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Supplementary Figure 1 Schematic representation of the BFP-to-GFP reporter system for prime
editing (corresponding to Box 2). The plant prime editors can change the BFP to GFP by changing
CAC (histidine) to TAC (tyrosine). The target sequence and PAM motif of pegRNA are shown in blue
and pink, respectively. The target sequence and PAM motif of pegRNA are shown in blue and pink,
respectively. Figure adapted with permission from ref.5, Springer Nature America.



Supplementary Figure 2 Schematic of the PCR/RE assay used to detect prime editing events. The
yellowish and blue complex represent prime editors. The red base represent prime edited bases. The
brown base represent bases in restrction site. (a) The amplicons amplified from genomic DNA of
transgenic plants are digested with restriction enzymes that recognize the wild-type target sequences.
Mutations introduced by PE are resistant to restriction enzyme digestion because of the loss of the
restriction sites, and they result in an uncleaved band (colored in red) in agarose gels. (b) The
amplicons amplified from genomic DNA of transgenic plants are digested with restriction enzymes that
recognize the prime edited sequences. Prime edited sequence could be designed to create a new
restriction site if possible. Mutations introduced by PE are digested by restriction enzyme digestion,
and they result in an cleaved band (colored in red) in agarose gels. M, Marker; MD, Mutant digested;
CD, Control digested; CU, Control undigested.



Supplementary Figure 3 Representative flow cytometry and gating strategy to isolate protoplasts. All
events are discriminated by size, granularity, and viability. (a) The first gate (P1) is drawn on a plot of
side scatter-area (SSC-A) versus forward scatter-area (FSC-A), excluding a narrow strip of debris. (b)
The second gate (P2) is drawn on a plot of side scatter-area (SSC-A) versus fluorescence of fluorescein
isothiocyanate-area (FITC-A) to discern single cells.



Supplementary Note 1. Complete sequences of the nCas9-ePPE in this study. The sequences of
Ubi promoter, nCas9, and M-MLV reverse transcriptase are highlighted in red, blue, and purple,
respectively.

gagctcggtacctgacccggtcgtgcccctctctagagataatgagcattgcatgtctaagttataaaaaattacca
catattttttttgtcacacttgtttgaagtgcagtttatctatctttatacatatatttaaactttactctacgaataatataatc
tatagtactacaataatatcagtgttttagagaatcatataaatgaacagttagacatggtctaaaggacaattgagta
ttttgacaacaggactctacagttttatctttttagtgtgcatgtgttctcctttttttttgcaaatagcttcacctatataata
cttcatccattttattagtacatccatttagggtttagggttaatggtttttatagactaatttttttagtacatctattttattct
attttagcctctaaattaagaaaactaaaactctattttagtttttttatttaataatttagatataaaatagaataaaataaa
gtgactaaaaattaaacaaataccctttaagaaattaaaaaaactaaggaaacatttttcttgtttcgagtagataatg
ccagcctgttaaacgccgtcgacgagtctaacggacaccaaccagcgaaccagcagcgtcgcgtcgggccaa
gcgaagcagacggcacggcatctctgtcgctgcctctggacccctctcgatcgagagttccgctccaccgttgg
acttgctccgctgtcggcatccagaaattgcgtggcggagcggcagacgtgagccggcacggcaggcggcct
cctcctcctctcacggcaccggcagctacgggggattcctttcccaccgctccttcgctttcccttcctcgcccgcc
gtaataaatagacaccccctccacaccctctttccccaacctcgtgttgttcggagcgcacacacacacaaccag
atctcccccaaatccacccgtcggcacctccgcttcaaggtacgccgctcgtcctccccccccccccctctctacc
ttctctagatcggcgttccggtccatggttagggcccggtagttctacttctgttcatgtttgtgttagatccgtgtttgt
gttagatccgtgctgctagcgttcgtacacggatgcgacctgtacgtcagacacgttctgattgctaacttgccagt
gtttctctttggggaatcctgggatggctctagccgttccgcagacgggatcgatttcatgattttttttgtttcgttgca
tagggtttggtttgcccttttcctttatttcaatatatgccgtgcacttgtttgtcgggtcatcttttcatgcttttttttgtctt
ggttgtgatgatgtggtctggttgggcggtcgttctagatcggagtagaattaattctgtttcaaactacctggtggat
ttattaattttggatctgtatgtgtgtgccatacatattcatagttacgaattgaagatgatggatggaaatatcgatcta
ggataggtatacatgttgatgcgggttttactgatgcatatacagagatgctttttgttcgcttggttgtgatgatgtgg
tgtggttgggcggtcgttcattcgttctagatcggagtagaatactgtttcaaactacctggtgtatttattaattttgga
actgtatgtgtgtgtcatacatcttcatagttacgagtttaagatggatggaaatatcgatctaggataggtatacatgt
tgatgtgggttttactgatgcatatacatgatggcatatgcagcatctattcatatgctctaaccttgagtacctatctat
tataataaacaagtatgttttataattattttgatcttgatatacttggatgatggcatatgcagcagctatatgtggatttt
tttagccctgccttcatacgctatttatttgcttggtactgtttcttttgtcgatgctcaccctgttgtttggtgttacttctg
caaagcttatgcctaagaaaaagagaaaagtggacaagaagtactcgatcggcctcgatattgggactaactctg
ttggctgggccgtgatcaccgacgagtacaaggtgccctcaaagaagttcaaggtcctgggcaacaccgatcg
gcattccatcaagaagaatctcattggcgctctcctgttcgacagcggcgagacggctgaggctacgcggctca
agcgcaccgcccgcaggcggtacacgcgcaggaagaatcgcatctgctacctgcaggagattttctccaacga
gatggcgaaggttgacgattctttcttccacaggctggaggagtcattcctcgtggaggaggataagaagcacga
gcggcatccaatcttcggcaacattgtcgacgaggttgcctaccacgagaagtaccctacgatctaccatctgcg
gaagaagctcgtggactccacagataaggcggacctccgcctgatctacctcgctctggcccacatgattaagtt
caggggccatttcctgatcgagggggatctcaacccggacaatagcgatgttgacaagctgttcatccagctcgt
gcagacgtacaaccagctcttcgaggagaaccccattaatgcgtcaggcgtcgacgcgaaggctatcctgtccg
ctaggctctcgaagtctcggcgcctcgagaacctgatcgcccagctgccgggcgagaagaagaacggcctgtt
cgggaatctcattgcgctcagcctggggctcacgcccaacttcaagtcgaatttcgatctcgctgaggacgccaa
gctgcagctctccaaggacacatacgacgatgacctggataacctcctggcccagatcggcgatcagtacgcg
gacctgttcctcgctgccaagaatctgtcggacgccatcctcctgtctgatattctcagggtgaacaccgagattac
gaaggctccgctctcagcctccatgatcaagcgctacgacgagcaccatcaggatctgaccctcctgaaggcgc
tggtcaggcagcagctccccgagaagtacaaggagatcttcttcgatcagtcgaagaacggctacgctgggtac



attgacggcggggcctctcaggaggagttctacaagttcatcaagccgattctggagaagatggacggcacgga
ggagctgctggtgaagctcaatcgcgaggacctcctgaggaagcagcggacattcgataacggcagcatccca
caccagattcatctcggggagctgcacgctatcctgaggaggcaggaggacttctaccctttcctcaaggataac
cgcgagaagatcgagaagattctgactttcaggatcccgtactacgtcggcccactcgctaggggcaactcccg
cttcgcttggatgacccgcaagtcagaggagacgatcacgccgtggaacttcgaggaggtggtcgacaagggc
gctagcgctcagtcgttcatcgagaggatgacgaatttcgacaagaacctgccaaatgagaaggtgctccctaag
cactcgctcctgtacgagtacttcacagtctacaacgagctgactaaggtgaagtatgtgaccgagggcatgagg
aagccggctttcctgtctggggagcagaagaaggccatcgtggacctcctgttcaagaccaaccggaaggtcac
ggttaagcagctcaaggaggactacttcaagaagattgagtgcttcgattcggtcgagatctctggcgttgaggac
cgcttcaacgcctccctggggacctaccacgatctcctgaagatcattaaggataaggacttcctggacaacgag
gagaatgaggatatcctcgaggacattgtgctgacactcactctgttcgaggaccgggagatgatcgaggagcg
cctgaagacttacgcccatctcttcgatgacaaggtcatgaagcagctcaagaggaggaggtacaccggctggg
ggaggctgagcaggaagctcatcaacggcattcgggacaagcagtccgggaagacgatcctcgacttcctgaa
gagcgatggcttcgcgaaccgcaatttcatgcagctgattcacgatgacagcctcacattcaaggaggatatcca
gaaggctcaggtgagcggccagggggactcgctgcacgagcatatcgcgaacctcgctggctcgccagctat
caagaaggggattctgcagaccgtgaaggttgtggacgagctggtgaaggtcatgggcaggcacaagcctga
gaacatcgtcattgagatggcccgggagaatcagaccacgcagaagggccagaagaactcacgcgagaggat
gaagaggatcgaggagggcattaaggagctggggtcccagatcctcaaggagcacccggtggagaacacgc
agctgcagaatgagaagctctacctgtactacctccagaatggccgcgatatgtatgtggaccaggagctggata
ttaacaggctcagcgattacgacgtcgatgccatcgttccacagtcattcctgaaggatgactccattgacaacaa
ggtcctcaccaggtcggacaagaaccggggcaagtctgataatgttccttcagaggaggtcgttaagaagatga
agaactactggcgccagctcctgaatgccaagctgatcacgcagcggaagttcgataacctcacaaaggctgag
aggggcgggctctctgagctggacaaggcgggcttcatcaagaggcagctggtcgagacacggcagatcact
aagcacgttgcgcagattctcgactcacggatgaacactaagtacgatgagaatgacaagctgatccgcgaggt
gaaggtcatcaccctgaagtcaaagctcgtctccgacttcaggaaggatttccagttctacaaggttcgggagatc
aacaattaccaccatgcccatgacgcgtacctgaacgcggtggtcggcacagctctgatcaagaagtacccaaa
gctcgagagcgagttcgtgtacggggactacaaggtttacgatgtgaggaagatgatcgccaagtcggagcag
gagattggcaaggctaccgccaagtacttcttctactctaacattatgaatttcttcaagacagagatcactctggcc
aatggcgagatccggaagcgccccctcatcgagacgaacggcgagacgggggagatcgtgtgggacaagg
gcagggatttcgcgaccgtcaggaaggttctctccatgccacaagtgaatatcgtcaagaagacagaggtccag
actggcgggttctctaaggagtcaattctgcctaagcggaacagcgacaagctcatcgcccgcaagaaggactg
ggatccgaagaagtacggcgggttcgacagccccactgtggcctactcggtcctggttgtggcgaaggttgaga
agggcaagtccaagaagctcaagagcgtgaaggagctgctggggatcacgattatggagcgctccagcttcga
gaagaacccgatcgatttcctggaggcgaagggctacaaggaggtgaagaaggacctgatcattaagctcccc
aagtactcactcttcgagctggagaacggcaggaagcggatgctggcttccgctggcgagctgcagaagggga
acgagctggctctgccgtccaagtatgtgaacttcctctacctggcctcccactacgagaagctcaagggcagcc
ccgaggacaacgagcagaagcagctgttcgtcgagcagcacaagcattacctcgacgagatcattgagcagat
ttccgagttctccaagcgcgtgatcctggccgacgcgaatctggataaggtcctctccgcgtacaacaagcaccg
cgacaagccaatcagggagcaggctgagaatatcattcatctcttcaccctgacgaacctcggcgcccctgctgc
tttcaagtacttcgacacaactatcgatcgcaagaggtacacaagcactaaggaggtcctggacgcgaccctcat
ccaccagtcgattaccggcctctacgagacgcgcatcgacctgtctcagctcgggggcgacgaattctccggga
gcgagacgccaggcacctccgagtcggccaccccagaatctgccacagtggtgtccggccaaaagcaggac
cgccagggcggagaacgcagaaggtcccagctcgatagggatcagtgtgcctactgcaaggagaagggcca
ctgggccaaagactgcccgaaaaagccgcgcggcccacgcggcccaaggccacaaacatccctccttccaaa



gaagaagcggaaggtggagctcagcggaggatcttccggaggatctagcggctccgagacaccaggaacatc
cgaaagcgctacaccagaatctagcggaggctcttccggaggatctaggcctaccctcaacatcgaggatgagt
atcgcctccacgaaacctccaaagaaccggacgtgtccctcggcagcacatggctcagcgacttcccacaagc
gtgggccgaaaccggcggcatgggcctcgccgtccgccaagccccactcattatcccgctgaaggcgacctcc
acaccggtgtccatcaagcagtacccgatgagccaagaggcgaggctcgggattaagccgcacattcagcgcc
tcctcgatcaaggcattctcgtgccgtgccaatccccgtggaatacaccactcctcccggtcaaaaagccgggca
ccaacgactatcgcccggtccaagatctccgcgaggtcaacaagcgcgtggaagacatccacccgaccgtccc
gaacccgtataatctgctctccgggctcccaccatcccaccagtggtatacagtgctggacctcaaagacgccttc
ttctgtctccgcctccacccaacaagccagccgctcttcgccttcgagtggcgcgacccggagatgggcatctcc
ggccaactgacatggacacgcctcccgcaaggcttcaagaacagcccgacactcttcaacgaggcgctccata
gggacctcgcggattttcgcatccagcatccggacctcatcctcctccagtatgtggatgatctcctcctcgccgc
gacctccgagctggattgtcaacaaggcacacgcgcgctcctccaaacactcgggaacctcggctatcgcgcgt
ccgcgaaaaaggcccaaatctgccagaagcaagtgaagtacctcgggtatctgctcaaggaaggccaacgctg
gctcaccgaagcgcgcaaagaaacagtgatggggcaaccgacaccgaaaacaccacgccagctgcgcgagt
ttctcggcaaagccggcttctgtcgcctcttcatcccgggctttgccgagatggccgcgccactctacccactcac
caagccgggcacactgtttaactgggggccggatcagcagaaagcctaccaagagatcaaacaagcgctcctc
accgccccagcgctcgggctcccagatctcacaaagccgttcgagctgttcgtcgatgagaagcaaggctacg
cgaagggcgtgctcacacagaagctcggcccgtggaggaggccagtggcctatctctccaaaaaactcgatcc
agtggccgccggctggccaccgtgtctgcgcatggtcgccgcgattgccgtgctcacaaaggatgccggcaaa
ctcacaatgggccagccgctggtgatcctcgcgccacatgccgtggaagccctcgtcaaacagccgccggata
ggtggctctccaatgcgcgcatgacccattaccaagcgctcctcctcgacaccgatcgcgtccagttcggccca
gtggtcgccctcaatccggcgacactgctgccactcccagaggagggcctccaacacaactgtctggatattctc
gcggaagcgcatggcacaaggccagacctcacagatcaaccgctcagcggcggcagcccgaagaagaaaa
ggaaggtgtgagcggccgcggtacgctgaaatcaccagtctctctctacaaatctatctctctctattttctccataa
ataatgtgtgagtagtttcccgataagggaaattagggttcttatagggtttcgctcatgtgttgagcatataagaaac
ccttagtatgtatttgtatttgtaaaatacttctatcaataaaatttctaattcctaaaaccaaaatccagtactaaaatcc
agatctcctaaagtccctatagatctttgtcgtgaatataaaccagacacgagacgactaaacctggagcccagac
gccgttcgaagctagaagtaccgcttaggcaggaggccgttagggaaaagatgctaaggcagggttggttacgt
tgactcccccgtaggtttggtttaaatatgatgaagtggacggaaggaaggaggaagacaaggaaggataaggt
tgcaggccctgtgcaaggtaagaagatggaaatttgatagaggtacgctactatacttatactatacgctaaggga
atgcttgtatttataccctataccccctaataaccccttatcaatttaagaaataatccgcataagcccccgcttaaaa
attggtatcagagccatgaataggtctatgaccaaaactcaagaggataaaacctcaccaaaatacgaaagagtt
cttaactctaaagataaaagatctttcaagatcaaaactagttccctcacaccggtgacggggatcgcatgcgatat
ctcgagatctagcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaac
atacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgct
cactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagagg
cggtttgcgtattgggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcg
gtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagc
aaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccct
gacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcg
tttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctccctt
cgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctggg
ctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaacccggta
agacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgcta



cagagttcttgaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagcc
agttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttg
caagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcag
tggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaa
aatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacc
tatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggaggg
cttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccagatttatcagcaataaa
ccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttg
ccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgt
cacgctcgtcgtttggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgt
gcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatcactcatggtt
atggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagt
cattctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacata
gcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgaga
tccagttcgatgtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaa
aaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttccttt
ttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaa
taggggttccgcgcacatttccccgaaaagtgccacctgccagtgccaagctaattc



Supplementary Note 2. Complete sequences of the pH-ePPE in this study. The sequences of Ubi
promoter, nCas9, and M-MLV reverse transcriptase are highlighted in red, blue, and purple,
respectively.

taaacgctcttttctcttaggtttacccgccaatatatcctgtcaaacactgatagtttaaactgaaggcgggaaacg
acaatctgatccaagctcaagctgctctagcattcgccattcaggctgcgcaactgttgggaagggcgatcggtg
cgggcctcttcgctattacgccagctggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagg
gttttcccagtcacgacgttgtaaaacgacggccagtgccttataaagtaattcatccaggtctccaagttctaggat
tttcagaactgcaacttattttatcaaggaatctttaaacatacgaacagatcacttaaagttcttctgaagcaacttaa
agttatcaggcatgcatggatcttggaggaatcagatgtgcagtcagggaccatagcacaagacaggcgtcttct
actggtgctaccagcaaatgctggaagccgggaacactgggtacgttggaaaccacgtgatgtgaagaagtaa
gataaactgtaggagaaaagcatttcgtagtgggccatgaagcctttcaggacatgtattgcagtatgggccggc
ccattacgcaattggacgacaacaaagactagtattagtaccacctcggctatccacatagatcaaagctgatttaa
aagagttgtgcagatgatccgtggcgtgagaccaacccagtggacataagcctgttcggttcgtaagctgtaatg
caagtagcgtatgcgctcacgcaactggtccagaaccttgaccgaacgcagcggtggtaacggcgcagtggcg
gttttcatggcttgttatgactgtttttttggggtacagtctatgcctcgggcatccaagcagcaagcgcgttacgcc
gtgggtcgatgtttgatgttatggagcagcaacgatgttacgcagcagggcagtcgccctaaaacaaagttaaac
atcatgggggaagcggtgatcgccgaagtatcgactcaactatcagaggtagttggcgtcatcgagcgccatctc
gaaccgacgttgctggccgtacatttgtacggctccgcagtggatggcggcctgaagccacacagtgatattgat
ttgctggttacggtgaccgtaaggcttgatgaaacaacgcggcgagctttgatcaacgaccttttggaaacttcgg
cttcccctggagagagcgagattctccgcgctgtagaagtcaccattgttgtgcacgacgacatcattccgtggcg
ttatccagctaagcgcgaactgcaatttggagaatggcagcgcaatgacattcttgcaggtatcttcgagccagcc
acgatcgacattgatctggctatcttgctgacaaaagcaagagaacatagcgttgccttggtaggtccagcggcg
gaggaactctttgatccggttcctgaacaggatctatttgaggcgctaaatgaaaccttaacgctatggaactcgcc
gcccgactgggctggcgatgagcgaaatgtagtgcttacgttgtcccgcatttggtacagcgcagtaaccggca
aaatcgcgccgaaggatgtcgctgccgactgggcaatggagcgcctgccggcccagtatcagcccgtcatactt
gaagctagacaggcttatcttggacaagaagaagatcgcttggcctcgcgcgcagatcagttggaagaatttgtc
cactacgtgaaaggcgagatcaccaaggtagtcggcaaataatgtctagctagaaattcgttcaagccgacgcc
gcttcgcggcgcggcttaactcaagcgttagatgcactaagcacataattgctcacagccaaactatcaggtcaa
gtctgcttttattatttttaagcgtgcataataagccggtctcggttttagagctagaaatagcaagttaaaataaggct
agtccgttatcaacttgaaaaagtggcaccgagtcggtgcttttttttttcgttttgcattgagttttctccgtcgcatgtt
tgcagttttattttccgttttgcattgaaatttctccgtctcatgtttgcagcgtgttcaaaaagtacgcagctgtatttca
cttatttacggcgccacattttcatgccgtttgtgccaactatcccgagctagtgaatacagcttggcttcacacaac
actggtgacccgctgacctgctcgtacctcgtaccgtcgtacggcacagcatttggaattaaagggtgtgatcgat
actgcttgctgctaagcttgcatgcctgcagtgcagcgtgacccggtcgtgcccctctctagagataatgagcatt
gcatgtctaagttataaaaaattaccacatattttttttgtcacacttgtttgaagtgcagtttatctatctttatacatatatt
taaactttactctacgaataatataatctatagtactacaataatatcagtgttttagagaatcatataaatgaacagtta
gacatggtctaaaggacaattgagtattttgacaacaggactctacagttttatctttttagtgtgcatgtgttctcctttt
tttttgcaaatagcttcacctatataatacttcatccattttattagtacatccatttagggtttagggttaatggtttttata
gactaatttttttagtacatctattttattctattttagcctctaaattaagaaaactaaaactctattttagtttttttatttaat
aatttagatataaaatagaataaaataaagtgactaaaaattaaacaaataccctttaagaaattaaaaaaactaagg
aaacatttttcttgtttcgagtagataatgccagcctgttaaacgccgtcgacgagtctaacggacaccaaccagcg
aaccagcagcgtcgcgtcgggccaagcgaagcagacggcacggcatctctgtcgctgcctctggacccctctc
gagagttccgctccaccgttggacttgctccgctgtcggcatccagaaattgcgtggcggagcggcagacgtga



gccggcacggcaggcggcctcctcctcctctcacggcaccggcagctacgggggattcctttcccaccgctcct
tcgctttcccttcctcgcccgccgtaataaatagacaccccctccacaccctctttccccaacctcgtgttgttcgga
gcgcacacacacacaaccagatctcccccaaatccacccgtcggcacctccgcttcaaggtacgccgctcgtcc
tccccccccccccctctctaccttctctagatcggcgttccggtccatggttagggcccggtagttctacttctgttca
tgtttgtgttagatccgtgtttgtgttagatccgtgctgctagcgttcgtacacggatgcgacctgtacgtcagacac
gttctgattgctaacttgccagtgtttctctttggggaatcctgggatggctctagccgttccgcagacgggatcgat
ttcatgattttttttgtttcgttgcatagggtttggtttgcccttttcctttatttcaatatatgccgtgcacttgtttgtcgggt
catcttttcatgcttttttttgtcttggttgtgatgatgtggtctggttgggcggtcgttctagatcggagtagaattctgtt
tcaaactacctggtggatttattaattttggatctgtatgtgtgtgccatacatattcatagttacgaattgaagatgatg
gatggaaatatcgatctaggataggtatacatgttgatgcgggttttactgatgcatatacagagatgctttttgttcg
cttggttgtgatgatgtggtgtggttgggcggtcgttcattcgttctagatcggagtagaatactgtttcaaactacct
ggtgtatttattaattttggaactgtatgtgtgtgtcatacatcttcatagttacgagtttaagatggatggaaatatcga
tctaggataggtatacatgttgatgtgggttttactgatgcatatacatgatggcatatgcagcatctattcatatgctc
taaccttgagtacctatctattataataaacaagtatgttttataattattttgatcttgatatacttggatgatggcatatg
cagcagctatatgtggatttttttagccctgccttcatacgctatttatttgcttggtactgtttcttttgtcgatgctcacc
ctgttgtttggtgttacttctgcagccctaggatgcctaagaaaaagagaaaagtggacaagaagtactcgatcgg
cctcgatattgggactaactctgttggctgggccgtgatcaccgacgagtacaaggtgccctcaaagaagttcaa
ggtcctgggcaacaccgatcggcattccatcaagaagaatctcattggcgctctcctgttcgacagcggcgagac
ggctgaggctacgcggctcaagcgcaccgcccgcaggcggtacacgcgcaggaagaatcgcatctgctacct
gcaggagattttctccaacgagatggcgaaggttgacgattctttcttccacaggctggaggagtcattcctcgtg
gaggaggataagaagcacgagcggcatccaatcttcggcaacattgtcgacgaggttgcctaccacgagaagt
accctacgatctaccatctgcggaagaagctcgtggactccacagataaggcggacctccgcctgatctacctcg
ctctggcccacatgattaagttcaggggccatttcctgatcgagggggatctcaacccggacaatagcgatgttga
caagctgttcatccagctcgtgcagacgtacaaccagctcttcgaggagaaccccattaatgcgtcaggcgtcga
cgcgaaggctatcctgtccgctaggctctcgaagtctcggcgcctcgagaacctgatcgcccagctgccgggc
gagaagaagaacggcctgttcgggaatctcattgcgctcagcctggggctcacgcccaacttcaagtcgaatttc
gatctcgctgaggacgccaagctgcagctctccaaggacacatacgacgatgacctggataacctcctggccca
gatcggcgatcagtacgcggacctgttcctcgctgccaagaatctgtcggacgccatcctcctgtctgatattctca
gggtgaacaccgagattacgaaggctccgctctcagcctccatgatcaagcgctacgacgagcaccatcaggat
ctgaccctcctgaaggcgctggtcaggcagcagctccccgagaagtacaaggagatcttcttcgatcagtcgaa
gaacggctacgctgggtacattgacggcggggcctctcaggaggagttctacaagttcatcaagccgattctgg
agaagatggacggcacggaggagctgctggtgaagctcaatcgcgaggacctcctgaggaagcagcggaca
ttcgataacggcagcatcccacaccagattcatctcggggagctgcacgctatcctgaggaggcaggaggactt
ctaccctttcctcaaggataaccgcgagaagatcgagaagattctgactttcaggatcccgtactacgtcggccca
ctcgctaggggcaactcccgcttcgcttggatgacccgcaagtcagaggagacgatcacgccgtggaacttcga
ggaggtggtcgacaagggcgctagcgctcagtcgttcatcgagaggatgacgaatttcgacaagaacctgcca
aatgagaaggtgctccctaagcactcgctcctgtacgagtacttcacagtctacaacgagctgactaaggtgaagt
atgtgaccgagggcatgaggaagccggctttcctgtctggggagcagaagaaggccatcgtggacctcctgttc
aagaccaaccggaaggtcacggttaagcagctcaaggaggactacttcaagaagattgagtgcttcgattcggt
cgagatctctggcgttgaggaccgcttcaacgcctccctggggacctaccacgatctcctgaagatcattaagga
taaggacttcctggacaacgaggagaatgaggatatcctcgaggacattgtgctgacactcactctgttcgagga
ccgggagatgatcgaggagcgcctgaagacttacgcccatctcttcgatgacaaggtcatgaagcagctcaaga
ggaggaggtacaccggctgggggaggctgagcaggaagctcatcaacggcattcgggacaagcagtccggg
aagacgatcctcgacttcctgaagagcgatggcttcgcgaaccgcaatttcatgcagctgattcacgatgacagc



ctcacattcaaggaggatatccagaaggctcaggtgagcggccagggggactcgctgcacgagcatatcgcga
acctcgctggctcgccagctatcaagaaggggattctgcagaccgtgaaggttgtggacgagctggtgaaggtc
atgggcaggcacaagcctgagaacatcgtcattgagatggcccgggagaatcagaccacgcagaagggcca
gaagaactcacgcgagaggatgaagaggatcgaggagggcattaaggagctggggtcccagatcctcaagg
agcacccggtggagaacacgcagctgcagaatgagaagctctacctgtactacctccagaatggccgcgatat
gtatgtggaccaggagctggatattaacaggctcagcgattacgacgtcgatgccatcgttccacagtcattcctg
aaggatgactccattgacaacaaggtcctcaccaggtcggacaagaaccggggcaagtctgataatgttccttca
gaggaggtcgttaagaagatgaagaactactggcgccagctcctgaatgccaagctgatcacgcagcggaagt
tcgataacctcacaaaggctgagaggggcgggctctctgagctggacaaggcgggcttcatcaagaggcagct
ggtcgagacacggcagatcactaagcacgttgcgcagattctcgactcacggatgaacactaagtacgatgaga
atgacaagctgatccgcgaggtgaaggtcatcaccctgaagtcaaagctcgtctccgacttcaggaaggatttcc
agttctacaaggttcgggagatcaacaattaccaccatgcccatgacgcgtacctgaacgcggtggtcggcaca
gctctgatcaagaagtacccaaagctcgagagcgagttcgtgtacggggactacaaggtttacgatgtgaggaa
gatgatcgccaagtcggagcaggagattggcaaggctaccgccaagtacttcttctactctaacattatgaatttctt
caagacagagatcactctggccaatggcgagatccggaagcgccccctcatcgagacgaacggcgagacgg
gggagatcgtgtgggacaagggcagggatttcgcgaccgtcaggaaggttctctccatgccacaagtgaatatc
gtcaagaagacagaggtccagactggcgggttctctaaggagtcaattctgcctaagcggaacagcgacaagct
catcgcccgcaagaaggactgggatccgaagaagtacggcgggttcgacagccccactgtggcctactcggtc
ctggttgtggcgaaggttgagaagggcaagtccaagaagctcaagagcgtgaaggagctgctggggatcacg
attatggagcgctccagcttcgagaagaacccgatcgatttcctggaggcgaagggctacaaggaggtgaaga
aggacctgatcattaagctccccaagtactcactcttcgagctggagaacggcaggaagcggatgctggcttcc
gctggcgagctgcagaaggggaacgagctggctctgccgtccaagtatgtgaacttcctctacctggcctccca
ctacgagaagctcaagggcagccccgaggacaacgagcagaagcagctgttcgtcgagcagcacaagcatta
cctcgacgagatcattgagcagatttccgagttctccaagcgcgtgatcctggccgacgcgaatctggataaggt
cctctccgcgtacaacaagcaccgcgacaagccaatcagggagcaggctgagaatatcattcatctcttcaccct
gacgaacctcggcgcccctgctgctttcaagtacttcgacacaactatcgatcgcaagaggtacacaagcactaa
ggaggtcctggacgcgaccctcatccaccagtcgattaccggcctctacgagacgcgcatcgacctgtctcagc
tcgggggcgacgaattctccgggagcgagacgccaggcacctccgagtcggccaccccagaatctgccacag
tggtgtccggccaaaagcaggaccgccagggcggagaacgcagaaggtcccagctcgatagggatcagtgt
gcctactgcaaggagaagggccactgggccaaagactgcccgaaaaagccgcgcggcccacgcggcccaa
ggccacaaacatccctccttccaaagaagaagcggaaggtggagctcagcggaggatcttccggaggatctag
cggctccgagacaccaggaacatccgaaagcgctacaccagaatctagcggaggctcttccggaggatctagg
cctaccctcaacatcgaggatgagtatcgcctccacgaaacctccaaagaaccggacgtgtccctcggcagcac
atggctcagcgacttcccacaagcgtgggccgaaaccggcggcatgggcctcgccgtccgccaagccccact
cattatcccgctgaaggcgacctccacaccggtgtccatcaagcagtacccgatgagccaagaggcgaggctc
gggattaagccgcacattcagcgcctcctcgatcaaggcattctcgtgccgtgccaatccccgtggaatacacca
ctcctcccggtcaaaaagccgggcaccaacgactatcgcccggtccaagatctccgcgaggtcaacaagcgcg
tggaagacatccacccgaccgtcccgaacccgtataatctgctctccgggctcccaccatcccaccagtggtata
cagtgctggacctcaaagacgccttcttctgtctccgcctccacccaacaagccagccgctcttcgccttcgagtg
gcgcgacccggagatgggcatctccggccaactgacatggacacgcctcccgcaaggcttcaagaacagccc
gacactcttcaacgaggcgctccatagggacctcgcggattttcgcatccagcatccggacctcatcctcctcca
gtatgtggatgatctcctcctcgccgcgacctccgagctggattgtcaacaaggcacacgcgcgctcctccaaac
actcgggaacctcggctatcgcgcgtccgcgaaaaaggcccaaatctgccagaagcaagtgaagtacctcggg
tatctgctcaaggaaggccaacgctggctcaccgaagcgcgcaaagaaacagtgatggggcaaccgacaccg



aaaacaccacgccagctgcgcgagtttctcggcaaagccggcttctgtcgcctcttcatcccgggctttgccgag
atggccgcgccactctacccactcaccaagccgggcacactgtttaactgggggccggatcagcagaaagcct
accaagagatcaaacaagcgctcctcaccgccccagcgctcgggctcccagatctcacaaagccgttcgagct
gttcgtcgatgagaagcaaggctacgcgaagggcgtgctcacacagaagctcggcccgtggaggaggccagt
ggcctatctctccaaaaaactcgatccagtggccgccggctggccaccgtgtctgcgcatggtcgccgcgattg
ccgtgctcacaaaggatgccggcaaactcacaatgggccagccgctggtgatcctcgcgccacatgccgtgga
agccctcgtcaaacagccgccggataggtggctctccaatgcgcgcatgacccattaccaagcgctcctcctcg
acaccgatcgcgtccagttcggcccagtggtcgccctcaatccggcgacactgctgccactcccagaggaggg
cctccaacacaactgtctggatattctcgcggaagcgcatggcacaaggccagacctcacagatcaaccgctca
gcggcggcagcccgaagaagaaaaggaaggtgtgagagctcagagctttcgttcgtatcatcggtttcgacaac
gttcgtcaagttcaatgcatcagtttcattgcgcacacaccagaatcctactgagtttgagtattatggcattgggaa
aactgtttttcttgtaccatttgttgtgcttgtaatttactgtgttttttattcggttttcgctatcgaactgtgaaatggaaat
ggatggagaagagttaatgaatgatatggtccttttgttcattctcaaattaatattatttgttttttctcttatttgttgtgtg
ttgaatttgaaattataagagatatgcaaacattttgttttgagtaaaaatgtgtcaaatcgtggcctctaatgaccgaa
gttaatatgaggagtaaaacacttgtagttgtaccattatgcttattcactaggcaacaaatatattttcagacctagaa
aagctgcaaatgttactgaatacaagtatgtcctcttgtgttttagacatttatgaactttcctttatgtaattttccagaat
ccttgtcagattctaatcattgctttataattatagttatactcatggatttgtagttgagtatgaaaatattttttaatgcatt
ttatgacttgccaattgattgacaacgaattcgtaatcatgtcatagctgtttcctgtgtgaaattgttatccgctcacaa
ttccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaa
ttgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgc
ggggagaggcggtttgcgtattggctagagcagcttgccaacatggtggagcacgacactctcgtctactccaa
gaatatcaaagatacagtctcagaagaccaaagggctattgagacttttcaacaaagggtaatatcgggaaacct
cctcggattccattgcccagctatctgtcacttcatcaaaaggacagtagaaaaggaaggtggcacctacaaatg
ccatcattgcgataaaggaaaggctatcgttcaagatgcctctgccgacagtggtcccaaagatggacccccacc
cacgaggagcatcgtggaaaaagaagacgttccaaccacgtcttcaaagcaagtggattgatgtgaacatggtg
gagcacgacactctcgtctactccaagaatatcaaagatacagtctcagaagaccaaagggctattgagacttttc
aacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcacttcatcaaaaggacagtaga
aaaggaaggtggcacctacaaatgccatcattgcgataaaggaaaggctatcgttcaagatgcctctgccgaca
gtggtcccaaagatggacccccacccacgaggagcatcgtggaaaaagaagacgttccaaccacgtcttcaaa
gcaagtggattgatgtgatatctccactgacgtaagggatgacgcacaatcccactatccttcgcaagacccttcct
ctatataaggaagttcatttcatttggagaggacacgctgaaatcaccagtctctctctacaaatctatctctctcgag
ctttcgcagatccggggggcaatgagatatgaaaaagcctgaactcaccgcgacgtctgtcgagaagtttctgat
cgaaaagttcgacagcgtctccgacctgatgcagctctcggagggcgaagaatctcgtgctttcagcttcgatgta
ggagggcgtggatatgtcctgcgggtaaatagctgcgccgatggtttctacaaagatcgttatgtttatcggcactt
tgcatcggccgcgctcccgattccggaagtgcttgacattggggagtttagcgagagcctgacctattgcatctcc
cgccgttcacagggtgtcacgttgcaagacctgcctgaaaccgaactgcccgctgttctacaaccggtcgcgga
ggctatggatgcgatcgctgcggccgatcttagccagacgagcgggttcggcccattcggaccgcaaggaatc
ggtcaatacactacatggcgtgatttcatatgcgcgattgctgatccccatgtgtatcactggcaaactgtgatgga
cgacaccgtcagtgcgtccgtcgcgcaggctctcgatgagctgatgctttgggccgaggactgccccgaagtcc
ggcacctcgtgcacgcggatttcggctccaacaatgtcctgacggacaatggccgcataacagcggtcattgact
ggagcgaggcgatgttcggggattcccaatacgaggtcgccaacatcttcttctggaggccgtggttggcttgtat
ggagcagcagacgcgctacttcgagcggaggcatccggagcttgcaggatcgccacgactccgggcgtatat
gctccgcattggtcttgaccaactctatcagagcttggttgacggcaatttcgatgatgcagcttgggcgcagggt
cgatgcgacgcaatcgtccgatccggagccgggactgtcgggcgtacacaaatcgcccgcagaagcgcggc



cgtctggaccgatggctgtgtagaagtactcgccgatagtggaaaccgacgccccagcactcgtccgagggca
aagaaatagagtagatgccgaccgggatctgtcgatcgacaagctcgagtttctccataataatgtgtgagtagtt
cccagataagggaattagggttcctatagggtttcgctcatgtgttgagcatataagaaacccttagtatgtatttgta
tttgtaaaatacttctatcaataaaatttctaattcctaaaaccaaaatccagtactaaaatccagatcccccgaattaa
ttcggcgttaattcagtacattaaaaacgtccgcaatgtgttattaagttgtctaagcgtcaatttgtttacaccacaat
atatcctgccaccagccagccaacagctccccgaccggcagctcggcacaaaatcaccactcgatacaggcag
cccatcagtccgggacggcgtcagcgggagagccgttgtaaggcggcagactttgctcatgttaccgatgctatt
cggaagaacggcaactaagctgccgggtttgaaacacggatgatctcgcggagggtagcatgttgattgtaacg
atgacagagcgttgctgcctgtgatcaccgcggtttcaaaatcggctccgtcgatactatgttatacgccaactttg
aaaacaactttgaaaaagctgttttctggtatttaaggttttagaatgcaaggaacagtgaattggagttcgtcttgtta
taattagcttcttggggtatctttaaatactgtagaaaagaggaaggaaataataaatggctaaaatgagaatatcac
cggaattgaaaaaactgatcgaaaaataccgctgcgtaaaagatacggaaggaatgtctcctgctaaggtatata
agctggtgggagaaaatgaaaacctatatttaaaaatgacggacagccggtataaagggaccacctatgatgtg
gaacgggaaaaggacatgatgctatggctggaaggaaagctgcctgttccaaaggtcctgcactttgaacggca
tgatggctggagcaatctgctcatgagtgaggccgatggcgtcctttgctcggaagagtatgaagatgaacaaag
ccctgaaaagattatcgagctgtatgcggagtgcatcaggctctttcactccatcgacatatcggattgtccctatac
gaatagcttagacagccgcttagccgaattggattacttactgaataacgatctggccgatgtggattgcgaaaact
gggaagaagacactccatttaaagatccgcgcgagctgtatgattttttaaagacggaaaagcccgaagaggaa
cttgtcttttcccacggcgacctgggagacagcaacatctttgtgaaagatggcaaagtaagtggctttattgatctt
gggagaagcggcagggcggacaagtggtatgacattgccttctgcgtccggtcgatcagggaggatatcggg
gaagaacagtatgtcgagctattttttgacttactggggatcaagcctgattgggagaaaataaaatattatattttac
tggatgaattgttttagtacctagaatgcatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagacc
ccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaaaaaccac
cgctaccagcggtggtttgtttgccggatcaagagctaccaactctttttccgaaggtaactggcttcagcagagc
gcagataccaaatactgtccttctagtgtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacat
acctcgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaaga
cgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcga
acgacctacaccgaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaag
gcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacg
cctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcg
gagcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttcttt
cctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccgcagccgaac
gaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcctgatgcggtattttctccttacgcatctgt
gcggtatttcacaccgcatatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagtatacactc
cgctatcgctacgtgactgggtcatggctgcgccccgacacccgccaacacccgctgacgcgccctgacgggc
ttgtctgctcccggcatccgcttacagacaagctgtgaccgtctccgggagctgcatgtgtcagaggttttcaccgt
catcaccgaaacgcgcgaggcagggtgccttgatgtgggcgccggcggtcgagtggcgacggcgcggcttgt
ccgcgccctggtagattgcctggccgtaggccagccatttttgagcggccagcggccgcgataggccgacgcg
aagcggcggggcgtagggagcgcagcgaccgaagggtaggcgctttttgcagctcttcggctgtgcgctggc
cagacagttatgcacaggccaggcgggttttaagagttttaataagttttaaagagttttaggcggaaaaatcgcctt
ttttctcttttatatcagtcacttacatgtgtgaccggttcccaatgtacggctttgggttcccaatgtacgggttccggt
tcccaatgtacggctttgggttcccaatgtacgtgctatccacaggaaacagaccttttcgacctttttcccctgctag
ggcaatttgccctagcatctgctccgtacattaggaaccggcggatgcttcgccctcgatcaggttgcggtagcg
catgactaggatcgggccagcctgccccgcctcctccttcaaatcgtactccggcaggtcatttgacccgatcag



cttgcgcacggtgaaacagaacttcttgaactctccggcgctgccactgcgttcgtagatcgtcttgaacaaccat
ctggcttctgccttgcctgcggcgcggcgtgccaggcggtagagaaaacggccgatgccgggatcgatcaaaa
agtaatcggggtgaaccgtcagcacgtccgggttcttgccttctgtgatctcgcggtacatccaatcagctagctc
gatctcgatgtactccggccgcccggtttcgctctttacgatcttgtagcggctaatcaaggcttcaccctcggata
ccgtcaccaggcggccgttcttggccttcttcgtacgctgcatggcaacgtgcgtggtgtttaaccgaatgcaggt
ttctaccaggtcgtctttctgctttccgccatcggctcgccggcagaacttgagtacgtccgcaacgtgtggacgg
aacacgcggccgggcttgtctcccttcccttcccggtatcggttcatggattcggttagatgggaaaccgccatca
gtaccaggtcgtaatcccacacactggccatgccggccggccctgcggaaacctctacgtgcccgtctggaag
ctcgtagcggatcacctcgccagctcgtcggtcacgcttcgacagacggaaaacggccacgtccatgatgctgc
gactatcgcgggtgcccacgtcatagagcatcggaacgaaaaaatctggttgctcgtcgcccttgggcggcttcc
taatcgacggcgcaccggctgccggcggttgccgggattctttgcggattcgatcagcggccgcttgccacgatt
caccggggcgtgcttctgcctcgatgcgttgccgctgggcggcctgcgcggccttcaacttctccaccaggtcat
cacccagcgccgcgccgatttgtaccgggccggatggtttgcgaccgctcacgccgattcctcgggcttgggg
gttccagtgccattgcagggccggcaggcaacccagccgcttacgcctggccaaccgcccgttcctccacacat
ggggcattccacggcgtcggtgcctggttgttcttgattttccatgccgcctcctttagccgctaaaattcatctactc
atttattcatttgctcatttactctggtagctgcgcgatgtattcagatagcagctcggtaatggtcttgccttggcgta
ccgcgtacatcttcagcttggtgtgatcctccgccggcaactgaaagttgacccgcttcatggctggcgtgtctgc
caggctggccaacgttgcagccttgctgctgcgtgcgctcggacggccggcacttagcgtgtttgtgcttttgctc
attttctctttacctcattaactcaaatgagttttgatttaatttcagcggccagcgcctggacctcgcgggcagcgtc
gccctcgggttctgattcaagaacggttgtgccggcggcggcagtgcctgggtagctcacgcgctgcgtgatac
gggactcaagaatgggcagctcgtacccggccagcgcctcggcaacctcaccgccgatgcgcgtgcctttgat
cgcccgcgacacgacaaaggccgcttgtagccttccatccgtgacctcaatgcgctgcttaaccagctccacca
ggtcggcggtggcccatatgtcgtaagggcttggctgcaccggaatcagcacgaagtcggctgccttgatcgcg
gacacagccaagtccgccgcctggggcgctccgtcgatcactacgaagtcgcgccggccgatggccttcacgt
cgcggtcaatcgtcgggcggtcgatgccgacaacggttagcggttgatcttcccgcacggccgcccaatcgcg
ggcactgccctggggatcggaatcgactaacagaacatcggccccggcgagttgcagggcgcgggctagatg
ggttgcgatggtcgtcttgcctgacccgcctttctggttaagtacagcgataaccttcatgcgttccccttgcgtattt
gtttatttactcatcgcatcatatacgcagcgaccgcatgacgcaagctgttttactcaaatacacatcacctttttag
acggcggcgctcggtttcttcagcggccaagctggccggccaggccgccagcttggcatcagacaaaccggc
caggatttcatgcagccgcacggttgagacgtgcgcgggcggctcgaacacgtacccggccgcgatcatctcc
gcctcgatctcttcggtaatgaaaaacggttcgtcctggccgtcctggtgcggtttcatgcttgttcctcttggcgttc
attctcggcggccgccagggcgtcggcctcggtcaatgcgtcctcacggaaggcaccgcgccgcctggcctc
ggtgggcgtcacttcctcgctgcgctcaagtgcgcggtacagggtcgagcgatgcacgccaagcagtgcagcc
gcctctttcacggtgcggccttcctggtcgatcagctcgcgggcgtgcgcgatctgtgccggggtgagggtagg
gcgggggccaaacttcacgcctcgggccttggcggcctcgcgcccgctccgggtgcggtcgatgattaggga
acgctcgaactcggcaatgccggcgaacacggtcaacaccatgcggccggccggcgtggtggtgtcggccca
cggctctgccaggctacgcaggcccgcgccggcctcctggatgcgctcggcaatgtccagtaggtcgcgggtg
ctgcgggccaggcggtctagcctggtcactgtcacaacgtcgccagggcgtaggtggtcaagcatcctggcca
gctccgggcggtcgcgcctggtgccggtgatcttctcggaaaacagcttggtgcagccggccgcgtgcagttcg
gcccgttggttggtcaagtcctggtcgtcggtgctgacgcgggcatagcccagcaggccagcggcggcgctctt
gttcatggcgtaatgtctccggttctagtcgcaagtattctactttatgcgactaaaacacgcgacaagaaaacgcc
aggaaaagggcagggcggcagcctgtcgcgtaacttaggacttgtgcgacatgtcgttttcagaagacggctgc
actgaacgtcagaagccgactgcactatagcagcggaggggttggatcaaagtactttgatcccgaggggaac
cctgtggttggcatgcacatacaaatggacgaacggataaaccttttcacgcccttttaaatatccgattattctaa



Supplementary Note 3. Sequence of genomic DNA containing OsCDC48T1 target site in this
study. The sequence of OsCDC48T1 target site, the sequence of first-round primers, and the sequence
of second-round primers are highlighted in red, blue, and purple, respectively.

TGGCAATGTGTTCCAGGTCAACCTGCGACAACAATGTAATAACTATTA
AAAAAAAATGCAACCAATAAAGAATATTTTGCATCTAGACTGTAGTG
GTGATAACTCACATCTTCAGCCAGCTTCATGTTTTTGGTGTGAATCCG
AAGAACTTCAAGCCGCCCAACTTCATCAGGAACACCAATGTCAATCT
CCCGATCGAACCTACCAAACCTTCTGAGAGCAGGATCAATACTGTTT
GGCCGGTTTGTAGCACCCATGACAATGACATGGGAACGAGCTTTGAG
CCCATCCATAAGAGTCAACAGCTGTGAAACGATGCGCCTCTCAACTT
CTCCATGGGTCTTCTCTCTCTTTGGTGCTATGGAGTCTATCTCATCGAT
GAAAATGATTGATGGTGCATTCTTCTCAGCTTCTTCAAATGCCTTCCT
GAGATTACTCTCACTTTCTCCTGCTAGCTTTGACATAATCTCCGGGCC
ATTAATCAGAAAGAAGAAAGCACCTGTTTCATTAGCAACAGCTCTAG
CAATGAGGGTCTTTCCAGAGCCAGGGGGTCCATAAAGCAGTATGCCC
TTTGGAGGCTTCACACCAATAGACTTGAAAAGTTGGGGATGGCGCAA
TGGGAGCTCAACAAGTTCTCTGATTTGGGCCATCTGCTTCCTAACTCC
ACCAACAT
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