences,≈,4.7%,
CCCTTCTGACTGTGGCCGCTTGGCATGGCCAGCAACAGCAGCTCCTGCCCGACACCTGGGGGCGGGCACCTCAATGGGTACCCGGTGCCTCC WT 
CCCTTCTGACTGTGGCCGCTTGGCATGGCCAGCAACA------CCTGCCCGACACCTGGGGGCGGGCACCTCAATGGGTACCCGGTGCCTCC Δ6 
CCCTTCTGACTGTGGCCGCTTGGCATGGCCAGCAACA-------CTGCCCGACACCTGGGGGCGGGCACCTCAATGGGTACCCGGTGCCTCC Δ7 
CCCTTCTGACTGTGGCCGCTTGGCATGGCCAGCA------------GCCCGACACCTGGGGGCGGGCACCTCAATGGGTACCCGGTGCCTCC Δ12 
CCCTTCTGACTGTGGCCGCTTGGCATGGCCAG--------------GCCCGACACCTGGGGGCGGGCACCTCAATGGGTACCCGGTGCCTCC Δ14 
,
VEGFA,site,1,
Mutations,in,19,of,74,sequences,≈,25.7%,
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTTTCCAAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT WT 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTTTCCAAAaaGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCA +2 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTTTCC---GCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ3 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTT-----AGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ5 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCC-----AAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ5 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCC------AAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ6  (2x) 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTTTCCA-------TTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ7 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTTTC--------ATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ8 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCAC---------AAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ9  (2x) 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCC--------------ATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ14 (3x) 
TCAGAAATAGGGGGTCCAGGAGCAAAC-----------------CAAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ17 (2x) 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCT------------------CTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ18 
TCAGAAATAGGGGGTCCAGGAGCAAACTCCCCCCACCCCCTTT--------------------AGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ20 
TCAGAAATAGGGGGTCCAGG------------------------CAAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ24 
TCAGAAATAGGGGGTCCAGGAGC-----------------------------------TCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT Δ35 
 
VEGFA,site,2,
Mutations,in,26,of,80,sequences,≈,32.5%,
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCGGCGGACAGTGGACGCGGCGGCGAGCCGCGGGCAGGGGCCGGAGCCCGCGCCCGGAG WT 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCG--------TGGACGCGGCGGCGAGCCGCGGGCAGGGGCCGGAGCCCGCGCCCGGAG Δ8  (2x) 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGG-------------ACGCGGCGGCGAGCCGCGGGCAGGGGCCGGAGCCCGCGCCCGGAG Δ13 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGC-------------TGGACGCGGCGGCGAGCCGCGGGCAGGGGCCGGAGCCCGCGCCCGGAG Δ13 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCGGCGGACAG----------------CCGCGGGCAGGGGCCGGAGCCCGCGCCCGGAG Δ16 
CCCCAGCCCCAGCTACCACCTCCTCCCCGG-----------------ACGCGGCGGCGAGCCGCGGGCAGGGGCCGGAGCCCGCGCCCGGAG Δ17 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGG-------------------------------------------AGCCCGCGCCCGaAG Δ43 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCGGCGGACAGTGGA-----------/ /---------------GGGGGTCGGGGCTCG Δ54  (3x) 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGG-------------------------/ /----------------------------AG Δ56  (2x) 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCGGCGG-------------------/ /---------------GGTGGAGGGGGTCGG Δ56  (2x) 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCGGCGGACAca--------------/ /---------------CaCGCGGCGTCGCAC Δ69  (Δ71 +2) 
C----------------------------------------------------------/ /--------------------------GGAG Δ87  (2x) 
CCCCAGCCCCAGCTACCACCTCCTCCCCGGCCGGCGGC---------------------/ /---------------CTGAAACTTTTCGTC Δ89  (7x) 
CCGGAGCGCGGCGTG--------------------------------------------/ /---------------GAGGGGGTCGGGGCT Δ165 (2x) 
 
VEGFA,site,3,
Mutations,in,31,of,77,sequences,≈,40.3%,
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTCACTAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC WT 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCACT---TAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ3 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCA----CTAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ4 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTCA-----GGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ5 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCA-----TAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ5 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGAC--------CTAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ8  (2x) 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAG---------GGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ9 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGAC---------TAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ9  (2x) 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAG----------CTAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ10 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGA-----------AGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ11 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCA-----------CTAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ11 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGT-------------TCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ13 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGT--------------CTAGGGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ14 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAG---------------GGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ15 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAG----------------GGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ16 (2x) 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTCACTA----------------CACAGGGAAGCTGGGTGAATGGAGCGAGC Δ16 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGC----------------TCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ16 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACG-----------------CTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ17 
CCATTCCCTCTTTAGCCAGAGCCGGGGTG-------------------GGGGCGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ19 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGC---------------------GCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ21 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTCAC---------------------AGGGAAGCTGGGTGAATGGAGCGAGC Δ21 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGC---------------------CACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ21 (2x) 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTCA-----------------------GGGAAGCTGGGTGAATGGAGCGAGC Δ23 



CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAG------------------------GCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ24 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGAC------------------------CACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ24 
CCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGAC---------------------------CACAGGGAAGCTGGGTGAATGGAGCGAGC Δ27 
CCATTCCCTCTT----------------------------------AGTGACTGCTCGGCCACCACAGGGAAGCTGGGTGAATGGAGCGAGC Δ34 (2x) 
 
Sequences!were!determined!using!standard!Sanger!sequencing.!!For!each!target!site,!wildCtype!sequence!is!
shown!in!the!top!line!with!23Cnt!“halfCsites”!highlighted!in!yellow!and!the!PAM!sequence!shown!in!boldface,!
underlined!red!text.!!Deletions!are!marked!with!redCdashes!on!a!light!grey!background!and!insertions!are!
highlighted!in!blue.!!The!net!number!of!bases!inserted!or!deleted!is!shown!directly!to!the!right!of!each!
sequence.!!Indel!mutations!isolated!more!than!once!are!also!indicated!to!the!right!of!the!net!base!change.!!!

! !



Supplementary,Fig.,3,,,Direct,activity,comparisons,of,FokI:dCas9,with,paired,gRNAs,and,wild:type,Cas9,with,
single,gRNAs,at,three,endogenous,human,gene,sites,
!

!

Mutation!frequencies!induced!by!dimeric!RFNs!directed!by!a!pair!of!gRNAs!(blue!bars)!or!by!wildCtype!Cas9!
with!one!or!the!other!gRNA!in!the!same!pair!(red!bars,!labeled!as!“left”!and!“right”)!for!three!different!
endogenous!human!gene!target!sites!are!shown.!!Experiments!were!performed!in!U2OS!cells!and!T7EI!assay!
was!used!to!quantify!the!rates!of!mutagenesis.!!Error!bars!represent!standard!errors!of!the!mean,!n=4.! !
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Supplementary,Fig.,4,,,Sanger,sequencing,confirms,induction,of,base,substitution,mutations,by,Cas9,
nickases,
,
VEGFA,site,1,,right,
Mutations,in,10,of,86,sequences,
CTTTCCAAAGCCCATTCCCTCTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTC 
CTTTCCAAAGCCCATTCCCTATTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTC  
CTTTCCAAAGCCCATTCCCTGTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTC (7X) 
CTTTCCAAAGCCCATTCCCTTTTTAGCCAGAGCCGGGGTGTGCAGACGGCAGTC (2X) 
,
FANCF,site,1,,right,
Mutations,in,19,of,66,sequences,
CTTCGCGCACCTCATGGAATCCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC 
CTTCGCGCACCTCATGGAATACCTTCTGCAGCACCTGGATCGCTTTTCCGAGC (5X)  
CTTCGCGCACCTCATGGAATGCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC (6X) 
CTTCGCGCACCTCATGGAATTCCTTCTGCAGCACCTGGATCGCTTTTCCGAGC (6X) 
CTTCGCGCACCTCATGGAATCCCTTATGCAGCACCTGGATCGCTTTTCCGAGC 
CTTCGCGCACCTCATGGAATCCC---------ACCTGGATCGCTTTTCCGAGC  
 
,

 
For!each!target!halfCsite,!the!wildCtype!sequence!is!shown!in!the!top!line!with!the!23Cnt!sequence!recognized!
by!each!Cas9!nickase!highlighted!in!yellow!and!the!PAM!shown!in!red,!underlined,!boldCface!text.!!Point!
mutations!are!shown!in!bold!text!and!highlighted!in!blue!(A),!yellow!(G),!or!magenta!(T)!with!the!number!of!
each!mutant!sequence!identified!shown!to!the!right!of!the!sequence!if!it!was!isolated!more!than!once.!!
Representative!DNA!sequencing!chromatograms!are!shown!to!the!right!of!the!sequence!alignments.!!The!
sequences!shown!were!obtained!from!the!same!genomic!DNA!used!in!the!experiments!shown!in!Figs.,5a!and!
5b. 
 
! !
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Supplementary,Fig.,5,Schema4c,maps,of,expression,plasmids!
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Supplementary,Fig.,6,,,DNA,and,amino,acid,sequences,of,Cas9,and,Csy4,proteins,used,in,this,study,

hCsy4:T2A:hFokI:dCas9,coding,sequence,in,pSQT1601!

(Csy4!colored!in!green,!T2A!peptide!colored!in!grey,!FokI!colored!in!red,!NLS!underlined,!Gly4Ser!linker!colored!in!purple,!
dCas9!colored!in!blue,!mutated!codons!shaded!in!yellow,!3xFLAG!tag!in!bold)!

ATGGGTGATCATTATCTGGATATTCGGCTGAGGCCTGATCCAGAGTTCCCACCTGCGCAGCTGATGTCTGTCCTTTTTGGCAAACTTCATCAGGCCCTGGTTGCCCAGG
GCGGAGATCGGATAGGGGTAAGCTTTCCAGACCTCGACGAAAGCCGGAGCCGCCTGGGAGAACGCCTGCGGATCCACGCTTCTGCCGACGATCTGAGAGCCTTGCTGGC
AAGGCCATGGCTTGAGGGGCTCCGGGATCACCTGCAGTTTGGCGAACCCGCCGTTGTTCCCCACCCAACCCCTTATCGGCAGGTGTCTAGAGTGCAGGCCAAATCTAAT
CCAGAACGGCTGCGACGGCGACTCATGCGGCGACATGATCTTAGCGAGGAAGAGGCCCGAAAAAGAATCCCTGATACCGTGGCCCGCGCCCTTGACTTGCCTTTTGTCA
CACTGCGGTCCCAGAGTACGGGGCAGCATTTCAGACTTTTCATTCGACACGGGCCACTGCAAGTTACCGCCGAAGAAGGAGGCTTTACTTGTTATGGACTCTCCAAGGG
AGGTTTCGTGCCCTGGTTTGAGGGCAGAGGAAGTCTGTTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAATGCCTAAGAAGAAGCGGAAGGTGAGCAGCCAACTT
GTGAAGTCTGAACTCGAGGAGAAAAAATCAGAGTTGAGACACAAGTTGAAGTACGTGCCACACGAATACATCGAGCTTATCGAGATCGCCAGAAACAGTACCCAGGATA
GGATCCTTGAGATGAAAGTCATGGAGTTCTTTATGAAGGTCTACGGTTATAGAGGAAAGCACCTTGGCGGTAGCAGAAAGCCCGATGGCGCCATCTATACTGTCGGATC
TCCTATCGATTATGGGGTGATCGTGGATACCAAAGCTTACTCAGGCGGGTACAACTTGCCCATAGGACAAGCCGACGAGATGCAGCGGTATGTCGAAGAGAACCAGACG
CGCAACAAGCACATCAACCCCAATGAATGGTGGAAAGTGTACCCAAGTAGTGTGACTGAGTTCAAGTTCCTGTTTGTCTCCGGCCACTTTAAGGGCAATTATAAAGCTC
AGCTCACTAGACTCAATCACATCACAAACTGCAACGGAGCTGTGTTGTCAGTGGAGGAGCTCCTGATTGGAGGCGAGATGATCAAAGCCGGCACCCTTACACTGGAGGA
GGTGCGGCGGAAGTTCAACAATGGAGAGATCAACTTCGGTGGCGGTGGATCCGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTC
ATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCG
AAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGT
TGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCAT
GAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTG
GGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAA
TGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTC
GGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATC
TCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGA
GATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATAT
AAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGG
ATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCA
TGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCC
CGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCG
AGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTA
TGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAA
GAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTA
AAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAAC
ATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAA
AGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGG
CACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCT
AGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGA
ATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAA
GGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATGCCATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGT
GCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATA
ACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAA
AGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGA
CTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATAC
CCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCT
TTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATG
GGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATT
CTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGG
CAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGA
GGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAG
CTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGC
AACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAG
CGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGAC
ACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGC
TTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAA
GTGA%



hCsy4:T2A:hFokI:dCas9,amino,acid,sequence,

(Csy4!colored!in!green,!T2A!peptide!colored!in!grey,!FokI!colored!in!red,!NLS!underlined,!Gly4Ser!linker!colored!in!purple,!
dCas9!colored!in!blue,!mutated!amino!acids!shaded!in!yellow,!3xFLAG!tag!!in,bold)!

MGDHYLDIRLRPDPEFPPAQLMSVLFGKLHQALVAQGGDRIGVSFPDLDESRSRLGERLRIHASADDLRALLARPWLEGLRDHLQFGEPAVVPHPTPYRQVSRVQAKSN
PERLRRRLMRRHDLSEEEARKRIPDTVARALDLPFVTLRSQSTGQHFRLFIRHGPLQVTAEEGGFTCYGLSKGGFVPWFEGRGSLLTCGDVEENPGPMPKKKRKVSSQL
VKSELEEKKSELRHKLKYVPHEYIELIEIARNSTQDRILEMKVMEFFMKVYGYRGKHLGGSRKPDGAIYTVGSPIDYGVIVDTKAYSGGYNLPIGQADEMQRYVEENQT
RNKHINPNEWWKVYPSSVTEFKFLFVSGHFKGNYKAQLTRLNHITNCNGAVLSVEELLIGGEMIKAGTLTLEEVRRKFNNGEINFGGGGSDKKYSIGLAIGTNSVGWAV
ITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYH
EKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLF
GNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKY
KEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLA
RGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK
EDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQ
SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR
IEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLI
TQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKY
PKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESI
LPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGE
LQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFD
TTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGSPKKKRKVSSDYKDHDGDYKDHDIDYKDDDDK%

Csy4:T2A:Cas9,coding,sequence,in,pSQT834,

(Csy4!colored!in!green,!T2A!peptide!colored!in!grey,!NLS!underlined,!Cas9!colored!in!blue,!3xFLAG!tag!in,bold)!

ATGGACCACTACCTCGACATTCGCTTGCGACCGGACCCGGAATTTCCCCCGGCGCAACTCATGAGCGTGCTCTTCGGCAAGCTCCACCAGGCCCTGGTGGCACAGGGCG
GGGACAGGATCGGCGTGAGCTTCCCCGACCTCGACGAAAGCCGCTCCCGGCTGGGCGAGCGCCTGCGCATTCATGCCTCGGCGGACGACCTTCGTGCCCTGCTCGCCCG
GCCCTGGCTGGAAGGGTTGCGGGACCATCTGCAATTCGGAGAACCGGCAGTCGTGCCTCACCCCACACCGTACCGTCAGGTCAGTCGGGTTCAGGCGAAAAGCAATCCG
GAACGCCTGCGGCGGCGGCTCATGCGCCGGCACGATCTGAGTGAGGAGGAGGCTCGGAAACGCATTCCCGATACGGTCGCGAGAGCCTTGGACCTGCCCTTCGTCACGC
TACGCAGCCAGAGCACCGGACAGCACTTCCGTCTCTTCATCCGCCACGGGCCGTTGCAGGTGACGGCAGAGGAAGGAGGATTCACCTGTTACGGGTTGAGCAAAGGAGG
TTTCGTTCCCTGGTTCGAGGGCAGAGGAAGTCTGCTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAATGGATAAAAAGTATTCTATTGGTTTAGACATCGGCACT
AATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTG
CCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTT
TAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATA
GTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTG
CCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTT
GTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGA
GAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTA
AGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGA
CATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGT
CAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCA
AACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCA
AATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCT
TACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTG
CGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAA
TGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAA
GTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATC
ATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAAT
GATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATC
AACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCT
TCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGAC
AGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAAC
AGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACC
TCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGA
CGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAG
CTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCG
TGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTT



AAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGG
ACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCA
AGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGG
GGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGA
GGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTG
CCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAA
GAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGG
ATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCAC
CTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGC
CAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCA
GCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAA
CTCGGATAGATTTGTCACAGCTTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGA
TTACAAGGATGACGATGACAAGTGA%

Csy4:T2A:Cas9,amino,acid,sequence,

(Csy4!colored!in!green,!T2A!peptide!colored!in!grey,!NLS!underlined,!Cas9!colored!in!blue,!3xFLAG!tag!in,bold)!

MGDHYLDIRLRPDPEFPPAQLMSVLFGKLHQALVAQGGDRIGVSFPDLDESRSRLGERLRIHASADDLRALLARPWLEGLRDHLQFGEPAVVPHPTPYRQVSRVQAKSN
PERLRRRLMRRHDLSEEEARKRIPDTVARALDLPFVTLRSQSTGQHFRLFIRHGPLQVTAEEGGFTCYGLSKGGFVPWFEGRGSLLTCGDVEENPGPMDKKYSIGLDIG
TNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGN
IVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP
GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALV
RQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRI
PYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR
KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKL
INGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQK
NSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWR
QLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVV
GTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQT
GGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRK
RMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGA
PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGSPKKKRKVSSDYKDHDGDYKDHDIDYKDDDDK%

Csy4:T2A:Cas9n,coding,sequence,in,pNW3,

(Csy4!colored!in!green,!T2A!peptide!colored!in!grey,!Cas9!nickase!colored!in!blue,!D10A!mutation!yellowCshaded,!NLS!
underlined,!3xFLAG!tag!in,bold)!

ATGGACCACTACCTCGACATTCGCTTGCGACCGGACCCGGAATTTCCCCCGGCGCAACTCATGAGCGTGCTCTTCGGCAAGCTCCACCAGGCCCTGGTGGCACAGGGCG
GGGACAGGATCGGCGTGAGCTTCCCCGACCTCGACGAAAGCCGCTCCCGGCTGGGCGAGCGCCTGCGCATTCATGCCTCGGCGGACGACCTTCGTGCCCTGCTCGCCCG
GCCCTGGCTGGAAGGGTTGCGGGACCATCTGCAATTCGGAGAACCGGCAGTCGTGCCTCACCCCACACCGTACCGTCAGGTCAGTCGGGTTCAGGCGAAAAGCAATCCG
GAACGCCTGCGGCGGCGGCTCATGCGCCGGCACGATCTGAGTGAGGAGGAGGCTCGGAAACGCATTCCCGATACGGTCGCGAGAGCCTTGGACCTGCCCTTCGTCACGC
TACGCAGCCAGAGCACCGGACAGCACTTCCGTCTCTTCATCCGCCACGGGCCGTTGCAGGTGACGGCAGAGGAAGGAGGATTCACCTGTTACGGGTTGAGCAAAGGAGG
TTTCGTTCCCTGGTTCGAGGGCAGAGGAAGTCTGTTAACATGCGGTGACGTCGAGGAGAATCCTGGCCCAATGGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACT
AATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTG
CCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTT
TAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATA
GTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTG
CCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTT
GTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGA
GAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTA
AGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGA
CATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGT
CAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCA
AACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCA
AATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCT
TACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTG
CGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAA



TGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAA
GTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATC
ATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAAT
GATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATC
AACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCT
TCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGAC
AGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAAC
AGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACC
TCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGA
CGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAG
CTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCG
TGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTT
AAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGG
ACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCA
AGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGG
GGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGA
GGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTG
CCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAA
GAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGG
ATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCAC
CTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGC
CAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCA
GCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAA
CTCGGATAGATTTGTCACAGCTTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACTACAAAGACCATGACGGTGATTATAAAGATCATGACATCGA
TTACAAGGATGACGATGACAAGTGA%

Csy4:T2A:Cas9n,amino,acid,sequence,

(Csy4!colored!in!green,!T2A!peptide!colored!in!grey,!Cas9!nickase!colored!in!blue,!D10A!mutation!shaded!in!yellow,!NLS!
underlined,!3xFLAG!tag!in,bold)!

MDHYLDIRLRPDPEFPPAQLMSVLFGKLHQALVAQGGDRIGVSFPDLDESRSRLGERLRIHASADDLRALLARPWLEGLRDHLQFGEPAVVPHPTPYRQVSRVQAKSNP
ERLRRRLMRRHDLSEEEARKRIPDTVARALDLPFVTLRSQSTGQHFRLFIRHGPLQVTAEEGGFTCYGLSKGGFVPWFEGRGSLLTCGDVEENPGPMDKKYSIGLAIGT
NSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNI
VDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPG
EKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVR
QQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIP
YYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRK
VTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLI
NGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKN
SRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQ
LLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVG
TALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTG
GFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRKR
MLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENIIHLFTLTNLGAP
AAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGSPKKKRKVSSDYKDHDGDYKDHDIDYKDDDDK%

Cas9,coding,sequence,in,pSQT817,

(Cas9!coding!sequence!colored!in!blue,!NLS!underlined,!3xFLAG!tag!in,bold)!

ATGGATAAAAAGTATTCTATTGGTTTAGACATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGA
ACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATAC
ACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAG
GACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAA
CTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGA
CAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAA
TCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGA
ACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTT



GGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAA
CATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTG
ACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCG
AAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAAT
CGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGA
TTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCC
TAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAG
AAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCG
GGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGA
TATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGT
CGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATA
GGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCT
TGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATG
GCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATC
CTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTA
CGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGC
GAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGT
CTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGA
GAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTAC
CACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACG
TCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAA
CGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCC
CAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGG
ACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATT
ATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCA
AAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCC
TGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCA
AATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAAT
ATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACG
CGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACTA
CAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACGATGACAAGTGA%

Cas9,amino,acid,sequence,

(Cas9!amino!acid!sequence!colored!in!blue,!NLS!underlined,!3xFLAG!tag!in,bold)!

MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEE
DKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSK
SRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE
HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDN
REKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQK
KAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRR
RYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEM
ARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPS
EEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVREINNY
HHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMP
QVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLP
KYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAEN
IIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGSPKKKRKVSSDYKDHDGDYKDHDIDYKDDDDK*

,

, ,



Supplementary,Fig.,7,,,DNA,sequences,from,multiplex,gRNA,expression,plasmids,

BsmBI,cloning,site,in,the,multiplex,gRNA,expression,vector,pSQT1313,

(U6!promoter!colored!in!green,!Csy4!recognition!site!colored!in!grey,!BsmBI!sites!underlined,!BsmBI!restriction!
overhangs!written!in!bold,!gRNA!colored!in!red)!

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATAC
GATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGT
TTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTTCACTGC
CGTATAGGCAGTGAGACGATTAATGCGTCTCAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCG
TTCACTGCCGTATAGGCAGGTTCACTGCCGTATAGGCAG%

!

DNA,sequence,of,two,gRNAs,under,the,control,of,a,single,U6,promoter,after,cloning,into,pSQT1313!

(U6!promoter!colored!in!green,!Csy4!recognition!site!colored!in!grey,!gRNA!colored!in!red,!gRNA!targeting!sequences!
represented!by!(N)20)!

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGCAGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATAC
GATACAAGGCTGTTAGAGAGATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGT
TTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACCGTTCACTGC
CGTATAGGCAGNNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCGT
TCACTGCCGTATAGGCAGNNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTC
GGTGCGTTCACTGCCGTATAGGCAGGTTCACTGCCGTATAGGCAG%

! !



Supplementary,Fig.,8,,,Protocol,for,cloning,gRNA,sequences,into,the,Csy4:based,multiplex,expression,vector,

Overview,

!

Annealed!“left”!and!“right”!target!site!oligoduplexes!and!a!constant!“middle”!oligoduplex!are!combined!with!multiplex!
gRNA!expression!vector!pSQT1313!digested!with!BsmBI!in!a!single!ligation!reaction.!
,
Middle,oligoduplex,sequence,

Synthesize!oSQT875!and!oSQT876!as!phosphorylated!desalted!‘Ultramer’!oligonucleotides.!(IDT)!

Name, Sequence,
oSQT875!middle!oligo!F! /5Phos/AGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCGTTCACTGCCGTATA%
oSQT876!middle!oligo!R! /5Phos/TGCCTATACGGCAGTGAACGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCT%

,
Design,Multiplex,gRNA,Target,Site,Oligos,

1. Visit!http://zifit.partners.org!to!find!RNACguided!FokI!nuclease!target!sites!in!your!sequence!of!interest.!!!!
!

2. Order!two!pairs!of!oligos!(corresponding!to!left!and!right!“halfCsites”)!for!each!full!dimeric!target!site.!!
!
Target!site!oligos!require!the!following!overhangs!for!ordered!ligation!into!SQT1313.!
 

left,target,oligoduplex,F  5’-GCAGNNNNNNNNNNNNNNNNNNNGTTTTAG–3’ ,
left,target,oligoduplex,R, 5’-AGCTCTAAAACNNNNNNNNNNNNNNNNNNN–3’ 
 
right,target,oligoduplex!F 5’-GGCAGNNNNNNNNNNNNNNNNNNN–3’    
right,target,oligoduplex!R 5’-AAACNNNNNNNNNNNNNNNNNNNC–3’ 

Prepare,Digested,Vector,Backbone,

1. Digest!3C5!µg!of!pSQT1313!(available!via!Addgene)!with!BsmBI!(NEB)!overnight!at!55°C.!
!

2. Heat!inactivate!for!20!minutes!at!80°C.!
!

3. Purify!digested!pSQT1313!with!1X!volume!of!Ampure!XP!beads!(Agencourt)!according!to!manufacturer’s!
instructions,!or!gel!purify.!!!
!

4. Dilute!digested!backbone!plasmid!pSQT1313!to!10!ng/µl.!

 

, ,

pUC19-U6-Csy4Site2-gRNA-Csy4Site2 (SQT1313) + 2 binding sites annotated 3/19/14

Page 1 of 1.
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10X,Oligoduplex,Annealing,Buffer,(STE),

Component, Volume,(ml), Final,concentration,(mM),
1!M!Tris!HCL! 5! 100!
5!M!NaCl! 5! 500!

0.5!M!EDTA! 1! 10!
dH2O! 39! !

,

Anneal,oligos,

1. Anneal!each!of!the!oligonucleotide!pairs!separately!at!10!µM.!
!

Component, Volume,(µl), Final,concentration,
Oligo!1!(100!µM)! 10! 10!µM!
Oligo!2!(100!µM)! 10! 10!µM!
10X!STE!Buffer! 10! 1X!

dH2O! 70! !

!
Run!the!following!annealing!protocol!in!a!thermocycler:!
1. 95°C,!5!minutes!
2. Ramp!down!temperature!to!25°C!at!C1°C/30!s.!
3. 4°C,!∞!

!

2. Dilute!10!µM!annealed!oligoduplexes!1:1000!to!a!final!concentration!of!0.01!µM.!

Cloning,into,multiplex,gRNA,vectors,

left*oligoduplex*+*middle*oligoduplex*+*right*oligoduplex*+*pSQT1313/BsmBI*

1. Assemble!the!following!10!µl!ligation!reaction.!
!

Component, Volume,(µl),
Left!oligoduplex!(0.01!µM)! 2!

Middle!oligoduplex!(0.01!µM)! 2!
Right!oligoduplex!(0.01!µM)! 2!
pSQT1313/BsmBI!(~10!ng/µl)! 2!
10X!T4!Ligase!Buffer!(NEB)! 1!

T4!Polynucleotide!Kinase!(NEB)! 0.5!
T4!DNA!Ligase!(NEB)! 0.5!

!
1. Incubate!sample!at!16°C!for!30!minutes,!then!at!4°C!overnight.!

!
2. The!following!day,!transform!5!µl!of!ligation!into!50!µl!of!chemically!competent!cells.!!(Incubate!15C30!minutes!

on!ice,!heat!shock!at!42°C!for!45!s,!incubate!2C5!minutes!on!ice.!Recover!with!150C500!µl!of!SOC!for!1!hour.)!
!

3. Plate!on!an!LB!Agar!plate!containing!100!µg/ml!carbenicillin.!
!

4. Pick!~3C6!colonies!per!target!site,!grow!overnight!cultures!in!LB!medium!supplemented!with!50!µg/ml!
carbenicillin,!and!prepare!miniprep!plasmid!DNA.!

!
5. Sequence!verify!multiplex!gRNA!constructs!with!primer!oSQT379!(5’CAGGGTTATTGTCTCATGAGCGGC3’)!

, ,



Supplementary,Table,1,,85,gRNA,pairs,targeted,to,the,EGFP,reporter,gene,

See*attached*Excel*file.*

, ,



Supplementary,Table,2,,,FokI:dCas9:mediated,EGFP,disruption,activities,on,target,sites,with,half:sites,in,
PAM:out,orientation,and,with,spacer,lengths,ranging,from,10,to,20,bp,(same,data,presented,in,Fig.,2c),

Target,Site, Spacer,Length,(bp),
Mean,EGFP,disruption,(%),
[replicate,1,,replicate,2],

EGFP!site!41! 10! 2.7![2.9;!2.4]!
EGFP!site!61! 10! 2.1![2.0;!2.1]!
EGFP!site!62! 10! 2.1![2.0;!2.2]!
EGFP!site!63! 10! 2.3![2.6;!2.0]!
EGFP!site!64! 10! 1.9![2.0;!1.7]!
EGFP!site!42! 11! 2.2![2.1;!2.2]!
EGFP!site!65! 11! 2.4![2.4;!2.3]!
EGFP!site!66! 11! 1.9![1.8;!2.0]!
EGFP!site!67! 11! 1.9![2.0;!1.8]!
EGFP!site!68! 11! 1.9![1.9;!1.9]!
EGFP!site!69! 11! 2.1![2.0;!2.1]!
EGFP!site!43! 12! 2.4![2.5;!2.3]!
EGFP!site!70! 12! 2.3![1.9;!2.6]!
EGFP!site!44! 13! 12.6![14.2;!11.0]!
EGFP!site!71! 13! 3.0![2.5;!3.4]!
EGFP!site!45! 14! 15.3![16.7;!13.8]!
EGFP!site!72! 14! 14.2![14.1;!14.3]!
EGFP!site!73! 14! 17.1![14.4;!19.7]!
EGFP!site!74! 14! 7.8![6.9;!8.7]!
EGFP!site!46! 15! 18.9![21.3;!16.4]!
EGFP!site!75! 15! 18.7![20.7;!16.7]!
EGFP!site!76! 15! 11.0![14.2;!7.8]!
EGFP!site!77! 15! 20.9![26.1;!15.6]!
EGFP!site!78! 15! 10.1![12.2;!8.0]!
EGFP!site!79! 15! 5.6![6.8;!4.4]!
EGFP!site!47! 16! 21.3![22.1;!20.4]!
EGFP!site!80! 16! 14.6![17.0;!12.1]!
EGFP!site!81! 16! 21.9![24.5;!19.3]!
EGFP!site!82! 16! 19.7![18.2;!21.2]!
EGFP!site!83! 16! 18.5![13.0;!23.9]!
EGFP!site!84! 16! 13.1![9.0;!17.2]!
EGFP!site!48! 17! 16.8![16.1;!17.4]!
EGFP!site!49! 18! 10.3![13.2;!7.3]!
EGFP!site!50! 20! 2.6![2.4;!2.8]!
EGFP!site!85! 20! 2.5![2.8;!2.1]!

,

, ,



Supplementary,Table,3,,,Indel,counts,and,frequencies,at,potential,off:target,sites,of,the,RFN,targeted,to,
VEGFA,site,1,as,determined,by,deep,sequencing,(same,data,presented,in,Fig.,3d),

Chromosome, Position, Site,
FokI:dCas9,

Indels,
FokI:dCas9,

Total,

FokI:dCas9,
Indel,

Frequency,(%),

tdTomato,
control,
Indels,

tdTomato,
Total,

One:
tailed,
Fisher’s,
Exact,
p:value,

6! 43737290! VEGFA!site!1! 35000! 150158! 23.30878! 10! 258108! <1EC10!
15! 65637531! OT1C3! 1! 169681! 0.00058! 1! 139847! 0.7959!
12! 131690182! OT1C4! 4! 190111! 0.00210! 5! 139762! 0.8719!
12! 1988060! OT1C6! 3! 258976! 0.00115! 2! 178162! 0.6694!
1! 99347645! OT1C11! 4! 235853! 0.00169! 4! 186287! 0.7560!
17! 39796322! OT1C30! 1! 261605! 0.00038! 1! 286850! 0.7265!

, ,



Supplementary,Table,4,,,Indel,counts,and,frequencies,induced,by,FokI:dCas9,,Cas9,nickase,(Cas9n),,and,
tdTomato,controls,with,single,or,pairs,of,gRNAs,directed,to,six,endogenous,human,gene,sites,as,determined,
by,deep,sequencing,(same,data,presented,in,Fig.,4)!

Nuclease,Type,or,
Control Site guideRNA Chromosome Position Indel Totals Percentages 

FokI:dCas9 VEGFA!site!1 both 6 43737290 35000 150158 23.3088 
FokI:dCas9 VEGFA!site!1 left 6 43737290 5 95476 0.0052 
FokI:dCas9 VEGFA!site!1 right 6 43737290 9 91962 0.0098 
FokI:dCas9 DDB2 both 11 47236820 11303 50062 22.5780 
FokI:dCas9 DDB2 left 11 47236820 311 85726 0.3628 
FokI:dCas9 DDB2 right 11 47236820 153 95050 0.1610 
FokI:dCas9 FANCF!site!1 both 11 22647331 65846 195311 33.7134 
FokI:dCas9 FANCF!site!1 left 11 22647331 19 27487 0.0691 
FokI:dCas9 FANCF!site!1 right 11 22647331 845 225154 0.3753 
FokI:dCas9 FANCF!site!2 both 11 22647138 27743 120314 23.0588 
FokI:dCas9 FANCF!site!2 left 11 22647138 989 205832 0.4805 
FokI:dCas9 FANCF!site!2 right 11 22647138 142 165130 0.0860 
FokI:dCas9 FES both 15 91428181 14260 125912 11.3254 
FokI:dCas9 FES left 15 91428181 4 143877 0.0028 
FokI:dCas9 FES right 15 91428181 7 145495 0.0048 
FokI:dCas9 RUNX1 both 21 36421217 61057 136164 44.8408 
FokI:dCas9 RUNX1 left 21 36421217 222 162636 0.1365 
FokI:dCas9 RUNX1 right 21 36421217 109 169122 0.0645 

Cas9n VEGFA!site!1 both 6 43737290 14294 99036 14.4331 
Cas9n VEGFA!site!1 left 6 43737290 573 82316 0.6961 
Cas9n VEGFA!site!1 right 6 43737290 315 101957 0.3090 
Cas9n DDB2 both 11 47236820 6673 31168 21.4098 
Cas9n DDB2 left 11 47236820 1680 56019 2.9990 
Cas9n DDB2 right 11 47236820 172 42424 0.4054 
Cas9n FANCF!site!1 both 11 22647331 66827 193111 34.6055 
Cas9n FANCF!site!1 left 11 22647331 1565 109029 1.4354 
Cas9n FANCF!site!1 right 11 22647331 2457 109289 2.2482 
Cas9n FANCF!site!2 both 11 22647138 17007 111468 15.2573 
Cas9n FANCF!site!2 left 11 22647138 120 100591 0.1193 
Cas9n FANCF!site!2 right 11 22647138 1063 93162 1.1410 
Cas9n FES both 15 91428181 16529 126597 13.0564 
Cas9n FES left 15 91428181 6 125196 0.0048 
Cas9n FES right 15 91428181 23 46102 0.0499 
Cas9n RUNX1 both 21 36421217 80029 216800 36.9137 
Cas9n RUNX1 left 21 36421217 1106 108670 1.0178 
Cas9n RUNX1 right 21 36421217 2169 121413 1.7865 

tdTomato,controls,(:) VEGF!site!1 none 6 43737290 29 313517 0.0092 
tdTomato,controls,(:) FANCF!site!1 none 11 22647331 18 578378 0.0031 
tdTomato,controls,(:) FANCF!site!2 none 11 22647138 81 393821 0.0206 
tdTomato,controls,(:) FES none 15 91428181 21 410620 0.0051 
tdTomato,controls,(:) DDB2 none 11 47236820 14 165314 0.0085 
tdTomato,controls,(:) RUNX1 none 21 36421217 13 511977 0.0025 

,

A!oneCtailed!Fisher’s!exact!test!was!performed!to!determine!the!probability!that!FokICdCas9!is!associated!with!lower!
frequencies!of!indels!than!matched!Cas9!nickase!at!12!monomeric!sites.!!P<1EC8!for!10!of!!the!12!sites!tested;!the!
remaining!2!sites!that!were!not!significantly!lower!are!FANCF!site!2!left!(P<1.000)!and!FES!left!(P<0.2951).!

, ,



,

Supplementary,Table,5,,,Frequencies,of,candidate,off:target,sites,(bearing,a,defined,number,of,mismatches),
for,RFNs,targeted,to,various,endogenous,human,gene,targets,

Site, 0, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

APC! 1! ! ! ! ! 1! 2! 16! 74! 414! 2254!
BRCA1! 1! 1! ! ! ! ! ! 5! 20! 164! 983!
DDB2! 1! ! ! ! ! ! 2! 7! 58! 267! 1335!
EMX1! 1! ! ! 1! ! 2! 8! 40! 175! 828! 3494!

FANCF!site!1! 1! ! ! ! ! ! 2! 4! 44! 298! 1639!
FANCF!site!2! 1! ! ! ! ! ! 2! 12! 79! 358! 1718!

FES! 1! ! ! ! ! 3! 8! 32! 191! 939! 4505!
GLI1! 1! ! ! ! ! 2! 1! 7! 69! 343! 1711!
MLH1! 1! ! ! ! ! ! 2! 5! 22! 96! 643!
RARA! 1! ! ! ! 1! 2! 8! 39! 187! 698! 2849!
RUNX1! 1! ! ! ! ! ! ! 3! 25! 145! 800!
SS18! 1! ! ! ! ! 1! 2! 6! 39! 280! 1207!

VEGFA!site!1! 1! ! ! ! 1! 2! 3! 22! 103! 543! 2676!
VEGFA!site!2! 1! ! ! ! 4! 9! 99! 447! 1675! 5608! 18599!
VEGFA!site!3! 1! ! ! ! ! ! 3! 20! 120! 623! 2783!

,

, ,



Supplementary,Table,6,,,Indel,counts,and,frequencies,for,potential,off:target,sites,of,three,dimeric,RFNs,as,
determined,by,deep,sequencing,

Site, Chr, Position, Strand, Mismatch,
Off:target,Sequence,
(LEFT,spacer,RIGHT) 

FokI:
dCas9,
Indels,

FokI:
dCas9,
Total,

FokI:dCas9,
Indel,

Frequency,(%),
tdTomato,
Indels,

tdTomato,
Total,

tdTomato,
Indel,

Frequency,(%),

APC,
dimeric:OT1, 22! 24561126! C! 11!

GCTGGAGGCCCCTGAACTCCTGG 
cacatcgcctggcaag 

TGGTAGGTGAGTGAGACAGCCAG 
9! 171867! 0.005! 9! 161508! 0.006!

APC,
dimeric:OT2, 12! 110161444! +! 12!

CCTGGCTGTGCTCCCACTCCTGG 
cgaaggctggggga 

TGCCCGGAGAGGGAGCTGGCAGG 
13! 161875! 0.008! 12! 153961! 0.008!

APC,
dimeric:OT3, 9! 134469049! +! 12!

CACGCCTGCTCTTGCACTGGGGG 
ctgcgtggggtggggc 

TGGCAGGTGAAGGAGGCTCCGGG 
5! 149755! 0.003! 5! 147843! 0.003!

MLH1,
dimeric:OT1, 5! 110302178! C! 12!

GATTTGATAAACAAGAATTTTCC 
gatgggatgaaaaaga 

CAATATGTTGTTCTTGGCAAGGG 
8! 258109! 0.003! 11! 319697! 0.003!

MLH1,
dimeric:OT2, 7! 141152982! +! 12!

ACAGTAGTGATCTAGTCATTTCC 
tagctttcctctgagt 

CAAAACCTCCTTGGTGGCAGGGG 
6! 124298! 0.005! 7! 154968! 0.005!

VEGFA:1,
dimeric:OT1, 7! 71092775! +! 12!

CCAAGAACAATGCCCCCCCGCCC 
catagacttgtaca 

TCCCTCCTGGGCCAGAGCCAGCT 
50! 317008! 0.016! 45! 367201! 0.012!

VEGFA:1,
dimeric:OT2, 11! 102962459! C! 12!

CCAGGTACCATCTCCCCCCACCC 
ttcaagcttccctcc 

TCCCTCCTTTGCTGGACAACTGG 
18! 302045! 0.006! 23! 356774! 0.006!

VEGFA:1,
dimeric:OT3, 22! 37215219! C! 12!

CCTGGGGCAAACTCCCCCCACCC 
accgccccccgtggctg 

GGCCTCAGATTCCCCAGCCTTAG 
67! 314727! 0.021! 67! 323840! 0.021!

,

OffCtarget!(OT)!sites!examined!are!a!subset!of!those!shown!in!Supplementary,Table,5.!!(Note!that!the!sites!shown!for!
VEGFA!Site!1!are!the!most!closely!mismatched!in!the!genome!because!the!one!site!with!10!mismatches!and!the!two!
sites!with!11!mismatches!shown!in!Supplementary,Table,5!actually!overlap!with!the!onCtarget!site.)!!Indel!counts!and!
frequencies!were!determined!for!U2OS!cells!transfected!with!RFN!components!or!with!a!tdTomatoCencoding!plasmid!as!
a!control.!!Deep!sequencing!was!performed!using!the!same!genomic!DNA!used!in!the!experiments!of!Fig.,3,and,4!and!
Supplementary,Table,4.!!, ,



Supplementary,Table,7,,,Primers,and,RFN,target,sites,used,in,this,study,

See*attached*Excel*file.!

,


