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Supplementary Fig. 1 36 

The architecture of a plasmid with the bidirectional promoter and independent sanger sequencing 37 

data for the representative plasmids. (a) A bidirectional promoter is located between the nCas9 38 

and tracrRNA genes for driving the effector proteins and tracrRNA in concert. The orientation of 39 

tracrRNA with the bidirectional promoter is opposite from the one with a separated promoter. (b) 40 

Independent sanger sequencing data of the random 8 colonies of the transformants with the 41 

representative plasmids (pYK02 and pYK06) were shown 42 

 43 

Supplementary Fig. 2 44 

PAM-flexible Target-AID with NG-Cas9 vector and its self-targeting effect. (a) pYK12 was 45 

developed based on pYK6 by replacing coding sequence for Cas9. Sanger sequencing spectra of 46 

the constructed plasmids containing targeting sequences (upp (top) and ftsZ (bottom)) showed 47 

mixed populations at the crRNA region. (b) The target sequences for upp and ftsZ on the genome 48 

of L. plantarum. (c) The editing frequencies are determined by sequencing eight randomly 49 

selected colonies. The highest frequency among the edited base positions in each colony was 50 

plotted as its representative value. The mean editing frequencies are shown as bar graphs, with 51 

error bars representing the standard deviation. 52 

 53 

Supplementary Fig. 3 54 

Multiplex Target-AID base editing in L. plantarum. (a) pYK06-s (single), -d (dual), and -t (triple) 55 

were constructed based on pYK06 by inserting in tandem each crRNA expression cassette 56 

containing a promoter, a crRNA with a target sequence and a terminator. (b) Three target 57 

sequences are selected from urdA gene and editable cytosines are shown in red. (c) The editing 58 
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frequencies at the three sites are determined by sequencing six randomly selected colonies and 59 

plotted at each editable base position. The mean editing frequencies (bars) are shown with 60 

standard deviation (error bars) 61 

 62 

Supplementary Fig. 4 63 

Transformation efficiencies of Lactobacillus plantarum and Lactobacillus gasseri with plasmids 64 

pYN_Lg2-4 and pYK07. Plates show transformations of L. plantarum WCFS1 (top) and L. 65 

gasseri ATCC 33323 (bottom) with pYN_Lg2-4 (Left) and pYK07 (Right). Plates were 66 

incubated at 30°C for 3 for L. plantarum and 7 days for L. gasseri 67 

 68 

Supplementary Fig. 5 69 

urdA editing with Target-AID in L. plantarum. (a) Sanger sequencing spectra of the four 70 

independent colonies edited at urdA. (b) The editing frequencies are plotted at each editable base 71 

position. The mean editing frequencies (bars) are shown with standard deviation (error bars) 72 

from four randomly selected colonies  73 

 74 

Supplementary Fig. 6 75 

Sanger sequencing analysis of ftsZ targets edited by Target-AID. Sequencing data for the five 76 

successfully edited targets are shown, with the wild-type sequences are shown above each 77 

chromatogram. The target and PAM sequences are highlighted in boxes. The edited bases are 78 

indicated by arrows 79 

 80 

Supplementary Fig. 7 81 
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Experimental workflow for editing and establishing edited strains in Lactobacillus. Target-AID 82 

expressing vectors are introduced into cells via electroporation. The transformants with the 83 

plasmid are selected on the plate, and randomly selected colonies undergoes sequencing to 84 

investigate editing at the target sites. Edited colonies are cultured in antibiotic-free medium to 85 

remove the Target-AID plasmid, and plasmid-free strains are confirmed by PCR and sequencing 86 

to verify the absence of plasmid and the presence of the desired mutations 87 

  88 
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Supplementary Note 1 89 

 90 

pYN_Lg4 91 

 92 

Teal: Pldh(Lc) promoter 93 

Blue: tracrRNA 94 

Green: Ppgm(La) promoter 95 

Lime: P23 (Ll) promoter 96 

Maroon: crRNA direct repeat 97 

Lavender: pIB184-derived seq (repD, repE, and ermB) 98 

Cyan: ColE1 ori 99 

Yellow: KanR 100 

 101 

Uppercase: ORF 102 

 103 
atgatggacggattttgccttttccgtccagagcagtataccatactgacgccttgcgtctgtg104 
cgagttgaccgtgggaactgttgaatttcccacattcgtgaaaacagatgctggaaacgcttac105 
gttattggaagcttgcttgaaacaggattcacaagtcttgctgtagtaaggctcgacgccattt106 
tttgacaatggcaaaatcatgaaaaagtctatcaaatttgtttcagggaattgataatgtgtta107 
tactcaacgtgaaatgcagtttgcatgcacataagaaaggatgatatcaccgacgtcggaacca108 
ttcaaaacagcatagcaagtttaaataaggctagtccgttatcaacttgaaaaagtggcaccga109 
gtcggtgctttttttcgatcgcTGCGACAAGTAATAAACTAAACAAAACAACTACAAAATATTT110 
CTTTTTGTTTTTCATGATTTTTACACTTCTCTTAGTATGCTTTTGTTATAAGTTAGCACAAAAA111 
AGCAGAAAATAAAAAGTAGAAATAAAAAAAGATGTTTTTTTGCCCATATCTCTATGAAAAAAAC112 
TGTGAAATGTGTAAAATATGGATGAAACATTGAATTTAAAAGGAGATATTTCATGTCAAAATTA113 
GTTTTAATCCGTCACGGTCAAAGTGAATGGAACCTTTCAAACCAATTTACTGGTTGGGTTGACG114 
TTAACCTTTCAGAAAAAGGTGTTGAAGAAGCTAAGAAGGCTgtcgactatcCGGCCGaagtcct115 
gcagggaaaagccctgacaacccttgttcctaaaaaggaataagcgttcggtcagtaaataata116 
gaaataaaaaatcagacctaagactgatgacaaaaagagaaaattttgataaaatagtcttaga117 
attaaattaaaaagggaggccaaatataatgaaaaatatgaatgacaatgatgttagagacccg118 
ggtctcaGTTTAAGAGCTATGCTGTTTTGAATGGTCCCAAAACGTAAAAAAAACCCatgcatac119 
tagtttaatcactttgactagcaaatactaacaacaagacacacacaccaaaaatcaaaaattc120 
actacttttagttaaaaaccacgtaaccacaagaactaatccaatccatgtaatcgggttcttc121 
aaatatttctccaagattttcctcctctaatatgctcaacttaaatgacctattcaataaatct122 
attatgctgctaaatagtttataggacaaataagtatactctaatgacctataaaagatagaaa123 
attaaaaaatcaagtgttcgcttcgctctcactgcccctcgacgttttagtagcctttccctca124 
cttcgttcagtccaagccaactaaaagttttcgggctactctctccttctccccctaataatta125 
attaaaatcttactctgtatatttctgctaatcattcgctaaacagcaaagaaaaaacaaacac126 
gtatcatagatataaatgtaatggcatagtgcgggttttatttTCAGCCTGTATCATAGCTAAA127 
CAAATCGAGTTGTGTGTCCGTTTTAGGGCGTTCTGCTAGCTTGTTTAAAGTCTCTTGAATGAAT128 
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GTATGCTCTAAGTCAAAAGAATTTGTCAGCGCCTTTATATAGCTTTCTTTTTCTTCTTTTTTTA129 
CTTTAATGATCGATAGCAACAATGATTTAACACTAGCAAGTTGAATGCCACCATTTCTTCCTGG130 
TTTAATCTTAAAGAAAATTTCCTGATTCGCCTTCAGTACCTTCAGCAATTTATCTAATGTCCGT131 
TCAGGAATGCCTAGCACTTCTCTAATCTCTTTTTTGGTCGTCACTAAATAAGGCTTGTATACAT132 
CGCTTTTTTCGCTAATATAAGCCATTAAATCTTCTTTCCATTCTGACAAATGAACACGTTGACG133 
TTCGCTTCTTTTTTTCTTGAATTTAAACCACCCTTGACGGACAAATAAATCTTTACTGGTTAAA134 
TCACTTGATACCCAAGCTTTGCAAAGAATGGTAATGTATTCCCTATTAGCCCCTTGATAGTTTT135 
CTGAATAGGCACTTCTAACAATTTTGATTACTTCTTTTTCTTCTAAGGGTTGATCTAATCGATT136 
ATTAAACTCAAACATATTATATTCGCACGTTTCGATTGAATAGCCTGAACTAAAGTAGGCTAAA137 
GAGAGGGTAAACATGACGTTATTACGCCCTATTAAACCCTTTTCTCCTGAAAATTTCGTTTCGT138 
GCAATAAGAGATTAAACCAGGGTTCATCTACTTGTTTTTTGCCTTCTGTACCGCTTAAAACCGT139 
TAGACTTGAACGAGTAAAGCCCTTATTATCTGTTTGTTTGAAAGACCAATCTTGCCATTCTTTG140 
AAAGAATAACGGTAATTAGGATCAAAAAATTCTACATTGTCCGTTCTTGGTATGCGAGCAATAC141 
CAAAATGATTACACGTTAGATCAACTGGCAAAGACTTTCCAAAATATTCTCGGATATTTTGCGA142 
AATTATTTTGGCTGCTTTGACAGATTTAAATTCTGATTTTGAAGTCACATAGACTGGCGTTTCT143 
AAAACAAAATATGCTTGATAACCTTTATCAGATTTGATAATCATAGTAGGCATAAAACCTAAAT144 
CAATAGCGGTTGTTAAAATATCGCTTGCTGAAATAGTTTCTTTTGCCGTGTGAATATCAAAATC145 
AATAAAGAAGGTATTGATTTGTCTTAAATTGTTTTCAGAATGTCCTTTCGTGTATGAACGGTTT146 
TCGTCTGCATACGTTCCATAACGATAAACGTTGGGTGTCCAATGTGTAAATGTATCTTGATTTT147 
CTTGAATCGCTTCCTCGGAAGTCAGAACAACACCACGACCGCCAATCATGCTTGATTTTGAGCG148 
ATACGCAAAAATAGCCCCTTTGCTTTTACCTGGCTTGGTAGTGATTGAGCGAATTTTACTATTT149 
TTAAATTTGTACTTTAACAAGCCGTCATGAAGCACAGTTTCTACAACAAAAGGGATATTCATtc150 
agctgttctcctttcctataaatcctataaaataggttgtTTAATTAACTTGGTTTGCTTTTTC151 
ATTCAACTGTTTCAATATTGCATGTTTTGAAAAAGATTTTTTTCCTTTATAAGTCAATTTTTTT152 
CCACTAATCGAATAAATTATTTTGTTATTTTCTATTAACTTATATATATAATCTTCCCCCTCCG153 
AAGAAAAATACTTATCTGATTTTGTTTCTAAGTAGATATTTCTCTTTTCTAACTCTTTCTTAAA154 
CGTTTCTAGTGTATAGATATTTGCTAATTTTCTTATCTCcaataaactattttttatataagtt155 
ttacattcatcatgattcatacaaactccaccttctataaatgaatacaaaaaaagcaatcaaa156 
cgatttccgattgattgcttaacaattcttaaattcagtagcttagatacttgaaaactctctg157 
atttccctatataatgatagtacggttatataccgtcttcaaacaaagttaattaaataacttc158 
ttacgagggaagagttcatctgactaactgataagcgttggtttggcaatcttatcgggctatg159 
catttataaaatgtcgtcaaacattttataaatgtgtcatggctcttttttcgtttctattcag160 
ttcgttgtttcgttatatctagtataccgcttttaaaaaaaataagcaacgatttcgtgcatta161 
ttcacacgaagtcattgcttttttcttcttccatttctaaatccaatgttacttgttctgattc162 
tgtttctggttctggttctgttggctcatttgggattaaatccactactagcgttgagttagtt163 
aactttgcaatttgttctagtgtttttatggttggatctgattttcctgattctattcgtgaat164 
aatttgatctactcatttctaattcttggggtaccgccagcatttcggaaaaaaaccacgctaa165 
ggattttttctataaaaagagccgttatattaagaataaaacggctcttttatacgtaaaggac166 
gtaaattcatttgcccagtgtcatgtaatccttcaaatttgtattctccaagaaaattgatatg167 
ttcccatcctaacggccacgcatatggcattaaatcttctctaaattctcctcttgcttttaat168 
tcttctacggctttttccatatatacagtgttccacacacttatagcgttaataattatgttta169 
gtgcactagctctttgtaactggtcttggagagcacgttctctaaattctccacgttgtccaaa170 
aaatataattctagctaatgcattgattgcttctcctttatttaaacctttttgaacccgtctc171 
cttacggctttattagatatgtaatccagcgtaaagagggttttctcgattcgtcccatttctc172 
caagtgctgttgcgagtttattttgtcttgcatatgatccgagcttccccatgataagagcgct173 
agggacctctttagctccttggaagctgtcagtagtatacctaataatttatctacattccctt174 
tagtaacgtgtaactttccaaatttacaaaagcgactcatagaaTTATTTCCTCCCGTTAAATA175 
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ATAGATAACTATTAAAAATAGACAATACTTGCTCATAAGTAACGGTACTTAAATTGTTTACTTT176 
GGCGTGTTTCATTGCTTGATGAAACTGATTTTTAGTAAACAGTTGACGATATTCTCGATTGACC177 
CATTTTGAAACAAAGTACGTATATAGCTTCCAATATTTATCTGGAACATCTGTGGTATGGCGGG178 
TAAGTTTTATTAAGACACTGTTTACTTTTGGTTTAGGATGAAAGCATTCCGCTGGCAGCTTAAG179 
CAATTGCTGAATCGAGACTTGAGTGTGCAAGAGCAACCCTAGTGTTCGGTGAATATCCAAGGTA180 
CGCTTGTAGAATCCTTCTTCAACAATCAGATAGATGTCAGACGCATGGCTTTCAAAAACCACTT181 
TTTTAATAATTTGTGTGCTTAAATGGTAAGGAATACTCCCAACAATTTTATACCTCTGTTTGTT182 
AGGGAATTGAAACTGTAGAATATCTTGGTGAATTAAAGTGACACGAGTATTCAGTTTTAATTTT183 
TCTGACGATAAGTTGAATAGATGACTGTCTAATTCAATAGACGTTACCTGTTTACTTATTTTAG184 
CCAGTTTCGTCGTTAAATGCCCTTTACCTGTTCCAATTTCGTAAACGGTATCGGTTTCTTTTAA185 
ATTCAATTGTTTTATTATTTGGTTGAGTACTTTTTCACTCGTTAAAAAGTTTTGAGAATATTTT186 
ATATTTTTGTTCATgtaatcactccttcttaattacaaatttttagcatctaatttaacttcaa187 
ttcctattatacaaaattttaagatactgcactatcaacacactcttaagtttgcttctaagtc188 
ttatttccataacttcttttacgtttccgccattctttgctgtttcgatttttatgatatggtg189 
caagtcagcacgaacacgaaccgtcttatctcccattatatctttttttgcactgattggtgta190 
tcatttcgtttttctttttgtgcgcttcttgataaaagggatagtaattcattcctggttgcaa191 
attttgaaaaccgctacggatcgcatctttttctaaactagggcccacaacggcgctgccgacc192 
tgggtcagcatcaatttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaa193 
gtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccct194 
cgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcggga195 
agcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctcca196 
agctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcg197 
tcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggatt198 
agcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggctaca199 
ctagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttgg200 
tagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcag201 
attacgcgcagaaaaaaaggatctcaaGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTC202 
AGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTA203 
GATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCT204 
GACAGTTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAA205 
TACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAG206 
GATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAAT207 
TTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTG208 
AGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTC209 
ATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAAT210 
ACGCGGTCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTG211 
CCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTT212 
CCCAGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTC213 
GGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAA214 
CGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGAT215 
TGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATG216 
TTGGAATTTAATCGCGGCCTAGAGCAAGACGTTTCCCGTTGAATATGGCTCATactcttccttt217 
ttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtat218 
ttagaaaaataaacaaataggggttccgcgaccggttatcg  219 
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Supplementary Note 2 220 

 221 

pYK01 222 

 223 

Blue: tracrRNA 224 

Green: gyrA-ldh (Sm) bidirectional promoter 225 

Pink: nCas9(D10A) 226 

Brown: SH3 227 

Red: PmCDA1 228 

Apricot: SHL 229 

Purple: UGI 230 

Lime: P23 (Ll) promoter 231 

Maroon: crRNA direct repeat 232 

Lavender: pIB184-derived seq (repD, repE, and ermB) 233 

Cyan: ColE1 ori 234 

Yellow: KanR 235 

 236 

Uppercase: ORF 237 

Underline: gRNA spacer sequence (upp) 238 

 239 

ggtaaaaaaagcaccgactcggtgccactttttcaagttgataacggactagccttatttaaac240 

ttgctatgctgttttgaatggttcttttatattatatcacaaataaggctctttttcagctatt241 

ctactatagttttccgctgagaaaggtaaatattagtgactttcttaacaaaaagtgttagaat242 

gaaaatgtatagaatatatacttaataaattataagtcgaccggcccattttaggaggcaaaaA243 

TGGATAAGAAATACTCAATAGGCTTAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCAC244 

TGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATC245 

AAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCA246 

AACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTT247 

TTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTG248 

GAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATC249 

ATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGA250 
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TTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAG251 

GGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACA252 

ATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGC253 

ACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAAT254 

GGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTG255 

ATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTT256 

ATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCT257 

ATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAA258 

TGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACA259 

ACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATT260 

GATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATG261 

GTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGA262 

CAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAA263 

GACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTC264 

CTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTGA265 

AGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTT266 

ATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTT267 

TGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAAT268 

GCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAACA269 

AATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATA270 

GTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCT271 

AAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATT272 

GTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTC273 

ACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTT274 

GTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTG275 

AAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTA276 

AAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAA277 

TTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATTG278 

GTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGA279 

CAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGA280 

ATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTC281 

TATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTT282 
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TAAGTGATTATGATGTCGATcaCATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAA283 

TAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTA284 

GTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGT285 

TTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAA286 

ACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATG287 

AATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTA288 

AATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCA289 

TCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAA290 

CTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGT291 

CTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTT292 

CAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGG293 

GAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCA294 

TGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAAT295 

TTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATAT296 

GGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGA297 

AATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTT298 

TGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATC299 

ATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTG300 

CCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTT301 

AGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTG302 

GAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTA303 

TTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAAT304 

ACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCT305 

TTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATG306 

CCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGG307 

AGGTGACGGTGGAGGAGGTTCTGGAGGTGGAGGTTCTGCTGAGTATGTGCGAGCCCTCTTTGAC308 

TTTAATGGGAATGATGAAGAGGATCTTCCCTTTAAGAAAGGAGACATCCTGAGAATCCGGGATA309 

AGCCTGAGGAGCAGTGGTGGAATGCAGAGGACAGCGAAGGAAAGAGGGGGATGATTCCTGTCCC310 

TTACGTGGAGAAGTATTCCGGAGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATT311 

GATTACAAAGACGATGACGATAAGTCTAGGCTCGAGTAGgaggtctagaATGACCGACGCTGAG312 

TACGTGAGAATCCATGAGAAGTTGGACATCTACACGTTTAAGAAACAGTTTTTCAACAACAAAA313 

AATCCGTGTCGCATAGATGCTACGTTCTCTTTGAATTAAAACGACGGGGTGAACGTAGAGCGTG314 



 18 

TTTTTGGGGCTATGCTGTGAATAAACCACAGAGCGGGACAGAACGTGGCATTCACGCCGAAATC315 

TTTAGCATTAGAAAAGTCGAAGAATACCTGCGCGACAACCCCGGACAATTCACGATAAATTGGT316 

ACTCATCCTGGAGTCCTTGTGCAGATTGCGCTGAAAAGATCTTAGAATGGTATAACCAGGAGCT317 

GCGGGGGAACGGCCACACTTTGAAAATCTGGGCTTGCAAACTCTATTACGAGAAAAATGCGAGG318 

AATCAAATTGGGCTGTGGAACCTCAGAGATAACGGGGTTGGGTTGAATGTAATGGTAAGTGAAC319 

ACTACCAATGTTGCAGGAAAATATTCATCCAATCGTCGCACAATCAATTGAATGAGAATAGATG320 

GCTTGAGAAGACTTTGAAGCGAGCTGAAAAACGACGGAGCGAGTTGTCCATTATGATTCAGGTA321 

AAAATACTCCACACCACTAAGAGTCCTGCTGTTGGCGGTGGTGGTAGTCCACCTCCAGCACTGC322 

CTCCAAAGAGGAGGAGATGAatATGACCAACCTTTCCGACATCATAGAGAAGGAAACAGGCAAA323 

CAGTTGGTCATCCAAGAGTCGATACTCATGCTTCCTGAAGAAGTTGAGGAGGTCATTGGGAATA324 

AGCCGGAAAGTGACATTCTCGTACACACTGCGTATGATGAGAGCACCGATGAGAACGTGATGCT325 

GCTCACGTCAGATGCCCCAGAGTACAAACCCTGGGCTCTGGTGATTCAGGACTCTAATGGAGAG326 

AACAAGATCAAGATGCTAGGACTGGTTGCATAAcggccgaagtcctgcaggcttgttcctaaaa327 

aggaataagcgttcggtcagtaaataatagaaataaaaaatcagacctaagactgatgacaaaa328 

agagaaaattttgataaaatagtcttttcaacataaattgacgatcattgtttaagagctatgc329 

tgttttgaatggtcccaaaacgtaaaaaaaacccatgcatactagtttaatcactttgactagc330 

aaatactaacaacaagacacacacaccaaaaatcaaaaattcactacttttagttaaaaaccac331 

gtaaccacaagaactaatccaatccatgtaatcgggttcttcaaatatttctccaagattttcc332 

tcctctaatatgctcaacttaaatgacctattcaataaatctattatgctgctaaatagtttat333 

aggacaaataagtatactctaatgacctataaaagatagaaaattaaaaaatcaagtgttcgct334 

tcgctctcactgcccctcgacgttttagtagcctttccctcacttcgttcagtccaagccaact335 

aaaagttttcgggctactctctccttctccccctaataattaattaaaatcttactctgtatat336 

ttctgctaatcattcgctaaacagcaaagaaaaaacaaacacgtatcatagatataaatgtaat337 

ggcatagtgcgggttttatttTCAGCCTGTATCATAGCTAAACAAATCGAGTTGTGTGTCCGTT338 

TTAGGGCGTTCTGCTAGCTTGTTTAAAGTCTCTTGAATGAATGTATGCTCTAAGTCAAAAGAAT339 

TTGTCAGCGCCTTTATATAGCTTTCTTTTTCTTCTTTTTTTACTTTAATGATCGATAGCAACAA340 

TGATTTAACACTAGCAAGTTGAATGCCACCATTTCTTCCTGGTTTAATCTTAAAGAAAATTTCC341 

TGATTCGCCTTCAGTACCTTCAGCAATTTATCTAATGTCCGTTCAGGAATGCCTAGCACTTCTC342 

TAATCTCTTTTTTGGTCGTCACTAAATAAGGCTTGTATACATCGCTTTTTTCGCTAATATAAGC343 

CATTAAATCTTCTTTCCATTCTGACAAATGAACACGTTGACGTTCGCTTCTTTTTTTCTTGAAT344 

TTAAACCACCCTTGACGGACAAATAAATCTTTACTGGTTAAATCACTTGATACCCAAGCTTTGC345 

AAAGAATGGTAATGTATTCCCTATTAGCCCCTTGATAGTTTTCTGAATAGGCACTTCTAACAAT346 
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TTTGATTACTTCTTTTTCTTCTAAGGGTTGATCTAATCGATTATTAAACTCAAACATATTATAT347 

TCGCACGTTTCGATTGAATAGCCTGAACTAAAGTAGGCTAAAGAGAGGGTAAACATGACGTTAT348 

TACGCCCTATTAAACCCTTTTCTCCTGAAAATTTCGTTTCGTGCAATAAGAGATTAAACCAGGG349 

TTCATCTACTTGTTTTTTGCCTTCTGTACCGCTTAAAACCGTTAGACTTGAACGAGTAAAGCCC350 

TTATTATCTGTTTGTTTGAAAGACCAATCTTGCCATTCTTTGAAAGAATAACGGTAATTAGGAT351 

CAAAAAATTCTACATTGTCCGTTCTTGGTATGCGAGCAATACCAAAATGATTACACGTTAGATC352 

AACTGGCAAAGACTTTCCAAAATATTCTCGGATATTTTGCGAAATTATTTTGGCTGCTTTGACA353 

GATTTAAATTCTGATTTTGAAGTCACATAGACTGGCGTTTCTAAAACAAAATATGCTTGATAAC354 

CTTTATCAGATTTGATAATCATAGTAGGCATAAAACCTAAATCAATAGCGGTTGTTAAAATATC355 

GCTTGCTGAAATAGTTTCTTTTGCCGTGTGAATATCAAAATCAATAAAGAAGGTATTGATTTGT356 

CTTAAATTGTTTTCAGAATGTCCTTTCGTGTATGAACGGTTTTCGTCTGCATACGTTCCATAAC357 

GATAAACGTTGGGTGTCCAATGTGTAAATGTATCTTGATTTTCTTGAATCGCTTCCTCGGAAGT358 

CAGAACAACACCACGACCGCCAATCATGCTTGATTTTGAGCGATACGCAAAAATAGCCCCTTTG359 

CTTTTACCTGGCTTGGTAGTGATTGAGCGAATTTTACTATTTTTAAATTTGTACTTTAACAAGC360 

CGTCATGAAGCACAGTTTCTACAACAAAAGGGATATTCATtcagctgttctcctttcctataaa361 

tcctataaaataggttgtTTAATTAACTTGGTTTGCTTTTTCATTCAACTGTTTCAATATTGCA362 

TGTTTTGAAAAAGATTTTTTTCCTTTATAAGTCAATTTTTTTCCACTAATCGAATAAATTATTT363 

TGTTATTTTCTATTAACTTATATATATAATCTTCCCCCTCCGAAGAAAAATACTTATCTGATTT364 

TGTTTCTAAGTAGATATTTCTCTTTTCTAACTCTTTCTTAAACGTTTCTAGTGTATAGATATTT365 

GCTAATTTTCTTATCTCcaataaactattttttatataagttttacattcatcatgattcatac366 

aaactccaccttctataaatgaatacaaaaaaagcaatcaaacgatttccgattgattgcttaa367 

caattcttaaattcagtagcttagatacttgaaaactctctgatttccctatataatgatagta368 

cggttatataccgtcttcaaacaaagttaattaaataacttcttacgagggaagagttcatctg369 

actaactgataagcgttggtttggcaatcttatcgggctatgcatttataaaatgtcgtcaaac370 

attttataaatgtgtcatggctcttttttcgtttctattcagttcgttgtttcgttatatctag371 

tataccgcttttaaaaaaaataagcaacgatttcgtgcattattcacacgaagtcattgctttt372 

ttcttcttccatttctaaatccaatgttacttgttctgattctgtttctggttctggttctgtt373 

ggctcatttgggattaaatccactactagcgttgagttagttaactttgcaatttgttctagtg374 

tttttatggttggatctgattttcctgattctattcgtgaataatttgatctactcatttctaa375 

ttcttggggtaccgccagcatttcggaaaaaaaccacgctaaggattttttctataaaaagagc376 

cgttatattaagaataaaacggctcttttatacgtaaaggacgtaaattcatttgcccagtgtc377 

atgtaatccttcaaatttgtattctccaagaaaattgatatgttcccatcctaacggccacgca378 
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tatggcattaaatcttctctaaattctcctcttgcttttaattcttctacggctttttccatat379 

atacagtgttccacacacttatagcgttaataattatgtttagtgcactagctctttgtaactg380 

gtcttggagagcacgttctctaaattctccacgttgtccaaaaaatataattctagctaatgca381 

ttgattgcttctcctttatttaaacctttttgaacccgtctccttacggctttattagatatgt382 

aatccagcgtaaagagggttttctcgattcgtcccatttctccaagtgctgttgcgagtttatt383 

ttgtcttgcatatgatccgagcttccccatgataagagcgctagggacctctttagctccttgg384 

aagctgtcagtagtatacctaataatttatctacattccctttagtaacgtgtaactttccaaa385 

tttacaaaagcgactcatagaaTTATTTCCTCCCGTTAAATAATAGATAACTATTAAAAATAGA386 

CAATACTTGCTCATAAGTAACGGTACTTAAATTGTTTACTTTGGCGTGTTTCATTGCTTGATGA387 

AACTGATTTTTAGTAAACAGTTGACGATATTCTCGATTGACCCATTTTGAAACAAAGTACGTAT388 

ATAGCTTCCAATATTTATCTGGAACATCTGTGGTATGGCGGGTAAGTTTTATTAAGACACTGTT389 

TACTTTTGGTTTAGGATGAAAGCATTCCGCTGGCAGCTTAAGCAATTGCTGAATCGAGACTTGA390 

GTGTGCAAGAGCAACCCTAGTGTTCGGTGAATATCCAAGGTACGCTTGTAGAATCCTTCTTCAA391 

CAATCAGATAGATGTCAGACGCATGGCTTTCAAAAACCACTTTTTTAATAATTTGTGTGCTTAA392 

ATGGTAAGGAATACTCCCAACAATTTTATACCTCTGTTTGTTAGGGAATTGAAACTGTAGAATA393 

TCTTGGTGAATTAAAGTGACACGAGTATTCAGTTTTAATTTTTCTGACGATAAGTTGAATAGAT394 

GACTGTCTAATTCAATAGACGTTACCTGTTTACTTATTTTAGCCAGTTTCGTCGTTAAATGCCC395 

TTTACCTGTTCCAATTTCGTAAACGGTATCGGTTTCTTTTAAATTCAATTGTTTTATTATTTGG396 

TTGAGTACTTTTTCACTCGTTAAAAAGTTTTGAGAATATTTTATATTTTTGTTCATgtaatcac397 

tccttcttaattacaaatttttagcatctaatttaacttcaattcctattatacaaaattttaa398 

gatactgcactatcaacacactcttaagtttgcttctaagtcttatttccataacttcttttac399 

gtttccgccattctttgctgtttcgatttttatgatatggtgcaagtcagcacgaacacgaacc400 

gtcttatctcccattatatctttttttgcactgattggtgtatcatttcgtttttctttttgtg401 

cgcttcttgataaaagggatagtaattcattcctggttgcaaattttgaaaaccgctacggatc402 

gcatctttttctaaactagggcccacaacggcgctgccgacctgggtcagcatcaatttccata403 

ggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgac404 

aggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgacc405 

ctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagct406 

cacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaacc407 

ccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggtaaga408 

cacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcg409 

gtgctacagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtat410 
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ctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaa411 

accaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggat412 

ctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgtta413 

agggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatga414 

agttttaaatcaatctaaagtatatatgagtaaacttggtctgacagTTAGAAAAACTCATCGA415 

GCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCG416 

TTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGG417 

TCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGT418 

TATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGTTTATGCAT419 

TTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACC420 

AAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGgTCGCTGTTAAAAGGAC421 

AATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTC422 

ACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCAGGGATCGCAGTGGTGAGT423 

AACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCA424 

GCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAG425 

AAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCCCGACA426 

TTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTAG427 

AGCAAGACGTTTCCCGTTGAATATGGCTCATactcttcctttttcaatattattgaagcattta428 

tcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggg429 

gttccgcgacc 430 

	  431 
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Supplementary Note 3 432 

 433 

pYK06 434 

 435 

Teal: Pldh(Lc) promoter 436 

Blue: tracrRNA 437 

Green: Ppgm(La) promoter 438 

Pink: nCas9(D10A) 439 

Brown: SH3 440 

Red: PmCDA1 441 

Apricot: SHL 442 

Purple: UGI 443 

Lime: rrn4a(Lp) promoter 444 

Maroon: crRNA direct repeat 445 

Magenta: rrnB(Ec) terminator 446 

Lavender: pIB184-derived seq (repD, repE, and ermB) 447 

Cyan: ColE1 ori 448 

Yellow: KanR 449 

 450 

Uppercase: ORF 451 

Underline: gRNA spacer sequence (upp) 452 

 453 
atgatggacggattttgccttttccgtccagagcagtataccatactgacgccttgcgtctgtg454 
cgagttgaccgtgggaactgttgaatttcccacattcgtgaaaacagatgctggaaacgcttac455 
gttattggaagcttgcttgaaacaggattcacaagtcttgctgtagtaaggctcgacgccattt456 
tttgacaatggcaaaatcatgaaaaagtctatcaaatttgtttcagggaattgataatgtgtta457 
tactcaacgtgaaatgcagtttgcatgcacataagaaaggatgatatcaccgacgtcggaacca458 
ttcaaaacagcatagcaagtttaaataaggctagtccgttatcaacttgaaaaagtggcaccga459 
gtcggtgctttttttcgatcgcgttagcacaaaaaagcagaaaataaaaagtagaaataaaaaa460 
agatgtttttttgcccatatctctatgaaaaaaactgtgaaatgtgtaaaatatggatgaaaca461 
ttgaatttaaaaggagagtcgaccggcccattttaggaggcaaaaATGGATAAGAAATACTCAA462 
TAGGCTTAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCC463 
GTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGG464 
GCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAA465 
GGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAA466 
AGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCAT467 
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GAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTA468 
TCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTT469 
GGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGAT470 
AATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAA471 
ACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAG472 
ACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTC473 
ATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTA474 
AATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGA475 
TCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATC476 
CTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATG477 
AACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAA478 
AGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGAGCTAGCCAA479 
GAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATTGG480 
TGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCA481 
TCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTA482 
AAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCAT483 
TGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATG484 
GAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAAC485 
TTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTATTTTA486 
CGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCT487 
TTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTT488 
AAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAG489 
TTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAA490 
AGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTA491 
TTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGG492 
TGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAA493 
TGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCC494 
AATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAG495 
CACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGC496 
TATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGG497 
CATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGA498 
AAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCT499 
TAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAA500 
AATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCG501 
ATcaCATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTC502 
TGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAAC503 
TATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAG504 
CTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAAC505 
TCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAA506 
AATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCC507 
GAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTA508 
TCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTTGTC509 
TATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGCA510 
AAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACT511 
TGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTC512 
TGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTG513 
TCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTC514 
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GGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGTCCA515 
ACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAAT516 
CCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGA517 
CTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATAT518 
AGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAAG519 
GAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTATGAAAA520 
GTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGCATAAGCATTAT521 
TTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATT522 
TAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAA523 
TATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACA524 
ACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAAT525 
CCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGACGGTGGAGGAGG526 
TTCTGGAGGTGGAGGTTCTGCTGAGTATGTGCGAGCCCTCTTTGACTTTAATGGGAATGATGAA527 
GAGGATCTTCCCTTTAAGAAAGGAGACATCCTGAGAATCCGGGATAAGCCTGAGGAGCAGTGGT528 
GGAATGCAGAGGACAGCGAAGGAAAGAGGGGGATGATTCCTGTCCCTTACGTGGAGAAGTATTC529 
CGGAGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTACAAAGACGATGAC530 
GATAAGTCTAGGCTCGAGTAGgaggtctagaATGACCGACGCTGAGTACGTGAGAATCCATGAG531 
AAGTTGGACATCTACACGTTTAAGAAACAGTTTTTCAACAACAAAAAATCCGTGTCGCATAGAT532 
GCTACGTTCTCTTTGAATTAAAACGACGGGGTGAACGTAGAGCGTGTTTTTGGGGCTATGCTGT533 
GAATAAACCACAGAGCGGGACAGAACGTGGCATTCACGCCGAAATCTTTAGCATTAGAAAAGTC534 
GAAGAATACCTGCGCGACAACCCCGGACAATTCACGATAAATTGGTACTCATCCTGGAGTCCTT535 
GTGCAGATTGCGCTGAAAAGATCTTAGAATGGTATAACCAGGAGCTGCGGGGGAACGGCCACAC536 
TTTGAAAATCTGGGCTTGCAAACTCTATTACGAGAAAAATGCGAGGAATCAAATTGGGCTGTGG537 
AACCTCAGAGATAACGGGGTTGGGTTGAATGTAATGGTAAGTGAACACTACCAATGTTGCAGGA538 
AAATATTCATCCAATCGTCGCACAATCAATTGAATGAGAATAGATGGCTTGAGAAGACTTTGAA539 
GCGAGCTGAAAAACGACGGAGCGAGTTGTCCATTATGATTCAGGTAAAAATACTCCACACCACT540 
AAGAGTCCTGCTGTTGGCGGTGGTGGTAGTCCACCTCCAGCACTGCCTCCAAAGAGGAGGAGAT541 
GAatATGACCAACCTTTCCGACATCATAGAGAAGGAAACAGGCAAACAGTTGGTCATCCAAGAG542 
TCGATACTCATGCTTCCTGAAGAAGTTGAGGAGGTCATTGGGAATAAGCCGGAAAGTGACATTC543 
TCGTACACACTGCGTATGATGAGAGCACCGATGAGAACGTGATGCTGCTCACGTCAGATGCCCC544 
AGAGTACAAACCCTGGGCTCTGGTGATTCAGGACTCTAATGGAGAGAACAAGATCAAGATGCTA545 
GGACTGGTTGCATAAcggccgaagtcctgcagcattggattaattgttgacagtttcataactg546 
gctggtatattagtaaacgttgctttcaacataaattgacgatcattgtttaagagctatgctg547 
ttttgaatggtcccaaaacataaaacgaaaggctcagtcgaaagactgggcctttcgttttatc548 
actagtttaatcactttgactagcaaatactaacaacaagacacacacaccaaaaatcaaaaat549 
tcactacttttagttaaaaaccacgtaaccacaagaactaatccaatccatgtaatcgggttct550 
tcaaatatttctccaagattttcctcctctaatatgctcaacttaaatgacctattcaataaat551 
ctattatgctgctaaatagtttataggacaaataagtatactctaatgacctataaaagataga552 
aaattaaaaaatcaagtgttcgcttcgctctcactgcccctcgacgttttagtagcctttccct553 
cacttcgttcagtccaagccaactaaaagttttcgggctactctctccttctccccctaataat554 
taattaaaatcttactctgtatatttctgctaatcattcgctaaacagcaaagaaaaaacaaac555 
acgtatcatagatataaatgtaatggcatagtgcgggttttatttTCAGCCTGTATCATAGCTA556 
AACAAATCGAGTTGTGTGTCCGTTTTAGGGCGTTCTGCTAGCTTGTTTAAAGTCTCTTGAATGA557 
ATGTATGCTCTAAGTCAAAAGAATTTGTCAGCGCCTTTATATAGCTTTCTTTTTCTTCTTTTTT558 
TACTTTAATGATCGATAGCAACAATGATTTAACACTAGCAAGTTGAATGCCACCATTTCTTCCT559 
GGTTTAATCTTAAAGAAAATTTCCTGATTCGCCTTCAGTACCTTCAGCAATTTATCTAATGTCC560 
GTTCAGGAATGCCTAGCACTTCTCTAATCTCTTTTTTGGTCGTCACTAAATAAGGCTTGTATAC561 
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ATCGCTTTTTTCGCTAATATAAGCCATTAAATCTTCTTTCCATTCTGACAAATGAACACGTTGA562 
CGTTCGCTTCTTTTTTTCTTGAATTTAAACCACCCTTGACGGACAAATAAATCTTTACTGGTTA563 
AATCACTTGATACCCAAGCTTTGCAAAGAATGGTAATGTATTCCCTATTAGCCCCTTGATAGTT564 
TTCTGAATAGGCACTTCTAACAATTTTGATTACTTCTTTTTCTTCTAAGGGTTGATCTAATCGA565 
TTATTAAACTCAAACATATTATATTCGCACGTTTCGATTGAATAGCCTGAACTAAAGTAGGCTA566 
AAGAGAGGGTAAACATGACGTTATTACGCCCTATTAAACCCTTTTCTCCTGAAAATTTCGTTTC567 
GTGCAATAAGAGATTAAACCAGGGTTCATCTACTTGTTTTTTGCCTTCTGTACCGCTTAAAACC568 
GTTAGACTTGAACGAGTAAAGCCCTTATTATCTGTTTGTTTGAAAGACCAATCTTGCCATTCTT569 
TGAAAGAATAACGGTAATTAGGATCAAAAAATTCTACATTGTCCGTTCTTGGTATGCGAGCAAT570 
ACCAAAATGATTACACGTTAGATCAACTGGCAAAGACTTTCCAAAATATTCTCGGATATTTTGC571 
GAAATTATTTTGGCTGCTTTGACAGATTTAAATTCTGATTTTGAAGTCACATAGACTGGCGTTT572 
CTAAAACAAAATATGCTTGATAACCTTTATCAGATTTGATAATCATAGTAGGCATAAAACCTAA573 
ATCAATAGCGGTTGTTAAAATATCGCTTGCTGAAATAGTTTCTTTTGCCGTGTGAATATCAAAA574 
TCAATAAAGAAGGTATTGATTTGTCTTAAATTGTTTTCAGAATGTCCTTTCGTGTATGAACGGT575 
TTTCGTCTGCATACGTTCCATAACGATAAACGTTGGGTGTCCAATGTGTAAATGTATCTTGATT576 
TTCTTGAATCGCTTCCTCGGAAGTCAGAACAACACCACGACCGCCAATCATGCTTGATTTTGAG577 
CGATACGCAAAAATAGCCCCTTTGCTTTTACCTGGCTTGGTAGTGATTGAGCGAATTTTACTAT578 
TTTTAAATTTGTACTTTAACAAGCCGTCATGAAGCACAGTTTCTACAACAAAAGGGATATTCAT579 
tcagctgttctcctttcctataaatcctataaaataggttgtTTAATTAACTTGGTTTGCTTTT580 
TCATTCAACTGTTTCAATATTGCATGTTTTGAAAAAGATTTTTTTCCTTTATAAGTCAATTTTT581 
TTCCACTAATCGAATAAATTATTTTGTTATTTTCTATTAACTTATATATATAATCTTCCCCCTC582 
CGAAGAAAAATACTTATCTGATTTTGTTTCTAAGTAGATATTTCTCTTTTCTAACTCTTTCTTA583 
AACGTTTCTAGTGTATAGATATTTGCTAATTTTCTTATCTCcaataaactattttttatataag584 
ttttacattcatcatgattcatacaaactccaccttctataaatgaatacaaaaaaagcaatca585 
aacgatttccgattgattgcttaacaattcttaaattcagtagcttagatacttgaaaactctc586 
tgatttccctatataatgatagtacggttatataccgtcttcaaacaaagttaattaaataact587 
tcttacgagggaagagttcatctgactaactgataagcgttggtttggcaatcttatcgggcta588 
tgcatttataaaatgtcgtcaaacattttataaatgtgtcatggctcttttttcgtttctattc589 
agttcgttgtttcgttatatctagtataccgcttttaaaaaaaataagcaacgatttcgtgcat590 
tattcacacgaagtcattgcttttttcttcttccatttctaaatccaatgttacttgttctgat591 
tctgtttctggttctggttctgttggctcatttgggattaaatccactactagcgttgagttag592 
ttaactttgcaatttgttctagtgtttttatggttggatctgattttcctgattctattcgtga593 
ataatttgatctactcatttctaattcttggggtaccgccagcatttcggaaaaaaaccacgct594 
aaggattttttctataaaaagagccgttatattaagaataaaacggctcttttatacgtaaagg595 
acgtaaattcatttgcccagtgtcatgtaatccttcaaatttgtattctccaagaaaattgata596 
tgttcccatcctaacggccacgcatatggcattaaatcttctctaaattctcctcttgctttta597 
attcttctacggctttttccatatatacagtgttccacacacttatagcgttaataattatgtt598 
tagtgcactagctctttgtaactggtcttggagagcacgttctctaaattctccacgttgtcca599 
aaaaatataattctagctaatgcattgattgcttctcctttatttaaacctttttgaacccgtc600 
tccttacggctttattagatatgtaatccagcgtaaagagggttttctcgattcgtcccatttc601 
tccaagtgctgttgcgagtttattttgtcttgcatatgatccgagcttccccatgataagagcg602 
ctagggacctctttagctccttggaagctgtcagtagtatacctaataatttatctacattccc603 
tttagtaacgtgtaactttccaaatttacaaaagcgactcatagaaTTATTTCCTCCCGTTAAA604 
TAATAGATAACTATTAAAAATAGACAATACTTGCTCATAAGTAACGGTACTTAAATTGTTTACT605 
TTGGCGTGTTTCATTGCTTGATGAAACTGATTTTTAGTAAACAGTTGACGATATTCTCGATTGA606 
CCCATTTTGAAACAAAGTACGTATATAGCTTCCAATATTTATCTGGAACATCTGTGGTATGGCG607 
GGTAAGTTTTATTAAGACACTGTTTACTTTTGGTTTAGGATGAAAGCATTCCGCTGGCAGCTTA608 
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AGCAATTGCTGAATCGAGACTTGAGTGTGCAAGAGCAACCCTAGTGTTCGGTGAATATCCAAGG609 
TACGCTTGTAGAATCCTTCTTCAACAATCAGATAGATGTCAGACGCATGGCTTTCAAAAACCAC610 
TTTTTTAATAATTTGTGTGCTTAAATGGTAAGGAATACTCCCAACAATTTTATACCTCTGTTTG611 
TTAGGGAATTGAAACTGTAGAATATCTTGGTGAATTAAAGTGACACGAGTATTCAGTTTTAATT612 
TTTCTGACGATAAGTTGAATAGATGACTGTCTAATTCAATAGACGTTACCTGTTTACTTATTTT613 
AGCCAGTTTCGTCGTTAAATGCCCTTTACCTGTTCCAATTTCGTAAACGGTATCGGTTTCTTTT614 
AAATTCAATTGTTTTATTATTTGGTTGAGTACTTTTTCACTCGTTAAAAAGTTTTGAGAATATT615 
TTATATTTTTGTTCATgtaatcactccttcttaattacaaatttttagcatctaatttaacttc616 
aattcctattatacaaaattttaagatactgcactatcaacacactcttaagtttgcttctaag617 
tcttatttccataacttcttttacgtttccgccattctttgctgtttcgatttttatgatatgg618 
tgcaagtcagcacgaacacgaaccgtcttatctcccattatatctttttttgcactgattggtg619 
tatcatttcgtttttctttttgtgcgcttcttgataaaagggatagtaattcattcctggttgc620 
aaattttgaaaaccgctacggatcgcatctttttctaaactagggcccacaacggcgctgccga621 
cctgggtcagcatcaatttccataggctccgcccccctgacgagcatcacaaaaatcgacgctc622 
aagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctcc623 
ctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgg624 
gaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctc625 
caagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactat626 
cgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacagga627 
ttagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacggcta628 
cactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagtt629 
ggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagc630 
agattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgc631 
tcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacc632 
tagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggt633 
ctgacagTTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATC634 
AATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCAT635 
AGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTA636 
ATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGG637 
TGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCG638 
TCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAA639 
ATACGCGGTCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACAC640 
TGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTT641 
TTCCCAGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGG642 
TCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGC643 
AACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGATAG644 
ATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCA645 
TGTTGGAATTTAATCGCGGCCTAGAGCAAGACGTTTCCCGTTGAATATGGCTCATactcttcct646 
ttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgt647 
atttagaaaaataaacaaataggggttccgcgaccggttatcg 648 
	  649 
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 650 
Supplementary Note 4 651 

Distinct elements from pYK01 and pYK06 in the other vectors  652 

 653 
Prrn4b (Lp) 654 

attggattaattgttgacagtttcataactggctggtatattagtaaacgttgct 655 
 656 
 657 
Prrn3a (Lp) 658 
ttataaaaagatgttgacagcttgttctgatgatgataaactttaatagttgcg 659 
 660 
 661 
rrnA (Ls) terminator for tracrRNA 662 
aaaaaggttgaaccttagggttcagccttttt 663 
 664 
 665 
rrnB T1 (Ec) terminator for crRNA 666 
ataaaacgaaaggctcagtcgaaagactgggcctttcgttttat 667 
 668 
 669 
dCas9 670 
ATGGATAAGAAATACTCAATAGGCTTAGCTATCGGCACAAATAGCGTCGGATGGGCGGTGATCA671 
CTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTAT672 
CAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTC673 
AAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTT674 
TTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGT675 
GGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTAT676 
CATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGG677 
ATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGA678 
GGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTAC679 
AATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTG680 
CACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAA681 
TGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTT682 
GATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATT683 
TATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGC684 
TATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCA685 
ATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAAC686 
AACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATAT687 
TGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGAT688 
GGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTG689 
ACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGA690 
AGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATT691 
CCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTG692 
AAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATT693 
TATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGT694 
TTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAA695 
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TGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAAC696 
AAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGAT697 
AGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGC698 
TAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATAT699 
TGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCT700 
CACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTT701 
TGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTT702 
GAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTT703 
AAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAA704 
ATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATT705 
GGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAG706 
ACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAG707 
AATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCT708 
CTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGT709 
TTAAGTGATTATGATGTCGATGCCATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACA710 
ATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGT711 
AGTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAG712 
TTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCA713 
AACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCAT714 
GAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCT715 
AAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACC716 
ATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAA717 
ACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAG718 
TCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCT719 
TCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGG720 
GGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCC721 
ATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAA722 
TTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATA723 
TGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGG724 
AAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCT725 
TTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAAT726 
CATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGT727 
GCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATT728 
TAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGT729 
GGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTT730 
ATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAA731 
TACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGC732 
TTTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGAT733 
GCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAG734 
GAGGTGAC 735 
 736 
 737 
NG-nCas9 738 
ATGGACAAGAAGTACAGCATCGGCCTGGCCATCGGCACCAACTCTGTGGGCTGGGCCGTGATCA739 
CCGACGAGTACAAGGTGCCCAGCAAGAAATTCAAGGTGCTGGGCAACACCGACCGGCACAGCAT740 
CAAGAAGAACCTGATCGGAGCCCTGCTGTTCGACAGCGGCGAAACAGCCGAGGCCACCCGGCTG741 
AAGAGAACCGCCAGAAGAAGATACACCAGACGGAAGAACCGGATCTGCTATCTGCAAGAGATCT742 
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TCAGCAACGAGATGGCCAAGGTGGACGACAGCTTCTTCCACAGACTGGAAGAGTCCTTCCTGGT743 
GGAAGAGGATAAGAAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGGACGAGGTGGCCTAC744 
CACGAGAAGTACCCCACCATCTACCACCTGAGAAAGAAACTGGTGGACAGCACCGACAAGGCCG745 
ACCTGCGGCTGATCTATCTGGCCCTGGCCCACATGATCAAGTTCCGGGGCCACTTCCTGATCGA746 
GGGCGACCTGAACCCCGACAACAGCGACGTGGACAAGCTGTTCATCCAGCTGGTGCAGACCTAC747 
AACCAGCTGTTCGAGGAAAACCCCATCAACGCCAGCGGCGTGGACGCCAAGGCCATCCTGTCTG748 
CCAGACTGAGCAAGAGCAGACGGCTGGAAAATCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAA749 
TGGCCTGTTCGGAAACCTGATTGCCCTGAGCCTGGGCCTGACCCCCAACTTCAAGAGCAACTTC750 
GACCTGGCCGAGGATGCCAAACTGCAGCTGAGCAAGGACACCTACGACGACGACCTGGACAACC751 
TGCTGGCCCAGATCGGCGACCAGTACGCCGACCTGTTTCTGGCCGCCAAGAACCTGTCCGACGC752 
CATCCTGCTGAGCGACATCCTGAGAGTGAACACCGAGATCACCAAGGCCCCCCTGAGCGCCTCT753 
ATGATCAAGAGATACGACGAGCACCACCAGGACCTGACCCTGCTGAAAGCTCTCGTGCGGCAGC754 
AGCTGCCTGAGAAGTACAAAGAGATTTTCTTCGACCAGAGCAAGAACGGCTACGCCGGCTACAT755 
TGACGGCGGAGCCAGCCAGGAAGAGTTCTACAAGTTCATCAAGCCCATCCTGGAAAAGATGGAC756 
GGCACCGAGGAACTGCTCGTGAAGCTGAACAGAGAGGACCTGCTGCGGAAGCAGCGGACCTTCG757 
ACAACGGCAGCATCCCCCACCAGATCCACCTGGGAGAGCTGCACGCCATTCTGCGGCGGCAGGA758 
AGATTTTTACCCATTCCTGAAGGACAACCGGGAAAAGATCGAGAAGATCCTGACCTTCCGCATC759 
CCCTACTACGTGGGCCCTCTGGCCAGGGGAAACAGCAGATTCGCCTGGATGACCAGAAAGAGCG760 
AGGAAACCATCACCCCCTGGAACTTCGAGGAAGTGGTGGACAAGGGCGCTTCCGCCCAGAGCTT761 
CATCGAGCGGATGACCAACTTCGATAAGAACCTGCCCAACGAGAAGGTGCTGCCCAAGCACAGC762 
CTGCTGTACGAGTACTTCACCGTGTATAACGAGCTGACCAAAGTGAAATACGTGACCGAGGGAA763 
TGAGAAAGCCCGCCTTCCTGAGCGGCGAGCAGAAAAAGGCCATCGTGGACCTGCTGTTCAAGAC764 
CAACCGGAAAGTGACCGTGAAGCAGCTGAAAGAGGACTACTTCAAGAAAATCGAGTGCTTCGAC765 
TCCGTGGAAATCTCCGGCGTGGAAGATCGGTTCAACGCCTCCCTGGGCACATACCACGATCTGC766 
TGAAAATTATCAAGGACAAGGACTTCCTGGACAATGAGGAAAACGAGGACATTCTGGAAGATAT767 
CGTGCTGACCCTGACACTGTTTGAGGACAGAGAGATGATCGAGGAACGGCTGAAAACCTATGCC768 
CACCTGTTCGACGACAAAGTGATGAAGCAGCTGAAGCGGCGGAGATACACCGGCTGGGGCAGGC769 
TGAGCCGGAAGCTGATCAACGGCATCCGGGACAAGCAGTCCGGCAAGACAATCCTGGATTTCCT770 
GAAGTCCGACGGCTTCGCCAACAGAAACTTCATGCAGCTGATCCACGACGACAGCCTGACCTTT771 
AAAGAGGACATCCAGAAAGCCCAGGTGTCCGGCCAGGGCGATAGCCTGCACGAGCACATTGCCA772 
ATCTGGCCGGCAGCCCCGCCATTAAGAAGGGCATCCTGCAGACAGTGAAGGTGGTGGACGAGCT773 
CGTGAAAGTGATGGGCCGGCACAAGCCCGAGAACATCGTGATCGAAATGGCCAGAGAGAACCAG774 
ACCACCCAGAAGGGACAGAAGAACAGCCGCGAGAGAATGAAGCGGATCGAAGAGGGCATCAAAG775 
AGCTGGGCAGCCAGATCCTGAAAGAACACCCCGTGGAAAACACCCAGCTGCAGAACGAGAAGCT776 
GTACCTGTACTACCTGCAGAATGGGCGGGATATGTACGTGGACCAGGAACTGGACATCAACCGG777 
CTGTCCGACTACGATGTGGACCATATCGTGCCTCAGAGCTTTCTGAAGGACGACTCCATCGACA778 
ACAAGGTGCTGACCAGAAGCGACAAGAACCGGGGCAAGAGCGACAACGTGCCCTCCGAAGAGGT779 
CGTGAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAACGCCAAGCTGATTACCCAGAGAAAG780 
TTCGACAATCTGACCAAGGCCGAGAGAGGCGGCCTGAGCGAACTGGATAAGGCCGGCTTCATCA781 
AGAGACAGCTGGTGGAAACCCGGCAGATCACAAAGCACGTGGCACAGATCCTGGACTCCCGGAT782 
GAACACTAAGTACGACGAGAATGACAAGCTGATCCGGGAAGTGAAAGTGATCACCCTGAAGTCC783 
AAGCTGGTGTCCGATTTCCGGAAGGATTTCCAGTTTTACAAAGTGCGCGAGATCAACAACTACC784 
ACCACGCCCACGACGCCTACCTGAACGCCGTCGTGGGAACCGCCCTGATCAAAAAGTACCCTAA785 
GCTGGAAAGCGAGTTCGTGTACGGCGACTACAAGGTGTACGACGTGCGGAAGATGATCGCCAAG786 
AGCGAGCAGGAAATCGGCAAGGCTACCGCCAAGTACTTCTTCTACAGCAACATCATGAACTTTT787 
TCAAGACCGAGATTACCCTGGCCAACGGCGAGATCCGGAAGCGGCCTCTGATCGAGACAAACGG788 
CGAAACCGGGGAGATCGTGTGGGATAAGGGCCGGGATTTTGCCACCGTGCGGAAAGTGCTGAGC789 
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ATGCCCCAAGTGAATATCGTGAAAAAGACCGAGGTGCAGACAGGCGGCTTCAGCAAAGAGTCTA790 
TCCGGCCCAAGAGGAACAGCGATAAGCTGATCGCCAGAAAGAAGGACTGGGACCCTAAGAAGTA791 
CGGCGGCTTCGTGAGCCCCACCGTGGCCTATTCTGTGCTGGTGGTGGCCAAAGTGGAAAAGGGC792 
AAGTCCAAGAAACTGAAGAGTGTGAAAGAGCTGCTGGGGATCACCATCATGGAAAGAAGCAGCT793 
TCGAGAAGAATCCCATCGACTTTCTGGAAGCCAAGGGCTACAAAGAAGTGAAAAAGGACCTGAT794 
CATCAAGCTGCCTAAGTACTCCCTGTTCGAGCTGGAAAACGGCCGGAAGAGAATGCTGGCCTCT795 
GCCCGGTTCCTGCAGAAGGGAAACGAACTGGCCCTGCCCTCCAAATATGTGAACTTCCTGTACC796 
TGGCCAGCCACTATGAGAAGCTGAAGGGCTCCCCCGAGGATAATGAGCAGAAACAGCTGTTTGT797 
GGAACAGCACAAGCACTACCTGGACGAGATCATCGAGCAGATCAGCGAGTTCTCCAAGAGAGTG798 
ATCCTGGCCGACGCTAATCTGGACAAAGTGCTGTCCGCCTACAACAAGCACCGGGATAAGCCCA799 
TCAGAGAGCAGGCCGAGAATATCATCCACCTGTTTACCCTGACCAATCTGGGAGCCCCTCGGGC800 
CTTCAAGTACTTTGACACCACCATCGACCGGAAGGTGTACCGGAGCACCAAAGAGGTGCTGGAC801 
GCCACCCTGATCCACCAGAGCATCACCGGCCTGTACGAGACACGGATCGACCTGTCTCAGCTGG802 
GAGGTGAC 803 
 804 


