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DNA sequences of plasmid constructs  
 
Plasmid Stock 391, 35s::ACA12-GFP. The ACA12 coding sequence (blue italics) begins downstream 
of a unique Asc1 site, with the sequence ATGAGGGACCTC and ends with CTCAAGAAACCT.  
Immediately downstream is a GFP coding sequence (green italics) starting with the sequence 
ATGGTGAGCAAG and ending with the sequence CATCACCATCACCATCACGGATCCTGA, 
encoding a 6xHis tag followed by a stop codon in red highlight.  This plant expression vector is based 
on a pBIN101.2 vector and harbors a kanamycin resistance marker for selection in bacteria and plants. 
 

TGAGCGTCGCAAAGGCGCTCGGTCTTGCCTTGCTCGTCGGTGATGTACTTCACCAGCTCCGCGAAGTCGCTCTTC
TTGATGGAGCGCATGGGGACGTGCTTGGCAATCACGCGCACCCCCCGGCCGTTTTAGCGGCTAAAAAAGTCATGG
CTCTGCCCTCGGGCGGACCACGCCCATCATGACCTTGCCAAGCTCGTCCTGCTTCTCTTCGATCTTCGCCAGCAG
GGCGAGGATCGTGGCATCACCGAACCGCGCCGTGCGCGGGTCGTCGGTGAGCCAGAGTTTCAGCAGGCCGCCCAG
GCGGCCCAGGTCGCCATTGATGCGGGCCAGCTCGCGGACGTGCTCATAGTCCACGACGCCCGTGATTTTGTAGCC
CTGGCCGACGGCCAGCAGGTAGGCCGACAGGCTCATGCCGGCCGCCGCCGCCTTTTCCTCAATCGCTCTTCGTTC
GTCTGGAAGGCAGTACACCTTGATAGGTGGGCTGCCCTTCCTGGTTGGCTTGGTTTCATCAGCCATCCGCTTGCC
CTCATCTGTTACGCCGGCGGTAGCCGGCCAGCCTCGCAGAGCAGGATTCCCGTTGAGCACCGCCAGGTGCGAATA
AGGGACAGTGAAGAAGGAACACCCGCTCGCGGGTGGGCCTACTTCACCTATCCTGCCCGGCTGACGCCGTTGGAT
ACACCAAGGAAAGTCTACACGAACCCTTTGGCAAAATCCTGTATATCGTGCGAAAAAGGATGGATATACCGAAAA
AATCGCTATAATGACCCCGAAGCAGGGTTATGCAGCGGAAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACA
GGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTT
ATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTAT
GGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTG
CGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGA
CCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCAGAAGGCCGCCAGAGAGGCCGAGCGCGGCCGTG
AGGCTTGGACGCTAGGGCAGGGCATGAAAAAGCCCGTAGCGGGCTGCTACGGGCGTCTGACGCGGTGGAAAGGGG
GAGGGGATGTTGTCTACATGGCTCTGCTGTAGTGAGTGGGTTGCGCTCCGGCAGCGGTCCTGATCAATCGTCACC
CTTTCTCGGTCCTTCAACGTTCCTGACAACGAGCCTCCTTTTCGCCAATCCATCGACAATCACCGCGAGTCCCTG
CTCGAACGCTGCGTCCGGACCGGCTTCGTCGAAGGCGTCTATCGCGGCCCGCAACAGCGGCGAGAGCGGAGCCTG
TTCAACGGTGCCGCCGCGCTCGCCGGCATCGCTGTCGCCGGCCTGCTCCTCAAGCACGGCCCCAACAGTGAAGTA
GCTGATTGTCATCAGCGCATTGACGGCGTCCCCGGCCGAAAAACCCGCCTCGCAGAGGAAGCGAAGCTGCGCGTC
GGCCGTTTCCATCTGCGGTGCGCCCGGTCGCGTGCCGGCATGGATGCGCGCGCCATCGCGGTAGGCGAGCAGCGC
CTGCCTGAAGCTGCGGGCATTCCCGATCAGAAATGAGCGCCAGTCGTCGTCGGCTCTCGGCACCGAATGCGTATG
ATTCTCCGCCAGCATGGCTTCGGCCAGTGCGTCGAGCAGCGCCCGCTTGTTCCTGAAGTGCCAGTAAAGCGCCGG
CTGCTGAACCCCCAACCGTTCCGCCAGTTTGCGTGTCGTCAGACCGTCTACGCCGACCTCGTTCAACAGGTCCAG
GGCGGCACGGATCACTGTATTCGGCTGCAACTTTGTCATGCTTGACACTTTATCACTGATAAACATAATATGTCC
ACCAACTTATCAGTGATAAAGAATCCGCGCGTTCAATCGGACCAGCGGAGGCTGGTCCGGAGGCCAGACGTGAAA
CCCAACATACCCCTGATCGTAATTCTGAGCACTGTCGCGCTCGACGCTGTCGGCATCGGCCTGATTATGCCGGTG
CTGCCGGGCCTCCTGCGCGATCTGGTTCACTCGAACGACGTCACCGCCCACTATGGCATTCTGCTGGCGCTGTAT
GCGTTGGTGCAATTTGCCTGCGCACCTGTGCTGGGCGCGCTGTCGGATCGTTTCGGGCGGCGGCCAATCTTGCTC



GTCTCGCTGGCCGGCGCCAGATCTGGGGAACCCTGTGGTTGGCATGCACATACAAATGGACGAACGGATAAACCT
TTTCACGCCCTTTTAAATATCCGATTATTCTAATAAACGCTCTTTTCTCTTAGGTTTACCCGCCAATATATCCTG
TCAAACACTGATAGTTTAAACTGAAGGCGGGAAACGACAATCTGATCATGAGCGGAGAATTAAGGGAGTCACGTT
ATGACCCCCGCCGATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGAACCGCAACGTTGAAGGAGCCAC
TCAGCCGCGGGTTTCTGGAGTTTAATGAGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCC
TAAGGTCACTATCAGCTAGCAAATATTTCTTGTCAAAAATGCTCCACTGACGTTCCATAAATTCCCCTCGGTATC
CAATTAGAGTCTCATATTCACTCTCAATCCAAATAATCTGCACCGGATCTGGATCGTTTCGCATGATTGAACAAG
ATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCG
GCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCG
GTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTG
TGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCAT
CTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTA
CCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATC
AGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCG
ACGGCGATGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTG
GATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTG
AAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCG
CCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAA
CCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGC
CGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACGGGATCTCTGCGGAACAGGCGGT
CGAAGGTGCCGATATCATTACGACAGCAACGGCCGACAAGCACAACGCCACGATCCTGAGCGACAATATGATCGG
GCCCGGCGTCCACATCAACGGCGTCGGCGGCGACTGCCCAGGCAAGACCGAGATGCACCGCGATATCTTGCTGCG
TTCGGATATTTTCGTGGAGTTCCCGCCACAGACCCGGATGATCCCCGATCGTTCAAACATTTGGCAATAAAGTTT
CTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAAT
AATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATA
CGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCG
GGCCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTG
GCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAA
AGATGGCAAACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCA
AACTTGATTCTGTCGCTACTGATTACGGTGCTGCTATCGATGGTTTCATTGGTGACGTTTCCGGCCTTGCTAATG
GTAATGGTGCTACTGGTGATTTTGCTGGCTCTAATTCCCAAATGGCTCAAGTCGGTGACGGTGATAATTCACCTT
TAATGAATAATTTCCGTCAATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTTTTGTCTTTGGCCCAA
TACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAG
CGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTC
CGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCA
AGCTTGCATGCCTGCAGGTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCT
CAGAAGACCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAG
CTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTGCGATAAAGGAA
AGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAA
AAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATAACATGGTGGAGCACGACACACTTGTCT
ACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCG
GAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCT
ACAAATGCCATCATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGAC
CCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATA
TCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATTAGGAAGTTCAT
TTCATTTGGAGAGGACCTCGACCTCAACACAACATATACAAAACAAACGAATCTCAAGCAATCAAGCATTCTACT
TCTATTGCAGCAATTTAAATCATTTCTTTTAAAGCCAAAGCAATTTTCTGGAAATTTTCACCATTTACGAACGAT
ACTCGAGGGCGCGCCCGGTATGAGGGACCTCAAGGAATATGATTACAGTGCACTTTTGCTCAACCTTACCACCTC
CAGCCTCAACAAGGCCCAGAGGCGTTGGCGTTTTGCCTACGCTGCCATCTACTCTATGAGGGCTATGCTCTCTCT
TGTTAAGGAGATAGTTCCCGCAAGGATTGATCCCAAAACCTCAGATGCCTCTCTCTCTCTCTCCTACACAGCCCT
CGAGTCCGGTGAGGGAGCAAAGATCAACTCTATGCCTCTCTCTTACGTTCCTGCCATTGATCAAGAACAACTTGT
GGAGATCATGAAGGGTAAGGACTTACCGGGCATCCAAGCGCTGGGCGGCGTGGAGGGTGTCGCCGCTTCCCTTAG
GACTAACCCCACCAAAGGGATCCACGGGAATGAGCAAGAAGTCAGTAGACGCCGTGACCTCTTTGGCTCTAACAC
CTACCATAAGCCACCGCCTAAAGGACTTCTCTTCTTTGTGTATGAAGCTTTCAAAGACCTAACCATCTTGATCTT



GTTGGTCTGCGCTATTTTCTCCCTTGGCTTCGGTATCAAAGAACATGGCATCAAAGAAGGTTGGTATGAAGGCGG
AAGCATCTTTGTAGCAGTCTTCTTGGTCATAGTTGTCTCTGCTCTCAGCAACTTTAGGCAGGAGAGACAGTTCGA
CAAGCTGTCCAAGATAAGCAATAACATCAAAGTGGAAGTCCTTCGGGACAGCAGGCGGCAACATATCTCCATCTT
TGACGTTGTTGTTGGTGATGTTGTCTTCTTGAAGATCGGAGATCAGATTCCCGCTGATGGTCTGTTCTTGGAAGG
GCATTCACTTCAGGTGGACGAGTCTAGTATGACAGGAGAGAGTGACCATCTTGAAGTGGACCACAAGGATAATCC
CTTCTTGTTCTCAGGGACAAAGATAGTCGATGGGTTTGCTCAAATGCTCGTTGTCTCTGTGGGTATGAGTACAAC
CTGGGGACAGACGATGAGCTCCATAAATCAAGATTCCAGCGAGAGAACACCTTTGCAAGTCCGTCTTGACACGCT
GACCTCCACCATCGGAAAAATTGGTCTTACGGTGGCAGCACTTGTTCTGGTAGTTCTATTAGTCCGTTACTTCAC
TGGGAACACAGAGAAAGAGGGCAAAAGAGAATACAACGGGAGCAAAACACCTGTGGACACTGTGGTCAATTCCGT
TGTGCGAATCGTGGCAGCTGCAGTAACCATTGTCGTAGTAGCTATCCCAGAAGGCTTGCCATTGGCTGTGACTCT
GACGCTGGCTTACTCCATGAAGAGAATGATGTCTGATCAAGCTATGGTCAGAAAGCTCTCGGCATGCGAGACGAT
GGGCTCAGCGACAGTGATATGCACAGACAAAACAGGTACTTTAACACTGAACGAGATGAAGGTTACCAAGTTTTG
GCTTGGCCAAGAGTCAATCCATGAAGACTCTACCAAAATGATCTCACCAGACGTTCTTGATCTGCTTTACCAAGG
CACCGGTCTGAACACAACGGGAAGTGTCTGTGTGTCAGACTCAGGATCAACGCCTGAGTTCTCAGGCAGTCCAAC
AGAGAAGGCCCTCTTGTCTTGGACTGTGCTAAATCTGGGTATGGATATGGAGTCAGTAAAGCAGAAACATGAAGT
TCTCCGCGTTGAAACTTTCAGTTCAGCAAAGAAAAGAAGCGGAGTTTTGGTCCGAAGAAAATCTGACAATACAGT
CCATGTACACTGGAAAGGAGCCGCTGAAATGGTCCTAGCTATGTGTTCTCACTACTACACAAGCACTGGGTCTGT
TGACTTAATGGACTCCACCGCAAAGAGCAGAATTCAGGCAATAATCCAAGGTATGGCGGCCAGTAGCCTCAGATG
CATAGCATTCGCTCATAAAATAGCGTCAAATGACTCGGTATTAGAGGAAGATGGCTTGACCTTGATGGGAATAGT
GGGTCTGAAAGATCCTTGTCGACCTGGTGTCTCAAAAGCTGTGGAAACTTGCAAACTTGCAGGAGTCACCATTAA
GATGATAACGGGAGATAATGTTTTCACTGCAAAAGCTATCGCTTTTGAATGCGGAATCCTCGACCACAATGACAA
AGATGAAGAAGATGCTGTTGTAGAAGGTGTTCAATTCAGAAATTATACGGACGAAGAGAGAATGCAGAAAGTTGA
TAAGATCCGGGTCATGGCAAGGTCCTCTCCCTCCGACAAGCTTCTAATGGTCAAGTGTCTGAGACTTAAAGGCCA
TGTGGTAGCCGTCACAGGGGATGGCACCAACGATGCACCTGCACTAAAAGAAGCAGATATTGGACTCTCTATGGG
AATTCAGGGCACTGAAGTGGCAAAAGAAAGCTCAGACATTGTAATTCTAGATGATAACTTCGCATCCGTTGCCAC
AGTCTTAAAATGGGGAAGGTGTGTCTACAACAATATCCAGAAATTCATTCAGTTTCAGCTAACAGTGAACGTTGC
AGCTCTTGTGATCAATTTTATCGCAGCAATTTCAGCCGGTGAGGTCCCTTTGACAGCAGTTCAACTGCTGTGGGT
AAACCTCATCATGGACACATTGGGAGCTCTGGCTCTCGCCACGGAGCGACCCACTAACGAGCTCCTGAAGAGAAA
GCCAGTTGGCCGAACAGAGGCCCTGATAACAAATGTCATGTGGAGGAATCTCCTGGTTCAGTCATTATATCAAAT
AGCCGTACTCTTGATCTTACAATTCAAGGGTATGTCAATATTCAGTGTTCGCAAGGAAGTGAAGGACACGCTCAT
ATTCAACACTTTCGTGCTCTGTCAAGTTTTTAACGAATTCAATGCGAGGGAGATGGAGAAGAAAAATGTGTTCAA
AGGCCTTCACAGAAACAGGTTGTTCATTGGAATAATAGCGATAACTATTGTGCTTCAAGTCATTATGGTGGAATT
CCTAAAGAAGTTTGCGGATACAGTAAGGCTTAACGGGTGGCAATGGGGAACTTGCATAGCACTTGCATCCCTTTC
ATGGCCGATCGGCTTTTTCACAAAATTCATACCTGTTTCTGAGACACCATTCCTCAGTTACTTTAAGAATCCAAG
ATCCTTATTTAAGGGTTCAAGAAGCCCATCTCTCAAGAAACCTGGACTAGTGATGGTGAGCAAGGGCGAGGAGCT
GTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGA
GGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTG
GCCCACCCTCGTGACCACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGA
CTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAA
GACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGA
GGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCA
GAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTA
CCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCT
GAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCACGG
CATGGACGAGCTGTACAAGGGTCTAGACCCGGGAATGCATCACCATCACCATCACGGATCCTGATTGATCGATAG
AGCTCGAATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCG
ATGATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATG
AGATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAAC
TAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGGGAATTCACTGGCCGTCGTTTTACAACGTCG
TGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAG
CGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGCCCGCTCCTTTCGCTTTCTTCC
CTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTA
GTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGA
CGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCA



ACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCG
CCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTT
GCCCGTCTCACTGGTGAAAAGAAAAACCACCCCAGTACATTAAAAACGTCCGCAATGTGTTATTAAGTTGTCTAA
GCGTCAATTTGTTTACACCACAATATATCCTGCCACCAGCCAGCCAACAGCTCCCCGACCGGCAGCTCGGCACAA
AATCACCACTCGATACAGGCAGCCCATCAGTCCGGGACGGCGTCAGCGGGAGAGCCGTTGTAAGGCGGCAGACTT
TGCTCATGTTACCGATGCTATTCGGAAGAACGGCAACTAAGCTGCCGGGTTTGAAACACGGATGATCTCGCGGAG
GGTAGCATGTTGATTGTAACGATGACAGAGCGTTGCTGCCTGTGATCAAATATCATCTCCCTCGCAGAGATCCGA
ATTATCAGCCTTCTTATTCATTTCTCGCTTAACCGTGACAGGCTGTCGATCTTGAGAACTATGCCGACATAATAG
GAAATCGCTGGATAAAGCCGCTGAGGAAGCTGAGTGGCGCTATTTCTTTAGAAGTGAACGTTGACGATATCAACT
CCCCTATCCATTGCTCACCGAATGGTACAGGTCGGGGACCCGAAGTTCCGACTGTCGGCCTGATGCATCCCCGGC
TGATCGACCCCAGATCTGGGGCTGAGAAAGCCCAGTAAGGAAACAACTGTAGGTTCGAGTCGCGAGATCCCCCGG
AACCAAAGGAAGTAGGTTAAACCCGCTCCGATCAGGCCGAGCCACGCCAGGCCGAGAACATTGGTTCCTGTAGGC
ATCGGGATTGGCGGATCAAACACTAAAGCTACTGGAACGAGCAGAAGTCCTCCGGCCGCCAGTTGCCAGGCGGTA
AAGGTGAGCAGAGGCACGGGAGGTTGCCACTTGCGGGTCAGCACGGTTCCGAACGCCATGGAAACCGCCCCCGCC
AGGCCCGCTGCGACGCCGACAGGATCTAGCGCTGCGTTTGGTGTCAACACCAACAGCGCCACGCCCGCAGTTCCG
CAAATAGCCCCCAGGACCGCCATCAATCGTATCGGGCTACCTAGCAGAGCGGCAGAGATGAACACGACCATCAGC
GGCTGCACAGCGCCTACCGTCGCCGCGACCCCGCCCGGCAGGCGGTAGACCGAAATAAACAACAAGCTCCAGAAT
AGCGAAATATTAAGTGCGCCGAGGATGAAGATGCGCATCCACCAGATTCCCGTTGGAATCTGTCGGACGATCATC
ACGAGCAATAAACCCGCCGGCAACGCCCGCAGCAGCATACCGGCGACCCCTCGGCCTCGCTGTTCGGGCTCCACG
AAAACGCCGGACAGATGCGCCTTGTGAGCGTCCTTGGGGCCGTCCTCCTGTTTGAAGACCGACAGCCCAATGATC
TCGCCGTCGATGTAGGCGCCGAATGCCACGGCATCTCGCAACCGTTCAGCGAACGCCTCCATGGGCTTTTTCTCC
TCGTGCTCGTAAACGGACCCGAACATCTCTGGAGCTTTCTTCAGGGCCGACAATCGGATCTCGCGGAAATCCTGC
ACGTCGGCCGCTCCAAGCCGTCGAATCTGAGCCTTAATCACAATTGTCAATTTTAATCCTCTGTTTATCGGCAGT
TCGTAGAGCGCGCCGTGCGTCCCGAGCGATACTGAGCGAAGCAAGTGCGTCGAGCAGTGCCCGCTTGTTCCTGAA
ATGCCAGTAAAGCGCTGGCTGCTGAACCCCCAGCCGGAACTGACCCCACAAGGCCCTAGCGTTTGCAATGCACCA
GGTCATCATTGACCCAGGCGTGTTCCACCAGGCCGCTGCCTCGCAACTCTTCGCAGGCTTCGCCGACCTGCTCGC
GCCACTTCTTCACGCGGGTGGAATCCGATCCGCACATGAGGCGGAAGGTTTCCAGCTTGAGCGGGTACGGCTCCC
GGTGCGAGCTGAAATAGTCGAACATCCGTCGGGCCGTCGGCGACAGCTTGCGGTACTTCTCCCATATGAATTTCG
TGTAGTGGTCGCCAGCAAACAGCACGACGATTTCCTCGTCGATCAGGACCTGGCAACGGGACGTTTTCTTGCCAC
GGTCCAGGACGCGGAAGCGGTGCAGCAGCGACACCGATTCCAGGTGCCCAACGCGGTCGGACGTGAAGCCCATCG
CCGTCGCCTGTAGGCGCGACAGGCATTCCTCGGCCTTCGTGTAATACCGGCCATTGATCGACCAGCCCAGGTCCT
GGCAAAGCTCGTAGAACGTGAAGGTGATCGGCTCGCCGATAGGGGTGCGCTTCGCGTACTCCAACACCTGCTGCC
ACACCAGTTCGTCATCGTCGGCCCGCAGCTCGACGCCGGTGTAGGTGATCTTCACGTCCTTGTTGACGTGGAAAA
TGACCTTGTTTTGCAGCGCCTCGCGCGGGATTTTCTTGTTGCGCGTGGTGAACAGGGCAGAGCGGGCCGTGTCGT
TTGGCATCGCTCGCATCGTGTCCGGCCACGGCGCAATATCGAACAAGGAAAGCTGCATTTCCTTGATCTGCTGCT
TCGTGTGTTTCAGCAACGCGGCCTGCTTGGCCTCGCTGACCTGTTTTGCCAGGTCCTCGCCGGCGGTTTTTCGCT
TCTTGGTCGTCATAGTTCCTCGCGTGTCGATGGTCATCGACTTCGCCAAACCTGCCGCCTCCTGTTCGAGACGAC
GCGAACGCTCCACGGCGGCCGATGGCGCGGGCAGGGCAGGGGGAGCCAGTTGCACGCTGTCGCGCTCGATCTTGG
CCGTAGCTTGCTGGACCATCGAGCCGACGGACTGGAAGGTTTCGCGGGGCGCACGCATGACGGTGCGGCTTGCGA
TGGTTTCGGCATCCTCGGCGGAAAACCCCGCGTCGATCAGTTCTTGCCTGTATGCCTTCCGGTCAAACGTCCGAT
TCATTCACCCTCCTTGCGGGATTGCCCCGACTCACGCCGGGGCAATGTGCCCTTATTCCTGATTTGACCCGCCTG
GTGCCTTGGTGTCCAGATAATCCACCTTATCGGCAATGAAGTCGGTCCCGTAGACCGTCTGGCCGTCCTTCTCGT
ACTTGGTATTCCGAATCTTGCCCTGCACGAATACCAGCGACCCCTTGCCCAAATACTTGCCGTGGGCCTCGGCCT
GAGAGCCAAAACACTTGATGCGGAAGAAGTCGGTGCGCTCCTGCTTGTCGCCGGCATCGTTGCGCCACATCTAGG
TACTAAAACAATTCATCCAGTAAAATATAATATTTTATTTTCTCCCAATCAGGCTTGATCCCCAGTAAGTCAAAA
AATAGCTCGACATACTGTTCTTCCCCGATATCCTCCCTGATCGACCGGACGCAGAAGGCAATGTCATACCACTTG
TCCGCCCTGCCGCTTCTCCCAAGATCAATAAAGCCACTTACTTTGCCATCTTTCACAAAGATGTTGCTGTCTCCC
AGGTCGCCGTGGGAAAAGACAAGTTCCTCTTCGGGCTTTTCCGTCTTTAAAAAATCATACAGCTCGCGCGGATCT
TTAAATGGAGTGTCTTCTTCCCAGTTTTCGCAATCCACATCGGCCAGATCGTTATTCAGTAAGTAATCCAATTCG
GCTAAGCGGCTGTCTAAGCTATTCGTATAGGGACAATCCGATATGTCGATGGAGTGAAAGAGCCTGATGCACTCC
GCATACAGCTCGATAATCTTTTCAGGGCTTTGTTCATCTTCATACTCTTCCGAGCAAAGGACGCCATCGGCCTCA
CTCATGAGCAGATTGCTCCAGCCATCATGCCGTTCAAAGTGCAGGACCTTTGGAACAGGCAGCTTTCCTTCCAGC
CATAGCATCATGTCCTTTTCCCGTTCCACATCATAGGTGGTCCCTTTATACCGGCTGTCCGTCATTTTTAAATAT
AGGTTTTCATTTTCTCCCACCAGCTTATATACCTTAGCAGGAGACATTCCTTCCGTATCTTTTACGCAGCGGTAT



TTTTCGATCAGTTTTTTCAATTCCGGTGATATTCTCATTTTAGCCATTTATTATTTCCTTCCTCTTTTCTACAGT
ATTTAAAGATACCCCAAGAAGCTAATTATAACAAGACGAACTCCAATTCACTGTTCCTTGCATTCTAAAACCTTA
AATACCAGAAAACAGCTTTTTCAAAGTTGTTTTCAAAGTTGGCGTATAACATAGTATCGACGGAGCCGATTTTGA
AACCACAATTATGGGTGATGCTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGGTGCTCCAGTGGCTT
CTGTGTCTATCAGCTGTCCCTCCTGTTCAGCTACTGACGGGGTGGTGCGTAACGGCAAAAGCACCGCCGGACATC
AGCGCTATCTCTGCTCTCACTGCCGTAAAACATGGCAACTGCAGTTCACTTACACCGCTTCTCAACCCGGTACGC
ACCAGAAAATCATTGATATGGCCATGAATGGCGTTGGATGCCGGGCAACAGCCCGCATTATGGGCGTTGGCCTCA
ACACGATTTTACGTCACTTAAAAAACTCAGGCCGCAGTCGGTAACCTCGCGCATACAGCCGGGCAGTGACGTCAT
CGTCTGCGCGGAAATGGACGAACAGTGGGGCTATGTCGGGGCTAAATCGCGCCAGCGCTGGCTGTTTTACGCGTA
TGACAGTCTCCGGAAGACGGTTGTTGCGCACGTATTCGGTGAACGCACTATGGCGACGCTGGGGCGTCTTATGAG
CCTGCTGTCACCCTTTGACGTGGTGATATGGATGACGGATGGCTGGCCGCTGTATGAATCCCGCCTGAAGGGAAA
GCTGCACGTAATCAGCAAGCGATATACGCAGCGAATTGAGCGGCATAACCTGAATCTGAGGCAGCACCTGGCACG
GCTGGGACGGAAGTCGCTGTCGTTCTCAAAATCGGTGGAGCTGCATGACAAAGTCATCGGGCATTATCTGAACAT
AAAACACTATCAATAAGTTGGAGTCATTACCCAATTATGATAGAATTTACAAGCTATAAGGTTATTGTCCTGGGT
TTCAAGCATTAGTCCATGCAAGTTTTTATGCTTTGCCCATTCTATAGATATATTGATAAGCGCGCTGCCTATGCC
TTGCCCCCTGAAATCCTTACATACGGCGATATCTTCTATATAAAAGATATATTATCTTATCAGTATTGTCAATAT
ATTCAAGGCAATCTGCCTCCTCATCCTCTTCATCCTCTTCGTCTTGGTAGCTTTTTAAATATGGCGCTTCATAGA
GTAATTCTGTAAAGGTCCAATTCTCGTTTTCATACCTCGGTATAATCTTACCTATCACCTCAAATGGTTCGCTGG
GTTTATCGCACCCCCGAACACGAGCACGGCACCCGCGACCACTATGCCAAGAATGCCCAAGGTAAAAATTGCCGG
CCCCGCCATGAAGTCCGTGAATGCCCCGACGGCCGAAGTGAAGGGCAGGCCGCCACCCAGGCCGCCGCCCTCACT
GCCCGGCACCTGGTCGCTGAATGTCGATGCCAGCACCTGCGGCACGTCAATGCTTCCGGGCGTCGCGCTCGGGCT
GATCGCCCATCCCGTTACTGCCCCGATCCCGGCAATGGCAAGGACTGCCAGCGCTGCCATTTTTGGGGTGAGGCC
GTTCGCGGCCGAGGGGCGCAGCCCCTGGGGGGATGGGAGGCCCGCGTTAGCGGGCCGGGAGGGTTCGAGAAGGGG
GGGCACCCCCCTTCGGCGTGCGCGGTCACGCGCACAGGGCGCAGCCCTGGTTAAAAACAAGGTTTATAAATATTG
GTTTAAAAGCAGGTTAAAAGACAGGTTAGCGGTGGCCGAAAAACGGGCGGAAACCCTTGCAAATGCTGGATTTTC
TGCCTGTGGACAGCCCCTCAAATGTCAATAGGTGCGCCCCTCATCTGTCAGCACTCTGCCCCTCAAGTGTCAAGG
ATCGCGCCCCTCATCTGTCAGTAGTCGCGCCCCTCAAGTGTCAATACCGCAGGGCACTTATCCCCAGGCTTGTCC
ACATCATCTGTGGGAAACTCGCGTAAAATCAGGCGTTTTCGCCGATTTGCGAGGCTGGCCAGCTCCACGTCGCCG
GCCGAAATCGAGCCTGCCCCTCATCTGTCAACGCCGCGCCGGGTGAGTCGGCCCCTCAAGTGTCAACGTCCGCCC
CTCATCTGTCAGTGAGGGCCAAGTTTTCCGCGAGGTATCCACAACGCCGGCGGCCGCGGTGTCTCGCACACGGCT
TCGACGGCGTTTCTGGCGCGTTTGCAGGGCCATAGACGGCCGCCAGCCCAGCGGCGAGGGCAACCAGCCCGG 
 
 



 
Plasmid Stock 688, ACA9promoter::ACA12-TAP2(YFP).The ACA9 promoter (gray shading) starts 
immediately after a unique Sbf1 site and ends just before a Sal1 site. The ACA12 coding sequence (blue 
shading and italics) begins downstream of a unique Asc1 site, with the sequence ATGAGGGACCTC 
and ends with the sequence CTCAAGAAACCT.  Immediately downstream is a sequence encoding 
aYFP (yellowshading and italics) starting with the sequence ATGGTGAGCAAG.  Following the YFP 
is a sequence encoding a tandem affinity tag, which ends with the stop codon (red highlight) at the end 
of the sequence AAGTCAACCTGA.This plant expression vector is based on a pGreenII backbone and 
harbors a kanamycin resistance marker for selection in bacteria and a hygromycin resistance marker for 
selection in plants.  The ACA9 promoter provides expression primarily in pollen. 
 
TTTTTATCCCCGGAAGCCTGTGGATAGAGGGTAGTTATCCACGTGAAACCGCTAATGCCCCGCAAAGCCTTGATT
CACGGGGCTTTCCGGCCCGCTCCAAAAACTATCCACGTGAAATCGCTAATCAGGGTACGTGAAATCGCTAATCGG
AGTACGTGAAATCGCTAATAAGGTCACGTGAAATCGCTAATCAAAAAGGCACGTGAGAACGCTAATAGCCCTTTC
AGATCAACAGCTTGCAAACACCCCTCGCTCCGGCAAGTAGTTACAGCAAGTAGTATGTTCAATTAGCTTTTCAAT
TATGAATATATATATCAATTATTGGTCGCCCTTGGCTTGTGGACAATGCGCTACGCGCACCGGCTCCGCCCGTGG
ACAACCGCAAGCGGTTGCCCACCGTCGAGCGCCAGCGCCTTTGCCCACAACCCGGCGGCCGGCCGCAACAGATCG
TTTTATAAATTTTTTTTTTTGAAAAAGAAAAAGCCCGAAAGGCGGCAACCTCTCGGGCTTCTGGATTTCCGATCC
CCGGAATTAGAGATCTTGGCAGGATATATTGTGGTGTAACGTTATCGATCTGGATTTTAGTACTGGATTTTGGTT
TTAGGAATTAGAAATTTTATTGATAGAAGTATTTTACAAATACAAATACATACTAAGGGTTTCTTATATGCTCAA
CACATGAGCGAAACCCTATAAGAACCCTAATTTCCCTTATCGGGAAACTACTCACACATTATTTATGGAGAAAAT
AGAGAGAGATAGATTTGTAGAGAGAGACTGGTGATTTCAGCGTACCGAATTAATTCTCCCGCGACCAGCCGAGCG
AGCTTAGCGAACTGTGGACGAGAACTGTGCCACCAAGCGTAAGGCCGTTCTCTCGCATTTGCCTTGCTAGGCTCG
CGCGAGTTGCTGGCTGAGGCGTTCTCGAAATCAGCTCTTGTTCGGTCGGCATCTACTCTATTCCTTTGCCCTCGG
ACGAGTGCTGGGGCGTCGGTTTCCACTATCGGCGAGTACTTCTACACAGCCATCGGTCCAGACGGCCGCGCTTCT
GCGGGCGATTTGTGTACGCCCGACAGTCCCGGCTCCGGATCGGACGATTGCGTCGCATCGACCCTGCGCCCAAGC
TGCATCATCGAAATTGCCGTCAACCAAGCTCTGATAGAGTTGGTCAAGACCAATGCGGAGCATATACGCCCGGAG
GCGTGGCGATCCTGCAAGCTCCGGATGCCTCCGCTCGAAGTAGCGCGTCTGCTGCTCCATACAAGCCAACCACGG
CCTCCAGAAGAAGATGTTGGCGACCTCGTATTGGGAATCCCCGAACATCGCCTCGCTCCAGTCAATGACCGCTGT
TATGCGGCCATTGTCCGTCAGGACATTGTTGGAGCCGAAATCCGCGTGCACGAGGTGCCGGACTTCGGGGCAGTC
CTCGGCCCAAAGCATCAGCTCATCGAGAGCCTGCGCGACGGACGCACTGACGGTGTCGTCCATCACAGTTTGCCA
GTGATACACATGGGGATCAGCAATCGCGCATATGAAATCACGCCATGTAGTGTATTGACCGATTCCTTGCGGTCC
GAATGGGCCGAACCCGCTCGTCTGGCTAAGATCGGCCGCAGCGATCGCATCCATAGCCTCCGCGACCGGCTGAAG
AACAGCGGGCAGTTCGGTTTCAGGCAGGTCTTGCAACGTGACACCCTGTGCACGGCGGGAGATGCAATAGGTCAG
GCTCTCGCTGAACTCCCCAATGTCAAGCACTTCCGGAATCGGGAGCGCGGCCGATGCAAAGTGCCGATAAACATA
ACGATCTTTGTAGAAACCATCGGCGCAGCTATTTACCCGCAGGACATATCCACGCCCTCCTACATCGAAGCTGAA
AGCACGAGATTCTTCGCCCTCCGAGAGCTGCATCAGGTCGGAGACGCTGTCGAACTTTTCGATCAGAAACTTCTC
GACAGACGTCGCGGTGAGTTCAGGCTTTTTCATAGGGATCAGCTTGGGCTGTCCTCTCCAAATGAAATGAACTTC
CTTATATAGAGGAAGGGTCTTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATGTCACATC
AATCCACTTGCTTTGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTT
TGGGACCACTGTCGGCAGAGGCATCTTGAATGATAGCCTTTCCTTTATCGCAATGATGGCATTTGTAGGAGCCAC
CTTCCTTTTCTACTGTCCTTTCGATGAAGTGACAGATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGAAATTA
CCCTTTGTTGAAAAGTCTCAATAGCCCTTTGGTCTTCTGAGACTGTATCTTTGACATTTTTGGAGTAGGGGTACG
ATAACATTAACGTTTACAATTTCGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGG
GCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTT
TCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGTACCCCT
GCAGGAAGCTTGAACTGAGAAACCATTGGAAGCAAGAAAGGATCTCAAACAAAAACAGTTGTTATCATTTCATTT
GATGATGGAATCGAATCTGAGTTGTGTTTAGGGTTTCTCTGGGTTAATCTCAGTCTATGTGGGCACATTTTAGTC
TTCTACAAATTATAAGACACTCTTCACTTATTTAGAAGCTCACTCATCAGAAAAGAAAAAAAAAACTTTGCTCAG
TCTCTCATCTGTGTGTTTGATTATATTTTCAGGCAGAAAACTTTTTTTTGTTCTTGTATTTGATTACAATTAGTT
AAATATTTAAGACTTAGTAGAGATAATGCAATCTATGTATAAAAATAGAAACAATGATTGGTTATGTCGTGCAAC
CCAAGTGACCTTAATGTCGTACACACGTTCATCAGGTTAAAACGAAATTTCTCAGCAACTTCACTATTCTCTCTG
TCACATTGTTTTATTCTTTTCCATTATCTTTATTGGAAACTTGATTAGAAAGAACTGATTAAGGTATGAAGATAA



TTAGTGTACCATTCTTCACATGATACGAGGTGAACAATAGTATATCAGAATACTAGAATAATTTTATAAGTTATA
AAGATGAATGGTATACCACTTATTACAAAACGAAAACATAGTTAGATCTGAGAAGAAGGAAAGATTTTTGTTTTA
AAAAATGAGATGGTTAGATATATGCCATGTTAAGAGATGCCACCATGTTCTTCTTCTTCTTCTTACCCGGAAAAA
ACTCTTTCTTCTTCTCTTTCCCATAAAAAGAAACAAAAAAAAACTAACTTCCCACAAATTTTGCCAAACCAAACC
AAAAATAGTAATGATCTCATTCAATTTGAACCCTCTCTCCATTTTCTTTCATAGTTTTTTTTTAGGGTAAATCAA
AATATTAATGTTGGTTAGAAACTCAAAAATTAGTTTCTCTTTTTTTTCTCTGTGATTGACAGAGAGGTAAGAGAA
AAAAAAGAGAGAAAGTGTTTCGGTTTTTGTTGCCTTCTCTCGAGTTAGGCCTTCTCTCTTCCGTCACACCATCAT
TTTTTTTCTCCATAACGACCAAATCATAAAACCGGTCGTTCCTATTTTTTCTTTCTCTGCGTTTTTTGTTTCGAA
TTCTTCAATAGAATTTTAAAAGAAAGAAGAAAGCTGGGTGAGACGAAGGAAGGAAGAGTCGACGGCGCGCCCGGT
ATGAGGGACCTCAAGGAATATGATTACAGTGCACTTTTGCTCAACCTTACCACCTCCAGCCTCAACAAGGCCCAG
AGGCGTTGGCGTTTTGCCTACGCTGCCATCTACTCTATGAGGGCTATGCTCTCTCTTGTTAAGGAGATAGTTCCC
GCAAGGATTGATCCCAAAACCTCAGATGCCTCTCTCTCTCTCTCCTACACAGCCCTCGAGTCCGGTGAGGGAGCA
AAGATCAACTCTATGCCTCTCTCTTACGTTCCTGCCATTGATCAAGAACAACTTGTGGAGATCATGAAGGGTAAG
GACTTACCGGGCATCCAAGCGCTGGGCGGCGTGGAGGGTGTCGCCGCTTCCCTTAGGACTAACCCCACCAAAGGG
ATCCACGGGAATGAGCAAGAAGTCAGTAGACGCCGTGACCTCTTTGGCTCTAACACCTACCATAAGCCACCGCCT
AAAGGACTTCTCTTCTTTGTGTATGAAGCTTTCAAAGACCTAACCATCTTGATCTTGTTGGTCTGCGCTATTTTC
TCCCTTGGCTTCGGTATCAAAGAACATGGCATCAAAGAAGGTTGGTATGAAGGCGGAAGCATCTTTGTAGCAGTC
TTCTTGGTCATAGTTGTCTCTGCTCTCAGCAACTTTAGGCAGGAGAGACAGTTCGACAAGCTGTCCAAGATAAGC
AATAACATCAAAGTGGAAGTCCTTCGGGACAGCAGGCGGCAACATATCTCCATCTTTGACGTTGTTGTTGGTGAT
GTTGTCTTCTTGAAGATCGGAGATCAGATTCCCGCTGATGGTCTGTTCTTGGAAGGGCATTCACTTCAGGTGGAC
GAGTCTAGTATGACAGGAGAGAGTGACCATCTTGAAGTGGACCACAAGGATAATCCCTTCTTGTTCTCAGGGACA
AAGATAGTCGATGGGTTTGCTCAAATGCTCGTTGTCTCTGTGGGTATGAGTACAACCTGGGGACAGACGATGAGC
TCCATAAATCAAGATTCCAGCGAGAGAACACCTTTGCAAGTCCGTCTTGACACGCTGACCTCCACCATCGGAAAA
ATTGGTCTTACGGTGGCAGCACTTGTTCTGGTAGTTCTATTAGTCCGTTACTTCACTGGGAACACAGAGAAAGAG
GGCAAAAGAGAATACAACGGGAGCAAAACACCTGTGGACACTGTGGTCAATTCCGTTGTGCGAATCGTGGCAGCT
GCAGTAACCATTGTCGTAGTAGCTATCCCAGAAGGCTTGCCATTGGCTGTGACTCTGACGCTGGCTTACTCCATG
AAGAGAATGATGTCTGATCAAGCTATGGTCAGAAAGCTCTCGGCATGCGAGACGATGGGCTCAGCGACAGTGATA
TGCACAGACAAAACAGGTACTTTAACACTGAACGAGATGAAGGTTACCAAGTTTTGGCTTGGCCAAGAGTCAATC
CATGAAGACTCTACCAAAATGATCTCACCAGACGTTCTTGATCTGCTTTACCAAGGCACCGGTCTGAACACAACG
GGAAGTGTCTGTGTGTCAGACTCAGGATCAACGCCTGAGTTCTCAGGCAGTCCAACAGAGAAGGCCCTCTTGTCT
TGGACTGTGCTAAATCTGGGTATGGATATGGAGTCAGTAAAGCAGAAACATGAAGTTCTCCGCGTTGAAACTTTC
AGTTCAGCAAAGAAAAGAAGCGGAGTTTTGGTCCGAAGAAAATCTGACAATACAGTCCATGTACACTGGAAAGGA
GCCGCTGAAATGGTCCTAGCTATGTGTTCTCACTACTACACAAGCACTGGGTCTGTTGACTTAATGGACTCCACC
GCAAAGAGCAGAATTCAGGCAATAATCCAAGGTATGGCGGCCAGTAGCCTCAGATGCATAGCATTCGCTCATAAA
ATAGCGTCAAATGACTCGGTATTAGAGGAAGATGGCTTGACCTTGATGGGAATAGTGGGTCTGAAAGATCCTTGT
CGACCTGGTGTCTCAAAAGCTGTGGAAACTTGCAAACTTGCAGGAGTCACCATTAAGATGATAACGGGAGATAAT
GTTTTCACTGCAAAAGCTATCGCTTTTGAATGCGGAATCCTCGACCACAATGACAAAGATGAAGAAGATGCTGTT
GTAGAAGGTGTTCAATTCAGAAATTATACGGACGAAGAGAGAATGCAGAAAGTTGATAAGATCCGGGTCATGGCA
AGGTCCTCTCCCTCCGACAAGCTTCTAATGGTCAAGTGTCTGAGACTTAAAGGCCATGTGGTAGCCGTCACAGGG
GATGGCACCAACGATGCACCTGCACTAAAAGAAGCAGATATTGGACTCTCTATGGGAATTCAGGGCACTGAAGTG
GCAAAAGAAAGCTCAGACATTGTAATTCTAGATGATAACTTCGCATCCGTTGCCACAGTCTTAAAATGGGGAAGG
TGTGTCTACAACAATATCCAGAAATTCATTCAGTTTCAGCTAACAGTGAACGTTGCAGCTCTTGTGATCAATTTT
ATCGCAGCAATTTCAGCCGGTGAGGTCCCTTTGACAGCAGTTCAACTGCTGTGGGTAAACCTCATCATGGACACA
TTGGGAGCTCTGGCTCTCGCCACGGAGCGACCCACTAACGAGCTCCTGAAGAGAAAGCCAGTTGGCCGAACAGAG
GCCCTGATAACAAATGTCATGTGGAGGAATCTCCTGGTTCAGTCATTATATCAAATAGCCGTACTCTTGATCTTA
CAATTCAAGGGTATGTCAATATTCAGTGTTCGCAAGGAAGTGAAGGACACGCTCATATTCAACACTTTCGTGCTC
TGTCAAGTTTTTAACGAATTCAATGCGAGGGAGATGGAGAAGAAAAATGTGTTCAAAGGCCTTCACAGAAACAGG
TTGTTCATTGGAATAATAGCGATAACTATTGTGCTTCAAGTCATTATGGTGGAATTCCTAAAGAAGTTTGCGGAT
ACAGTAAGGCTTAACGGGTGGCAATGGGGAACTTGCATAGCACTTGCATCCCTTTCATGGCCGATCGGCTTTTTC
ACAAAATTCATACCTGTTTCTGAGACACCATTCCTCAGTTACTTTAAGAATCCAAGATCCTTATTTAAGGGTTCA
AGAAGCCCATCTCTCAAGAAACCTGGACTAGTGATGGTGAGCAAGGGCGAGGAGCTTTTCACTGGAGTTGTCCCA
ATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAAGGTGATGCAACA
TACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGGCCAACCCTGGTCACCACC
TTCGGCTACGGCGTGCAGTGCTTCGCGCGTTATCCGGACCATATGAAGCGGCACGACTTCTTCAAGAGCGCCATG



CCTGAGGGATACGTGCAGGAGAGGACCATCTTCTTCAAGGACGACGGGAACTACAAGACACGTGCTGAAGTCAAG
TTTGAGGGAGACACCCTCGTCAACAGGATCGAGCTTAAGGGAATCGATTTCAAGGAGGACGGAAACATCCTCGGC
CACAAGTTAGAATACAACTACAACTCCCACAACGTATACATCATGGCCGACAAGCAAAAGAACGGCATCAAAGCC
AACTTCAAGACCCGCCACAACATCGAAGACGGCGGCGTGCAACTCGCTGATCATTATCAACAAAATACTCCAATT
GGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCGTACCAGTCCGCCCTTTCGAAAGATCCCAACGAA
AAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTGGGATTACACATGGCATGGATGAACTATACAAG
GGTCTAGACCCGGGAATGCATCACCATCACCATCACGGATCCGATTATGATATTCCAACTACTGCTAGTGAGAAT
TTGTATTTTCAGGGTGAACTGAAAACCGCGGCTCTTGCGCAACACGATGAAGCCGTGGACAACAAATTCAACAAA
GAACAACAAAACGCGTTCTATGAGATCTTACATTTACCTAACTTAAACGAAGAACAACGAAACGCCTTCATCCAA
AGTTTAAAAGATGACCCAAGCCAAAGCGCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATGATGCTCAGGCGCCG
AAAGTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTATGAGATCTTACATTTACCTAACTTAAACGAA
GAACAACGAAACGCCTTCATCCAAAGTTTAAAAGATGACCCAAGCCAAAGCGCTAACCTTTTAGCAGAAGCTAAA
AAGCTAAATGGTGCTCAGGCGCCGAAAGTAGACGCGAATTCCGCGGGGAAGTCAACCTGAGAGCTCGAATTTCCC
CGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATA
ATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTAT
GATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATC
GCGCGCGGTGTCATCTATGTTACTAGATCGGGAATTCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTCCGAGCTT
GGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGG
AAGHCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCG
CTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTA
TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTC
ACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGAAGGCCTTGACAGGAT
ATATTGGCGGGTAAACTAAGTCGCTGTATGTGTTTGTTTGAGATCTCATGTGAGCAAAAGGCCAGCAAAAGGCCA
GGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCG
TTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC
TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGC
CTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAGAAGAG
TTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGC
GCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGTGTAACATTGGTCTAGTGATTAGAAAAACTCATCGAGCATCAAATGAAACTGCA
ATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGA
GGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTA
ATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCA
AAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAA
CCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAA
CAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTT
CTAATACCTGGAATGCTGTTTTCCCTGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAAT
GCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACAACATTGGCAA
CGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGGTAGATTGTCGCACCTG
ATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTTG
AGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATTG
TTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGCTTTGTTGAATAA
ATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTGGCAAAGCAAA
AGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTTTCTGGCTGGATG
ATGGGGCGATTCAGGCGATCCCCATCCAACAGCCCGCCGTCGAGCGGGCT 
 



Plasmid Stock 585, ACA9promoter::ACA2-TAP2(GFP).The ACA9 promoter (gray shading) starts 
immediately after a unique Sbf1 site and ends just before a Sal1 site. The ACA2 coding sequence (blue 
shading and italics) begins downstream of the Sal1 site, with the sequence ATGGAGAGTTAC and ends 
with the sequence AAGACGATTCCG.  Immediately downstream is a GFP coding sequence 
(greenshading and italics) starting with the sequence ATGGTGAGCAAG.Following the GFP is a 
sequence encoding a tandem affinity tag, which ends with the stop codon (red highlight) at the end of 
the sequence AAGTCAACCTGA.This plant expression vector is based on a pGreenII backbone and 
harbors a kanamycin resistance marker for selection in bacteria and a hygromycin resistance marker for 
selection in plants.The ACA9 promoter provides expression primarily in pollen. 
 
TTTTTATCCCCGGAAGCCTGTGGATAGAGGGTAGTTATCCACGTGAAACCGCTAATGCCCCGCAAAGCCTTGATT
CACGGGGCTTTCCGGCCCGCTCCAAAAACTATCCACGTGAAATCGCTAATCAGGGTACGTGAAATCGCTAATCGG
AGTACGTGAAATCGCTAATAAGGTCACGTGAAATCGCTAATCAAAAAGGCACGTGAGAACGCTAATAGCCCTTTC
AGATCAACAGCTTGCAAACACCCCTCGCTCCGGCAAGTAGTTACAGCAAGTAGTATGTTCAATTAGCTTTTCAAT
TATGAATATATATATCAATTATTGGTCGCCCTTGGCTTGTGGACAATGCGCTACGCGCACCGGCTCCGCCCGTGG
ACAACCGCAAGCGGTTGCCCACCGTCGAGCGCCAGCGCCTTTGCCCACAACCCGGCGGCCGGCCGCAACAGATCG
TTTTATAAATTTTTTTTTTTGAAAAAGAAAAAGCCCGAAAGGCGGCAACCTCTCGGGCTTCTGGATTTCCGATCC
CCGGAATTAGAGATCTTGGCAGGATATATTGTGGTGTAACGTTATCGATCTGGATTTTAGTACTGGATTTTGGTT
TTAGGAATTAGAAATTTTATTGATAGAAGTATTTTACAAATACAAATACATACTAAGGGTTTCTTATATGCTCAA
CACATGAGCGAAACCCTATAAGAACCCTAATTTCCCTTATCGGGAAACTACTCACACATTATTTATGGAGAAAAT
AGAGAGAGATAGATTTGTAGAGAGAGACTGGTGATTTCAGCGTACCGAATTAATTCTCCCGCGACCAGCCGAGCG
AGCTTAGCGAACTGTGGACGAGAACTGTGCCACCAAGCGTAAGGCCGTTCTCTCGCATTTGCCTTGCTAGGCTCG
CGCGAGTTGCTGGCTGAGGCGTTCTCGAAATCAGCTCTTGTTCGGTCGGCATCTACTCTATTCCTTTGCCCTCGG
ACGAGTGCTGGGGCGTCGGTTTCCACTATCGGCGAGTACTTCTACACAGCCATCGGTCCAGACGGCCGCGCTTCT
GCGGGCGATTTGTGTACGCCCGACAGTCCCGGCTCCGGATCGGACGATTGCGTCGCATCGACCCTGCGCCCAAGC
TGCATCATCGAAATTGCCGTCAACCAAGCTCTGATAGAGTTGGTCAAGACCAATGCGGAGCATATACGCCCGGAG
GCGTGGCGATCCTGCAAGCTCCGGATGCCTCCGCTCGAAGTAGCGCGTCTGCTGCTCCATACAAGCCAACCACGG
CCTCCAGAAGAAGATGTTGGCGACCTCGTATTGGGAATCCCCGAACATCGCCTCGCTCCAGTCAATGACCGCTGT
TATGCGGCCATTGTCCGTCAGGACATTGTTGGAGCCGAAATCCGCGTGCACGAGGTGCCGGACTTCGGGGCAGTC
CTCGGCCCAAAGCATCAGCTCATCGAGAGCCTGCGCGACGGACGCACTGACGGTGTCGTCCATCACAGTTTGCCA
GTGATACACATGGGGATCAGCAATCGCGCATATGAAATCACGCCATGTAGTGTATTGACCGATTCCTTGCGGTCC
GAATGGGCCGAACCCGCTCGTCTGGCTAAGATCGGCCGCAGCGATCGCATCCATAGCCTCCGCGACCGGCTGAAG
AACAGCGGGCAGTTCGGTTTCAGGCAGGTCTTGCAACGTGACACCCTGTGCACGGCGGGAGATGCAATAGGTCAG
GCTCTCGCTGAACTCCCCAATGTCAAGCACTTCCGGAATCGGGAGCGCGGCCGATGCAAAGTGCCGATAAACATA
ACGATCTTTGTAGAAACCATCGGCGCAGCTATTTACCCGCAGGACATATCCACGCCCTCCTACATCGAAGCTGAA
AGCACGAGATTCTTCGCCCTCCGAGAGCTGCATCAGGTCGGAGACGCTGTCGAACTTTTCGATCAGAAACTTCTC
GACAGACGTCGCGGTGAGTTCAGGCTTTTTCATAGGGATCAGCTTGGGCTGTCCTCTCCAAATGAAATGAACTTC
CTTATATAGAGGAAGGGTCTTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATGTCACATC
AATCCACTTGCTTTGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTT
TGGGACCACTGTCGGCAGAGGCATCTTGAATGATAGCCTTTCCTTTATCGCAATGATGGCATTTGTAGGAGCCAC
CTTCCTTTTCTACTGTCCTTTCGATGAAGTGACAGATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGAAATTA
CCCTTTGTTGAAAAGTCTCAATAGCCCTTTGGTCTTCTGAGACTGTATCTTTGACATTTTTGGAGTAGGGGTACG
ATAACATTAACGTTTACAATTTCGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGG
GCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTT
TCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGTACCCCT
GCAGGAAGCTTGAACTGAGAAACCATTGGAAGCAAGAAAGGATCTCAAACAAAAACAGTTGTTATCATTTCATTT
GATGATGGAATCGAATCTGAGTTGTGTTTAGGGTTTCTCTGGGTTAATCTCAGTCTATGTGGGCACATTTTAGTC
TTCTACAAATTATAAGACACTCTTCACTTATTTAGAAGCTCACTCATCAGAAAAGAAAAAAAAAACTTTGCTCAG
TCTCTCATCTGTGTGTTTGATTATATTTTCAGGCAGAAAACTTTTTTTTGTTCTTGTATTTGATTACAATTAGTT
AAATATTTAAGACTTAGTAGAGATAATGCAATCTATGTATAAAAATAGAAACAATGATTGGTTATGTCGTGCAAC
CCAAGTGACCTTAATGTCGTACACACGTTCATCAGGTTAAAACGAAATTTCTCAGCAACTTCACTATTCTCTCTG
TCACATTGTTTTATTCTTTTCCATTATCTTTATTGGAAACTTGATTAGAAAGAACTGATTAAGGTATGAAGATAA
TTAGTGTACCATTCTTCACATGATACGAGGTGAACAATAGTATATCAGAATACTAGAATAATTTTATAAGTTATA



AAGATGAATGGTATACCACTTATTACAAAACGAAAACATAGTTAGATCTGAGAAGAAGGAAAGATTTTTGTTTTA
AAAAATGAGATGGTTAGATATATGCCATGTTAAGAGATGCCACCATGTTCTTCTTCTTCTTCTTACCCGGAAAAA
ACTCTTTCTTCTTCTCTTTCCCATAAAAAGAAACAAAAAAAAACTAACTTCCCACAAATTTTGCCAAACCAAACC
AAAAATAGTAATGATCTCATTCAATTTGAACCCTCTCTCCATTTTCTTTCATAGTTTTTTTTTAGGGTAAATCAA
AATATTAATGTTGGTTAGAAACTCAAAAATTAGTTTCTCTTTTTTTTCTCTGTGATTGACAGAGAGGTAAGAGAA
AAAAAAGAGAGAAAGTGTTTCGGTTTTTGTTGCCTTCTCTCGAGTTAGGCCTTCTCTCTTCCGTCACACCATCAT
TTTTTTTCTCCATAACGACCAAATCATAAAACCGGTCGTTCCTATTTTTTCTTTCTCTGCGTTTTTTGTTTCGAA
TTCTTCAATAGAATTTTAAAAGAAAGAAGAAAGCTGGGTGAGACGAAGGAAGGAAGAGTCGACATGGAGAGTTAC
CTAAACGAGAATTTCGATGTGAAAGCGAAGCATTCTTCAGAGGAAGTGCTTGAGAAATGGCGTAATCTCTGTGGC
GTTGTTAAGAACCCTAAACGTCGGTTTCGTTTCACCGCTAATCTTTCGAAACGCTATGAAGCCGCGGCGATGCGT
CGCACCAACCAGGAGAAATTAAGGATCGCTGTTCTTGTTTCCAAAGCTGCTTTCCAATTTATCTCTGGTGTTTCT
CCAAGTGACTACACTGTCCCTGAAGATGTCAAAGCTGCTGGCTTTGAGATTTGTGCTGACGAATTAGGATCAATT
GTTGAAAGTCATGATGTTAAGAAGCTCAAGTTCCATGGTGGAGTTGATGGGCTTGCAGGTAAGCTCAAGGCATCT
CCCACAGATGGCCTTTCTACTGAGGCTGCTCAGTTATCCCAAAGGCAAGAGCTTTTCGGAATCAACAAGTTTGCA
GAGAGCGAAATGAGGGGTTTCTGGGTGTTTGTATGGGAAGCTCTTCAGGATATGACTCTTATGATTCTTGGTGTT
TGTGCTTTCGTGTCTTTGATTGTTGGGATAGCTACTGAAGGATGGCCTAAAGGATCACATGATGGTCTTGGCATT
GCGGCTAGTATTCTCTTGGTTGTGTTTGTTACAGCTACTAGCGATTACCGCCAGTCTTTGCAGTTCCGTGATTTG
GATAAAGAGAAGAAGAAGATCACTGTTCAGGTGACAAGGAACGGGTTTAGACAGAAACTGTCGATTTACGACTTG
CTTCCTGGTGACATTGTTCATCTGGCGATTGGAGATCAGGTTCCTGCTGATGGTCTTTTCCTCTCGGGATTCTCT
GTGGTGATAGATGAATCGAGTTTGACTGGTGAAAGTGAGCCTGTGATGGTGAATGCGCAGAATCCTTTCCTTATG
TCTGGAACCAAAGTGCAAGATGGATCTTGTAAGATGATGATTACTACAGTTGGGATGAGGACTCAATGGGGAAAG
CTAATGGCGACTTTGACCGAAGGAGGGGATGATGAAACTCCACTGCAGGTGAAACTCAATGGAGTTGCTACCATC
ATTGGCAAAATTGGTCTTTTCTTTGCGGTGGTTACTTTCGCGGTTCTGGTGCAAGGAATGTTTATGAGGAAGCTT
TCAACGGGAACTCACTGGGTCTGGTCTGGTGATGAAGCATTGGAGCTCTTGGAATACTTTGCTATTGCTGTGACA
ATCGTTGTGGTTGCGGTTCCTGAAGGATTGCCTTTAGCTGTGACTCTAAGTCTTGCGTTTGCCATGAAGAAAATG
ATGAACGATAAAGCTCTTGTGAGGCATTTAGCAGCATGTGAGACTATGGGATCTGCAACGACGATTTGCAGTGAC
AAGACTGGTACACTCACAACCAATCACATGACCGTTGTGAAGTCTTGCATTTGCATGAATGTGCAAGATGTAGCA
AATAAAGGTTCTAGCTTGCAATCAGAAATCCCGGAATCTGCGGTGAAGTTGTTGATTCAATCGATTTTCAATAAC
ACAGGAGGCGAAGTTGTTGTCAACAAACATGGGAAAACCGAGCTTTTGGGGACGCCAACAGAGACTGCTATATTA
GAGTTGGGGTTATCTCTTGGAGGTAAGTTCCAAGAAGAGAGGAAGTCTTACAAAGTGATCAAAGTTGAGCCTTTC
AACTCCACAAAGAAGCGAATGGGAGTTGTAATCGAGCTTCCTGAGGGAGGACGTATGCGTGCTCACACGAAAGGA
GCTTCCGAGATTGTTTTAGCTGCTTGTGACAAAGTTGTAAACTCGAGCGGTGAGGTTGTTCCACTTGATGAAGAA
TCAATCAAGTATCTGAATGTTACAATCAACGAGTTTGCTAATGAAGCTCTTCGAACTCTTTGCCTTGCTTATATG
GATATTGAAGGCGGGTTTTCGCCGGATGATGCAATCCCGGCTTCTGGATTTACTTGCGTAGGGATTGTGGGAATC
AAAGATCCCGTACGTCCTGGAGTTAAAGAATCTGTTGAGCTTTGTCGCCGTGCTGGAATCACTGTGAGGATGGTT
ACAGGAGATAACATTAACACCGCGAAAGCAATTGCTAGAGAATGTGGGATTTTAACTGATGACGGTATAGCCATC
GAAGGTCCCGTATTCAGAGAGAAGAATCAAGAAGAGTTACTAGAACTGATTCCAAAGATTCAGGTGATGGCTCGT
TCTTCACCAATGGATAAGCATACACTTGTGAAACAGTTAAGGACAACGTTTGATGAAGTTGTTGCTGTCACTGGA
GATGGAACAAATGATGCACCTGCACTTCATGAAGCTGATATTGGACTAGCAATGGGAATTGCTGGAACTGAAGTG
GCGAAAGAGAGCGCTGATGTCATCATTCTCGACGATAACTTCAGCACGATCGTCACAGTTGCTAAATGGGGACGT
TCTGTTTACATAAACATCCAGAAATTCGTTCAGTTTCAGCTTACCGTTAATGTTGTTGCACTGGTTGTTAACTTC
TCTTCAGCTTGTTTAACCGGAAGTGCTCCTTTAACTGCTGTTCAATTGTTGTGGGTGAACATGATCATGGACACA
CTTGGAGCTCTTGCTTTAGCTACAGAGCCACCAAACGACGAGCTGATGAAGCGTTTACCTGTTGGAAGGAGAGGC
AATTTCATCACTAATGCGATGTGGAGGAACATTTTAGGACAAGCTGTTTACCAATTCATCGTAATTTGGATTCTC
CAAGCCAAAGGGAAGGCTATGTTTGGTCTCGACGGTCCTGACTCAACTCTCATGTTAAACACTCTTATCTTCAAC
TGCTTCGTCTTCTGTCAGGTGTTTAACGAGATAAGCTCGCGAGAGATGGAAGAGATCGATGTTTTCAAAGGAATA
CTGGACAATTACGTCTTTGTGGTTGTGATCGGTGCAACGGTTTTCTTTCAGATCATAATCATCGAGTTCTTGGGC
ACATTTGCAAGCACAACACCACTCACAATAACACAATGGATCTTCAGTATCTTCATAGGTTTCTTGGGTATGCCA
ATCGCCGCTGGACTGAAGACGATTCCGGAAGGCGGTGGACTAGTGATGGTGAGCAAGGGCGAGGAGCTTTTCACT
GGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCAGTGGAGAGGGTGAA
GGTGATGCAACATACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGGCCAACC
CTGGTCACCACCTTCGGCTACGGCGTGCAGTGCTTCGCGCGTTATCCGGACCATATGAAGCGGCACGACTTCTTC
AAGAGCGCCATGCCTGAGGGATACGTGCAGGAGAGGACCATCTTCTTCAAGGACGACGGGAACTACAAGACACGT
GCTGAAGTCAAGTTTGAGGGAGACACCCTCGTCAACAGGATCGAGCTTAAGGGAATCGATTTCAAGGAGGACGGA



AACATCCTCGGCCACAAGTTAGAATACAACTACAACTCCCACAACGTATACATCATGGCCGACAAGCAAAAGAAC
GGCATCAAAGCCAACTTCAAGACCCGCCACAACATCGAAGACGGCGGCGTGCAACTCGCTGATCATTATCAACAA
AATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCGTACCAGTCCGCCCTTTCGAAA
GATCCCAACGAAAAGAGAGACCACATGGTCCTTCTTGAGTTTGTAACAGCTGCTGGGATTACACATGGCATGGAT
GAACTATACAAGGGTCTAGACCCGGGAATGCATCACCATCACCATCACGGATCCGATTATGATATTCCAACTACT
GCTAGTGAGAATTTGTATTTTCAGGGTGAACTGAAAACCGCGGCTCTTGCGCAACACGATGAAGCCGTGGACAAC
AAATTCAACAAAGAACAACAAAACGCGTTCTATGAGATCTTACATTTACCTAACTTAAACGAAGAACAACGAAAC
GCCTTCATCCAAAGTTTAAAAGATGACCCAAGCCAAAGCGCTAACCTTTTAGCAGAAGCTAAAAAGCTAAATGAT
GCTCAGGCGCCGAAAGTAGACAACAAATTCAACAAAGAACAACAAAACGCGTTCTATGAGATCTTACATTTACCT
AACTTAAACGAAGAACAACGAAACGCCTTCATCCAAAGTTTAAAAGATGACCCAAGCCAAAGCGCTAACCTTTTA
GCAGAAGCTAAAAAGCTAAATGGTGCTCAGGCGCCGAAAGTAGACGCGAATTCCGCGGGGAAGTCAACCTGAGAG
CTCGAATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGAT
GATTATCATATAATTTCTGTTGAATTACGTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAG
ATGGGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTA
GGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGATCGGGAATTCAGCTTTTGTTCCCTTTAGTGAGGGTT
AATTCCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAA
CATACGAGCCGGAAGHCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGC
GCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAG
GCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAG
CGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGAAGG
CCTTGACAGGATATATTGGCGGGTAAACTAAGTCGCTGTATGTGTTTGTTTGAGATCTCATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAA
GCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCG
TGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGC
ACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACG
ACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCT
TCGGAAGAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGC
AGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGA
ACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAA
AATGAAGTTTTAAATCAATCTAAAGTATATATGTGTAACATTGGTCTAGTGATTAGAAAAACTCATCGAGCATCA
AATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAG
AAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAA
TACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCG
GTGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAAT
CACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAG
GACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAAT
CAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCTGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAG
TACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAA
CAACATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAATCGGTAGA
TTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGAATTTA
ATCGCGGCCTTGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAG
ACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACAACGTGGC
TTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCG
TGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTGGCTCCCTCACTT
TCTGGCTGGATGATGGGGCGATTCAGGCGATCCCCATCCAACAGCCCGCCGTCGAGCGGGCT 



Plasmid Stock pYES2 ACA12, GAL1::ACA12. The ACA12 coding sequence (blue italics) was 
cloned into the pYES2 vector downstream a unique KpnI restriction site; ACA12 begins with the 
sequence ATGAGGGACCTC and ends with the sequence CTCAAGAAACCT. Downstream is a 
GGTCTAGAGGGCCGCATCATGTAA sequence containing pYES2 polilinker terminator and stop 
codon (highlighted in red). The yeast expression pYES2 vector harbors: GAL1 promoter for galactose-
inducible protein expression in yeast, ura3 gene for selection in yeast by uracil prototrophy and 
ampicillin resistance marker for selection in bacteria.  
 
ACGGATTAGAAGCCGCCGAGCGGGTGACAGCCCTCCGAAGGAAGACTCTCCTCCGTGCGTCCTCGTCTTCACCGG
TCGCGTTCCTGAAACGCAGATGTGCCTCGCGCCGCACTGCTCCGAACAATAAAGATTCTACAATACTAGCTTTTA
TGGTTATGAAGAGGAAAAATTGGCAGTAACCTGGCCCCACAAACCTTCAAATGAACGAATCAAATTAACAACCAT
AGGATGATAATGCGATTAGTTTTTTAGCCTTATTTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTAT
TAACAGATATATAAATGCAAAAACTGCATAACCACTTTAACTAATACTTTCAACATTTTCGGTTTGTATTACTTC
TTATTCAAATGTAATAAAAGTATCAACAAAAAATTGTTAATATACCTCTATACTTTAACGTCAAGGAGAAAAAAC
CCCGGATCGGACTACTAGCAGCTGTAATACGACTCACTATAGGGAATATTAAGCTTGGTACCATGAGGGACCTCA
AGGAATATGATTACAGTGCACTTTTGCTCAACCTTACCACCTCCAGCCTCAACAAGGCCCAGAGGCGTTGGCGTT
TTGCCTACGCTGCCATCTACTCTATGAGGGCTATGCTCTCTCTTGTTAAGGAGATAGTTCCCGCAAGGATTGATC
CCAAAACCTCAGATGCCTCTCTCTCTCTCTCCTACACAGCCCTCGAGTCCGGTGAGGGAGCAAAGATCAACTCTA
TGCCTCTCTCTTACGTTCCTGCCATTGATCAAGAACAACTTGTGGAGATCATGAAGGGTAAGGACTTACCGGGCA
TCCAAGCGCTGGGCGGCGTGGAGGGTGTCGCCGCTTCCCTTAGGACTAACCCCACCAAAGGGATCCACGGGAATG
AGCAAGAAGTCAGTAGACGCCGTGACCTCTTTGGCTCTAACACCTACCATAAGCCACCGCCTAAAGGACTTCTCT
TCTTTGTGTATGAAGCTTTCAAAGACCTAACCATCTTGATCTTGTTGGTCTGCGCTATTTTCTCCCTTGGCTTCG
GTATCAAAGAACATGGCATCAAAGAAGGTTGGTATGAAGGCGGAAGCATCTTTGTAGCAGTCTTCTTGGTCATAG
TTGTCTCTGCTCTCAGCAACTTTAGGCAGGAGAGACAGTTCGACAAGCTGTCCAAGATAAGCAATAACATCAAAG
TGGAAGTCCTTCGGGACAGCAGGCGGCAACATATCTCCATCTTTGACGTTGTTGTTGGTGATGTTGTCTTCTTGA
AGATCGGAGATCAGATTCCCGCTGATGGTCTGTTCTTGGAAGGGCATTCACTTCAGGTGGACGAGTCTAGTATGA
CAGGAGAGAGTGACCATCTTGAAGTGGACCACAAGGATAATCCCTTCTTGTTCTCAGGGACAAAGATAGTCGATG
GGTTTGCTCAAATGCTCGTTGTCTCTGTGGGTATGAGTACAACCTGGGGACAGACGATGAGCTCCATAAATCAAG
ATTCCAGCGAGAGAACACCTTTGCAAGTCCGTCTTGACACGCTGACCTCCACCATCGGAAAAATTGGTCTTACGG
TGGCAGCACTTGTTCTGGTAGTTCTATTAGTCCGTTACTTCACTGGGAACACAGAGAAAGAGGGCAAAAGAGAAT
ACAACGGGAGCAAAACACCTGTGGACACTGTGGTCAATTCCGTTGTGCGAATCGTGGCAGCTGCAGTAACCATTG
TCGTAGTAGCTATCCCAGAAGGCTTGCCATTGGCTGTGACTCTGACGCTGGCTTACTCCATGAAGAGAATGATGT
CTGATCAAGCTATGGTCAGAAAGCTCTCGGCATGCGAGACGATGGGCTCAGCGACAGTGATATGCACAGACAAAA
CAGGTACTTTAACACTGAACGAGATGAAGGTTACCAAGTTTTGGCTTGGCCAAGAGTCAATCCATGAAGACTCTA
CCAAAATGATCTCACCAGACGTTCTTGATCTGCTTTACCAAGGCACCGGTCTGAACACAACGGGAAGTGTCTGTG
TGTCAGACTCAGGATCAACGCCTGAGTTCTCAGGCAGTCCAACAGAGAAGGCCCTCTTGTCTTGGACTGTGCTAA
ATCTGGGTATGGATATGGAGTCAGTAAAGCAGAAACATGAAGTTCTCCGCGTTGAAACTTTCAGTTCAGCAAAGA
AAAGAAGCGGAGTTTTGGTCCGAAGAAAATCTGACAATACAGTCCATGTACACTGGAAAGGAGCCGCTGAAATGG
TCCTAGCTATGTGTTCTCACTACTACACAAGCACTGGGTCTGTTGACTTAATGGACTCCACCGCAAAGAGCAGAA
TTCAGGCAATAATCCAAGGTATGGCGGCCAGTAGCCTCAGATGCATAGCATTCGCTCATAAAATAGCGTCAAATG
ACTCGGTATTAGAGGAAGATGGCTTGACCTTGATGGGAATAGTGGGTCTGAAAGATCCTTGTCGACCTGGTGTCT
CAAAAGCTGTGGAAACTTGCAAACTTGCAGGAGTCACCATTAAGATGATAACGGGAGATAATGTTTTCACTGCAA
AAGCTATCGCTTTTGAATGCGGAATCCTCGACCACAATGACAAAGATGAAGAAGATGCTGTTGTAGAAGGTGTTC
AATTCAGAAATTATACGGACGAAGAGAGAATGCAGAAAGTTGATAAGATCCGGGTCATGGCAAGGTCCTCTCCCT
CCGACAAGCTTCTAATGGTCAAGTGTCTGAGACTTAAAGGCCATGTGGTAGCCGTCACAGGGGATGGCACCAACG
ATGCACCTGCACTAAAAGAAGCAGATATTGGACTCTCTATGGGAATTCAGGGCACTGAAGTGGCAAAAGAAAGCT
CAGACATTGTAATTCTAGATGATAACTTCGCATCCGTTGCCACAGTCTTAAAATGGGGAAGGTGTGTCTACAACA
ATATCCAGAAATTCATTCAGTTTCAGCTAACAGTGAACGTTGCAGCTCTTGTGATCAATTTTATCGCAGCAATTT
CAGCCGGTGAGGTCCCTTTGACAGCAGTTCAACTGCTGTGGGTAAACCTCATCATGGACACATTGGGAGCTCTGG
CTCTCGCCACGGAGCGACCCACTAACGAGCTCCTGAAGAGAAAGCCAGTTGGCCGAACAGAGGCCCTGATAACAA
ATGTCATGTGGAGGAATCTCCTGGTTCAGTCATTATATCAAATAGCCGTACTCTTGATCTTACAATTCAAGGGTA
TGTCAATATTCAGTGTTCGCAAGGAAGTGAAGGACACGCTCATATTCAACACTTTCGTGCTCTGTCAAGTTTTTA
ACGAATTCAATGCGAGGGAGATGGAGAAGAAAAATGTGTTCAAAGGCCTTCACAGAAACAGGTTGTTCATTGGAA



TAATAGCGATAACTATTGTGCTTCAAGTCATTATGGTGGAATTCCTAAAGAAGTTTGCGGATACAGTAAGGCTTA
ACGGGTGGCAATGGGGAACTTGCATAGCACTTGCATCCCTTTCATGGCCGATCGGCTTTTTCACAAAATTCATAC
CTGTTTCTGAGACACCATTCCTCAGTTACTTTAAGAATCCAAGATCCTTATTTAAGGGTTCAAGAAGCCCATCTC
TCAAGAAACCTGGACTAGAGGGCCGCATCATGTAATTAGTTATGTCACGCTTACATTCACGCCCTCCCCCCACAT
CCGCTCTAACCGAAAAGGAAGGAGTTAGACAACCTGAAGTCTAGGTCCCTATTTATTTTTTTATAGTTATGTTAG
TATTAAGAACGTTATTTATATTTCAAATTTTTCTTTTTTTTCTGTACAGACGCGTGTACGCATGTAACATTATAC
TGAAAACCTTGCTTGAGAAGGTTTTGGGACGCTCGAAGGCTTTAATTTGCGGCCCTGCATTAATGAATCGGCCAA
CGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT
CGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGA
AAGAACATGTGAGCAAAAGGCCAGCAAAAGCCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGG
CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGA
TACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCC
GCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTT
CGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTT
GAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTAT
GTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGC
GCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGC
GGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCT
ACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTC
ACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGT
TACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCC
GTCGTGTAGATAACTACGATACGGGAGCGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGC
TCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTA
TCCGCCTCCATTCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAAC
GTTGTTGGCATTGCTACAGGCATCGTGGTGTCACTCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAA
CGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTC
AGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCC
GTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGC
TCTTGCCCGGCGTCAATACGGGATAATAGTGTATCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGT
TCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAAC
TGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAG
GGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATGGGTAATAACTGATATAATTAAA
TTGAAGCTCTAATTTGTGAGTTTAGTATACATGCATTTACTTATAATACAGTTTTTTAGTTTTGCTGGCCGCATC
TTCTCAAATATGCTTCCCAGCCTGCTTTTCTGTAACGTTCACCCTCTACCTTAGCATCCCTTCCCTTTGCAAATA
GTCCTCTTCCAACAATAATAATGTCAGATCCTGTAGAGACCACATCATCCACGGTTCTATACTGTTGACCCAATG
CGTCTCCCTTGTCATCTAAACCCACACCGGGTGTCATAATCAACCAATCGTAACCTTCATCTCTTCCACCCATGT
CTCTTTGAGCAATAAAGCCGATAACAAAATCTTTGTCGCTCTTCGCAATGTCAACAGTACCCTTAGTATATTCTC
CAGTAGATAGGGAGCCCTTGCATGACAATTCTGCTAACATCAAAAGGCCTCTAGGTTCCTTTGTTACTTCTTCTG
CCGCCTGCTTCAAACCGCTAACAATACCTGGGCCCACCACACCGTGTGCATTCGTAATGTCTGCCCATTCTGCTA
TTCTGTATACACCCGCAGAGTACTGCAATTTGACTGTATTACCAATGTCAGCAAATTTTCTGTCTTCGAAGAGTA
AAAAATTGTACTTGGCGGATAATGCCTTTAGCGGCTTAACTGTGCCCTCCATGGAAAAATCAGTCAAGATATCCA
CATGTGTTTTTAGTAAACAAATTTTGGGACCTAATGCTTCAACTAACTCCAGTAATTCCTTGGTGGTACGAACAT
CCAATGAAGCACACAAGTTTGTTTGCTTTTCGTGCATGATATTAAATAGCTTGGCAGCAACAGGACTAGGATGAG
TAGCAGCACGTTCCTTATATGTAGCTTTCGACATGATTTATCTTCGTTTCCTGCAGGTTTTTGTTCTGTGCAGTT
GGGTTAAGAATACTGGGCAATTTCATGTTTCTTCAACACTACATATGCGTATATATACCAATCTAAGTCTGTGCT
CCTTCCTTCGTTCTTCCTTCTGTTCGGAGATTACCGAATCAAAAAAATTTCAAAGAAACCGAAATCAAAAAAAAG
AATAAAAAAAAAATGATGAATTGAATTGAAAAGCTAGCTTATCGATGATAAGCTGTCAAAGATGAGAATTAATTC
CACGGACTATAGACTATACTAGATACTCCGTCTACTGTACGATACACTTCCGCTCAGGTCCTTGTCCTTTAACGA
GGCCTTACCACTCTTTTGTTACTCTATTGATCCAGCTCAGCAAAGGCAGTGTGATCTAAGATTCTATCTTCGCGA
TGTAGTAAAACTAGCTAGACCGAGAAAGAGACTAGAAATGCAAAAGGCACTTCTACAATGGCTGCCATCATTATT
ATCCGATGTGACGCTGCAGCTTCTCAATGATATTCGAATACGCTTTGAGGAGATACAGCCTAATATCCGACAAAC
TGTTTTACAGATTTACGATCGTACTTGTTACCCATCATTGAATTTTGAACATCCGAACCTGGGAGTTTTCCCTGA
AACAGATAGTATATTTGAACCTGTATAATAATATATAGTCTAGCGCTTTACGGAAGACAATGTATGTATTTCGGT
TCCTGGAGAAACTATTGCATCTATTGCATAGGTAATCTTGCACGTCGCATCCCCGGTTCATTTTCTGCGTTTCCA



TCTTGCACTTCAATAGCATATCTTTGTTAACGAAGCATCTGTGCTTCATTTTGTAGAACAAAAATGCAACGCGAG
AGCGCTAATTTTTCAAACAAAGAATCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCGAAAGCGCTATTTTA
CCAACGAAGAATCTGTGCTTCATTTTTGTAAAACAAAAATGCAACGCGACGAGAGCGCTAATTTTTCAAACAAAG
AATCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCGAGAGCGCTATTTTACCAACAAAGAATCTATACTTCT
TTTTTGTTCTACAAAAATGCATCCCGAGAGCGCTATTTTTCTAACAAAGCATCTTAGATTACTTTTTTTCTCCTT
TGTGCGCTCTATAATGCAGTCTCTTGATAACTTTTTGCACTGTAGGTCCGTTAAGGTTAGAAGAAGGCTACTTTG
GTGTCTATTTTCTCTTCCATAAAAAAAGCCTGACTCCACTTCCCGCGTTTACTGATTACTAGCGAAGCTGCGGGT
GCATTTTTTCAAGATAAAGGCATCCCCGATTATATTCTATACCGATGTGGATTGCGCATACTTTGTGAACAGAAA
GTGATAGCGTTGATGATTCTTCATTGGTCAGAAAATTATGAACGGTTTCTTCTATTTTGTCTCTATATACTACGT
ATAGGAAATGTTTACATTTTCGTATTGTTTTCGATTCACTCTATGAATAGTTCTTACTACAATTTTTTTGTCTAA
AGAGTAATACTAGAGATAAACATAAAAAATGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGAT
GGGTAGGTTATATAGGGATATAGCACAGAGATATATAGCAAAGAGATACTTTTGAGCAATGTTTGTGGAAGCGGT
ATTCGCAATGGGAAGCTCCACCCCGGTTGATAATCAGAAAAGCCCCAAAAACAGGAAGATTGTATAAGCAAATAT
TTAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACGAATA
GCCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTCCAA
CAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAAGGGTCTATCAGGGCGATGGCCCACT
ACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCAGTAAATCGGAAGGGTAAACGGAT
GCCCCCATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGG
GGCTAGGGCGGTGGGAAGTGTAGGGGTCACGCTGGGCGTAACCACCACACCCGCCGCGCTTAATGGGGCGCTACA
GGGCGCGTGGGGATGATCCACTAGT 
 



Plasmid Stock pYES2 ACA12-GFP, GAL1::ACA12-GFP. The ACA12 coding sequence (blue italics) 
was cloned into the pYES2 vector downstream a unique KpnI restriction site; ACA12 begins with the 
sequence ATGAGGGACCTC and ends with the sequence CTCAAGAAACCT.  Immediately 
downstream is a GFP coding sequence (green italics) starting with the sequence ATGGTGAGCAAG 
and ending with the sequence CATCACCATCACCATCACGGATCCTGA, encoding a 6xHis tag 
followed by a stop codon (highlighted in red). Single N211D and R334E mutants and the N211D-
R334E double mutant were produced by site-directed mutagenesis using pYES2 ACA12-GFP construct 
as a template. Bases highlighted in yellow are those modified for generating the specified mutations. 
The yeast expression pYES2 vector harbors: GAL1 promoter for galactose-inducible protein 
expression in yeast, ura3 gene for selection in yeast by uracil prototrophy and ampicillin resistance 
marker for selection in bacteria.  
 
ACGGATTAGAAGCCGCCGAGCGGGTGACAGCCCTCCGAAGGAAGACTCTCCTCCGTGCGTCCTCGTCTTCACCGG
TCGCGTTCCTGAAACGCAGATGTGCCTCGCGCCGCACTGCTCCGAACAATAAAGATTCTACAATACTAGCTTTTA
TGGTTATGAAGAGGAAAAATTGGCAGTAACCTGGCCCCACAAACCTTCAAATGAACGAATCAAATTAACAACCAT
AGGATGATAATGCGATTAGTTTTTTAGCCTTATTTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTAT
TAACAGATATATAAATGCAAAAACTGCATAACCACTTTAACTAATACTTTCAACATTTTCGGTTTGTATTACTTC
TTATTCAAATGTAATAAAAGTATCAACAAAAAATTGTTAATATACCTCTATACTTTAACGTCAAGGAGAAAAAAC
CCCGGATCGGACTACTAGCAGCTGTAATACGACTCACTATAGGGAATATTAAGCTTGGTACCATGAGGGACCTCA
AGGAATATGATTACAGTGCACTTTTGCTCAACCTTACCACCTCCAGCCTCAACAAGGCCCAGAGGCGTTGGCGTT
TTGCCTACGCTGCCATCTACTCTATGAGGGCTATGCTCTCTCTTGTTAAGGAGATAGTTCCCGCAAGGATTGATC
CCAAAACCTCAGATGCCTCTCTCTCTCTCTCCTACACAGCCCTCGAGTCCGGTGAGGGAGCAAAGATCAACTCTA
TGCCTCTCTCTTACGTTCCTGCCATTGATCAAGAACAACTTGTGGAGATCATGAAGGGTAAGGACTTACCGGGCA
TCCAAGCGCTGGGCGGCGTGGAGGGTGTCGCCGCTTCCCTTAGGACTAACCCCACCAAAGGGATCCACGGGAATG
AGCAAGAAGTCAGTAGACGCCGTGACCTCTTTGGCTCTAACACCTACCATAAGCCACCGCCTAAAGGACTTCTCT
TCTTTGTGTATGAAGCTTTCAAAGACCTAACCATCTTGATCTTGTTGGTCTGCGCTATTTTCTCCCTTGGCTTCG
GTATCAAAGAACATGGCATCAAAGAAGGTTGGTATGAAGGCGGAAGCATCTTTGTAGCAGTCTTCTTGGTCATAG
TTGTCTCTGCTCTCAGCAACTTTAGGCAGGAGAGACAGTTCGACAAGCTGTCCAAGATAAGCAATAACATCAAAG
TGGAAGTCCTTCGGGACAGCAGGCGGCAACATATCTCCATCTTTGACGTTGTTGTTGGTGATGTTGTCTTCTTGA
AGATCGGAGATCAGATTCCCGCTGATGGTCTGTTCTTGGAAGGGCATTCACTTCAGGTGGACGAGTCTAGTATGA
CAGGAGAGAGTGACCATCTTGAAGTGGACCACAAGGATAATCCCTTCTTGTTCTCAGGGACAAAGATAGTCGATG
GGTTTGCTCAAATGCTCGTTGTCTCTGTGGGTATGAGTACAACCTGGGGACAGACGATGAGCTCCATAAATCAAG
ATTCCAGCGAGAGAACACCTTTGCAAGTCCGTCTTGACACGCTGACCTCCACCATCGGAAAAATTGGTCTTACGG
TGGCAGCACTTGTTCTGGTAGTTCTATTAGTCCGTTACTTCACTGGGAACACAGAGAAAGAGGGCAAAAGAGAAT
ACAACGGGAGCAAAACACCTGTGGACACTGTGGTCAATTCCGTTGTGCGAATCGTGGCAGCTGCAGTAACCATTG
TCGTAGTAGCTATCCCAGAAGGCTTGCCATTGGCTGTGACTCTGACGCTGGCTTACTCCATGAAGAGAATGATGT
CTGATCAAGCTATGGTCAGAAAGCTCTCGGCATGCGAGACGATGGGCTCAGCGACAGTGATATGCACAGACAAAA
CAGGTACTTTAACACTGAACGAGATGAAGGTTACCAAGTTTTGGCTTGGCCAAGAGTCAATCCATGAAGACTCTA
CCAAAATGATCTCACCAGACGTTCTTGATCTGCTTTACCAAGGCACCGGTCTGAACACAACGGGAAGTGTCTGTG
TGTCAGACTCAGGATCAACGCCTGAGTTCTCAGGCAGTCCAACAGAGAAGGCCCTCTTGTCTTGGACTGTGCTAA
ATCTGGGTATGGATATGGAGTCAGTAAAGCAGAAACATGAAGTTCTCCGCGTTGAAACTTTCAGTTCAGCAAAGA
AAAGAAGCGGAGTTTTGGTCCGAAGAAAATCTGACAATACAGTCCATGTACACTGGAAAGGAGCCGCTGAAATGG
TCCTAGCTATGTGTTCTCACTACTACACAAGCACTGGGTCTGTTGACTTAATGGACTCCACCGCAAAGAGCAGAA
TTCAGGCAATAATCCAAGGTATGGCGGCCAGTAGCCTCAGATGCATAGCATTCGCTCATAAAATAGCGTCAAATG
ACTCGGTATTAGAGGAAGATGGCTTGACCTTGATGGGAATAGTGGGTCTGAAAGATCCTTGTCGACCTGGTGTCT
CAAAAGCTGTGGAAACTTGCAAACTTGCAGGAGTCACCATTAAGATGATAACGGGAGATAATGTTTTCACTGCAA
AAGCTATCGCTTTTGAATGCGGAATCCTCGACCACAATGACAAAGATGAAGAAGATGCTGTTGTAGAAGGTGTTC
AATTCAGAAATTATACGGACGAAGAGAGAATGCAGAAAGTTGATAAGATCCGGGTCATGGCAAGGTCCTCTCCCT
CCGACAAGCTTCTAATGGTCAAGTGTCTGAGACTTAAAGGCCATGTGGTAGCCGTCACAGGGGATGGCACCAACG
ATGCACCTGCACTAAAAGAAGCAGATATTGGACTCTCTATGGGAATTCAGGGCACTGAAGTGGCAAAAGAAAGCT
CAGACATTGTAATTCTAGATGATAACTTCGCATCCGTTGCCACAGTCTTAAAATGGGGAAGGTGTGTCTACAACA
ATATCCAGAAATTCATTCAGTTTCAGCTAACAGTGAACGTTGCAGCTCTTGTGATCAATTTTATCGCAGCAATTT
CAGCCGGTGAGGTCCCTTTGACAGCAGTTCAACTGCTGTGGGTAAACCTCATCATGGACACATTGGGAGCTCTGG



CTCTCGCCACGGAGCGACCCACTAACGAGCTCCTGAAGAGAAAGCCAGTTGGCCGAACAGAGGCCCTGATAACAA
ATGTCATGTGGAGGAATCTCCTGGTTCAGTCATTATATCAAATAGCCGTACTCTTGATCTTACAATTCAAGGGTA
TGTCAATATTCAGTGTTCGCAAGGAAGTGAAGGACACGCTCATATTCAACACTTTCGTGCTCTGTCAAGTTTTTA
ACGAATTCAATGCGAGGGAGATGGAGAAGAAAAATGTGTTCAAAGGCCTTCACAGAAACAGGTTGTTCATTGGAA
TAATAGCGATAACTATTGTGCTTCAAGTCATTATGGTGGAATTCCTAAAGAAGTTTGCGGATACAGTAAGGCTTA
ACGGGTGGCAATGGGGAACTTGCATAGCACTTGCATCCCTTTCATGGCCGATCGGCTTTTTCACAAAATTCATAC
CTGTTTCTGAGACACCATTCCTCAGTTACTTTAAGAATCCAAGATCCTTATTTAAGGGTTCAAGAAGCCCATCTC
TCAAGAAACCTGGACTAGTGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGC
TGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGA
CCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCACCTACGGCG
TGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACG
TCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACA
CCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGT
ACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCC
GCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCG
TGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACA
TGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCACGGCATGGACGAGCTGTACAAGGGTCTAGACCCGG
GAATGCATCACCATCACCATCACGGATCCTGATTGATCGATAGAGCTCAGCTAGAGGGCCGCATCATGTAATTAG
TTATGTCACGCTTACATTCACGCCCTCCCCCCACATCCGCTCTAACCGAAAAGGAAGGAGTTAGACAACCTGAAG
TCTAGGTCCCTATTTATTTTTTTATAGTTATGTTAGTATTAAGAACGTTATTTATATTTCAAATTTTTCTTTTTT
TTCTGTACAGACGCGTGTACGCATGTAACATTATACTGAAAACCTTGCTTGAGAAGGTTTTGGGACGCTCGAAGG
CTTTAATTTGCGGCCCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC
GCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTA
ATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGCCCAGGAAC
CGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCT
CCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGC
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAG
CCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCA
GCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAAC
TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGT
AGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGA
AAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAA
GGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCA
ATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATC
TGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGCGCTTACCATCT
GGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCC
GGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATTCAGTCTATTAATTGTTGCCGGGAAGCT
AGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGGCATTGCTACAGGCATCGTGGTGTCACTCTCG
TCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAA
AAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATG
GCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAG
TCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATAGTGTATCACAT
AGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTG
AGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGG
TGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTC
TTCCTTTTTCAATGGGTAATAACTGATATAATTAAATTGAAGCTCTAATTTGTGAGTTTAGTATACATGCATTTA
CTTATAATACAGTTTTTTAGTTTTGCTGGCCGCATCTTCTCAAATATGCTTCCCAGCCTGCTTTTCTGTAACGTT
CACCCTCTACCTTAGCATCCCTTCCCTTTGCAAATAGTCCTCTTCCAACAATAATAATGTCAGATCCTGTAGAGA
CCACATCATCCACGGTTCTATACTGTTGACCCAATGCGTCTCCCTTGTCATCTAAACCCACACCGGGTGTCATAA
TCAACCAATCGTAACCTTCATCTCTTCCACCCATGTCTCTTTGAGCAATAAAGCCGATAACAAAATCTTTGTCGC
TCTTCGCAATGTCAACAGTACCCTTAGTATATTCTCCAGTAGATAGGGAGCCCTTGCATGACAATTCTGCTAACA
TCAAAAGGCCTCTAGGTTCCTTTGTTACTTCTTCTGCCGCCTGCTTCAAACCGCTAACAATACCTGGGCCCACCA
CACCGTGTGCATTCGTAATGTCTGCCCATTCTGCTATTCTGTATACACCCGCAGAGTACTGCAATTTGACTGTAT



TACCAATGTCAGCAAATTTTCTGTCTTCGAAGAGTAAAAAATTGTACTTGGCGGATAATGCCTTTAGCGGCTTAA
CTGTGCCCTCCATGGAAAAATCAGTCAAGATATCCACATGTGTTTTTAGTAAACAAATTTTGGGACCTAATGCTT
CAACTAACTCCAGTAATTCCTTGGTGGTACGAACATCCAATGAAGCACACAAGTTTGTTTGCTTTTCGTGCATGA
TATTAAATAGCTTGGCAGCAACAGGACTAGGATGAGTAGCAGCACGTTCCTTATATGTAGCTTTCGACATGATTT
ATCTTCGTTTCCTGCAGGTTTTTGTTCTGTGCAGTTGGGTTAAGAATACTGGGCAATTTCATGTTTCTTCAACAC
TACATATGCGTATATATACCAATCTAAGTCTGTGCTCCTTCCTTCGTTCTTCCTTCTGTTCGGAGATTACCGAAT
CAAAAAAATTTCAAAGAAACCGAAATCAAAAAAAAGAATAAAAAAAAAATGATGAATTGAATTGAAAAGCTAGCT
TATCGATGATAAGCTGTCAAAGATGAGAATTAATTCCACGGACTATAGACTATACTAGATACTCCGTCTACTGTA
CGATACACTTCCGCTCAGGTCCTTGTCCTTTAACGAGGCCTTACCACTCTTTTGTTACTCTATTGATCCAGCTCA
GCAAAGGCAGTGTGATCTAAGATTCTATCTTCGCGATGTAGTAAAACTAGCTAGACCGAGAAAGAGACTAGAAAT
GCAAAAGGCACTTCTACAATGGCTGCCATCATTATTATCCGATGTGACGCTGCAGCTTCTCAATGATATTCGAAT
ACGCTTTGAGGAGATACAGCCTAATATCCGACAAACTGTTTTACAGATTTACGATCGTACTTGTTACCCATCATT
GAATTTTGAACATCCGAACCTGGGAGTTTTCCCTGAAACAGATAGTATATTTGAACCTGTATAATAATATATAGT
CTAGCGCTTTACGGAAGACAATGTATGTATTTCGGTTCCTGGAGAAACTATTGCATCTATTGCATAGGTAATCTT
GCACGTCGCATCCCCGGTTCATTTTCTGCGTTTCCATCTTGCACTTCAATAGCATATCTTTGTTAACGAAGCATC
TGTGCTTCATTTTGTAGAACAAAAATGCAACGCGAGAGCGCTAATTTTTCAAACAAAGAATCTGAGCTGCATTTT
TACAGAACAGAAATGCAACGCGAAAGCGCTATTTTACCAACGAAGAATCTGTGCTTCATTTTTGTAAAACAAAAA
TGCAACGCGACGAGAGCGCTAATTTTTCAAACAAAGAATCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCG
AGAGCGCTATTTTACCAACAAAGAATCTATACTTCTTTTTTGTTCTACAAAAATGCATCCCGAGAGCGCTATTTT
TCTAACAAAGCATCTTAGATTACTTTTTTTCTCCTTTGTGCGCTCTATAATGCAGTCTCTTGATAACTTTTTGCA
CTGTAGGTCCGTTAAGGTTAGAAGAAGGCTACTTTGGTGTCTATTTTCTCTTCCATAAAAAAAGCCTGACTCCAC
TTCCCGCGTTTACTGATTACTAGCGAAGCTGCGGGTGCATTTTTTCAAGATAAAGGCATCCCCGATTATATTCTA
TACCGATGTGGATTGCGCATACTTTGTGAACAGAAAGTGATAGCGTTGATGATTCTTCATTGGTCAGAAAATTAT
GAACGGTTTCTTCTATTTTGTCTCTATATACTACGTATAGGAAATGTTTACATTTTCGTATTGTTTTCGATTCAC
TCTATGAATAGTTCTTACTACAATTTTTTTGTCTAAAGAGTAATACTAGAGATAAACATAAAAAATGTAGAGGTC
GAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGGTAGGTTATATAGGGATATAGCACAGAGATATATAGC
AAAGAGATACTTTTGAGCAATGTTTGTGGAAGCGGTATTCGCAATGGGAAGCTCCACCCCGGTTGATAATCAGAA
AAGCCCCAAAAACAGGAAGATTGTATAAGCAAATATTTAAATTGTAAACGTTAATATTTTGTTAAAATTCGCGTT
AAATTTTTGTTAAATCAGCTCATTTTTTAACGAATAGCCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATA
GACCGAGATAGGGTTGAGTGTTGTTCCAGTTTCCAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAA
AGGGCGAAAAAGGGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAG
GTGCCGTAAAGCAGTAAATCGGAAGGGTAAACGGATGCCCCCATTTAGAGCTTGACGGGGAAAGCCGGCGAACGT
GGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGGGCTAGGGCGGTGGGAAGTGTAGGGGTCACGCTGGGCGT
AACCACCACACCCGCCGCGCTTAATGGGGCGCTACAGGGCGCGTGGGGATGATCCACTAGT 
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Confocal microscopy showing PM localization for ACA12-YFP. Pollen were germinated in vitro and 
imaged. DIC (Differential Interference Contrast)  images are shown to the left, and corresponding 
confocal fluorescence micrographs to the right. A) A negative control showing a wild type pollen tube 
without any GFP.  B), ACA2-GFP in aca9-2  -/- showing endomembrane localization. Image shown is 
from transgenic line ss-2106, transformed with ACA9promoter::ACA2-TAP2(GFP). Equivalent results 
were observed for 3 other independent transgenic lines, ss 2103, 2104, and 2105.  C)  ACA12-YFP in 
aca9-2  -/- showing PM (plasma membrane) localization. Image shown is from transgenic line ss-2100, 
transformed with ACA9promoter::ACA12-TAP2(YFP).   Equivalent results were observed for 3 other 
independent transgenic lines, ss2099, 2101, 2102.  Scale bar = 10 µm. 
Images of XFP fluorescence were collected on a Olympus confocal system (FluoView FV10-ASW 2.1; 
Olympus) attached to an Olympus microscope (Inverted IX81) using a 60X objective (N.A. = 1.42) and 
an argon gas laser for generating a 488-nm excitation line. Emission was detected with band pass 
between 510 and 530 nm. Differential interference contrast (DIC) images were collected on the same 
system by using a single transmitted light detector. Images were processed by using FluoView 
software. 
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Expression of ACA12-GFP mutants in yeast strain K616. K616 yeast transformed with WT or mutant 
ACA12-GFP was galactose-induced at 20 °C for 24 h; solubilized microsomal proteins (40 µg) were 
subjected to SDS-PAGE, blotted and decorated with the HisProbe-HPR. 

	
  



 


