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 a 
ATGGAGGCCACGGCGGTGAGCATTGGCAGGTCCGTGCTGAAGGGAGCGCTTGGCTTCGCCAAATCCACCTTGGTGGAGGAGGTTTCCCTGCAGCTCGGCGTCCAGCGTGACCAGGCGTTCA

TCAGGGACGAGCTGGAGATGATGAACTCCTTCCTGATGGCCGCCAATGATGAGAAAGATGACAACAAGGTGGTAAGGACCTGGGTGAAGCAGGTCCGCGACGTGGCCTACGACGTTGAGGA

CTGCCTCCAGGACTTCGCCGTCCGCTTGGGGGGGAAGAGTTCAACCTGGTGGCTCAGCCCTCACACGCTGTGGGAGCGGCGCCGCATCGCCAAGCAGATGAAGGAGCTGAGGGGCAAGGTT

GAGGATGTCAGCCAGAGGAACATGCGCTATCAACTCATCAAGGGCTCCAAGCCTACTGTAGCTACCAATGTCACACCCAGCAGCACTGCCCGTGCGACCATGTCTGGCGCGCATGAAGAAC

GGTGGCAGCATGAGAAGGCAATAGATCATCTGGTTCGGCTGGTCAAAACCAAAGTCGATGAACGTAGAGTGATCGCGGTGTGGGGAACAAGTGGTGATATCAGGGAAATGTCCATCGTTGG

AGGGGCCTATGATCATCTCAAGAGAAACAACAAGTTTGAGTGCTATGCCTGGGTTAATTTGATGCATCCTCTGAACCCAACAAAGCTCCTGCAAACCATTGTTAGGCAATTCTATGTAAGA

TCTCTTCAGGAGGCTGGCAAAGCAACTCCGTCGTGTCAAATTCTGAGTAGCATGTTGATAAAGGAAGATCAGGGTTTGGGGTTTAGGGTTCTGAGGAGCATGCTGATGAAGGAAGATCATT

TGAATGATGAGTTCAATAAATATTTGAGTGACAAGTGCTACCTCATTGTGCTTAATGACCTATCGACCGCTGAAGAGTGGAAGCAAATTAAAATGCTCTTCCCAGACAACAAGAAAGGAAG

CCGAATCATAGTGTTCACACAACAAGTTGAAGTTGCAAGCTTTTGCGCTAGGACAGAGGAGGTGGCACCCGAGCACATGCAGTTGTTTGCTGATCAGACTCTTTATGCTTTTCACTGCAAG

GTAATACTAAAAAAAAAATCCTCAAACATGCACTGAAAAAGAAATATTCTATATATCATCATCCATTGAAAGCATACTCTTCTCATTCAACTTGTCTGCTAATTAAATCAATGTTTTAGCT

ATGACATTATGTACACAATAAACTAACACTAATTAATACCACATAGCTCTGTCTCTTTCATCTCTAAGAGCATCTCCAACAAACTATATATCGTACTCTCTGTAGTTATAATTCAGCAATT

CTCTTTAAAAAAATAACAGCTCCAATAAATCACCCTATCTTAGTCCCTAAATTTTAGGTCCTCCCCATAGTGAGTATAATCGACCCCAAATTTTGGGTGCCCCTGTCCCACTCCCTATGCC

AGCCAAGACTCGCTGATCGTTATCGTTTTCCATGCATCCTCCACCTTCCTCTCCTCCCCACATCCCTCGTCTTGCTTGGCCTTCGCCTTTCGCCTCCTGCGACCACCACTTAGCTGGCCAT

TGCTCTCTTCACCATCAGGCTCCAACCTCTGTTGAAAGCATATTTCATTTTGCATGTTGGAACGACAACTCTATCTTAAACTTACTGCTTAAAAGCCAACAATTTGTAAGCTATATAGGAC

AACATGCCAGCTTATAGGCATACTGCTAAGCCTGTGATTAATTTGCTTGTTTTTAGTATTATGCAATACGGTAGTACTTTGAGCTCAACTTTAACCTATCCTGCATAACACATTTTTAGAG

GATTTTGAAGTTCACAAATGTGTAGATAGATGCATTTGCACTTATCTGAAAATTCCCATATGGATACTTGATTATTATGTACTATAATCAGGACCCCACCAAATTTACAGATTGATAAGTC

TTTTAATTGATCGGGCAAGTACTATATGGAGTAACACTTATGGGTCGCAAGGCATTTAAAAATTAAGTAGTTCAATTGAGATTGTCTTTTCACTAAAGAATGGTAACCCATTTATACATTT

ACAAGAGATTTGTCTTGGGAAACAAGTAAGTATTATCATAGGAAAGTAGACAATTAGACATCATCATCTAATATTCTAAATAATAACTGTTCTGAAGCAGTTGGCTACAATTTGTTGTTGT

TGTTTCATTGAAAAGTTCTTGCAACCTTTTTTTTTTCATTAAGGGCATGTATGATTCCTTTTTAACTCTCGTCTCGTCTTAAAATATAATGGTGCACACCTCTCATGCGTGTTTAAGAAAA

GAATATTGTTGATAATCATTTTTTTTGTGTGTGTGCAGGGTGCTAAAGATGGAGTAGATTCAATGGAGGACTCATCTAACTTAAACGAAGACACTACATACAACGCTGTAGAAGGAAAGAG

CCTCACTCGCACATATTCAATGGTAACTGCTTTCAAGGAATCTGAGATCGTTGGGCGAGTTGATGAAATAAAGGAGATTATTGAACTGATTTCAAAAGGTAGCCAACAACTTGAGAAGATC

TCAGTGTGGGGAATGGGTGGTATTGGGAAAACCACTCTAATTCAAAATGTCTACCGAAGCGAAAAGGTTAAGAAGATGTTTGATAAGCATGCATGTGTCACGATCATGCGCCCGTTCAATC

TTAATGATCTTCTTATGAGCTTAGTTAGGCAACTAGAAGATTCAAAAACTTCTGGAGGAAAGGAGTTGGTTAGCATTTTAGAAGGAAAGAAATACTTGATTGTTCTTGATGATGTATTATT

CACAACAGAATGGGATGCTATAGAATCATATTTCCCAGCAACGGAAACAGGAAGCCGGATCATAATAACCACAAGGCATGAAAGTATTGCTAAGCATTGTTCAGGGGATCAACAAGGCAAA

ATGTATCAACTCAATCGTCTAGGAGACAACGATGCAAAGAACCTCTTTGCAAAGAAGGTAACTTAAAAGCATATATACTTCTCTCCATTGCTACGCACATTACTACTGCTACTTAGTCTAG

CTAGCTACCTTTGGAAAGCGAAACGGCTACCTATGAATCCAAACATAAATCATTTGAACTTCTACATAGAGATAATGAAGTGATTGTGTGATTTAATTATCGTTCATTTACACAAAATCAG

AAAGGTCATGTGATATACTCATGGGTGATGGAGTTTACTACACCCTCTCAACTAGATGATGTCTTTCTTTGCAATAAATAAAGTATGTCCTAGATACATGCAATGAAACCTCAAATATGTT

AAATTATCAATATATGAAAATGATATTGATAAACTTATGATGAAAATGCTTTAATATAGTTATATTTCAATTATTTATAAACATATAATAGAATTGATGAACATATGCCTTAAAGACTGTA

TCAGTGTCCAAAATGTCATGTAAAAGAGAATCCATATGTACACAATATACCAAGGGAAATAGAAGAAAGAATAAGAAAAACCATATTGAAGCAACGCTTGAAATGCAGGAATTTGAGAGTA

TTCATAATATAACTAACTCACAGTTCACTAGGAACAGGAAAAATCCGCAAATTTTAAACAGGCCATTATATTTTCAGTTACAGGAAGTATTATTTTAGCCGCTCTAGCATAAGATGGAGGG

GGAAAACAGTTGGTAGCCAACTAGCTAGCAGCAATTAAACCTCAGGGTTTTGAGGTAGCCTTACAGCCATTTGATAGCAGTAGACTCATACTCTAGGCCTTCTGGGTTATGATCCCATCCT

ATAATAATAAAATCCATGGTGCTATTTGAAAATAAAATTTCAATTCACGGATCTTTCACTCTATTTTACATTTAACAAAAAAAAAACATCATTTACTCGTGAAAATACAATGACCTACCCT

CTTCCAGAGTTTGCACCTATGTAAAGCAATTAGTGGGGTTGTTCGATGATCTAATGCCCGAACGAAGACTTCGAATCCTTTTGTACAGATAAAGTGACGTCCCTTCTTTCAAATGTCTGTT

GCAAACAGGCACTTGTATCCATCTGATTATATCTTTGTCCATTGGAAACCTCTTTACCATCAGACACATGTGTAGTTAGTGAGCCGTTCGCAGCAGAACAAGGCCAGCTATGCATGCTACC

AACAACAACAAATATTTGTTACCATATGCTATTCATATGTAAACAATCACTTGTACCTTTTTTCCTAAAAAAACATAAAGTGAATTAGAATATAGATCGCATTTTATTGCTGAAGTTTCAC

TTTGAACTAGGTAATTTTGCATTTGTCGCAATTTCGACCACCCCAAACCATTATTTTCAGCACATCGGCTCTAGCGTGCTGATGAACTATCTGAACAGTGTGCTAAACCATATCTTTAATA

GAGGAGTGATTGGACATGGCTGAAGAGGGAAGTTGAGGTGGTTTAAGGTGCAAAAAAGAATTGTAAGTAATCCAAAGTTAAAAGATCAGTCTGGTTCAAAGTGAAACTTTGCAATAAAAGA

TGATCCAAATTGTAATTCACTCAATTATGTTATAAATACAAAAAATTAATTCCATATTATCTAATTGCATTACATCCTAAATAAAAGCATGAAACTTTTATTTATTTCGGTCTAACCATTT

AAAAACTATTGGTGGTTGATATTAAAAAGTAAAGCTTACAATTGCAAGTATTTGCGCACATAGTGTAGTATCTTATTATATATATATATATATTATAACCACTAACACACACACACACAAC 

CCCTACAAATGTACTAAATGCTAGATACTCTTTATTTACATACCAACATCACAAATCATATGTACACAACCGTACGTACGTACTTACAGATAAATAACAGACATACAGGTCTCATCAGAGG 

 

Supplementary Fig. S1  Genomic sequences containing the ORF regions of BPH26.  

(a) The genomic sequence of ADR52. The ORF region of BPH26 is shown in red-color font. 

(b) The genomic sequence of Nipponbare. The ORF region of BPH26 is shown in red-color 

font. The blue border indicates Os12g0559600 and the yellow border indicates 

Os12g0559400. Both Os12g0559600 and Os12g0559400 are putative genes. Both putative 

genes partially overlapped with the ORF of BPH26. 



TATGTGGTGTGGTAGAGTTGTGCATGAATGCATAACTCTACCCATTAGGATCAAATCATAGTGTTTACAAATATTACATACATGGGTAGTGGAGTTTAGTGATGTTAGATACCACTGGCTT

CTATCTCTCTTTAAGCGTGTGTTAAGAGAGTGTACTTGCGTGCGCGCATATGCTTAATGTGCATCGAGGTCTTCAGTGTAATAGAAGAAAAAAAATAAAAAATAAGCAATTTACAAAGAAA

ATAAATAGGGAATCAAAACCCAGATTCCAATCGTAGCAACTGTATCATATTAACTCCTTTATATTAGAATCAACAATTACATTAGTCATAAATGGTTAGCTAATCTTATTGTAGCATAATA

TTTTGAATCCAACCCAGGATAGGCTTTGCCGGAACTATATTTTGAAACTATGTATAATACATAACCCAAATTAAACAACAGATAAAGGACGATGCACTTTATTTCATGTTTTAAACTTGTA

TGCTTAAACTTCAATAGTAGAGTTAAAGAAACACCACTTGGGGGTGGGGTGGGGTGCTGTGGGGGCAGCACAAGTGGTTTGGTGTTAAAGTCGTGGGTCCCATGATTCTACCTTGCCAATT 

CACATGTTTCTTCACTAGATGTACAACCGTTGCTTCAGAGGTTTTGGGATTTTTGTTGTTCTTGTTATTTTATTGTTGTTGTTGATTGCACGATGCGTGAGGATTGGATCATGATCCATGT

GGTTCTGAGCGCACCACAAGCCTTTTGCAAGTGGGTTGTAACTTGTAACTTGGGTACTTACTATTTGAGTGGAAAAAAAATTCAAAATTGTTGAACTAAAACTCTCTATGCAGCTTTAAAA

TATTTATTTTTATTTTTGATCTTGATGTTGAAATAAATTATAATTTAAAATTTAACCAAAATTTGAAACTTTATGCAAATTGTAGAACTTTGTACTGAAAACTTTAAAAACTCTAAAAAAC

AAATCAAAACTTCAACTCAAAATAACAAATTTGCTCAGATTTTAAGGCTTTCTACCCAAACTTTATAACTTTCAACTCAAATTCTGAAATTTTCAAGTCAAATTTTGTAACTTTCAAGTCA

AATATTCAAAACTACATACCCACAAAAAACTATATAAAAATATGATACTCTGAACTCAAAATTCAAAACTTTGTACTCAAATATTTATTTATCATATAGTACAGAAAGTTAGTATCAATGA

GAAAGTTCAGATGATCTAATTAGATGAAAAAAAAAACTAGATTAAGCTTGTTGCCCGGGCAGCTAAGCGCATGGTTGCAGATGTGTGACTTACCTCCTATACAGTACGTATATTAGCAAAC

ACCTACCTACCAAGGTACTCATAGTTATGTATGGTGTGCATGCCTAGTGGTGTGCATGTCTTCTATGCAATTGAAAAAAAGAGACAATATTTTTCTAATTCTCAAATCAAGATGTCATACG

GTAAATTACTGCAACAATATGTTCAGAAAAATTCAATCGTAGCCAAACCCTCTGCTGTTCGATTTATCACCCTAAATTACAATACCAGACATTTTTAACCTTGAACTTTACAAACCGAACG

AATTACCCCCCAAGTTGGTTAGAAATTGGTTTTGGTCCTACGTGGCGCATCGGCCCCACAAGTCAGTCTCCACCTCATCCTCCTCCTATCAGGCTATTGGGGTCCACCTATCAGCTGCTAT

CTCCTTTCTTCAGCTAGAACACAAGAGCAGTCAATGCTCAGGCACTGCCGTCGGACGTCGCTAGCCTTCTCCCCTTCGTCACCGAGAAAGCCAACTCCACCCGCTCTCTATTCCAGATTGG

ATCTAGACGCTCCCTCCACCACCGATTTGGACTCTGCCGCTACGCCTCCTCCTCTTCTTCTTCCACCGCTGATTAGATCGTCACTGCCTCTTCTGCTCAGGCCGCCGCGATGTGGGCAGGC

AGCGCAAAAGGGGCGCGGGCAGCTGTGGCAGCACCCCCTTCTTCCCCATCTACAGCCAAGGCATTTCAGGAGCAGCAGCTCCACACACATGGTCAACACCGGGGTTCCTCTGCTCCCTCGC

CACCCCATCGAATGCCCGAACCTGTTGCTCCCATATGGCCCCTACGACTCCATGGCTCAACGCGGGCGACAGTGAACTCACGGCAGAGGTGGGACATGTGGCTTCAAACTCACAGTGGAAG

TGGTAAGATCAACGGCGAGGTCCACAACCTCAGCACCGCTCGTCTCCACTATCTCAGTCGCGGCGCGTCACTTCTTCTGACCTCAATTCTGCTCTCCTCTGTTAGTTCCGCTGCCTCGTGT

CACCCCCAAATCTCAGCGCTGCTTGTCTTGGCTTTGCCTTCAGTGCGCGTCTGGTGGAGATGGTCATCGGCTATAGTAACCGAGATCGAGCGGGAGAGAGGATGGGGAGAAGAAGACGGAT

TGGGCTGACAAATGGGTCCCATCATTCTTTCATTTGTTTTGGCTGAATAGAGTTGCCACATGTGTGCTACAGAGGATCAAAACAGCCTTGGATAGAGTTGGGGGGGGGAGGGGTAAGTCGT

CCGGTTTGTAAAGTTCAGGGTTAAAAAATCTTTTGTATTGTAATTTAGGTGGGGGTGGGGGTAAATTAATCGAACGGATGCAAAAGTTTAGGGGTAATTCAGACTTTTTCCTTTATTTTGG

CTACACCCGACAAGGAACACATAAGTGATATGTTGTGAGTGTGTGAGGGAGGCATGCATCAGTAATATGTGCAATAAAACTTTATGCAAACTGGCAAATATAGTTCTACTATGAAGCAAAT

AAGTTCCTATATGAGCTGAGCCCCCCCCCCCCACAACCACCATCACAATAGCTAGTGCAAATCCTCATCATATATATATTGCCAGCTCGAAACTGGCACTCGCTGTCGGTTTGGGAACCAA

CAATTGAAATGGACCGCAGTGATATATGTTTGAGCAGTACTATCACATAGGCTAGCTCCAGTAGTGCTGACCGTCACCCACTTCCTTGATGGCTTTTTGTGCGAGCAGTGATTCCTCGAGG

CAGTCAAGCATCTAGTTGGCCATCCAATGCCCATGCCCACAACCCTTGCCATTGCCGTTGCCCGTGCTTGGACCGACTAGATTTGATGGTCCCGGGCCGGCTCATGGCAACCGGATTCATT

CTGATCATGCTTCCATTGCCCTTCACCGTCACCAATAGCCCTACTATGCATTAGGCCTGCCAGATATAACCCTCCTGTTCTGGTCTCTTCTCCATCACCGTCTCGCTCGTCGTGCTCAGGT

ATGGAGGGAGAGCGGATTGGGATCCTCTGACGTGAAGTCAGAGGGATGTGGTGACTGACATGTGGGCCCCACTGCTCACGGGCCCACCTGTCAGTGACCACGTCACGTGGTAGTTCACATC

AGAGGAGCCGCTTCAGAGGGAGAGCAGCGGCGGCGTGCTCGAGATAGAGATGTAGACCAAGAACGAGAGGTTGATCGAGAGACTTAGCATGCTAGTTCATTGGACGTCTCATAGCCCGTTC

AGCTTGGCCTTCTCTGCTGCTTTCTCTCATGAAATGGTAGTGCAGGGTGAAGATAAAGCTGGCAATATATAGTGTCACTTTCGGGTTTATAAGAAAAACTGAAAAAAAAGACGGTATAGTG

ATACTTCTGCTACCGGTTTTTCTCATGAACTGATTAATATATGTTATTATTTAAGCATCGGTTTTAGGTTAATCAGCAGCGATTGCGCTGGTTCAGATTGATGTTTCTATACTAGTGCCAG

TTACTCCGATAAATATTTGCAAGAATTTATTTTATGCACAATTAATTAAAAAAAATAAGTATTTACTACTTAAATTATACACATTTCAGGTATTTAAGGAGTCAGTAAATTTGGATCAACA

AGATCTTGAATTGATCAAAGAAGCGAAACCGATTCTAAAGAAGTGCAATGGACTTCCCCTCGCAATTGTCACCATAGGTGGTTTCTTGGCAAGCCGCCCCAAAACTACTTTGGAGTGGAGA

AAATTGAATGAGCATATTAGTGCAGAGTTGGAGACAAACCCAGGGCTTGAGGCCATCAGAGCTGTCCTTAATATAAGCTACGATGGATTACCTTATCACCTCAAGTCTTGCTTCTTGTATC

TGTCCATCTTTCCTGAAGATGACAAGATTAGCCGGAAACGTTTGGTGCTCCGATGGTGTGCAGAGGGTTACTCAAGGGAGCTATGGGATAAATCTGCAGAGGAAATAGCAAACAACTACTT

CTTTGAACTCATAGACAGAAGCATGATCCTACCAACTCAAAAATCAACTTACAGCAATAGAGGAGCTGATTCTTGCCAGGTCCACGATATCATGCGCGAGATAGCCATCTCGAAGTCAAAG

GAGGAAAATCTTGTTCTTAGACTCGAAGGGGGTCGTAGGCTACACAATCATGACATAGTTCGACATCTTTCCATTACAAACAGCAGCGAGGACTGGGAGACAGATGTCGGTGAATTGAAGA

CAACAGTAGACATGTCCCGAATAAGATCATTAACAGTGTTTGGGGAGTGGAGGCCAATTTTCATTTCTGACAAGATGAGGTTGTTGCGTGTGCTCGACTTGGAAGACACAGAAGGTGTACG

TAATCACCATATTAAGCAAATAGGGGAGCTTCTTCACCTTAGATACCTTTCTCTAAGAGGATGTACGCACATTGCTTACATGCCTGATTCTTTGGGTAACCTAAGGCAACTGGAGACACTA

GATGTCAGAGATACGTTCATACTCAGGTTGCCAAAGACCATCACTAATCTTTGCAAGCTGAAGTATCTCCGTGCAAGTAAAGACCTCAACTTCTATGAAGGCATAAGAGAGAAACTACCAG

AGCTCATGAGGAACAGGCTATGCATTTTTACCGCTGCGTTGCTGGGGCTTTGTCTGGCATGCTCAGCTAGTGCGATTGGTAAGTTTGATGAAGAGATTAATACCCGTGATGTCTGCACCAT

GTGTTGCTGCAGTATTCTCCCTAGCATTGCTATGCGCCTCCAAGGGAATGGTGTAGTAGCACCAAGAGGGCTGAGGATCAGGAGACTGACAGCCCTGCACACGCTAGGTGTGGTGGACATT

TCATGGCAGCCATCAATTTTACAAGATATCAAGAGGCTCATCCAGCTGCGCAAATTGGAAGTGACCGGTGTCAACAAGAAAAATAGCAAAAAGCTTTTCTCTGCCCTTGCCGCTCTCAGCC

AACTAGAATCATTGTCACTGTTCTCGAAGTGGAAGCCAGGTCTCTGGGGCTGTCTGGATGCTGAAGAAAAGTTTTCGCCACCTAAGAATCTCAAGACTCTGAAGCTTCAAGGCAACCTGGT

TGAGCTGCCAAAATGGATCGGGAAGCTCAACAATCTTGTTAAGCTGAAGCTATCAAAATCCAGGCTCAAGGATCATGATGCTGCTATACAAGTCCTTGGTATGCTACCAAACCTGACCATC

CTATGCCTGCCGCGCAAGTCATTTCACTCGCTTGAGGGTGGCGAACTCAATTTCTCGGAAGGATCTTTCAAAAGCCTGTTGGTTCTCGAGCTTGACTTCAGTGGGAGCAAAGGTGTTACGT

TTCAACAAGGAGCATTCCGCAAACTAGAGCTGTTATTGCTTTCAGTTCATAGTGAAGAAGTTCAAAGTAAATTATCTGGACTAGAATTTCTCCAAAGCATCAAGGAAGTTCAGATCGATGG

TTATTGCCCAAACGAGGAAGGATTGAAGAAAGACTTGCTGGTCCAACTTTCTCAAAATCCAAAGAAACCCTTTCTGAAGATCGACGGTTATTTTTAA 
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b 
ATGGAGGCCACGGCGGTGAGCATTGGCAGGTCCGTGCTGAAGGGAGCTCTTGGCTTCGCCAAATCCACCTTGGTGGAGGAGGTTTCCCTGCAGCTCGGCGTCCAGCGCGACCAGGCGTTCA

TCAGGGACGAGCTGGAGATGATGAACTCCTTCCTGATGGCCGCCAATGATGAGAAAGATGACAACAAGGTGGTAAGGACCTGGGTGAAGCAGGTCCGCGACGTGGCCTACGACGTCGAGGA

CTGCCTCCAGGACTTGGCCGTCCGCTTGGGGAGGAAGAGTTCATCCTGGTGGCTCAGCCCTCACACGCTGTGGGAGCGGCGCCGCATCGCCAAGCAGATGAAGGAGCTGAGGGGCAAGGTT

GAGGATGTGAGCCAGAGGAACATGCGTTACCAACTCATCAAGGGCTCCAAGCCTACCGTAGCTACCAATGTCGCACCCAGCAGCACTGCCCGTGCGACCATGTCTGGCGTGCATGAAGAAC

GGTGGCAGCATGACAAGGCAGTAGCTGGTCTGGTTCGGCTGGTCATCAAAACCAAAGTCGATGAACTTAGAGTGATTGCGGTGTGGGGAACGAGTGGTGATATCAGGGAAATGTCCATCGT

TGGAGGGGCCTATGATCATCTCAAGAGAAGCAACAAGTTTGAGTGCTGTGCCTGGGTTAATTTGATGCATCCTCTGAACCCAACAAAGCTCCTGCAAACCATTGTTAGGCAATTCTATGTA

AGATCTCTTCAGGAGGCTGGCAAAGCAACTCCGTCGTGTCAAATTCTGAGTAGCATGCTGATAAAGGAAGATCATTTGAACGATGAGTTCAATGAATATTTGAGTGACAAGTGCTACCTCG

TTATGCTTAATGACCTATCAACCGCTGAAGAATGGAAGCAAATAAAAATGCTCTTCCCAGACAACAAGAAAGGGAGCCGAATCATAGTGTTCACACAACATGTTGAAGTTGCAAGCTTTTG

TGCTAGGACCGAGGAGGTGGCACCCGAGCAAATGCAGCTGTTTGCTGATCAGACTCTTTATGCTTTTCGCTGTAAGGTACTCCATCCGTTCCAAAATGATCATCATATAGTTTTTTTTAGG

TTATTTCTAAATAATTATCATATTTATATTCATTCATTATGTATATTCGTTATTTGTTCATTGGAGTAAATGGATATTGATGCATGTATCAGTGCACACAAGTATTTATAACCCACATGCA

ATATCTTGATTTGCTATTGGCTAGGAAATAGTGGAATGGTGCATGCATCGAGTTTGTTGCTAGAGTAAATATAGTATGAGAGAGTTATTAGCTTTTCTTGATATTGGTGTACCTATGAAAT

ATGTAGATCAATTTAGAATGGAGGAAGTAATACTAAAAAAAAATCCTCAAACATGCACTGAAAAAGAAATATTCTATATATCATCATCCGTTGAAAGCCTACTCTTTTCATTCAACTTGTC

TGCTAATTAAATCAATGTTTTATCTATGTCATTATGTACAAAAGAAACTAACACTGATTAATAGTACGACATAGCTCTGTCTCTTTCATCTCTAAGAACATCTCCAGCAAACATATATCAT

ATTCGCTATAGTTATAATTCAACAATTCTCTTTTAAAAAATAACAGCTCCAATAAATCGCCCTACTCAATTTTAGGTACTCCCCATAGTGAGTATAATCGACCCCAAATTTTGGGTGCCCC

TGTCCCACTCCCTATGCCAGCCAAGACTTGTTGATCGCCAGGGGCGGAACCACCCATTAGGTAGGGTTGGGCGGCCAGCCCAGCTATGGCCCGCGCCGCCCCAACTCCCCATATCCTTCTT

GGGCCGCCTACCACCACATCCAATTCACAATTGGCCCATAAAAAAGCAGCCCAAGTGTCCAATTCAGATTTTCTGGGAAATCAAGAGTTAAACTCATGCCCGCGATGCCTCGGTACCTAGC

GCCATCATCTCCGCATGCTGCGTCTCGCTACCCACACGCGACACCTCGCTACCCGCACGTGACGCGTCGCTTCGCTACCTGAGCGTGCCTAGGCTAGCCGCCGCCCGCTGGCGCCTAGCGA

CGGCCGACACCATTCGCTCCTCCTGCTCGGCGCCACACGCGCCAACTCGACGACATTACCTCGCCATCGCCCCGTCCCTACCGAGTTCCAGCCATTCCCGCGCCAACGCCGCCGCCCGGTC

ATCGGCAGCACGCAGCACCGCAGGCCGCAACAGCCAGTAGCCCAGTAGCTTGCGGCGGCTTTAGCATCGGCCATCGGGCATCCTTGAGAATGCTCACCCCCATCACCTACTATAGTTAGGT

GCCTAACGTTTTTCTCTCTCTCCCTTCTAAGCAAAATAATAATCATCTTATTCGGGGTATGTCTTCTCATATATTTATTTTTTTAAAGATATCTATCAACCATGCTTTATGAATTGACTCA

TATTTGCAAATTGATACGTTTACCAATATCTTTTTATGTATGATGAATTATTTTGGCGCAAAAATTATTACTTTATTATAATATCGTTTTTGTTTGCTTTAATTTATTGATTATACTATAT

GTTTATGTGATTACAACATAAATATAGTATTTGTTGCATTTAGTTGTTCTTATTGACACGAGCATCTTCGCCCTATCTTTAATTTAATCCTGCGTCCGCCACTGTTGATCGCTATCATTTT

CACTGCATCCTTCACCTTCCTCTCCTCCCCACATCCCTCATCTTGCTTGGCCTTCGCCTCCTGCGACCACCACTTAGCTGGCCATTGCTCTTTGCCCCATCAAGCTCCAACCTCTGTTGAA

AGCATATTTTATTTTGCATGTTGGAACGGCAACTCCATCTTAAACTTACTGCTTAAAAGCCAACAATTTGTAAGCTATATAAGCCAAAATGCCGGCTTATAGGCATACTATACTAAGACTG

TGATTAATTTGCTTGTATTTAGTATTATGCAATACGGTAATACTTTGAGCTCAACTTTAACTTATACTACATAACACATTTTTAGAGGATTTTGAAGTTCAAAAATGTGTAGATAGGTGCA

TTTGCACTTATCTGAAAATTCCCAAGGATACTTGATTATTATGTACTATAATCAGAATCCCACCAAATTTACAGATTGATAAATCTTTTAATTGATTGGGCAAGTAATATATGGAGTAACA

CTTATGGGTCGGGAGGCATTTAAAAATTAAGTAGTTCAATTGAGATTGTCTTTTCACTAACGAATGGTAACCTATTTATACATCTACAAGAGATTTGTCTTGGGAAACAACTAAGTATTAT

CATAGGAAAGTAGACAATTAGACATCATCATCATCTAATATTCTAAATAATAACTGTTCTCAAGAGGTTGGCTACATTTTTTTGCTGTTGTTTCATTGAAAAGTTCTTGCAACCTTTTTTC

CATTAAGGGCATGTACGATTCCTTTTTAACTCTCGTCTCGTCTTAAAATATAATGGTGCACACCTATCATGCGTGTTTAAGAAAATAATATTGTTGATAATATTTTTTTTTTGTGTGTGCA

GGGTGCTAAAGATGGAGTAGATTCAATGGAGGACTCATCTAACTTAAACGAAGACACTACATACAACGCTGTAGAAGGAAAGAGCCTCCCTCGCACATATTCAATGGTAACTGCTTTCAAG

GAATCTGAGATCGTTGGGCGAGTTGATGAAATAAAGGAGATTATTGAACTGATTTCAAAAGGTAGCCAACAGCTTGAGAAGATCTCAGTGTGGGGAATGGGTGGTATTGGGAAAACCACTC

TAATTCAAAATGTCTACCGAAGCGAAAAGGTTAAGAAGATGTTTGATAAGCATGCATGTGTCACGATCATGCGCCCGTTCAATCTTAATGATCTTCTTATGAGCTTAGTTAGGCAACTAGA

AGATTCAAAAACTTCTGGAGAAAAGGAGTTGGCTAGCATTTTAGAAGGAAAGAAATACTTGATTGTTCTTGATGATGTATTATCCACAACAGAATGGAATGCTATAGAATCATATTTCCCA

GCAATGGAAACAGGAAGCCGGATCATAATCACCACAAGGCATGAAAGTATTGCTAAGCATTGTTCAGGGGATCAACAAGGAAAAATATATCAACTCAATCGTCTAGGAGACAGCGATGCAA

AGAACCTTTTTGCAAAAAAGGTAACCTAAAAGCATATATACTTCTCTCCATTGCTACGCACATTACTACTTCCTAAAAGCATATATAAGCATGAAACTTTTATTTATTTCGGTCTAACCAT

TTAAAAACTATTGGTGGTTAATATTAAAAAGTAGTTTACAATTGCAAGTATTTGCATTATCTTATTTTATACTCCCTCCGTATTTTAATGTACGACGTCGTTGACTTTTCGACCAACGTTT

GACCATTCGTTTTATTCAAAATTTTTGTGCAAATATGAAAATACTTATACCATGCTTAAAGAACATTTGATGACGAATCAAGTCACAGTAAAATAAATGATAATTACATAAATTTTTTGAA

TAAGACAAACGGTCAAAACGTTGGACAAAAAGTCAAACGTTGGTCAAACGTTTGAATAGGAACCTAGGTTCATTTGCACCTCCAATCTGTACCGTTTGAATGCTCTGAGATGTGTGCTAGC

AAATGTCTCTTTCTCCTCTCAAATCATAGTTATTAAAGGAAGGAAGGGACATGAATAATACATAAAGGTACTGTGTTTCCTGCCACCACTTTTTAGCCTTCCAAGTTTGCCCTTGACATGG

TTCCATTCCATTTTTTTCTAATGCATATAAATTAAGGATGCCAAATTTTGTGCCCCTATATAACTATATGTACGTTTAGACCTTTCCCTAGTACAATGATTTTTGTTAATAGAACTTGTCA 

TACGTTGATATATCTGCAAATGAGCTTCAAACAACGACATTCCAAAACAATTAAGCCACCTATCAAGTTTAGATAACACTGTAGAAAAGAGCGAAATATGAAATAGCCAATTATCTTCCCA

TAAGAAGAACAACTGAATATGAAATATATTGTGTCATTATACAATAGACTTATGTTACATATCCATTGTTTAGAAAAAATATTTATTCTCATTTTATCGGTACAAAATGACGTTCACAGAT 

CATATCTTAATACCTATATATATCCATACTGACACTTGCAAAAAAACCCCTCAATCCTCCAAAAGGACATCTATAAATGATTATCCATCATCAAAATGACATTTACAAAATGGTGCATCTA 

CTATATCTCCATTTTGACATTTGACTTAATGGAACTATCTCCATTCACAAAGGGCATGTTGACGAAAACAATATAACTTGCAAAAATGACACTACATATACAGACAACATATATTTAAATA

ACATTTGAGAGCTTGATGAATCTTCAAATGATACTAGCAAATTAATGATGTATCTGTAAACGAAATTTGCTAATGATATATTGTTAAATGATATGTATAACCGATATCTATGTTAATGAAC

CTTTGCTAGTGACTCAACCTTTAACTGATATATTCACAACAAATATATCGGCAAAGTATATGTCATCTGCAAAATACATATGTCAATGAAGTAGGTTTACAAATAAAATTTCTCTAATTGA

CATTCAGAGCCAACAAATTAACTAGGTGATCAAGAGAATTTATTAAAATTTGTAATGCACATACATGCATAATTTTTCACATGGAGAGAGGGAAGTACTAGTTGGAGGGCATCTTGGGAAA 

GCTACAGTAGAAAACGTACACAACATGTACCTATTGAACCCACCAATGCACAGCCCTATATAGCAACTCCATCAGATAGGTACATTTTGATGGTGGTTAGCAAACATGATGGATCACAACT

GCATCGGAGTCATATGCACACGTGTCGACCAGGGGATTGAGGTGCATATGCACCGCGGATCATATTATCCAGCTCACACACATATATATATATATATATATATATATATATATATGTATAT

ATATGTATGTATATATATATATATGTATATATATGTATGTATCTATATGTATGTATACCTATGTATGTATGTATGTATACATATGTATGTATCTATATGTATGTATACCTATGTATGTATG 

TATATGTATGTACGTACGTACGTACGTTCGTTAGTCTTCTAGTTTTACTAACCCCTACAAATGTACTACTCCTTATTTGCAAACCAACATCAAAAACATTTGTACACAACCATACGTACAT

ACTTACACACAAATAACAGACATACAGGCCTCACCACCAGAGGTACGTGGTGCGGTAGAGTTGTGAATGTATAACTCAATCATAGTATTTACAAATATTACACATATGGGTAGTGGGTGCA

CTTTTAGGAGTTTAAATACCACTGGCCTCTATCTCTCTTAAGCTTGTGTTAAGGGAGTGTACTTGTACGCGCGCGTCTGCTTAATGTGCGTCTGGATCTTCAGTGTAATAGAAAAAAAAAG



AGCAATTTACAATGGAAAGAAATAGGGAATTAAAACCCAGATTCCAATCATAGCAACTGTATCATATTAACTACTTTATATTAGAATTAACAATTATATTGGTCATAAATGGTTAGCTAAT

CTTATTGTAGCATAATATTTTGAATCTAGCCCAGGATAGGCTATGCCGGAACTATATTTTGAAACTATGTATAATACACATAATCCAAATTAAACAACAGAAAAAAGAGGATACACTTCAT

TTTATTTTTTAAACTTGTATGCTTAAACTACAGTAGAGTTAAACAAACACCACTTGGGGGGTGTGGTGGGGTGTGGTGGGGGGACCACAAGTGGTTCGGTGTTAAAGTCGTGGTTCCCATG

ATTCTACCTTGCCACACGTTTCTTCACTAGATGTACAACCGTTGCTTCACAGGTTCTGGGATTTTTGTTGTTCTCGTTATTTTATTGTTGTTGTTGATTGCACGAAGCATGAGAAGTGGAT

CATGATCCATGTGGTTCTGGGCGCACCTTAGGCCTTTTGCAAGTGGGTTGTAAGTTGGGTACTTACTATTTGAGTGGAAAAGAAAATCAAAATTGTTGACCTAAAACTCTCTATGCAGCTT

TAAAATATTTAATTTTATTTTTATTCTTGAAGTTGAAATAAATTATAATTTAAAATTTAACCAAAATTTGAAACTTTATGCAAATTGAGAACTTGCTATAGAAAATTTAAAAAACTCTAAA

AAAAAATCAAAACATCAACTCAAAATAACAAACTTGCTCAGATTTTAAGGCTTTCTACCCAAACTTTATAACTTTCAACTCAAATTCTGAAATTTTCAAGTCAAATTTTGTAACTTTGAAG

TCATATATTCAAAACTACATACCCATAAAAACTATATGAAAAATATGATACTCTGAACTCAAAATTCAAAACTTTGTACTCAAATATTTATTTATTATATAGTACAGAAAGTTAGTATCAA

TGAGAAAGTTCAGACAATCTAATTGGATGAAGAAAAACTAGACGAAACTTGTTGCCCGGGCAGCTAAGCGCATGGTTGCAGATGTGACTTACCTCCTATACAGTACGCGTATTAGCAAACA

CCTACCCACCAAGGTAATCATAGTTATGCATGGTGTGCATGCCTAGTGATGTGCACGTCTGTCAGGGTTACGGATAAGGCATACCTCCTAACCTACGACTTATGGAATATACCGATAAGGT

ATACCTTCACGTATATGGATCGTTCCTGCAAATATCGTACAAAAAACGCCCCAAATTATGGAAAATATCTCCACGAGTCAAGTGATTTCTAAAGTCCTACACGGAGGGGATAGAATTTCGG

TTATGCCGTATCAGATCACATATCCTCAGACTTTTCTTGGGGGTCAACATGATCCACGGTATAAAAGGGACCCCTGGGAGGGGTATCAGGCATCTAATTTCATCGCCAACACACCCACCAA

AGTTTACGAAGATGGAGTACGCGGAGCCAAGTCGCTGGGAGATCTCGTCGAATCTTTCGACCACGATCTTGTTGGTATCGCCTATTTCGACTACTCTCTTTGTAATTTGTTCTTGTTATCA

TCAATCCCATATAAACTGGACTAGGGCTATTACCTGATAAGAGGCCTGAACTAGTATAATCCTTGTCTTTTGTCTGCTTGATGTCGTATTACGTAGACCCTCGTTCCAACGTACCCCAATA

CTCTACTTATCCGGTCCGTGAGTATCACTCGTCGACAACGTCTTCTATGTAATTGAAAAAAAAAGACAATATTTTTCTAATTCTCAAATCAAGATGTTATACGGTAAATTACTGCAACAAT

ATGTTCAGAAAAATTCAGTCGTAGCCAAACCCTCTGCTGTTCGATTTATCACCCTAAATTACAATACCTGACATTTTTTAACCTTGAACATTACAAACCAGATGAATTACCCCCAAAGTTG

GTTTGATGTTGGTTTTGGTCCTACGTGGCGTATCAGCCCCACAAGTCAGTCTCCACCTCATCCTCCTCCTATCAGGCTATTGGGATCCACCTATCAGCTGCTATCTCCTTTCTTCACCTAG

AACACAAGAGCAGTCAATGCTTAGGCACTGCTGTTGGACGCCGCTAGGCTGCTCCCCTTCCTCACCGAGAAAGCCAACTCCACCCCTCTCTATTCTAGACCGGATCTAGATGCTCCCTCCA

CCACCAATTTGGACTCTGCCGCTACGCCTCCTCCTCTTCTTCTTCCGTCGCTAATTAGATCGTCACTACCTCTTCTGCTCCGGCCGCCGTGATGTGGGCAGGCAGCACAAAAGGGGTGCGG

GTAGCTGTGGCAGCACCCCCTTCTTCCCCATCTACAGCCAAGGCATTTCAGCAACAGCAGCTCCACACACATGGTCAACACCGAGGTTCCTCTGCTCCCTCGCCACCCCATCGAACGCCCG

AACCTGTTGCTCCCGTATGGCACCTACGACCCCATGGCTCAACGCGGGCGACGGTGAACTCATGGCAGAGGTGGGATGGGTGGCTTCAAACTCACAATGGAAGTGGTGAGATCAACGGCGA

GATCCACAACCTCAACACCGCTTGCATCCACTATCTCTGTCACGGTGCGTCACTTCTTCTGACCTCAGTTTTGCTCTCCTCTGTTAGTTCCACTGCCTCGTGTCACCCCTAAATCTCAGCG

CTGCTTGTCTTGGCTTTGCCTTCGGTGCACGTCTGGTGGAGATGGTCATCGGCGACAGTAGCTGAGATCGAGCGAAAGAGAGGATGGGGAGAAGAAGACGGACTGGGCTGACAAATGGGTC

CCATCATTCTTTTATTTGTTTTGGCTAAATAGAGCTGCCACATGTGTGGCAGATAGGATCAAAACTACCTTGGGTAAGTCGTCCATTTTTTAAAGTTCAGGGTTAAAAAAATGTTTGGTAT

TGTAATTTAGGTGGGGGTGGGGGTAAATCGAACGGACGCATAGGGGTAATTCAGACTTTTTCCTTTATTTTGGCTACACCCGACAAGGAACACATAAGTGATATGCTGTGAGTGCGTGAGG

GAGGCATGTATCAGTAGTATGTGCAATATAGTTCTACTATGAAGCAAATATGTTCCTACTATGAGCTGACCTGCTGATACATACATCTGTCATGTCTTACAACATACTATGAGTCTATGAG

TTGTTACCCCCCCCCCCCAATCGGCGAAAAATACTTACCATCACACTAGCTAGTGCAAATCCTCATCATATATATATTGCCAGCTCGAATCTGGCACTCACTGTCGGTTTGGGAACCAGCA

ATATTGAAATGGACCTCAGTGATATACTCCATATGTTTGAGCAGTACTATCACTTGTAGAGTAGAAATTGTTTTTTTTTAAAAAAAATCAACACATAGGCTAGCTCCAGTAGTGCCAACCG

TCACCCACTTCCTTGATAGCTTTTTGTGCGAGCAGTGACTCCTCGAGGCAGTCAAGCATTGCTTAGAGTGGTAAGATCTGGCCCTATCCCACCTCCCATCTAATGCTCATGCCCACAACCC

TTGCCATCGCCGTTGCCCGTGCTTGGACCGGCTAGATTTGATGGTCCTGGGCTGGCTCAGGGCAACCCGATTCATTCCTATGACCAATCATGCTTCCATTTCCCTTCACTGTCACTAGTAG

CCCTAGTGCCCTACTATGCATAATAGGCCAGCCAGATATAGCCCTCCTGTGCTGGCCCTCATTGTGCTCAGGTATGGAGGGAGAGCAGTGGCGGCATACTCGAGATAAAGGGAGATGTTGA

CCAAGAGTGAGAAGTTGATTGAGAAACTTAGCATGCTAGTTCATTGGATGTCTCATAGCCCATTCAGCTTGGCCTTCGCTGCTGCTTTCTCTCGTGAAACGGTAGTGAAGGGTGAAGATAA

AGTTGGCAATATAGTGTCACTTCCGGGTTTATAAGAAAAACTGAAAAAAAAACGGTATAGTGATACTTCTGCTACCTGTTTTTCTCATGAATTGATCAATGCTATTATTTGAGCATCGGTT

TTAGGTTAATCAGCTGCATTGCACTGGTTTGGATTGATGTTTCTACACTAGTGCCAGTTACTCCGATAAATATTTGCAAGAAATTATTTTATGCACAATTAATTAAAAAAAGAAGTATTTA

CTACTTAAATTATACACGTTTCAGGTATTTAAGGAGTCAGTAAATTTGGATCAAGAAGATCTTGAGTTGATTGAAGAAGCAAAACTGATTCTAAAGAAGTGCAAAGGACTTCCCCTCGCAA

TTGTCACCATAGGTGGTTTCTTGGCAAGCCGGCCCAAAACTGCTTTGGAGTGGAGAAAATTGAATGAGCATATTAGTGCAGAGTTGGAGACAAACCTAGAGCTTGAGGCCATAAGAGCTGT

CCTTAATATAAGCTACGATGGATTACCCTATCACCTCAAGTCTTGCTTCTTGTACCTGTCCATCTTTCCTCAAGATGACAAGATTAGCCGGAAACGTTTGGTGCGCCGATGGTGTGCAGAG

GGTTACTCAAGGGAGCTATTGGACAAATCTGCATAGGAAATAGCAAACAACTACTTCTTTGAACTCATAGACAGAATCATGATCCTACCAACTCAAAAATCAACTTATAGCAGTAGAGGAG

CTGATTCTTGCTAGGTTCACGATATCATGCGCGAGATAGCCATCTCGAAGTCAAAGGAGGAAAATCTTGTTCTTAGACTCGAAGGGGGTCGTAGGCTACACAATCATGACACAGTTCGGCA

TCTTTCCATTACAAACAGCAGCGAGGACTGGGAGACAGATGTCGGTGAATTGAAGACAACAGTAGACATGTCCCGAATAAGATCATTAACAGTGTTTGGGGAGTGGAGGCCATTTTTCATT

TCTGACAAGATGAGGTTGTTGCGTGTGCTCGACTTGGAAGACACAAAAGATGTACGTAATCACCATATTAAGCAAATAGGGGAGCTTCTTCACCTTAGATACCTTTCTCTAAGAGGATGTA

TGCGCATTGCTTACCTGCCTGATTCTTTGGGTAACCTAAGGCAACTGGAGACACTAGATGTCAGAGATACGTTCATACTCAGGTTGCCAAAGACCATCACTAATCTTCGCAAGCTAAAGTA

TCTCCGTGCAATTGTAGACAAAATCACCTATGAAGGAATAGCAGAGGAACTACCAGAGGTCATGAGGAACATGCTATGCATTTTTACCGCTGCGTTGCTGTTGCTTTGTCTGGCATGCACA

ACAAGTTCAATTGGTATGCTGGATGATGAGATTAATACCCGTGAGATCTGCTCCATGTTTTGCTGCAGTATTCTCCCTAGCATTGCTATGCGCCTCCAAGGGAATGGTGTAGTAGCACCAA

GAGGGCTGAGGAGACTGACAGCCCTGCACACGCTAGGTGTGGTGGACATCTCATGGGAATCATCAGTTTTACAGGATCTCAAGAAGCTCACCTAGCTGCGCAAATTGGAAGTGACCGGTGT

CAACAAGAAAAACAGCAAAAAGTTTTTTTCTGTCCTTGCCGCGCTCAGCCGCCTAGAATCATTGTCGCTGCTCTCGAAGGGAAAGCCAGGTCTCTGCGGCTGTCTAGATGCTCAAGAAAAG

TTTTCACCACCTAAGGATGTCAAGAGCCTGAAGCTGCAAGGCAACCTGGTTGAGTTGCCAAAATGGATCAAGCAGCTCAACAATCTCGTGAAGCTGAAGCTATCAGAAACAATGCTAAAGG

ATCATGATGCTGCTATACAAGTCCTTGGTATGCTACCAAACCTGACCATCCTATGCCTGTCGCGTGAGTCGTTTCACTCGCTTGAGGGTGAAGAACTCAATTTCTCGGAGGGATCTTTCAA

AAGCCTGGTGGTTCTCGAGCTCAACTTCAGTGGGAGCAAATGTGTCAAGTTTGAACAAGGAGCGTTCCTCAATCTTGAGCTACTGCTGCTTTCAGTTTACTATGAAGAAGTTGAAACTAAG

TTCTCTGGGCTAGAATTTCTCCAAAGCATCAAGGAAGTCCAGATCGATGGTTATTGCCCAAATAGGAAAGGATTGAAGAAAGACTTGCTGGTCCAGCTTTCTCAGAATCCAAAGAAACCCT

TTCTGAAGACTGGCCGTAATTTTTAA 

 

Supplementary Fig. S1 b   Continued. 

 



 

 

Supplementary Fig. S2  Functional complementation test of transgenic  plants (T1) 

that harbored the genomic region (1A5 fragment) of the candidate gene. 

(a) Evaluation of resistance. The five 1A5 lines are the transgenic lines (T1) carrying the 

candidate gene on the DNA fragment 1A5 in the background of Taichung 65. The vector line 

is the transgenic plant (T1) with only the vector fragment in the background of Taichung 65. 

T1 plants that harbored fragment 1A5 were selected by PCR and used in the assays. The 

two brown planthopper (BPH) individuals at the last instar larval stage that had been fasted 

for 24 h were released in a test tube containing a T1 plant aged 13 days after germination, 

and the number of live BPH were recorded 5 days after their release. The tests were repeated 

10 times (the total number of BPH was 20), and the total number of live BPH was summed 

accordingly. 

(b) Expression levels of transformed Bph26 mRNA. Relative mRNA levels were determined 

by real-time quantitative RT-PCR. The average values and standard deviation (s.d.) were 

calculated from three PCR measurements derived from one T1 plant. The number in 

parentheses at the top of each bar graph show the copy number of transformed Bph26 

determined by real-time quantitative RT-PCR. 

 

 

 

 

 

 



a t c c a t c c a t c a c a c a a g t t a c t a g c a a t c c a c g a g a g a a c g c c g a g g a g a g g a g a g c a a    6 0 
a g c c a t g g a g g c c a c g g c g g t g a g c a t t g g c a g g t c c g t g c t g a a g g g a g c g c t t g g c t t    1 2 0 
c g c c a a a t c c a c c t t g g t g g a g g a g g t t t c c c t g c a g c t c g g c g t c c a g c g t g a c c a g g c    1 8 0 
g t t c a t c a g g g a c g a g c t g g a g a t g a t g a a c t c c t t c c t g a t g g c c g c c a a t g a t g a g a a    2 4 0 
a g a t g a c a a c a a g g t g g t a a g g a c c t g g g t g a a g c a g g t c c g c g a c g t g g c c t a c g a c g t    3 0 0 
t g a g g a c t g c c t c c a g g a c t t c g c c g t c c g c t t g g g g g g g a a g a g t t c a a c c t g g t g g c t    3 6 0 
c a g c c c t c a c a c g c t g t g g g a g c g g c g c c g c a t c g c c a a g c a g a t g a a g g a g c t g a g g g g    4 2 0 
c a a g g t t g a g g a t g t c a g c c a g a g g a a c a t g c g c t a t c a a c t c a t c a a g g g c t c c a a g c c    4 8 0 
t a c t g t a g c t a c c a a t g t c a c a c c c a g c a g c a c t g c c c g t g c g a c c a t g t c t g g c g c g c a    5 4 0 
t g a a g a a c g g t g g c a g c a t g a g a a g g c a a t a g a t c a t c t g g t t c g g c t g g t c a a a a c c a a    6 0 0 
a g t c g a t g a a c g t a g a g t g a t c g c g g t g t g g g g a a c a a g t g g t g a t a t c a g g g a a a t g t c    6 6 0 
c a t c g t t g g a g g g g c c t a t g a t c a t c t c a a g a g a a a c a a c a a g t t t g a g t g c t a t g c c t g    7 2 0 
g g t t a a t t t g a t g c a t c c t c t g a a c c c a a c a a a g c t c c t g c a a a c c a t t g t t a g g c a a t t    7 8 0 
c t a t g t a a g a t c t c t t c a g g a g g c t g g c a a a g c a a c t c c g t c g t g t c a a a t t c t g a g t a g    8 4 0 
c a t g t t g a t a a a g g a a g a t c a g g g t t t g g g g t t t a g g g t t c t g a g g a g c a t g c t g a t g a a    9 0 0 
g g a a g a t c a t t t g a a t g a t g a g t t c a a t a a a t a t t t g a g t g a c a a g t g c t a c c t c a t t g t    9 6 0 
g c t t a a t g a c c t a t c g a c c g c t g a a g a g t g g a a g c a a a t t a a a a t g c t c t t c c c a g a c a a   1 0 2 0 
c a a g a a a g g a a g c c g a a t c a t a g t g t t c a c a c a a c a a g t t g a a g t t g c a a g c t t t t g c g c   1 0 8 0 
t a g g a c a g a g g a g g t g g c a c c c g a g c a c a t g c a g t t g t t t g c t g a t c a g a c t c t t t a t g c   1 1 4 0 
t t t t c a c t g c a a g g g t g c t a a a g a t g g a g t a g a t t c a a t g g a g g a c t c a t c t a a c t t a a a   1 2 0 0 
c g a a g a c a c t a c a t a c a a c g c t g t a g a a g g a a a g a g c c t c a c t c g c a c a t a t t c a a t g g t   1 2 6 0 
a a c t g c t t t c a a g g a a t c t g a g a t c g t t g g g c g a g t t g a t g a a a t a a a g g a g a t t a t t g a   1 3 2 0 
a c t g a t t t c a a a a g g t a g c c a a c a a c t t g a g a a g a t c t c a g t g t g g g g a a t g g g t g g t a t   1 3 8 0 
t g g g a a a a c c a c t c t a a t t c a a a a t g t c t a c c g a a g c g a a a a g g t t a a g a a g a t g t t t g a   1 4 4 0 
t a a g c a t g c a t g t g t c a c g a t c a t g c g c c c g t t c a a t c t t a a t g a t c t t c t t a t g a g c t t   1 5 0 0 
a g t t a g g c a a c t a g a a g a t t c a a a a a c t t c t g g a g g a a a g g a g t t g g t t a g c a t t t t a g a   1 5 6 0 
a g g a a a g a a a t a c t t g a t t g t t c t t g a t g a t g t a t t a t t c a c a a c a g a a t g g g a t g c t a t   1 6 2 0 
a g a a t c a t a t t t c c c a g c a a c g g a a a c a g g a a g c c g g a t c a t a a t a a c c a c a a g g c a t g a   1 6 8 0 
a a g t a t t g c t a a g c a t t g t t c a g g g g a t c a a c a a g g c a a a a t g t a t c a a c t c a a t c g t c t   1 7 4 0 
a g g a g a c a a c g a t g c a a a g a a c c t c t t t g c a a a g a a g g t a t t t a a g g a g t c a g t a a a t t t   1 8 0 0 
g g a t c a a c a a g a t c t t g a a t t g a t c a a a g a a g c g a a a c c g a t t c t a a a g a a g t g c a a t g g   1 8 6 0 
a c t t c c c c t c g c a a t t g t c a c c a t a g g t g g t t t c t t g g c a a g c c g c c c c a a a a c t a c t t t   1 9 2 0 
g g a g t g g a g a a a a t t g a a t g a g c a t a t t a g t g c a g a g t t g g a g a c a a a c c c a g g g c t t g a   1 9 8 0 
g g c c a t c a g a g c t g t c c t t a a t a t a a g c t a c g a t g g a t t a c c t t a t c a c c t c a a g t c t t g   2 0 4 0 
c t t c t t g t a t c t g t c c a t c t t t c c t g a a g a t g a c a a g a t t a g c c g g a a a c g t t t g g t g c t   2 1 0 0 
c c g a t g g t g t g c a g a g g g t t a c t c a a g g g a g c t a t g g g a t a a a t c t g c a g a g g a a a t a g c   2 1 6 0 
a a a c a a c t a c t t c t t t g a a c t c a t a g a c a g a a g c a t g a t c c t a c c a a c t c a a a a a t c a a c   2 2 2 0 
t t a c a g c a a t a g a g g a g c t g a t t c t t g c c a g g t c c a c g a t a t c a t g c g c g a g a t a g c c a t   2 2 8 0 
c t c g a a g t c a a a g g a g g a a a a t c t t g t t c t t a g a c t c g a a g g g g g t c g t a g g c t a c a c a a   2 3 4 0 
t c a t g a c a t a g t t c g a c a t c t t t c c a t t a c a a a c a g c a g c g a g g a c t g g g a g a c a g a t g t   2 4 0 0 
c g g t g a a t t g a a g a c a a c a g t a g a c a t g t c c c g a a t a a g a t c a t t a a c a g t g t t t g g g g a   2 4 6 0 
g t g g a g g c c a a t t t t c a t t t c t g a c a a g a t g a g g t t g t t g c g t g t g c t c g a c t t g g a a g a   2 5 2 0 
c a c a g a a g g t g t a c g t a a t c a c c a t a t t a a g c a a a t a g g g g a g c t t c t t c a c c t t a g a t a   2 5 8 0 
c c t t t c t c t a a g a g g a t g t a c g c a c a t t g c t t a c a t g c c t g a t t c t t t g g g t a a c c t a a g   2 6 4 0 
g c a a c t g g a g a c a c t a g a t g t c a g a g a t a c g t t c a t a c t c a g g t t g c c a a a g a c c a t c a c   2 7 0 0 
t a a t c t t t g c a a g c t g a a g t a t c t c c g t g c a a g t a a a g a c c t c a a c t t c t a t g a a g g c a t   2 7 6 0 
a a g a g a g a a a c t a c c a g a g c t c a t g a g g a a c a g g c t a t g c a t t t t t a c c g c t g c g t t g c t   2 8 2 0 
g g g g c t t t g t c t g g c a t g c t c a g c t a g t g c g a t t g g t a a g t t t g a t g a a g a g a t t a a t a c   2 8 8 0 
c c g t g a t g t c t g c a c c a t g t g t t g c t g c a g t a t t c t c c c t a g c a t t g c t a t g c g c c t c c a   2 9 4 0 
a g g g a a t g g t g t a g t a g c a c c a a g a g g g c t g a g g a t c a g g a g a c t g a c a g c c c t g c a c a c   3 0 0 0 
g c t a g g t g t g g t g g a c a t t t c a t g g c a g c c a t c a a t t t t a c a a g a t a t c a a g a g g c t c a t   3 0 6 0 
c c a g c t g c g c a a a t t g g a a g t g a c c g g t g t c a a c a a g a a a a a t a g c a a a a a g c t t t t c t c   3 1 2 0 
t g c c c t t g c c g c t c t c a g c c a a c t a g a a t c a t t g t c a c t g t t c t c g a a g t g g a a g c c a g g   3 1 8 0 
t c t c t g g g g c t g t c t g g a t g c t g a a g a a a a g t t t t c g c c a c c t a a g a a t c t c a a g a c t c t   3 2 4 0 
g a a g c t t c a a g g c a a c c t g g t t g a g c t g c c a a a a t g g a t c g g g a a g c t c a a c a a t c t t g t   3 3 0 0 
t a a g c t g a a g c t a t c a a a a t c c a g g c t c a a g g a t c a t g a t g c t g c t a t a c a a g t c c t t g g   3 3 6 0 
t a t g c t a c c a a a c c t g a c c a t c c t a t g c c t g c c g c g c a a g t c a t t t c a c t c g c t t g a g g g   3 4 2 0 
t g g c g a a c t c a a t t t c t c g g a a g g a t c t t t c a a a a g c c t g t t g g t t c t c g a g c t t g a c t t   3 4 8 0 
c a g t g g g a g c a a a g g t g t t a c g t t t c a a c a a g g a g c a t t c c g c a a a c t a g a g c t g t t a t t   3 5 4 0 
g c t t t c a g t t c a t a g t g a a g a a g t t c a a a g t a a a t t a t c t g g a c t a g a a t t t c t c c a a a g   3 6 0 0 
c a t c a a g g a a g t t c a g a t c g a t g g t t a t t g c c c a a a c g a g g a a g g a t t g a a g a a a g a c t t   3 6 6 0 
g c t g g t c c a a c t t t c t c a a a a t c c a a a g a a a c c c t t t c t g a a g a t c g a c g g t t a t t t t t a   3 7 2 0 
a g c t g a c t c t g a t g t t g g g g c t a a t g t t g t c t c c c t t g t g c t g c t t g g t t g t t g t c a a t c   3 7 8 0 
t c t c t c t c t c t c t c t c t c t c t c t g c a t t t a t a t g t t g t a g t c a t t c c a t g a a c a a c t t a a   3 8 4 0 
t t t g c c g t t t t a t c c a a a c t t t a c t g a a g c t t t c c t t a a t c a t g t g t g g t g c g c g g t c a c   3 9 0 0 
c a a a t t a a g t g t a t c a g g a a a g c t c t a c t a g t a g t a c t g t a g t g a t g c t a g t g c a t a a a t   3 9 6 0 
aatatactccctccatattttaatgtatgacgctgttgactttttg                    4006 

 

Supplementary Fig. S3  cDNA sequence of Bph26. Bases painted yellow 

show initiation codon and stop codon in order. 



ADR52           MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
ASD7            MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
Norin-PL4       MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
IR1154–243      MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
Rathu Heenati   MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
Babawee         MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
T65             MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
Nipponbare      MEATAVSIGRSVLKGALGFAKSTLVEEVSLQLGVQRDQAFIRDELEMMNSFLMAANDEKD 
 
ADR52           DNKVVRTWVKQVRDVAYDVEDCLQDFAVRLGGKSSTWWLSPHTLWERRRIAKQMKELRGK 
ASD7            DNKVVRTWVKQVRDVAYDVEDCLQDFAVRLGGKSSTWWLSPHTLWERRRIAKQMKELRGK 
Norin-PL4       DNKVVRTWVKQVRDVAYDVEDCLQDFAVRLGGKSSTWWLSPHTLWERRRIAKQMKELRGK 
IR1154–243      DNKVVRTWVKQVRDVAYDVEDCLQDFAVRLGGKSSTWWLSPHTLWERRRIAKQMKELRGK 
Rathu Heenati   DNKVVRTWVKQVRDVAYDVEDCLQDFAVRLGRKSSSWWLSPHTLWERRRIAKQMEELRGK 
Babawee         DNKVVRTWVKQVRDVAYDVEDCLQDFAVRLGRKSSSWWLSPHTLWERRRIAKQMEELRGK 
T65             DNKVVRTWVKQVRDVAYDVEDCLQDLAVRLGRKSSSWWLSPHTLWERRRIAKQMKELRGK 
Nipponbare      DNKVVRTWVKQVRDVAYDVEDCLQDLAVRLGRKSSSWWLSPHTLWERRRIAKQMKELRGK 
 
ADR52           VEDVSQRNMRYQLIKGSKPTVATNVTPSSTARATMSGAHEERWQHEKAIDHLVRLV-KTK 
ASD7            VEDVSQRNMRYQLIKGSKPTVATNVTPSSTARATMSGAHEERWQHEKAIDHLVRLV-KTK 
Norin-PL4       VEDVSQRNMRYQLIKGSKPTVATNVTPSSTARATMSGAHEERWQHEKAIDHLVRLV-KTK 
IR1154–243      VEDVSQRNMRYQLIKGSKPTVATNVTPSSTARATMSGAHEERWQHEKAIDHLVRLV-KTK 
Rathu Heenati   VEDVSQRNMRYQLIKGSKPTVATNVAPSSTARATMSGAHEERWQHEKAIDHLVRLV-KTK 
Babawee         VEDVSQRNMRYQLIKGSKPTVATNVAPSSTARATMSGAHEERWQHEKAIDHLVRLV-KTK 
T65             VEDVSQRNMRYQLIKGSKPTVATNVAPSSTARATMSGVHEERWQHDKAVAGLVRLVIKTK 
Nipponbare      VEDVSQRNMRYQLIKGSKPTVATNVAPSSTARATMSGVHEERWQHDKAVAGLVRLVIKTK 
 
ADR52           VDERRVIAVWGTSGDIREMSIVGGAYDHLKRNNKFECYAWVNLMHPLNPTKLLQTIVRQF 
ASD7            VDERRVIAVWGTSGDIREMSIVGGAYDHLKRNNKFECYAWVNLMHPLNPTKLLQTIVRQF 
Norin-PL4       VDERRVIAVWGTSGDIREMSIVGGAYDHLKRNNKFECYAWVNLMHPLNPTKLLQTIVRQF 
IR1154–243      VDERRVIAVWGTSGDIREMSIVGGAYDHLKRNNKFECYAWVNLMHPLNPTKLLQTIVRQF 
Rathu Heenati   VDERRVIAVWGTSGDIREMSIVGGAYDHLKRSNKFECCAWVNLMHPLNPTKLLQTIVRQF 
Babawee         VDERRVIAVWGTSGDIREMSIVGGAYDHLKRSNKFECCAWVNLMHPLNPTKLLQTIVRQF 
T65             VDELRVIAVWGTSGDIREMSIVGGAYDHLKRSNKFECCAWVNLMHPLNPTKLLQTIVRQF 
Nipponbare      VDELRVIAVWGTSGDIREMSIVGGAYDHLKRSNKFECCAWVNLMHPLNPTKLLQTIVRQF 
 
ADR52           YVRSLQEAGKATPSCQILSSMLIKEDQGLGFRVLRSMLMKEDHLNDEFNKYLSDKCYLIV 
ASD7            YVRSLQEAGKATPSCQILSSMLIKEDQGLGFRVLRSMLMKEDHLNDEFNKYLSDKCYLIV 
Norin-PL4       YVRSLQEAGKATPSCQILSSMLIKEDQGLGFRVLRSMLMKEDHLNDEFNKYLSDKCYLIV 
IR1154–243      YVRSLQEAGKATPSCQILSSMLIKEDQGLGFRVLRSMLMKEDHLNDEFNKYLSDKCYLIV 
Rathu Heenati   YVRSLQEAGKATPSCQILSSMLIKEDQGLGFRVLRSMLMKEDHLNDEFNKYLSDKCYLIV 
Babawee         YVRSLQEAGKATPSCQILSSMLIKEDQGLGFRVLRSMLMKEDHLNDEFNKYLSDKCYLIV 
T65             YVRSLQEAGKATPSCQILS----------------SMLIKEDHLNDEFNEYLSDKCYLVM 
Nipponbare      YVRSLQEAGKATPSCQILS----------------SMLIKEDHLNDEFNEYLSDKCYLVM 
 
ADR52           FHCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLTRTYSMVTAFKESEIVGRVDEIKEIIE 
ASD7            FHCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLTRTYSMVTAFKESEIVGRVDEIKEIIE 
Norin-PL4       FHCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLTRTYSMVTAFKESEIVGRVDEIKEIIE 
IR1154–243      FHCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLTRTYSMVTAFKESEIVGRVDEIKEIIE 
Rathu Heenati   FHCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLTRTYSMVTAFKESEIVGRVDEIKEIIE 
Babawee         FHCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLTRTYSMVTAFKESEIVGRVDEIKEIIE 
T65             FRCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLPRTYSMVTAFKESEIVGRVDEIKEIIE 
Nipponbare      FRCKGAKDGVDSMEDSSNLNEDTTYNAVEGKSLPRTYSMVTAFKESEIVGRVDEIKEIIE 

 

Supplementary Fig. S4  Alignment of amino acid sequences of BPH26 in some rice 
varieties. The amino acid sequences of ADR52, ASD7, and Norin-PL4 were deduced from 
the cDNA sequences, and those of IR1154-243, Rathu Heenati, Babawee, Taichung65 (T65), 
and Nipponbare were deduced from its genomic sequences. The ORF sequences based on 
the genomic sequences of ADR52 and ASD7 have been confirmed to be the same as those 
of the cDNA sequences. A yellow border indicates that the amino acid sequence is the same 
as that of ADR52, and green and blue borders indicate that the sequence is different from 
that of ADR52. The repetitive amino acids in the deduced leucine-rich repeat (LRR) are 
shown in red-color font.  



ADR52           LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLNDLLMSL 
ASD7            LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLNDLLMSL 
Norin-PL4       LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLNDLLMSL 
IR1154–243      LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLNDLLMSL 
Rathu Heenati   LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLDDLLKSL 
Babawee         LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLDDLLKSL 
T65             LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLNDLLMSL 
Nipponbare      LISKGSQQLEKISVWGMGGIGKTTLIQNVYRSEKVKKMFDKHACVTIMRPFNLNDLLMSL 
 
ADR52           VRQLEDSKTSGGKELVSILEGKKYLIVLDDVLFTTEWDAIESYFPATETGSRIIITTRHE 
ASD7            VRQLEDSKTSGGKELVSILEGKKYLIVLDDVLFTTEWDAIESYFPATETGSRIIITTRHE 
Norin-PL4       VRQLEDSKTSGGKELVSILEGKKYLIVLDDVLFTTEWDAIESYFPATETGSRIIITTRHE 
IR1154–243      VRQLEDSKTSGGKELVSILEGKKYLIVLDDVLFTTEWDAIESYFPATETGSRIIITTRHE 
Rathu Heenati   VRQLEDSKTSGEKELTSILEEKKYLIVLDDVLSTTEWNAIESYFPAMETGSRIIITTRHE 
Babawee         VRQLEDSKTSGEKELTSILEEKKYLIVLDDVLSTTEWNAIESYFPAMETGSRIIITTRHE 
T65             VRQLEDSKTSGEKELASILEGKKYLIVLDDVLSTTEWNAIESYFPAMETGSRIIITTRHE 
Nipponbare      VRQLEDSKTSGEKELASILEGKKYLIVLDDVLSTTEWNAIESYFPAMETGSRIIITTRHE 
 
ADR52           SIAKHCSGDQQGKMYQLNRLGDNDAKNLFAKKVFKESVNLDQQDLELIKEAKPILKKCNG 
ASD7            SIAKHCSGDQQGKMYQLNRLGDNDAKNLFAKKVFKESVNLDQQDLELIKEAKPILKKCNG 
Norin-PL4       SIAKHCSGDQQGKMYQLNRLGDNDAKNLFAKKVFKESVNLDQQDLELIKEAKPILKKCNG 
IR1154–243      SIAKHCSGDQQGKMYQLNRLGDNDAKNLFAKKVFKESVNLDQQDLELIKEAKPILKKCNG 
Rathu Heenati   SIAKHCSGDQQGKIYQLNRLGDNDAKNLFAKKVFKEPVNLDQEDLELIEEAKLILKKCKG 
Babawee         SIAKHCSGDQQGKIYQLNRLGDNDAKNLFAKKVFKEPVNLDQEDLELIEEAKLILKKCKG 
T65             SIAKHCSGDQQGKIYQLNRLGDSDAKNLFAKKVFKESVNLDQEDLELIEEAKLILKKCKG 
Nipponbare      SIAKHCSGDQQGKIYQLNRLGDSDAKNLFAKKVFKESVNLDQEDLELIEEAKLILKKCKG 
 
ADR52           LPLAIVTIGGFLASRPKTTLEWRKLNEHISAELETNPGLEAIRAVLNISYDGLPYHLKSC 
ASD7            LPLAIVTIGGFLASRPKTTLEWRKLNEHISAELETNPGLEAIRAVLNISYDGLPYHLKSC 
Norin-PL4       LPLAIVTIGGFLASRPKTTLEWRKLNEHISAELETNPGLEAIRAVLNISYDGLPYHLKSC 
IR1154–243      LPLAIVTIGGFLASRPKTTLEWRKLNEHISAELETNPGLEAIRAVLNISYDGLPYHLKSC 
Rathu Heenati   LPLAIVTIGGFLASRPKTALEWRKLNEHISAELETNPELEAIRAVLNISYDGLPYHLKSC 
Babawee         LPLAIVTIGGFLASRPKTALEWRKLNEHISAELETNPELEAIRAVLNISYDGLPYHLKSC 
T65             LPLAIVTIGGFLASRPKTALEWRKLNEHISAELETNLELEAIRAVLNISYDGLPYHLKSC 
Nipponbare      LPLAIVTIGGFLASRPKTALEWRKLNEHISAELETNLELEAIRAVLNISYDGLPYHLKSC 
 
ADR52           FLYLSIFPEDDKISRKRLVLRWCAEGYSRELWDKSAEEIANNYFFELIDRSMI-LPTQKS 
ASD7            FLYLSIFPEDDKISRKRLVLRWCAEGYSRELWDKSAEEIANNYFFELIDRSMI-LPTQKS 
Norin-PL4       FLYLSIFPEDDKISRKRLVLRWCAEGYSRELWDKSAEEIANNYFFELIDRSMI-LPTQKS 
IR1154–243      FLYLSIFPEDDKISRKRLVLRWCAEGYSRELWDKSAEEIANNYFFELIDRSMI-LPTQKS 
Rathu Heenati   FLYLSIFPEDDKISRKRLVRRWCAEGYSRELLDKSAEEIANNYFFELIDRSMIILPTQKS 
Babawee         FLYLSIFPEDDKISRKRLVRRWCAEGYSRELLDKSAEEIANNYFFELIDRSMIILPTQKS 
T65             FLYLSIFPQDDKISRKRLVRRWCAEGYSRELLDKSA------------------------ 
Nipponbare      FLYLSIFPQDDKISRKRLVRRWCAEGYSRELLDKSA------------------------ 
 
ADR52           TYSNRGADSCQVHDIMREIAISKSKEENLVLRLEGGRRLHNHDIVRHLSITNSSEDWETD 
ASD7            TYSNRGADSCQVHDIMREIAISKSKEENLVLRLEGGRRLHNHDIVRHLSITNSSEDWETD 
Norin-PL4       TYSNRGADSCQVHDIMREIAISKSKEENLVLRLEGGRRLHNHDIVRHLSITNSSEDWETD 
IR1154–243      TYSNRGADSCQVHDIMREIAISKSKEENLVLRLEGGRRLHNHDIVRHLSITNSSEDWETD 
Rathu Heenati   TYSNRGADSCQVHDIMREIAISKSKEENLVLRLEGGRRLHNHGTVRHLSITNSNEDWETD 
Babawee         TYSNRGADSCQVHDIMREIAISKSKEENLVLRLEGGRRLHNHGTVRHLSITNSNEDWETD 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           VGELKTTVDMSRIRSLTVFGEWRPIFISDKMRLLRVLDLEDTEGVRNHHIKQIGELLHLR 
ASD7            VGELKTTVDMSRIRSLTVFGEWRPIFISDKMRLLRVLDLEDTEGVRNHHIKQIGELLHLR 
Norin-PL4       VGELKTTVDMSRIRSLTVFGEWRPIFISDKMRLLRVLDLEDTEGVRNHHIKQIGELLHLR 
IR1154–243      VGELKTTVDMSRIRSLTVFGEWRPIFISDKMRLLRVLDLEDTEGVRNHHIKQIGELLHLR 
Rathu Heenati   VGELKRTVDMSRIRSLTVFGEWRPFFISDKMRLLRVLDLEDTEGVCNHHIKQIGELLHLR 
Babawee         VGELKRTVDMSRIRSLTVFGEWRPFFISDKMRLLRVLDLEDTEGVCNHHIKQIGELLHLR 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
 

Supplementary Fig. S4   Continued. 



ADR52           YLSLRGCTHIAYMPDSLGNLRQLETLDVRDTFILRLPKTITNLCKLKYLRASKDLNFYEG 
ASD7            YLSLRGCTHIAYMPDSLGNLRQLETLDVRDTFILRLPKTITNLCKLKYLRASKDLNFYEG 
Norin-PL4       YLSLRGCTHIAYMPDSLGNLRQLETLDVRDTFILRLPKTITNLCKLKYLRASKDLNFYEG 
IR1154–243      YLSLRGCTHIAYMPDSLGNLRQLETLDVRDTFILRLPKTITNLCKLKYLRASKDLNFYEG 
Rathu Heenati   YLSLRGCIDIAYLPDSLGNLRQLETLDIRDTFILRLPKTITNLRKLKYLRASIDLMIVEV 
Babawee         YLSLRGCIDIAYLPDSLGNLRQLETLDIRDTFILRLPKTITNLRKLKYLRASIDLMIVEV 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           IREKLPELMRNRLCIFTAALLGLCLACSASAIGKFDEEINTRDVCTMCCCSILPSIAMRL 
ASD7            IREKLPELMRNRLCIFTAALLGLCLACSASAIGKFDEEINTRDVCTMCCCSILPSIAMRL 
Norin-PL4       IREKLPELMRNRLCIFTAALLGLCLACSASAIGKFDEEINTRDVCTMCCCSILPSIAMRL 
IR1154–243      IREKLPELMRNRLCIFTAALLGLCLACSASAIGKFDEEINTRDVCTMCCCSILPSIAMRL 
Rathu Heenati   IIEKLPELMRNRLCIFTAALLLFCLACTTSSIGMLNGGINTRDVCTLGCCSFLPSIAMLL 
Babawee         IIEKLPELMRNRLCIFTAALLLFCLACTTSSIGMLNGGINTRDVCTLGCCSFLPSIAMLL 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           QGNGVVAPRGLRIRRLTALHTLGVVDISWQPSILQDIKRLIQLRKLEVTGVNKKNSKKLF 
ASD7            QGNGVVAPRGLRIRRLTALHTLGVVDISWQPSILQDIKRLIQLRKLEVTGVNKKNSKKLF 
Norin-PL4       QGNGVVAPRGLRIRRLTALHTLGVVDISWQPSILQDIKRLIQLRKLEVTGVNKKNSKKLF 
IR1154–243      QGNGVVAPRGLRIRRLTALHTLGVVDISWQPSILQDIKRLIQLRKLEVTGVNKKNSKKLF 
Rathu Heenati   DGSGVVAPR--GLRRLTALHTLGVVDISWESSVLQDLKKLTQLRKLEVTGVNKKNSKKFF 
Babawee         DGSGVVAPR--GLRRLTALHTLGVVDISWESSVLQDLKKLTQLRKLEVTGVNKKNSKKFF 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           SALAALSQLESLSLFSKWKPGLWGCLDAEEKFSPPKNLKTLKLQGNLVELPKWIGKLNNL 
ASD7            SALAALSQLESLSLFSKWKPGLWGCLDAEEKFSPPKNLKTLKLQGNLVELPKWIGKLNNL 
Norin-PL4       SALAALSQLESLSLFSKWKPGLWGCLDAEEKFSPPKNLKTLKLQGNLVELPKWIGKLNNL 
IR1154–243      SALAALSQLESLSLFSKWKPGLWGCLDAEEKFSPPKNLKTLKLQGNLVELPKWIGKLNNL 
Rathu Heenati   SALAALSRLESLSLLSKRKPGLCGCLDAEEKFSPPKDLKSLKLQGNLVELPKWIRQLNNL 
Babawee         SALAALSRLESLSLLSKGKPGLCGCLDAEEKFSPPKDLKSLKLQGNLVELPKWIRQLNNL 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           VKLKLSKSRLKDHDAAIQVLGMLPNLTILCLPRKSFHSLEGGELNFSEGSFKSLLVLELD 
ASD7            VKLKLSKSRLKDHDAAIQVLGMLPNLTILCLPRKSFHSLEGGELNFSEGSFKSLLVLELD 
Norin-PL4       VKLKLSKSRLKDHDAAIQVLGMLPNLTILCLPRKSFHSLEGGELNFSEGSFKSLLVLELD 
IR1154–243      VKLKLSKSRLKDHDAAIQVLGMLPNLTILCLPRKSFHSLEGGELNFSEGSFKSLLVLELD 
Rathu Heenati   VKLKLSETMLKDHDAAIQVLGMLPNLTILCLSRESFHSLEGGELNFSEGSFKSLVVLKLH 
Babawee         VKLKLSETMLKDHDAAIQVLGMLPNLTILCLSRESFHSLEGGELNFSEGSFKSLVVLKLH 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           FSGSKGVTFQQGAFRKLELLLLSVHSEEVQSKLSGLEFLQSIKEVQIDGYCPNEEGLKKD 
ASD7            FSGSKGVTFQQGAFRKLELLLLSVHSEEVQSKLSGLEFLQSIKEVQIDGYCPNEEGLKKD 
Norin-PL4       FSGSKGVTFQQGAFRKLELLLLSVHSEEVQSKLSGLEFLQSIKEVQIDGYCPNEEGLKKD 
IR1154–243      FSGSKGVTFQQGAFRKLELLLLSVHSEEVQSKLSGLEFLQSIKEVQIDGYCPNEEGLKKD 
Rathu Heenati   FGGSKCVKFQQGAFHDLELLLLSVYSEEVETKFSGLEFLQSIKEVQIDGYYPNWKGLKKD 
Babawee         FGGSKCVKFQQGAFHDLELLLLSVYSEEVETKFSGLEFLQSIKEVQIDGYYPNWKGLKKD 
T65             ------------------------------------------------------------ 
Nipponbare      ------------------------------------------------------------ 
 
ADR52           LLVQLSQNPKKPFLKIDGYF 
ASD7            LLVQLSQNPKKPFLKIDGYF 
Norin-PL4       LLVQLSQNPKKPFLKIDGYF 
IR1154–243      LLVQLSQNPKKPFLKIDGYF 
Rathu Heenati   LLVQLSQNPKKPFLKTGRNF 
Babawee         LLVQLSQNPKKPFLKTGRNF 
T65             -------------------- 
Nipponbare      -------------------- 

 

Supplementary Fig. S4   Continued. 



 

Supplementary Fig. S5   Alignment of main motifs in CC-NBS domains of 

BPH26 in O. sativa cv. ADR52, BPH14 in O. officinalis and PIB in O. sativa cv. 

Engkatek. 

P-loop 
BPH26 K I S V W G M G G I G K T T L I Q N V Y R
BPH14 V L P I V G M G G M G K T T L A Q L I Y N
PIB V I S V W G M G G L G K T T L V S G V Y Q

RNBS-I 
BPH26 F D K H A C V T I M R P F N L N D L L M
BPH14 F Q L L L W V C V S D N F D V D L L A K
PIB F D K Y V F V T I M R P F I L V E L L R

Kinase-2
BPH26 K K Y L I V L D D V
BPH14 Q R Y L L V L D D V
PIB K S C L I V L D D F

RNBS-II
BPH26 G S R I I I T T R H E S I A K
BPH14 G S S V L T T T R D Q E V A Q
PIB T S R I I V T T R K E N I A N

RNBS-III 
BPH26 Y Q L N R L G D N D A K N L F
BPH14 Y D L K R L K E S F I E E I I
PIB H N L K V L K H N D A L C L L

GLPL
BPH26 I L K K C N G L P L A I V T I
BPH14 I A K K C S G S P L A A T A L
PIB I L K K C D G L P L A I V V I

RNBS-IV
BPH26 P G L E A I R A V L N I S Y D G L P Y H L
BPH14 D E E N G I L P I L K L S Y N C L P S Y M
PIB P E L G M I R T V L E K S Y D G L P Y H L

RNBS-V
BPH26 K S C F L Y L S I F P E D D K I S R K R L V L R W C A E G Y S R E
BPH14 R Q C F S F C A I F P K D H E I D V E M L I Q L W M A N G F I P E
PIB K S C F L Y L S I F P E D Q I I S R R R L V H R W A A E G Y S T A

RNBS-VI 
BPH26 A N N Y F F E L I D R S M I L
BPH14 G K R I F S E L V S R S F F Q
PIB A N G Y F M E L K N R S M I L

MHDV
BPH26 C Q V H D I M R E I A I S K S
BPH14 C K I H D L M H D V A Q S S M
PIB C K V H D L M R D I A I S K S

NL17
BPH26 E E N L V L R L E G G
BPH14 E G S F L I P K Y H H
PIB E E N L V F R V E E G



<BPH26 LRR> 
------IKQIGELLHLRYLSLRGCTHIAY                                  
-----MPDSLGNLRQLETLDVRDTFILR                                   
-----LPKTITNLCKLKYLRASKDLNFYEGIREKLPELMRN 
-------RLCIFTAALLGLCLACSASAIGKFDEEINTRDVCTMCCCSILPSIAMRLQGNGVVAPRGLR 
------IRRLTALHTLGVVDISWQPS 
-----ILQDIKRLIQLRKLEVTGVNKKNSKK 
-----LFSALAALSQLESLSLFSKWKPGLWGCLDAE 
-------EKFSPPKNLKTLKLQ 
GNLVELPKWIGKLNNLVKLKLSKSRLKDHDAA                               
------IQVLGMLPNLTILCLPRKSFHSLEGGELN                            
-------FSEGSFKSLLVLELDFSGSKG 
-----VTFQQGAFRKLELLLLSVHSEEVQS 
-----KLSGLEFLQSIKEVQIDGYCPNEEGLKKDLLVQLSQNPKKPFLKIDGYF 

 

<BPH14 LRR> 
-------LIPKYHHHLRYLDLSESEIKA 
-----LPEDISILYHLQTLNLSRCLSLRRLPKGMKYMTALRHLYTHGCWSLGSMP 
-------PDLGHLTCLQTLTCFVAGTCSGC 
----------SDLGELRQLDLGGRLELRKLENVTKADAKA 
-------ANLGKKEKLTKLTLIWTDQEYKEAQSNNHKEVL 
-------EGLTPHEGLKVLSIYHCGSSTCPTWMNKLRDMVGLELNGC 
-KNLEKLPPLWQLPALQVLCL 
----------EGLGSLNCLFNCDTHTPFTF 
-------------CRLKELTLSDMTNFETWWDTNEVQGEELMF 
-------------PEVEKLSIESCHRLTALPKASNAISESSGEVSTVCRSAFPALKE 
----------MKLYDLRIFQKWEAVDGT 
------PREEATFPQLDKLEIRQCPELTTLPEAPKLSDLEISKGNQQISLQAAS 
----------RHITSLSSLVLHLSTDDTETASVAKQQDSSDLVIEDEKWSHKSPLELMVLSRCNLLFSHPSALALWTCFA 
--------LDLKIRYVDALVSWPEE 
--------VFQGLVSLRKLEISVCENLTGHTQARGQSTPAPS 
----------ELLPRLESLEITCCDSIVEVPN 
-----------LPASLKLLEIRGCPGLESIVFNQQQDRTMLVSAESFAEQDKSSLISGSTSETND 
----------HVLPRLESLVINWCDRLE 
---------VLHLPSIKKLGIYSCEKLRS 
--------LSVKLDAVRELSIRHCGSLKS 
-----LESCLGELASLQQLKLFDCKSLESLPKGPQAY 
-------------SSLTSLEIRGCSGIKVLPPSLQQRLDDIEDKELDACYEEAEAEPKSRHRQSAISRLMCLK 

 

<PIB LRR> 
-------------GAIRHLAISSNWKGDKSEF 
-------EGIVDLSRIRSLSLFGDWKPFFV    
-----------KMRFIRVLDFEGTRGLEYHH    
------LDQIWKLNHLKFLSLRGCYRIDL    
-----LPDLLGNLRQLQMLDIRGTYVKA     
-----LPKTIIKLQKLQYIHAGRKTDYVWEEKHSLMQRCRKVGCICATCCLPLLCEMYGPLHKALARRDAWTFACCVKFPSIMTGVHEEEGA 
-MVPSGIRKLKDLHTLRNINVGRGN         
----AILRDIGMLTGLHKLGVAGINKKNGRAFR 
-------LAISNLNKLESLSVSSAGMPGLCGCLDDISSPP 
-------------ENLQSLKLY 
GSLKTLPEWIKELQHLVKLKLVSTRLLEHDVAM    
-------EFLGELPKVEILVISPFKSEEIHFKPPQTG 
----------TAFVSLRVLKLAGLWGIKS 
-----VKFEEGTMPKLERLQVQGRIENEIGF       
-------SGLEFLQNINEVQLSVWFPTDHDRIRAARAAGADYETAWEEEVQEARRKGGELKRKIREQLARNPNQPIIT 

 

Supplementary Fig. S6   Amino acid sequences of the deduced leucine-rich 

repeat (LRR) of BPH26 in O. sativa cv. ADR52, BPH14 in O. officinalis and PIB 

in O. sativa cv. Engkatek. The repetitive amino acids in the LRR are shown in 

red-color font. 



 

 

 

Supplementary Fig. S7   Full-length gel of Figure 4a and that of negative 

control. 

(a) Gene expression analysis of BPH26 in some rice varieties by using reverse 

transcriptase (RT)-PCR. Actin primers were used in the control amplification. 

φX174 - Hae III digest was used as a molecular-weight size marker. Fragments 

sizes are marked on the left, in base pairs.  

(b) Negative control of (a). One step RT-PCR was conducted without total RNA. 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S1 

Predicted genes by rice annotation project database in the candidate region of 

the japonica cultivar Nipponbare. 

 

1 Os12g0558366 Similar to F-box domain-containing protein 

2 Os12g0558400 Similar to F-box domain-containing protein 

3 Os12g0559000 Hypothetical conserved gene 

4 Os12g0559100 Conserved hypothetical protein 

5 Os12g0559250 Non-protein coding transcript 

6 Os12g0559200 Lipoxygenase (EC 1.13.11.12) 

7 Os12g0559300 Similar to leucine-rich repeat family protein 

8 Os12g0559400 Similar to leucine-rich repeat family protein 

9 Os12g0559600 Similar to resistance protein RGA2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table S2 

PCR primers used in this study 

Primer name Forward primer (5′-3′) Reverse primer (5′-3′) Purpose 

High-resolution mapping 

RM28449 CACCCATTGATGTGAAACTCTGG GGATTCATGATACAGTGTGCAACG SSR marker 

RM3813 ACCGTTAGATGACACAAGCAACG GGTTAGCAAGACTGGAGGAGACG SSR marker 

ID-28L4 GAAGGGAAATGGAAGCATGA TACACCCGACAAGGAACACA InDel marker 

ID-174 TGCTCGTACGATGGAGTCAT CGGGCTTCATTCATCGTTA InDel marker 

ID-161 CTGTCAAAATTGCGTTCGAT CATTCCCCTGAATTTGAAACA InDel marker 

ID-161-2 ATCCTTTCGGACAGGGTGAT GGACGGGATGATACCTCAGA InDel marker 

DS-L74 AGCGGATGCTAAAAGCAAAA AATAGACGGGGCAAGGGTAG SNP marker 

DS-72B4 AAAGTGCGCAGCAGTACAGA GGATGCAGATCGAACACTGA SNP marker 

DS-173B TCACGACGTTATTCATGTTTCA TCCCATGCCAATCAATATCA SNP marker 

Comparison of alleles from some varieties 

BPH26-Exson1 TAGCATCAGTCCCTTGCTTGTTTGC ATTGATTTAATTAGCAGACAAGTTG Sequencing 

BPH26-Exson2 AACTCTCGTCTCGTCTTAAAATATA AGTAGTAATGTGCGTAGCAATGGAG Sequencing 

BPH26-Exson3 CTAGTGCCAGTTACTCCGATAAATAT TATGCACTAGCATCACTACA Sequencing 

Gene expression analysis 

BPH26-RT-PCR GCTACCAAACCTGACCATCC AGCAAGTCTTTCTTCAATCCTT RT-PCR 

Actin-RT-PCR TCCATCTTGGCATCTCT GTACCCGCATCAGGCATCTG RT-PCR 

In situ hybridization analysis 

BP26-insitu-AP 
ATTAACCCTCACTAAAGGGAA- 

GGAAGTTCAGATCGATGGTT 
TGGATAAAACGGCAAATTAA Probe 

BP26-insitu-SP 
ATTAACCCTCACTAAAGGGAA-

TGGATAAAACGGCAAATTAA 
GGAAGTTCAGATCGATGGTT Probe 

  Confirmation of the insertion site in T1 transgenic lines 

pPZP2H-lac-D ACTATCCTTCGCAAGACCCT GATCAGCAATCGCGCATATG Detection 

Real-time quantitate RT-PCR analysis 

BPH26-qPCR CCAAACGAGGAAGGATTGAA AGCCCCAACATCAGAGTCAG Real-time PCR 

UBQ-qPCR GAGCCTCTGTTCGTCAAGTA ACTCGATGGTCCATTAAACC Real-time PCR 

 

The in situ hybridization probe: T3 promoter sequence (underlined) was attached to the top 

sequence of the forward primer. 

SSR, simple sequence repeat. InDel, insertion-deletion mutation. SNP, single nucleotide 

polymorphism. RT-PCR, reverse-transcription PCR. 


