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Acephala applanata AY078151

—————— CATACTATTGT-TGCTTITGGCGGGCCGTGA-CCT-CCAC--TGC--—-GGGCTC
IGCTCGT----- GIGTGCCCGCCAGAGGACC---AAACTCTGAATGTTAGTGATGTCTGA
GTACTATCTAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATCTGAATTGCAGAATTCAGTGAATCATCGAATCTTITSG
AACGCACATTGCGCCCTGTGGTATTCCGCAGGGCATGCCTGTTCGAGCGTCATT-TAACT
ACTCACGCCTGGCGTGGTATTGGGGET -ACGCGGT --CTCGCGGCCCTCAAAATCAGTGGL
GGIGCCGGTG-GGCTCTAAGCGTAGTAC-ATACTCCCGCTATAGAGTTC- == === ———~
————————————————— cC---—————— === == =CCGGTGGCTCG -~
———————————————————————— ACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA
AAGAAACCAACAGGGATTACCTCAGTAACGGCGAGTGAAGCGGTAACAGCTCAARTTTGA
AAGCTGCC----- AACAGGCCGCGTTGTAATTTGTAGARGCTGCTTTGGGTGTCGGCCCG
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATCGG-TGC
CGTTGCCCGTGTARAGCGCTTTCGACGAGTCGAGTIGT TTGGGAATGCAGCTCAAAATGS
GTGGTAAATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGAAAGS
GAAGCGCTTGCAACCAGACTTGCGGGCGGTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTTC-TCAGGCCAGCATCGGTTTCCGGGGTGGGATARAGGCGGTGGGAATGTGGT
IC--ITTC--=-—- GGAGTGTTATAGCCCACCGTGCAATGCCGCCACCGGGGACCGAGGAL
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGACCCGICTTGAAACACGGAL
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTAATGARAAGTG
AACGGAGGTAAGAGCCCTTTAGGGTGCATTATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTIGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GARAGACTAATCGGCTAGACAGAGTCAGTICG---CCCGATGA
GGGTGGCAGATCTACT--TGTTC--TYGTGCTGACATGAGT-ATCTCAGAGTAATCCGGC
CTTCAAAGCAGCTGTTTCCATTCGAGACCCGAAGCGTAGGTTCGATACGATTTGGCGACT
TTGCAAGCCCAAGATGATCTGCGATAGCGACGTTTCTGCGGACGATCAAGARATTCGGTGS
CGATCCAAAGGAAGCCGTGAAG-—-CGCTICTCATGGAGGCTGTGGAAATACTCAGCCCGA
GGTIGCGCCAGCAGGCTCTGCAGCTTITGGGGTACATGGAAGATGCCTAAGGACGAGGAGAA
CGAGGG-—----- AAGCCAATCCGAGAAGAGACAAATCACTCCAGAGATGGCTCTGAACGT
CTICCGRAGCATGTCTACTGCTGAGATTCGCGACCTITGGGTTGAGCAACGATTATGCCCG
ACCCGACTGGCTGATCATCACAGTCCTTCCAGTTCCTCCTCCGCCGGTTCGACCAAGTAT
CTCAATGGATGGCACAAGCACAGGCATGCGTGGAGARGATGATTTGACGTACAAGCTCGE
TGATATCATCCGTGCGAACGGCAATGTCAAGC -AGGCACAACAGGAAGSG

Figure 4A
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Acidomelania panicicola KF874620

GIGICTA-- === — ==~ —— - - -
—————— CATACTCTITGT-TGCTTTGGCAGGCCGTGG-CCTCCCAC--TGT----GGGCTC
AGCCTGC----- ATGTGCCTGCCAGAGGACC---AAACTCTGAATGTTACTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCACCCGGTGGTATTCCGCCGGGTATGCCTIGTICGAGCGTCATTACAACC
ACTCAAGCCTGTCTTGGTGTTGGGGA-TTGCGAAT-CTCGCAGCCCTAGAGTCCAGTAGC
GTCACCTTTA-GGTCCTAAGCGTAGTAATTTCTCCTCGCTACAGAACCT-———====-———
————————————————— GCCGGTGGATAGTATARATCCAGTTAAGTICTGGTATCCCGC-G
GTTGACCTCGGATCAAGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGRAA
AAGAAACCAACAGGGATTACTTTAGTAACGGCGAGTGAAGCGGTAACTGCTCAAATTTGA
AAGCTGCC----- AACAGGCCGCGTTGTAATTTGTAGAAGATGCTTITGGGTGTCGGCCCA
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATTGG-TGC
CGTCCCCCGTGTARAGCTCTITCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAARAATGG
GTGGTAAATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGARAAGG
GAAGCGCTTGCAATCAGACTIGCAGGCGGTTGATCATCCGAGGTIC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTITTCAGTGGTGGGATAAAGGCTGTGAGAACGTGGC
TC--TTC------ GGAGTGTTATAGCTCACGGTGCAATGCCGCCTACTGGGACCGAGGAC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTITGTAAGCGACTCGICTTGARATACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGACCCCATTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTIGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGTTAGACAGGGTCAGTTCA---CCCGTATA
GGGTGGTGGCATCTCT--TGCAT-CTTGTGCTGACATGAAT-ATCTCAGAGTAACCCGCA
ATACAAGGCAGCTGTTTCTATTCGGGACCCARAGCGTAGATTCGACACCATTTGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGTGATGTTCCTAATGACGAC---GAATTCGGAGG
TGATCCAAAGGAGGCTGTGAAG---CGTTCGCATGGAGGATGI GGAAATACGCAACCTGA
GGTGCGCCAGCRAAGCTTTGCAGCTTTGGGGAACATGGAAGATGCCAARAGATGAAGAGAA
TGAGGGTGG--CAACACT----GAGAAGCGACAAATTACTCCAGAGATGGCTCTCAATGT
CTTCCGGTICCATGTCTTCCGATGAGATTCGCGATCTCGGTTTGAGCAACGACTATGCGLG
TCCTGACTGGTTGATCATCACTGTTCTTCCAGTTCCACCTCCTCCCGTTCGCCCCAGTAT
TTCTATGGATGGTACAAGCACAGGAATGCGCGGAGAGGATGATTTGACCTACAAGCTAGG
TGATATCATTCGTGCCAACGGCAATGTCAAGC-AGGCACAGCAAGAAGG

Figure 4B
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Acidomelania panicicola KF8746189
GTGTCTA----—————=—————=———~ -~~~ -~ -~~~ —---—-—---——--—————————
—————— CATACTCTTGT-TGCTTTGGCACGCCGTGG-CCTCCCAC--TGT-~---GGGCTC
AGCCTGC----- ATGTGCCTGCCAGAGGACC---AAACTCTGAATGTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCACCCGGTGGCATTCCGCCGGETATGCCTGTTCGAGCGTCATTATAACC
ACTCAAGCCTGTICTTGGTGTTGGGGA=TTGCGAAT-CTCGCAGCCCTAGAGTCCAGTAGC
GTCACCTGTG-GGTCCTAAGCGTAGTIAATTTCUCCTCGCTACAGAGCC T~~~ ~~~~~~~~
————————————————— GCTCGTGGATACTGTAAATCCAGTTCGGTCTGGTATCCCGL-G
GTTGACCTCGGATCAAGTAGGGATACCCCCTGAACTTAAGCATATCAATAAGCGGAGGAA
AAGAAACCAACAGGGATTAC--TAGTAACGGCGAGTGAAGCGGTAACTGCTCAAATTTGA
AAGCTGCC----- AACAGGCCGCGTTGTAATTTGTAGAAGATGCTITGGGTGTCGGCCCA
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATTGG-TGC
CGTCCCCCGTGTAAAGCTCTTTCGACGAGCTCGAGTTGTTTGGGAATGCAGCTCARAATGG
GTGGTAAATTTCATCTAAAGCTAAATATTIGGCCAGAGACCCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGU TAAACAGTACGTGAAATTGTTGARAGG
GAAGCGCTTGCAATCAGACTTGCAGGCGETTGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTTTCAGTGGTGGGATAAAGGCTGTGAGAACGTGGC
TC--TTC-----~- GGAGTGTTATAGCTCACGGTGCAATGCCGCCTACTGGGACCGAGGAL
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTGTAAGCGACCCGTCTTGARACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTAATGARAAGTG
ARCGGAGGTGAGACCCCATTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCCAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGLCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GARAGACTAATCGGTAGACAGGGTCAGTITCA---CCCGTATA
GGGTGGTGGCATCTCT--TGCAT-CTTGTGCTGACATGAGT-ATCTCAGAGTAACCCGCA
ATACAAGGCAGCTGTTTCTATTCGGGATCCAAAGCGTAGATTCGACACCATTTGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGTCATGTTCCTAATGACGAC---GAATTCGGAGG
TGATCCAAAGGAGGCTGTGAAG---CGTICCCATGGAGGATGTGGAAATACGCAACCTGA
GGTGCGCCAGCAAGCCTTGCAGCTTIGGCEGAACATGGAAAATGCCAAAGGATGAAGAGAA
TGAGAGTGG--CAACACT ----GAGAAGCGACAAATTACTCCAGAGATGGCTCTCAATGT
CTTCCGGTCCATGTCTTCCGATGAGATTCGCGATCTCGGTTTGAGCAACGACTATGCGCG
TCCTGACTGGTTGATCATCACTGTTCTTCCAGTTCCACCTCCTCCTGTTCGCCCCAGTAT
TTCTATGGATGGTACAAGCACAGGAATGCGCGGAGAGGATGATTTGACCTACAAGCTGGE
TGATATCATTCGCGCCAACGGCAATGTCAAGC-AGGCACAGCAAGAAGG

Figure 4C



Patent Application Publication  Feb. 8, 2018 Sheet 7 of 28 US 2018/0037517 A1

Acidoradicia panicicola ALSmZ-2

GIGTCTA-=-=-=-—==———= === -~ ———mm - ———
—————— TCTACTCTTGT-TGCTTTGGCACGCCGTGG-CCT-CCAC--CGC--—--GGGCTC
TGCCTGC----- GTGTGCCTGCCAGAGGACC---AAACTCTGAATTTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTIG
AACGCACATTGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTTCGAGCGTCATTATAACC
ACTCAAGCCTAGCTTGGTATTGGGGT-TCGCGGT--CCCGCGGCCCCTAAAATCAGTGGC
GGTGCCGGTG-GGCTCTAAGCGTAGTAA-ATCTCCTCGCTATAGGGTCC -~~~ —~~--—~—~
————————————————— cc----———--——=-------—--——--—--CCGGTTGCCCGC-G
GTTGACCTCGGATCAGGTAGGGATACCCCCTGAACTTAAGCATATCAATAAGCGGAGGAA
AAGAAACCAACAGGGATTAC-TCAGTAACGGCGAGTGAAGCGGTAACAGCTCAAATT-GA
AAGCTGCC----- AACAGGCCGCGTTGTAATTTGTAGAAGATGCTTTGGGGGTAGGCCTA
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATTAG-TGC
CTGCTICCCGTGTAAAGCTCTTTCGACGACTCGAGTTGTTTGGGAATGCAGCTCAAAATGG
GTGGTATATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGAAAGG
GAAGCGCTTGCAACCAGACTTGCAGGCGCTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTTTTIGGTGGCGGGATAAAGGCTCTAGGAATGTGGC
TC--TTC------ GGAGTGTTATAGCCTAGGGTGCAATGCCGCCTACCGGGACCGAGGAC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGGCCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTIGGGTGTCAAACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGAGCCCTTTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCCARAAGATGGTGRAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGTTCG---CCCGAAAR
GGGTGGCGGATCTACT--TGTTC-TTTGIGCTGACATGAGT-TTCTCAGAGTAATCCGGC
ATACAAGGCAGCCGTTTCGATTCGAGACCCGAAGCGTAAGTTCGATACCATATGGCGACT
TTGCARGCCCAAGATGATCTGCGACAGCCATGTCCCTAACGACGAT---GAATTTGGTGG
TGATCCAAAGGAAGCTGTTAAA---CGTTCTCATGGAGGTTGTGGCAATACTCAACCCGA
GGTTCGCCAACAAGCTTTACAGCTCTGGCGAACATGGAAGATGCCCAAGGATGAAGAAAA
CGAGGGTG---CGACTCAA---GAAAAGAGACAGATTACTCCAAAGATGGCTCTGAATGT
CTTCCGCAGCATGTCCTCGGCTGAGATTCGCGATTTGGGCTTGAGCAATGACTATGCACG
CCCTGACTGGCTTATCATTACTGTCCTTCCTGTCCTCCCCCGCCTGTTCGACCGAGTAT
CTCCATGGATGGTACAAGCACAGGAATGCGCGGAGAGGATGATTTGACATACAAGCTTIGG
TGATATTATTCGTGCAAACGGAAACGTTAAGC-AAGCCCAACAAGAGGG

Figure 4D
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Acidoradicia panicicola CM11M2

GIGTCTA-—=———=——— ==~~~ ———— -~~~ - - - - ————————————————
—————— TCTACTCTTGT-TGCTTTGGCAGGCCGTGG-CCT-CCAC--CGC----GGGCTC
TGCCTGC----- GTGTGCCTGCCAGAGGACC---ARACTCTGAATTTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTIGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCITIG
ARCGCACATTGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTTCGAGCGTCATTATAACC
ACTCAAGCUTAGCTTGGTATTGGGGT -TCGCEGT - -CCCGCGECCCCTAAAATCAGTGGC
GGTGCCGGTG-GGCTCTAAGCGTAGTAA-ATCTCCTCGCTATAGGGTCC-—--===--=~
————————————————— cC----------—----------------CCGGTTGCCCGC-G
GTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA
AAGAAACCAACAGGGATTACCTCAGTAACGGCGAGTGAAGCGGTAACAGCTCAAATTTGA
AAGCTGCC----- AACAGGCCGCGTTGTAATTTGTAGAAGATGCTTTGGGGGTCGGCCTA
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATTAG-TGC
CGGCTCCCGTGTAAAGCTCTTTCGACGAGTCGAGTIGTTTGGGAATGCAGCTCAAAATGG
GTGGTATATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTIAAACAGTACGTGAAATTGTTGARAGG
GAAGCGCTTGCAACCAGACTTGCAGGCGGTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTTTTGGTGGCGGGATAAAGGCTCTAGGAATGTGGC
TC--TTC-—---- GGAGTGTTATAGCCTAGGGTGCAATGCCGCCTACCGGGACCGAGGAL
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGGCCCGICTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCARACCCATACGCGTAATGARAGTG
AACGGAGGTGAGAGCCCTTTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCG-—=-—===— === === === ————————————
———————————————————————————————— GACATGAGT-TTCTCAGAGCAATCCGGC
ATACAAGGCAGCCGTTTCAATTCGAGACCCGAAGCGTAGGTTCGATACGATATGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGCGATGTCCCTAATGATGAT -~ ~GAATTTGGTGG
TGATCCAAAAGAAGCTGTTAAA---CGTTCTCATGGAGGTTGTGGCAATACTCAACCCGA
GGTTCGCCAGCAAGCTTTACAGCTCTGGGGAACATGGAAGATGCCCAAGGATGAAGAARR
CGAGGGTG---CGACTCAA---GAARAGAGACAGATTACTCCAGAGATGGCTCTGAACGT
CTTCCGCAGCATGTCCTCGGCTGAGATTCGCGATTIGGGCTTGAGCAATGACTATGCACG
CCCTGACTGGCTTATCATTACTGTCCTTCCCGTTCCTCCCCCACCTGTTCGACCAAGTAT
TTCCATGGATGGTACAAGCACAGGAATGCGCGGAGAGGATGATTTGACATACAAGCTTGG
TGATATTATCCGTGCAAATGGTTTCATTAAGC -AAGCCCAACAAGAGGEG

Figure 4E
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Acidoradicia panicicola WSF1-R37

GIGTCTA- - == === — - m - m o m o —
—————— TCTACTCTTGT-TGCTTTGGCACGCCGTGG-CCT-CCAC--CGC----GGGCTC
TGCCTGC----- GTGTGCCTGCCAGAGGACC---AAACTCTGAATTTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTTCGAGCGTCATTATAACT
ACTCAAGCCTGGCTTGGTATTGGGAC-TCGCGGT--TCCGCGGCCCCTAARAATCAGTGGT
GGTGCCGGTG-GGCTCTAAGCGTAGTAA-ATCTCCTCGCTATAGGGTCC - === == ===~
————————————————— cr-------—-————-—--—-——----—————-CCGGTTGCCTGC--

————————— TGTARAGCTCTTTCGACGACTCGAGTTGTTTGGGAATGCAGCTCAARATGE
GTGGTATATTTCATCTAAAGCTAAATATIGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGAAAGS
GAAGCGCTTGCAACCAGACTTGCAGGCGCTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTTTIGGTGGCGGGATARAGGCTCTAGGAATGTGGC
TC--TTC-—---—- GGAGTGTTATAGCCTAGGGTGCAATGCCGCCTACCGGGACCGAGGAL
CGCGCITC-GGCTAGGATGCTGGCGTAATGGTIGTAAGCGGCCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTIGGGTGTCAAACCCATACGCGTAATGARAGTG
AACGGAGGTGAGAGCCCTTTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCCAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAARACTCTIGGTGGAGGCTCGCAGCGGTTCTGACGTGCARATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGTITCG---CCCGAARAA
GGGTGGCGGATCTACT--TGTTC-TTTGIGCTGACATGAGT -TTCTCAGAGCAATCCGGC
ATACAAGGCAGCCGTITCAATTCGAGACCCGAAGCGTAGCTTCCGATACGATATGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGCCATGTCCCTAATGATGAT---GAATTTGGTGG
TGATCCAAAGGAAGCTGTTAAA-—-CGTICTCATGGAGGTTGTGGCAATACTCAACCCGA
GGTTCGCCAGCAAGCTTTACAGCTCTGGCGAACATGGAAGATGCCCAAGGATGAAGAAAA
CGAGGGTG---CGACTCAA---GAAAAGAGACAGATTACTCCAGAGATGGCTTTGAATGT
CTTCCGCAGCATGTCCTCGGCTGAGATTCGCGATTTGGGCTTGAGCAATGACTATGCACS
CCCTGATTGGCTTATCATTACTGTCCTTCCCGTTCCTCCCCCACCTGTTCGACCAAGTAT
TTCCATGGATGGTACAAGCACAGGAATGCGCGGAGAGGATGATTTGACATACAAGCTTGE
TGATATTATCCGTGCAAACGGCAACGTTAAGC-AAGCCCAACAAGAGGG

Figure 4F
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Acidoradicia taeda CM14-P64

GIGICTA- - -~ — -~
—————— TTTACTCTTGT-TGCTTTGGCAGGCCGTGG-CCT-CCAC--CGT----GGGCTC
TGTCTAC----- GCGTGTCTGCCAGAGGACC---AAACTCTGAATTITTAGTGATGTCTGA
GTACTATACAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCIGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGIGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTIGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTICGAGCGTCATTATAACC
ACTCAAGCCTGGCTTGGTATTGGGGT-ACGCGGC--TTCGCGGCTCCTAAAATCAGTGGC
GGTGCCGGTG-GGCTCTAAGCGTAGIAA-ATCTCCTCGCTATAGGCTTC-- == === = ——=

————————————————— CT—==——=== === ———————————— - _CTGGTTGCTTGC--
———————————————————————————————————————————————————— GGIGCACT
CGATCGTCT-TCAGGCCAGCATCGGITTCGGTGGCGGGATARAGGCTCTAGGAATGTGGC
TC--TTC----—- GGAGTGTTATAGCCTAGGGTGCAATGCCGCCTACCGGGACCGAGGAC

CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGGCCCGICTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTRAATGAAAGTG
AACGGAGGTGAGAGCCCTTTAGGGCGCATCATCGACCGATCCTGATIGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGITGGGACCCGAAAGATGGTGAACTATCCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCARAATCGATCGTC-AR
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGITCG-=-=-CCCGAATA
GGGTGGCAGATCTACT--TGTTC-TITGTGCTGACATGAGT -ATCTICAGAGTAATCCGGC
GTACAAGGCAGCTGTTTCGATTCGGLACCCGAAGCGCTAGGCTTCGATACGATATGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGCGATGTCCCTAACGACGAT---GAATTTGGTGG
TGATCCAAAGGAAGCTGTCAAG---CGTICTCATGGAGGTTGTGGTAATACTCAGCCCGA
GGTTCGICAGCAGGCTCTACZAGCTCIGGGGTACATGGAAGATGCCAARGGATGAAGAARA
TGAGGGGT ---CAAGTCAA---GAAAAGAGACARATCACTCCAGACATGGCTTTAAATGT
CTTCCGAAGCATGTCCTCGSCTGAGATTCGCGACCTGGGCCTGAGCAACGACTACGCTCG
TCCCGACTGGCTCATCATTACAGTCCTTCCTGTTCCTCCTCCGCCCGTTCGCCCTAGTAT
TTCTATGGATGGCACAAGCACGGGAATGCGTGGAGAAGATGATTTCACCTACAAGCTTGG
TGATATAATTCGTIGCCTACGGCAACGTTATGCAAAGCACAACAAGAATG

Figure 4G
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Acidoradicia taeda WSF14-P22

GIGICTA-———=—— == —— - -
—————— TTTACTCTTGT-TGCTTTGGCAGGCCGTGG-CCT-CCAC--CGT----GGGCTC
TGTCTAC--—--- GCGTGTCTGCCAGAGGACC---AAACTCTGAATTTTAGTGATGTCTGA
GTACTATACAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTTCGAGCGTCATTATAACT
ACTCAAGCCTGGCTTGGTATTGGGGT-ACGCGGC--TTCGCGGCTCCTAAAATCAGTGGT
GGTGCCGGTG-GGCTCTAAGCGTAGTAA-ATCTCCTCGCTATAGGGTTC -~~~ -———~
————————————————— Cl--=-=—===———— === == ———— - —CTGGTTGCTTGC--

————— GCTTGCAACCAGACTTGCAGGCGGTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTITTCGGTGGCGGEGATAAAGGCTCTAGGAATGTGGC
TC--TTC----—- GGAGTGTTATAGCCTAGGGTGCAATGCCGCCTACCGGGACCGAGGAC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGGCCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTITGGGTGTCAAACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGAGCCCTTTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTIGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTIC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGTTCG---CCCGAATA
GGGTGGCAGATCTACT--TGTTC-TTTGTGCTGACATGAGT-ATCTCAGAGTAATCCGGC
GTACAAGGCAGCTGTITTCGATTCCGGACCCGAAGCGTAGGTTCGATACGATATGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGCGATGTCCCTAACGACGAT -—-GAATTTGGTGG
TGATCCAAAGGAAGCTGTCAAG---CGITCTCATGGAGGTTGTGGTAATACTCAGCCCGA
GGTTCGTCAGCAGGCTCTACAGCTCIGGGGTACATGGAAGATGCCAAAGGATGAAGARRA
TGAGGGGT ---CAAGTCAA---GAAAAGAGACAAATCACTCCAGAGATGGCTCTAAATGT
CTTCCGAAGCATGTCCTCGGCTGAGATTCGCGACCTGGGCCTGAGCAACGACTACGCTCG
TCCCGACTGGCTCATCATTACAGTCCTICCTGTTICCTCCTCCGCCCGTTCGCCCTAGTAT
TTCTATGGATGGCACAAGCACGGGAATGCGTGGACGAAGATCATTTGACCTACAAGCTIGG
TGATATAATTCGTGCAAACGGCAACGTTAAGC-AAGCACAACAAGARGG

Figure 4H
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Acidoradicia taeda WSF14-P13

GIGTC A - = === ——— - m s m o m e —m—
—————— TTTACTCTTGT-TGCTTTGGCAGGCCGTGG-CCT-CCAC--CGT----GGGCTC
TGTCTAC----- GCGTGTCTGCCAGAGGACC---AAACTCTGAATTTTAGTGATGTCTGA
GTACTATACAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTTCGAGCGTCATTATAACC
ACTCAAGCCTGGCTTGGTATTGGGGT-ACGCGGC--TTCGCGGCTCCTAAAATCAGTGGT
GGIGCCGGTG-GGCTCTAAGCGTAGTAA-ATCTCCTCGCTATAGGGTTC-———=——=——~
————————————————— cr------------------—-—- - - ————-CTGGITGCTTGC--

————— GCTTGCAACCAGACTTGCAGGCGGTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTCT-TCAGGCCAGCATCGGTTTCGGTGGCGGGATARAGGCTCTAGGAATGTGGE
IC--TTC--=--- GGAGTGTTATAGCCTAGGGTGCAATGCCGCCTACCGGGACCGAGGAL
CGCGCTITC-GGCTAGGATGCTGGCGTAATGGTIGCTAAGCGGCCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTAATGARAAGTG
AACGGAGGTGAGAGCCCTTTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTIGGTGGAGGCTCGCAGCGGTTCTGACGTGCARATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGTTICG---CCCGAATA
GGGTGGCAGATCTACT--TGTTC-TTTGTGCTGACATGAGT-ATCTCAGAGTAATCCGGC
GTACAAGGCAGCTGTTTCGATTCGGGACCCGAAGCGTAGGTTCGATACGATATGGCGACT
TTGCAAGCCCAAGATGATCTGCGACAGCCGATGTCCCTAACGACGAT---GAATTTGGTGG
TGATCCAAAGGAAGCIGTCAAG---CGTITCTCATGGAGGTTGTGGTAATACTCAGCCCGA
GGITCGTCAGCAGGCTCTACAGCTCTGGGGTACATGGAAGATGCCAAAGGATGAAGRAAA
TGAGGGGT ---CAAGTCAA---GAAAAGAGACAAATCACTCCAGAGATGGCTCTAAATGT
CTTCCGRAGCATGTCCTCGGCTGAGATTCGCGACCTGGGCCTGAGCAACGACTACGCTICS
TCCCGACTGGCTCATCATTACAGTCCTTCCTGTTCCTCCTCCGCCCGTTCGCCCTAGTAT
TTCTATGGATGGCACAAGCACGGGAATGCGTGGAGAAGATGATTTGACCTACAAGCTTGS
TGATATAATTCGTGCAAACGGCAACGTTAAGC-AAGCACAACAAGAAGS

Figure 4I
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Cudoniella clavus DQ4391502
——————————————————————————————————— ARAAAGTCGTAACAAGGTTTCCGTAG
GTGAACCTGCGGAAGGATCATTACAGTGTTCCCTGCCCTCACGGGTAGAAACGCCACCCT
TGTATATATTATCTTGT-TGCTTTGGCGGGCCGCCT-TTAGGCAC----T----GGCTTC
GGCTGGC----- TCGCGCCCGCCAGAGAACCCC-AAACTCTAAATGTTAGTGTCGTCTGA
GTACTATCTAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTAAACC
AATCCAGCAT-GCTGGGTCTTGGGCCTTCGCCTC--TGGGCGGGCCTCAAAATTAGTGGC
GGIGCCACCT-GGCTCTACGCGTAGTAA-TTCTTCTCGCGATGGAGTCCCAGGTGGAAGC
TTGCCAACAACCCCAAATTCTTTTAAAGGTTGACCTCGGATCAGGTAGGGATACCCGC--
——————————————————————————————————— CTAAGCATATCAATAAGCGGAGGAA
AAGAA?CCAACAGGGATTACCTCAGTAACGGCGAGTGAAGCGGTAACAGCTCAAATTTGA
AATCTGGCTCTTTCAGGGTCCGAGTTGTAATTTGTAGAAGATGCTTCGGGTGTGGCTCCG
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGACTGGTTGC
CTTCGCCCATGTGAAGCTCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCTAAATGGE
GTGGTAAATTTCATCTAAAGCTRAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGARATTGTTGARAGG
GAAGCGCTTGCAACCAGACTTGCACGTCGTCGATCATCCTCAGTTC-TCTGGGGTGCALCT
CGGCGGTGT-TCAGGCCAGCATCGGTTTCGGTGGTGGGATAAAGGCCTTGGGAATGTGGC
TCCTCTC----GGGGAGTGTTATAGCCCTCGGTGCAATGCCGCCTACTGGGACCGAGGALC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTIGTAAGCGACCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTTAAACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGAACCCTTTAGGGTGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCCTAAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGGGTATAGGGGC-GAAAGACTAATCGACTAGACAGGGTCAGTTGG---CCCGCATA
GCGTGGCATGTCT-TT--TGTGCCTTTGTGCTAACA-GAATGATTTCAGAGCAATCCAGC
GTACAAGGCAGCTGTTTCTATCCGAGATCCAAAGCGTAGATTTGATACAATATGGCGACT
GTGCAAGCCGAAGATGATTTGCGAGGGTGATGTGCAGGCGAATGAGGAAGAATTTGATCC
CAACCAAAAAGAACC---GAAG---CCGTCGCACGGAGGGTGTGGTAATTCTCAGCCTGA
AGTGCGTCAGACTGCTTTGCAACTATGGGGAACATGGAAAGTGCCTAAGGACGAAGATAA
CGAGAGTCAGTCGCCG-—--—--- GAAAAGAGGCAGATTACTCCCGAAATGGCTCTGGCTGT
CTTCCGAAGCATTTCCACGGAAGAAATCTTC?ACCTTGGCCTGAGTAATGATTATGCGCG
TCCCGAATGGATGATCATAACGGTTCTCCCAGTTCCTCCACCACCTGTTCGACCCAGTAT
TTCAATGGATGGCACTGGTCAGGGCATGCGCGGAGAGGACGATTTGACATATAAGTTGGG
AGATATCATCCGGGCAAACGGCAATGTGCGGC-AAGCTCAGCAGGAAGG

Figure 4J
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Dermea acerina AF141161

GTGTCGT--—=—== === === —mmm -
—————— TATACCTTCGT-TGCTTTGGTGGGCCGCTGGGCTTCGGCCTGGCTCCTGGCTCC
GGCTAGG----- GAGTGCCCGCCAGAGGACC-TTAAAACCTGAA-GTTAGTGTCGTCTGA
GTACTATACAATAGTTAAAACTTTCAACAACGGATCTCTTGGTITCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTACAACT
—CTCAAGCTCTGCTTGGTATTGGGCG-TCACCGGGTTCGGTGTIGCCTTAAAATCAGTGGC
GGCGCCGTCT-GGCTCTAAGCGTAGTAC-ATACTCTCGCTATGGACGCC- -~~~ ~——~
————————————————— G-~~~ ——GCGGATGCTTGC-~

AATCTGGGTCTITTTAGGCTCCGAGTTGTAAT ? TGTAGAAGATGCTTICGGGTGCGGCTCCG
GICTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATCGGGGGC
TTGCGCCCATGTGAAGCTCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGG
GTGGTATATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGARAAGATGAAAAGCACTTTGGAAAGAGAGTTAARACAGTACGTGAAATTGTTGAAAGG
GAAGCGCTITGCAACCAGACTTGGGCGGGGTTGATCATCTAGGGTTC-TCCCTAGTGCACT
CGACCTICGC-ACAGGCCAGCATCGGTITCCGGETGGTTGGATAAAGGCCTTGGGAATGTAGC
TTCTTTC--—--GGGGAGTGTTATAGCCCICGGTGCAATGCAGCCTACTGGGACCGAGGAC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGACCCGTCTTGRAACACGGAC
CAAGGAGTICTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTAATGARAGTG
ANCGGAGGTGAGAACCCTTAAGGGTGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGRARAGATGGTGAACTATGCCTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGGGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGTTCT---CCCACGTA
GCGTGGGGAGCATGAT--TGTTTCTGTGTGCTAACGTCAAT-ATCTCAGAGTAATCCAGC
GTACAAAGCAGCCGTITCGATTCGAGACCCGAAGCGTAGGTTCGATACGATCTGGCGACT
TTGCAAGCCCAAGATGATCTGTGATAGCGATTTGACTGCCGCCGATGATGATTTCAATGC
AGACCCGAAGGAAGCCGCAAAG-—-CGCTCGCACGGTGGATGT GGAAATACTCAGCCTGA
GGTGCGCCAGTCGGCCTTGCAGCTGTGGGGTACATGGAAGGTICCAAAGGATGAAGACAA
TGATGGTGCTACTGCC-————~ GAAAAGARAGCAGATCACTGCAGAGATGGCCCTGAATGT
CTTCCGAAGCATTTCCACTTCTGAGATCCAAGACCTTGGCTTGAGTACTGACTATGCGCG
ACCTGAATGGATGATCATTACGGTTCTTCCAGTTCCTCCTCCACCTGTTCGACCGAGTAT
TTCGATGGACGGCACTGGGCAAGGCATGCGAGGAGAGGATGATTTGACATACAAGCTTGG
CGATATCATTCGTGCGAATGGCRAACGTTCGAC-AGGCCCAGCARAGAAGG

Figure 4K
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Hyaloscypha aureliella JN943611

GTGCCTGGICTAAGATATASTCGGTCCCGGCCCGAAAGGGCCGGGGRAACAGCGTCCGTAG
GTGAACCTGCGGAAGGATCATTACAGAGTTCATGCCCTCACGGGTAGATCTCCCACCCTT
GAATACCTTACCTTTGTCTGCTTTGGCGGGCCACGT----- CCGCG-TGC----CGGCTC
CGGCTIGG——---- TTGCGCCCGCCAGAGGACC--CAAACTCTTITGTTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTITCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAASTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCCTTSGTATTCCGAGGGGCATGCCTGTICGAGCGTCATTATGACC
ACTCAAGCCTGGCTTGGTGTTGGGET-CCGCGGET =-CCCGCGLCCCTTAARATCAGTGGC
GGCGCCATCT-GGCTCTCAGCGTAGTAA-TACTCCTCGCTACAGGGTCC————=-—————

——————————————————————————— ACGGCGAGTGAAGCGGCAACAGCTCARATTTGA
AATCTGGCTCCTGCGGGGCCCGAGTTGTAATT T GTAGAAGATGCTTTGAGCGTGGCTCCG
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGACTGGGTGC
CTCCGITCGTGTAAAGCTCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCARAATGG
GTGGTAAATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGAAAGG
GAAGCGCTTGCAACCAGACTTGCCCGCTGCTGATCATCCGAGGTTC-TCCCCGGTGCACT
CGGCAGCGA-TCAGGCCAGCATCGGTTCTIGGTGGGCGGATARAGGCCTTGGGAATGTAGC
TTCCTTC----GGGGAGTGTTATAGCCCTCGGTGCAATGCGCCCTACCGGGACCGAGGAL
CGCGCITC-GGCTAGGATGUTGGCGTAATGGTTGTAAGCGACCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTTAAACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGAACCCTTAAGGGTGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCCTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGGGTATAGGGGC-GAAAGACTAATCGACTTGACAGAGTCAGTGTG---CCTGAACT
TGAGGGCCGAGTTTCTTIGTSTGCCTTTATGCTAACTTCATG-ATTGCAGAACAATCCGGC
GTACALAAGCTGCTGTGAGCATTCGAGACCCGAAACGTCGGTTCGATGCGATATGGCGACT
TTGCARACCGAAATTGATCTGCGACAGTGATTTGAGTGCAGGGGACGAGGGCTTCGACGT
TGACCCAAAGGAACTTGCGAAA---CGCTCGCATGGAGGATGTIGGAAATAAACAACCAGA
AGTGCGCCAGAGCGCCCTTCAGCTCACCGGCACTTTTAAGCCTTCGAAGGRAGRACTCAG
CGAGGGC-—---- ATGCAGCCAGAAAAGAAGTTAATCACCCCAGAGGCAGCTCTGCACAT
CTTCCGAAGCATTTCCTCCGACGAGATTCGCGACTTAGGCCTGAGCAATGATTATGCGCG
CCCGGAATGGATGATCATCACAGTCCTTCCCGUGCCTCCTCCTCCTGTTCGGCCCAGTAT
TTCTATGGATGGCACTGGTCAAGGTATGCGAGGAGAGGATGATTTGACATACARACTTIGG
TGACATCATCCGTGCGAATSGAAACGTTCGAC-AGGCGCATCAAGAGGG

Figure 4L
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Lachnum virgineum DQ491485
GTATCAT - - === === - ———mm - m oo -

GATTCGCGTCGAGCGCGCCCGCCAGAGGACCCCTAAACT STGAATGTTAGTGTCGTCTGA
GTACTATTAAATAGTTAAAACTTTCAACAACGGATCTCTTGGTITCTIGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCCTITGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTATACC
AATCTARCCTGGCTAGGTIGTTGGGCC-TCGCCAG--TTGGCGGGCCTTAAAACTAGTGGC
GGTGCTCTTC-AGCTICTACGCGTAGTAA--TTTTCTCGCTATAGGGTCT---—-——-———~
———————————————————————————————————————————— GGGGAGATGCTITGC--
——————— CCACAGGGATTACCTCAGTAACGGCGAGTGAAGCGGTAACAGCTCAAATTTGA
AATCTGGCTCTTTTAGGGTCCGAGTTIGTAATTTGTAGAAGATGCTTIGGGTGTGGCCCTG
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGACTAGGTGC
CTTCGCCCGTGTAAAGCTCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGG
GTGGTAAATTTCATCTAAAGCTAARATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGARAGATGAAAAGCACTTTGGARAGAGAGTTAAACAGTACGTGARATTGTTGAAAGG
GAAGCGCTTGCAACCAGACTTAGTTGCTGCCGATCATCCAGGGTTC-TCCCTGGTGCACT
CGGTAGTAT-CTAGGCCAGCATCGGTTTGGGTGGTGGGATAAAGGCCTTGGGAATGTAGT
TTCTTTC----GGGGAGTGTTATAGCCCTCGGTGCAATGCCGCCTACCCGGACCGAGGAT
CGCGCTTIC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCCACCCGTCTTGAAACACAGAL
CAAGGAGTCTAACATCTATGCGAGTATTTGGGTGTTARACCCATATGCGTAATGAAAGTG
AACGGAGGTGAGAACCCTTAAGGGTGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCCTAAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGGGTATAGGGGC-GAAAGACTAATCGGCTTGACAGGGTCAGTTCA----CCGTAAA
AGGTGTTGGCTTCGCT--TGTTC-TTTTTGCTGACA-GAAT-ATCTCAGGGTAATCCCCA
GTACAAGGCAGCTGTIITCTATTCGTGATCCAAAGCGTAGATTCGATACAATCTGGCGACT
TTGCAAGCCCAAGATGATCTGCGATAGCGATGTCCCTAATGAAGAT ---GAATTCGGTGG
TGATCCAAAGGAAGCTGIGAAG---CGTTCGCATGGAGGATGTGGAAATACACAACCTGA
GGTCCGCCAACAGGCATTGCAGCTCTGGGGAACATGGAAGATGCCAAAGGATGAGGAGAA
CGAGGGTGG--CAACTCG----GAGAAGAGACAAATTACACCAGAGATGGCTCTCAATGT
CITCAGATCCATGTCITCTGAAGAAATTCGCGACCTCGGTCTCAGCAACGATTATGCACG
TCCTGACTGGTTGATTATTACAGTTCTTCCAGTTCCGCCICCTCCTGTTCGACCCAGTAT
TTCCGTGGACGGCACGAGCACAGGTATGCGCGGAGAGGATGATTTGACATACAAGCTTGG
TGATATCATTCGTGCCAACGGCAATGTGAAGC -AGGCTCRAACAAGAAGS

Figure 4M
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Loramyces macrosporus DQ471005

GTGTC T A — == — == ——mm—mmm -
—————— TATACTCTTGT-TGCTTTGGCACGCCGTGG-TCT-CGACCCTGT----GGGCTT
TGCCTIGC----- ATGTGCCTGCCAGAGGACC---AAACTCTGAATTTTAGTGATGTICTIGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCICTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTIGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCGGTGGTATTCCGCCGGGCATGCCTGTITCGAGCGTCTCTATCAAL
CTACACGCTCCGCGTGGAATTGGGGC-CTGCGGICACCTGCAGCCCTAGAACCCAACAGC
GATACCGAGT-GGTCCTCAGCGTAGTAC--ATACCCCGCTACAGGCCTC-~~~~---~-~-~~
————————————————— CT==-—==————————— - ————— - -CTGGTGTTCTGC--

-TGGTCTATATCATCTAAAGCTACATATIGGCCAGAGGCCGATAGCGCACAAGTAGAGTG
ATCGAAAGATG?AAAGCACTTTGGARAAGAGAGTTAAACAGTACGTGAAATTGTTGAAAGH
GAAGCGCTTGCAATCAGACTTGCAGGCGCETTGATCATCCGGGGTTT-TCCCCGGTGCACT
CGATCGTCT-TCAG? ?CAGCATCAGITCICGTGGTGEGATAAAGGCTGTGAGAATGTGGE
TC--TTC-—-—-—- GGAGTGTTATAGCTCACGGTGCAATGCTGCCTACGGGGACTGAGGAL
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGACCCGTCTTGAAACACGGAL
CAAGGAGTCTAACATCTATGCGAGTGTTTIGGGTGTCARACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGAACCCTTTAGGGCGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCCAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGCTGGAGGCICGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGCCTTGACAGAGTTAGTCAG---CCCAGAAG
GCGTGACGTTICTTGT--TCCTCATITATGCTAACGTAATGGCCATCAGACCAATCCTCA
GITATAAGGCGGCTCTITCTATTCCTGATCCAARAGCGTAGATTCGATACGATCTGGCGGLT
CTGCAAACCTAAGATGATTTGCGAGATTCATAGCACACCGGAAGATCTAGATTTCGAAGG
AAAGCCAACGGATGCCGGGAAAGTCCGAAGTCATGGTGGATGCGGAAATATTCAACCGGA
AGTTCGCCAGACCGCGCTTCAACTTIGGCEGCACTTGGAAGGTACCAAAGGATGAGGATAA
TGAGG-=—--- CACAACAACCTGAGAAGAAGCAGATCTCACCTGAGATGGCATTGCAGGT
CITCCGTAGCATCTCAAATGAGGAGATTCACGATCTTGGTCTGAACAATGATTATGCTICG
GCCAGAGTGGATGATTATCACCGTTCTTCCCGTACCTCCACCACCTGTCCGACCAAGTAT
TTCGATGGACGGCACTGGACAGGGCATGCGAGGAGAGGATGATTTGACTTATAAGCTTGG
CGATATCATCCGCGCGAATGGTAACGTCCGTC-AAGCACAGCAGGRAGG

Figure 4N
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Mollisia cinerea DQ491498

GIGTCTA-————=—=——— ===~~~ —
—————— CATACTCTTGT-TGCTTTGGCAGGCCGTGG-TCT-CCAC--TGT----GGGCTC
TGCCTAC----- ATGTGCCTGCCAGAGGACC---AAAATCTGAATTTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCTGTGGTATTCCGCAGGGCATGCCTGTTCGAGCGTCATTATAACC
ACTCAAGCCTGGCTTGGTATTGGAGT-TTGCGGT--TCCGCAGCTCCTAAAATCAGTGGC
GGIGCCGGTGTGGCTCTACGCGTAGTAA-TTCTTCTCGCGATGGACTIC--——===—-——~
————————————————— cC-----—--—--—-----——-————————-CTGGTTGCTTGC--
————————————————————————— TAACGGCGAGTGAAGCGGTAACAGCTCAAATTTGA
AAGCTACC-=---- AACAGGTCGCATTGTAATTTGTAGAAGATGCTTTGGGTGTTGACCTA
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATTAG-TGT
CAGCCCCCGTGTAAAGCTCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGG
GTGGTAAATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGAAAGG
GAAGCGCTTGCAATCAGACTTGCAGGCAGTCGATCATCCGAGGTTIC-TCCCCGGTGCACT
CGATTGTCT-TCAGGCCAGCATCGGTTTCGGTGGTGGGATAAAGGCTGTGGGAATGTGGC
TC--TTC——---- GGAGTGTTATAGCCCACGGTGCAATGCCGCCTACCGGGACCGAGGAC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGACCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGTAATGAAAGTG
AACGGAGGTGAGAACCCTTTAGGGTGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTITCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGGGTCAGTTCG---CCCGAAGA
GGGTGGCAGATCTACT--TGTTC-TTTGTGCTGACATGAGT-ATCTCAGAGTAATCCGGC
ATATGCAGCAGCTACAAGTATTCGCGACCCAAAGCGTAGGTTCGATACGATATGGCGACT
CTGCARACCAAAAATGATCTGCGATAGCGATGTCCCAAATGAAGAT---GAATTCGGAGG
TGATCCTAAGGAAGCTGTCAAG---CGCTCACATGGAGGTTGTGGAAACACTCAGCCCGA
AGTGCGTCAACAATCTCTCCAACTTTGGGGTACATGGAAGATGCCAAAGGATGAGGAGAA
CGAGGGCGGTGCAACGCAG---GAGAAGAAACAAATTACTCCAGAGATGGCTCTCAATGT
CTTCAAAAGCATGTCCACCAAGGAGATCTACGATCTTGGCTTGAACAACGACTACGCTCG
TCCTGACTGGTTGATTATCACTGTTCTTCCAGTTCCACCTCCCCCAGTCCGACCAAGTAT
CTCCATGGATGGCACAAGTACCGGCATGCGTGGAGAGGATGATITIGACATACAAGCTTGG
TGATATCATTCGTGCAAATGGAAACGTTAAGC-AGGCACAACAGGAAGG

Figure 40
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Monilinia laxa EF153017

GIGGAAGT === === =—mm——mmm e - — AAAAGTCGTAACAAGGTTTCCGTAG
GTGAACCTGCGCGAAGGATCATTACAGAGTTCATGCCCGAAAGGGTAGACCTCCCACCCTT
GIGTATTATTACTTTGT-TGCTTTGGCGAGCTG-—--CC--——--——~ TTC----GGGCCT
TG-—---=-=-——--- TATGCTCGCCAGAGAATAATCAAACTCTTITTATTAATGTCGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGTITCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGIGAATCATCGAATCTITG
AACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTTICGAGCGTCATTTCAACT
-CTCAAGCACACCTTGGTATTGAGTCTATGTCAGCAATGGCAGGCTCTAAAATCAGTGGC
GGCGCCGCTG-CGETCCTGAA-—————————————————————————m—————————————

———————————— GGGATTACCTCAGTAACGGCGAGTGAAGCGGTAAAAGCTCARATTTGA
AATCTGGCTCTTTTAGAGTCCGAGTTGTAATTTGTAGAAGATGCTTCGGGTGTGGTTCCG
GICTAAGTTCCITGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGACTGGATAC
CTATGCTCATGTIGAAGCTCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGG
GTGGTATATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAARGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGTTGARAAGG
GAAGCGCTTGCAATCAGACTTGCACTTGGT-GTTCATCGGGGTITTC-TACCCCGTGTACT
TCATCAAGT-TCAGGCCAGCATCAGTITTGGGETGGTITAGATAAAGGCTTAGAGAATGTGGC
CCTCTTC----CGGGGGTIGTTATAGCTCTAGGTGCAATGTAGCCTACCTGG? ?TGAGG?C
CGCGCTTC-GGCTA?GATGCTGGCGTAATGGTTGTAAGCGACCCGICTTGAAACACGGAC
CAAGGAGTGTACCTAATATGCGAGTGTTTGGGTGTT-AACCCATACGCGTAATGARAGTG
AACGGAGGTGACAGCCCTTAAGGGTGCATCATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATATTGGGTGCGACCCGARAGATGGTGATCTATACGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTSGAGGCTCGCAGCGGITCTGACGTIGCAAATCGATCGTC-AR
ATTTGCGTATACGGGC-GAAAGACTAATCGACTAGACAGGGTTAGTTTGCAACCAACTTG
AGGTGGTTIGITT-CA--TGTGCCTTGATGCTAACACCAAA-GTATCAGAGTAATCCAGC
TTACAAGGCAGCCGTITITCCATCCGTIGATCCTAAGCGCAGATTCGAAGCAATATGGARACT
CTGCAAGTCCAAGATGATTTGIGATAGTGACGT CCAGGCGAACGAGGAGGAATTCAATGG
AGATCCAAAGGAAGCTGCAAAG---CGATCGCATGGAGGATGCGGCAATACTCAACCTGA
AGTCCGTCAAACTGCTCTGGCCCTCTGGGGTACGTGGAAGCCGCCCAAGGATGAAGACGG
AGAGGCTGT---—-- GCAACCTGACAAGAGACAAATCACTCCGGAGATGGCTCTTAACGT
CITTCGCAGCATGACCACTSCAGAAATCCAGGATGTTGGATTGAACGCAGATTATGCTCG
CCCAGAATGGATGATTATTACCGTTCTACCAGTACCACCGCCTCCCGTTCGACCAAGTAT
TTCCATGGATGCTACTGGTCAGGGTATGCGAGGAGAGCATGATTTGACATACAAGTTGGG
TGATATCATTCCTGCCAATGGTAACGTTCGTC-AAGCACARCAAGAAGS

Figure 4P
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Phialocephala fortinii AB671499

GIGT T IA-—— === === ———mm - m
—————— CATACTATTGT-TGCTITGGCGGGCCGTGG-CCT-CCAC--TGC----GGGCTC
TGCTCGT—-—--- GTGTGCCCGCCAGAGAACC---AAACTCTGAATGTTAGTGATGTCTGA
GTACTATCTAATAGTTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCTGTGGTATTCCGCAGGGCATGCCTGTTCGAGCGTCATT-TAACC
ACTCACGCCTAGCGTGGTATTGGGGC-ACGCGGTC-TCCGCGGCCCTCAAAATGAGTGGC
GGCGCCGGTG-GGCTCTAAGCGTAGTAC-ATACTCCCGCTATAGAGTTIC--------—-—
————————————————— cC----—-—--———-------—---———--CCGGTIGGCTCGC-~-
———————————————————————— GTAACGGCGAGTGAAGCGGTAACAGCTCAAATTTGA
AAGCTGCC----- AACAGGCCGCGTITGTAATTTGTAGAAGCTGCTTTGGGTGTCGGCCCG
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGATCGG-TGC
CGITGCCCGTGTAAAGCGCTTTCGACGAGTCGAGTTGTTTGGGAATGCAGCTCAARATGG
GTGGTAAATTTCATCTRAAGCTAAATATTGGCCAGAGACCGATAGCGCACRAGTAGAGTG
ATCGARAGATGAARAGCACTTTGGAAAGAGAGTTAAACAGTACGTGARATTGTTGAAAGS
GAAGCGCTTGCAACCAGACTTGCGGGCGGTCGATCATCCGAGGTTC-TCCCCGGTGCACT
CGATCGTTC-TCAGGCCAGCATCGGTTTCCGGGGTGGGATAAAGGCGGTGGGAATGTIGGC
TC--TTC------ GGAGTGTTATAGCCCACCGTGCAATGCCGCCACTGGGGACCGAGGAC
CGCGCTTC-GGCTAGGATGCTGGCGTAATGGTTGTAAGCGACCCGTCTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTIGTCARACCCATACGCGTAATGARAGTG
AACGGAGGTAAGAGCCCTTTAGGGTGCATTATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGAAAGATGGTGAACTATGCGTGRAATAGGGTGA
AGCCAGAGGAAACTCTIGGTGGAGGCTCGCAGCGGTTCTGACGTGCAAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGGCTAGACAGAGTCAGTTCG=---CCCGATGA
GGGTGGCAGATCTACT--TGTTC--TTGTGCTGACATGAGT-ATCTCAGAGTAATCCGGC
CITCAAAGCAGCTGTTTCCATTCGAGACCCGAAGCGTAGGTTCGATACGATTTGGCGACT
TTGCARGCCCAAGATGATCTGCGATAGCGACGTTTCTGCGGACGATCAGGAATTCGGTGS
CGATCCAAGGGAAGCTGTGAAG---CGCTCTCATGGAGGTTGTGGAAATACTCAGCCCGA
GGTGCGCCAGCAGGCTCTGCAGCTTTGGGGTACATGGAAGATGCCTAAGGACGAGGAGAA
CGAGGG------ AAACCAATCCGAGAAGAGACAAATCACTCCAGAGATGGCTCTGAACGT
CTTCCGAAGCATGTCTACTGCTGAGATTCGCGACCTTGGGTTGAGCAACGATTATGCCCG
TCCCGACTGGCTGATCATCACAGTCCTTCCAGTTCCTCCTCCGCCGGTTCGACCAAGTAT
TTCTATGGATGGCACAAGCACTGGAATGCGTGGAGAAGATGATTTGACATACAAGCTCGG
TGATATCATTCGTGCGAATGGAAATGTCAAGC-AGGCACAACAGGAAGG

Figure 4Q
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Vibrissea truncorum EU434855

GIGTTTA--—-————=— === ===~~~ —m————mmm———m - ———
—————— CATACTCTTGT-TGCTTTGGCAGGCCGTGG-CCT-CCAC--TGC----GGGCTC
TGCTCGT----- ACGTGCCCGCCAGAGGACC---AAACTCTGAATGTTAGTGATGTCTGA
GTACTATATAATAGTTAAAACTTTCAACAACGGATCTCTTGGITCTGGCATCGATGAAGA
ACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTG
AACGCACATTGCGCCCGGTGGTATTCCGCCGGEGCATGCCTGTICGAGCGTCATTATAACC
AATCACGCCTGGCGTGGETGTTGGGGC-ACACGGLC—-TCCGTGGCCCTCAAAATCAGTGGC
GATGCCGGTT-GGCTCTAAGCGTAGTAA-CTTCTCTCGCTATAGATGTC--———===——-
———————————————————————————————————————————— TGCTGGITGCTCGC--
——————————————————— CCTCAGTAACGGCGAGTGAAGCGGTAACAGCTCAAATTTGA
RAAGCTGCC----- AACAGGCCGCATTGTAATTTGTAGAGGATGCTTTIGGGGGTTGGCCCG
GTCTAAGTTCCTTGGAACAGGACGTCATAGAGGGTGAGAATCCCGTATGTGCCCGG-TGC
CCGCCCCCGTGTAAAGCTCCTTCAACGAGTCGAGTTGTTTIGGGAATGCAGCTCAAAATGG
GTGGTATATTTCATCTAAAGCTAAATATTGGCCAGAGACCGATAGCGCACAAGTAGAGTG
ATCGAAAGATGAAAAGCACTTTGGARAGAGAGTTAAACAGTACGTGAAATTGTTGARAGG
GAAGCGCTTGCAATCAGACTTGCAGGCGGTCGATCATCCGGGGTTC-TCCTCGGTGCACT
CGGCCGTICT-TCAGGCCAGCATCAGTITCGGTGGTGGGATAAAGGCCTTGGGAATGTAGT
TT--CTT----CGGGAGTGTTATAGCCCTCGGTGCAATGCCGCCTACCGGGACTGAGGAC
CGCGCITC-GGCTAGGATGCTGGCGTAATGGT GTAAGCGACCCGICTTGAAACACGGAC
CAAGGAGTCTAACATCTATGCGAGTGTTTGGGTGTCAAACCCATACGCGGAATGAAAGTG
AACGGAGGTAAGAACCCTTTAGGGCGCATTATCGACCGATCCTGATGTCTTCGGATGGAT
TTGAGTAAGAGCATAGCTGTTGGGACCCGARAGATGGTGAACTATGCGTGAATAGGGTGA
AGCCAGAGGAAACTCTGGTGGAGGCTCGCAGCGGTTCTGACGTIGCARAATCGATCGTC-AA
ATTTGCGTATAGGGGC-GAAAGACTAATCGATTAGACAGGGTITGTITTG---CCTGTTGA
AATGGG--AATCTAAC--AGTTCATTTGTGCTGACAZGGATGAAARTAGAATAATCCTGC
ATTCAAGGCCGCTGTTAATATTCGAGACCCAAAGCGAAAATTCGATACGATATGGCGACT
CTGCAAGCCGAAGCTTGTTTGCGACAGTGACATCAATCCCGACGATCCAGAGTTCAACAG
CGATCCCAAGGAAGCAGCAAAG---CGTTCTCATGGTGGATGTGGCAATACTCAACCCGA
GGTGCGCCAACAGGCTTTACAACTTTGGGGTACCTGGAAGATGCCGAAGGATGAGGAGAA
CGATGGTGG-———=--—-—- ATCTGAGAAGAGACAAATCACTCCAGAGATGGCTCTGAACGT
TCTTCGAAGCATGTCTACTTCTGACATTCGGGATCTGGGACTCAGCGTCGATTATGCTCG
TCCTGAGTGGTTGATCATCACAGTTCTGCCAGTTCCTCCACCACCCGTCCGACCCAGTAT
TTCCATGGATGGCACAAGCACTGGTATGCGCGGAGAGGATGATTTGACCTATAAGCTTGG
TGATATTATCCGTGCAAATGGCAATGTGAAGC-AGGCACAACAGGAAGG

Figure 4R
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Switchgrass seeding root-
2 days after inoculation

Figure 7
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Figure 8
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Switchgrass Seedling Survival Percent

Control Fusarium  Acidomelania

Figure 9
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Fusarium Acidomelania

Contral

|

Figure 10
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Control Acidomelania, 4 days
after inoculation

Figure 11



US 2018/0037517 Al

COMPOSITIONS AND METHODS THEREOF
INCREASING PLANT GROWTH AND
RESISTANCE TO ENVIRONMENTAL

STRESS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/047,226 filed Sep. 8, 2014, the entire
contents being incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to the fields of agriculture
and propagation of plants under abiotic stress conditions.
More specifically, the invention provides methods and
microbial based compositions which facilitate improved
plant growth and stress tolerance.

BACKGROUND OF THE INVENTION

[0003] Several publications and patent documents are ref-
erenced throughout this application in order to more fully
describe the state of the art to which this invention pertains.
The disclosure of each of these publications and patent
documents is incorporated by reference herein.

[0004] Pine barrens (pinelands) comprise a unique type of
eco-system that is oligotrophic, and both drought- and
fire-prone. Pine barrens occur throughout northeastern USA
from New Jersey to Maine (Forman et al. 1998). Pines and
oaks are the most common trees in pine barrens, while the
understory is composed of grasses (Poaceae), sedges (Cy-
peraceae), blueberries and other members of heath family
(Ericaceae). The largest and most uniform area of pine
barrens in the United States is the 1.4 million acre pine
barrens of New Jersey, where the soil is highly acidic, sandy
and nutrient poor.

[0005] Dark septate endophytes (DSE) refer to a group of
heterogeneous plant root-colonizing ascomycetes that pro-
duce melanized, septate hyphae. They have been isolated
from over 110 plant families that grow in various environ-
ments (Knapp et al. 2012). The best studied DSE are the
Phialocephala fortinii-Acephala applanata complex (PAC),
a group of asexual fungi in Helotiales of Leotiomycetes
(Wang et al. 2006). Fungi in PAC are characterized by darkly
pigmented hyphae, and typically produce branched conid-
iophores, hyaline phialides with collarettes, and intracellular
microsclerotia (Griinig et al. 2008a, 2008b; Yu et al. 2001).
PAC are the common root associates of many tree species,
specifically conifers in forests of the northern hemisphere
(Griinig et al. 2008a, 2008b; Menkis 2004). Despite the
global pervasiveness of DSE, their ecological roles, phylo-
genetic relationships and taxonomy remain poorly under-
stood (Knapp et al. 2012; Mandyam and Jumpponen 2005).
DSE fungal-plant interaction studies have yielded variable
results, likely due to the use of differing experimental design
strategies (Griinig et al. 2008b).

[0006] It is estimated that 30% of the world’s total land
area consists of acid soils, and 50% of the world’s potential
arable lands are acidic (Tuininga et al. 2004). In view of
these adverse environmental conditions, improved methods
to enhance growth of both edible and non-edible plants are
needed.
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SUMMARY OF INVENTION

[0007] Inaccordance with the present invention, a method
for enhancing overall plant growth and resistance to adverse
abiotic conditions comprising contacting a plant or seed
therefrom with a composition comprising a biofertilizer
comprising at least one endophytic fungi and optionally
bacteria. In one aspect, the fungi is Acidomelania panicicola
and the optional bacteria is from the Burkholderia genus.
The method can include inoculating the seeds with the fungi
and, or bacteria in agar or growth medium and placing
seeds/agar composition in the soil. In another approach, after
mixing the cultures, the seeds and cultures are subjected to
drying to form a coating thereon. Vermiculite and rock
phosphate may also be included in the composition to
enhance plant growth and resistance to abiotic stress. The
method can be applied to both monocots and dicots and can
be used on plants which include without limitation, lettuce,
corn, rice, soybeans, potatoes, barley, wheat, and carrots. In
a particularly preferred embodiment, the plant is a turfgrass
plant selected from a Ryegrass, Kentucky Bluegrass, Tall
Fescue, Bermuda, St. Augustine or Zoysia plant or any other
turfgrass plant.

[0008] In another aspect of the invention, a biofertilizer
composition is provided. An exemplary biofertilizer
includes an effective amount of 4. panicicola and at least
one agent or microorganism for promoting plant growth and
resistance to abiotic stresses for use in the method described
above. In a preferred embodiment, the composition contains
A. panicicola and at least one Burkholderia species in equal
concentrations. The composition may also contain a sun
protecting product and a polysaccharide solution. The fungal
strains may also be encapsulated in allignate beads.

[0009] Inyetanother aspect of the invention the fungus for
use in the method is selected from the Barrenia genus. In a
preferred embodiment, the fungi is Barrenia panicia. This
composition may also comprise a bacteria selected from the
Burkholderia genus.

[0010] The biofertilizer composition comprising at least A.
panicicola and, or Barrenia and, optionally, other agents or
microbial or fungal species are effective to enhance plant
resistance to environmental stresses. Such agents may
include gel formulations, agar, vermiculite, sun protector-
ants, rock phosphate, alginate, which when combined form
an efficacious biofertilizer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1. Maximum likelihood phylogenetic tree
inferred from the large subunit of rRNA gene sequence.
Bootstraps higher than 70 have thickened branches.

[0012] FIG. 2. Maximum likelihood phylogenetic tree
inferred from the internal transcribed spacer sequences of
rRNA gene. Bootstraps higher than 70 have thickened
branches.

[0013] FIG. 3. Maximum likelihood phylogenetic tree
inferred from combined ITS, LSU, and RPB1 gene sequence
datasets. Bootstraps higher than 70 have thickened branches.
[0014] FIG. 4. DNA sequence for A. applanata
AY078151; SEQ ID NO: 1 (FIG. 4A), A. panicicola
KF874620; SEQ ID NO: 2 (FIG. 4B), 4. panicicola
KF874619; SEQ ID NO: 3 (FIG. 4C), A. panicicola AL5Sm2-
2; SEQ ID NO: 4 (FIG. 4D), 4. panicicola CM11M2; SEQ
ID NO: 5 (FIG. 4E), 4. panicicola WSF1-R37; SEQ ID NO:
6 (FI1G. 4F), A. taeda CM14-P64; SEQ ID NO: 7 (FIG. 4G),
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A. taeda WSF14-P22; SEQ ID NO: 8 (FIG. 4H), A. taeda
WSF14-P13; SEQID NO: 9 (FIG. 41), C. clavus DQ491502;
SEQ ID NO: 10 (FIG. 47), D. acerina AF141164; SEQ 1D
NO: 11 (FIG. 4K), H. aureliella IN943611; SEQ ID NO: 12
(FIG. 4L), L. virgineum DQ491485; SEQ ID NO: 13 (FIG.
4M), L. macrospores DQ471005; SEQ ID NO: 14 (FIG.
4N), M. cinerea DQ491498; SEQ ID NO: 15 (FIG. 40), M.
laxa BF153017, SEQ ID NO: 16 (FIG. 4P), P. fortinii
AB671499; SEQ ID NO: 17 (FIG. 4Q), and V. truncorum
EU434855; SEQ ID NO: 18 (FIG. 4R).

[0015] FIGS. 5A-5E. Switchgrass seedling two days after
inoculation with Acidomelania panicicola holotype isolate
61R8 (FIG. 5A); Control (FIG. 5B); three days after inocu-
lation with Barrenia panicia holotype isolate WSF1R37
(FIG. 5C); Control (FIG. 5D), Barrenia taeda holotype
isolate WSF14P22 (FIG. 5E). Bar=1 mm

[0016] FIGS. 6A-6C. Representative image of morpho-
logical characters of Barrenia panicia holotype isolate
WSF1R37 (FIG. 6A); Representative image of morphologi-
cal characters of Barrenia panicia holotype isolate
WSF1R37 (FIG. 6B); Representative image of morphologi-
cal characters of Barrenia panicia holotype isolate
WSFIR37 (FIG. 6C). A-Bar=10 pm

[0017] FIG. 7. Micrographs of control and Acidomelania
panicicola inoculated switchgrass seedling roots 2 days post
inoculation.

[0018] FIG. 8. Micrographs of control and Acidomelania
panicicola inoculated rice seedling roots 4 days post inocu-
lation.

[0019] FIG. 9. Micrographs showing control, Fusarium
oxysporum inoculated and Acidomelania panicicola inocu-
lated switchgrass seedling survival percentage.

[0020] FIG. 10. Micrographs showing control, Fusarium
oxysporum inoculated and Acidomelania panicicola inocu-
lated switchgrass roots.

[0021] FIG. 11. Micrographs showing control and
Acidomelania panicicola inoculated lettuce roots 4 days post
inoculation.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Drought and low nutrient stress typified early ter-
restrial environments when plant colonization of land
occurred and was facilitated by root-symbiotic fungi (Stoyke
et al. 1991). Beneficial endophytes encompass bacteria and
fungi that have the ability to alleviate abiotic stresses in
combination with plant growth promotion. Endophytes have
been reported to enhance early root differentiation, improve
drought and salinity tolerance and increased survival rate.
These endophytes play critical roles in litter decomposition,
nutrient absorption and cycling (Forman et al. 1998; Black-
well et al. 2011).

[0023] A group of new fungal species were discovered
from switchgrass and other grass roots in the New Jersey
Pine Barrens, which is a dry, highly acidic environment, low
in nutrients (P, K, organic matter etc.), with high aluminum
toxicity (von Uexkull et al. 1995). Herein we describe two
new genuses, Acidomelania and Barrenia, discovered in
pine barren switchgrass roots.

[0024] Barrenia was classified using multi-gene phyloge-
netic analyses, along with phenotypic and ecological char-
acteristics. While the new species was isolated from roots of
switchgrass and pitch pine in the acidic and oligotrophic
New lJersey Pine Barrens, Barreria likely has a wide dis-
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tribution as its internal transcribed spacer (ITS) sequence
has high similarity with a number of GenBank sequences
obtained in various ecological studies. The majority of these
similar ITS sequences were obtained from roots in plants
growing in acidic, nutrient-poor environments, as well as
from managed sugarcane plantations. Phylogenetic analyses
of ITS, LSU and RPBI1 sequence data strongly support that
Barrenia is a monophyletic Clade in Helotiales, distinct
from any known taxa. Barrenia is phylogenetically close to
Acidomelania, Loramyces, Mollisia, and Phialocephala for-
tinii-Acephala applanata species complex (PAC), the dark
septate endophytes. Barreria can be distinguished from
Loramyces and Mollisia by its association with living plant
roots. While taxa in PAC also are root endophytes, they have
complex phialid arrangements that appear to be lacking in
Barrenia.

[0025] The present inventors have performed functional
studies which demonstrate that application of biofertilizers
comprising Acidomelania panicicola and Barrenia panicia
significantly enhanced dense root hair growth in switch-
grass. Acidomelania pancicola plant-fungal interactions
with rice and lettuce seedlings under acidic and poor nutrient
conditions also resulted in a significant promotion of root
and shoot length.

[0026] In one aspect of the invention, a biofertilizer com-
position is prepared by inoculating seeds with fungi (e.g.
Acidomelania panicicola or any fungus selected from the
genus Barrenia) on agar or growth medium and placing
seeds and agar in the soil. In another aspect of the invention,
a biofertilizer composition is prepared by mixing fungi and
bacterial cultures with seeds prior to placing seeds in the
soil, the cultures optionally forming a coating around the
seeds. In a third aspect of the invention, seeds are mixed
with fungi and bacterial cultures and dried. In a fourth aspect
of the invention, seeds are grown in fungal inoculated soil
formulated with vermiculite and rock phosphate.

Definitions

[0027] An endophyte is an endosymbiont, often a bacte-
rium or fungus, that lives within a plant without causing
apparent disease. Endophytes may enhance a plant’s growth
and improve the plant’s ability to tolerate abiotic stresses
such as drought or harsh soil conditions. In one embodiment
an endophyte useful herein comprises the fungus,
Acidomelania panicicola. In another embodiment, an endo-
phyte comprises Barrenia panicia. Endophytes useful herein
include the fungus Acidomelania panicicola in combination
with certain bacteria selected from the bacterial species,
Burkholderia. In yet another approach, the fungi Acidomela-
nia panicicola and the fungi Barrenia panicia are used in
combination to enhance plant growth under abiotic stress
conditions.

[0028] The term “abiotic” includes non-living chemical
and physical parts of the environment that affect ecosystems.
An ecosystem’s abiotic factors may be classified via
“SWATS” (Soil, Water, Air, Temperature, Sunlight).

[0029] The term “biofertilizer” comprises at least one
substance containing living microorganisms which, when
applied to seed, plant surfaces, and/or soil, colonizes the
rhizosphere or the interior of the plant and promotes growth
by increasing the supply or availability of primary nutrients
to the host plant. Biofertilizers can also comprise other
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agents which enhance the growth of the microorganisms
present. Such agents include, without limitation, agar, gel,
and minerals.

[0030] The term “crop” herein refers to any plant grown to
be harvested or used for any economic purpose, including
for example human foods, livestock fodder, fuel or pharma-
ceutical production.

[0031] The following materials and methods provided to
facilitate the practice of the present invention.

Fungal Isolation

[0032] Poaceae grass roots were collected from three
locations (N 40 12.00, W 74 30.00; N40 04.084, W74
26.696; and N 39 46.136, W 74 40.885) in New Jersey Pine
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Barrens in 2012 and 2013. Native pitch pine (Pinus rigida)
roots were collected from two locations (N40 04.084, W74
26.696; and N 39 46.136, W 74 40.885) in New Jersey Pine
Barrens in 2014 (Tables 1 and 2). Soil pH of the sampling
locations ranged from 4.7 to 5.2. Root samples were rinsed
thoroughly to remove soil from the surface, cut into 10-20
mm pieces then surface disinfected with sequential washes
of 95% ethanol for 30 s, 0.5% NaOCI for 2 min and 70%
ethanol for 2 min. After several rinses with sterile water and
drying, the root samples were cut into 5 mm pieces and
plated on acidified malt extract agar (AMEA, 1.5 ml 85%
lactic acid per liter of 2% malt extract agar). Plates were
incubated at room temperature with 12 h light and 12 h dark
cycles. Fungal cultures were transferred to fresh AMEA and
purified by sub-culturing from emergent hyphal tips.

TABLE 1
Morphological Type Known
Species MycoBank # Etymology description species Habitat distribution
Barrenia E.  MB811715  "Barren” Colonies on MEA Barrenia  Endophytic New Jersey
Walsh & N. refers to the darkly pigmented, panicia in roots of Pine
Zhang, gen. pine barrens surface fluffy, Poaceae  Barrens,
nov. ecosystem aerial hyphae thick grasses United
where the and light brown. States
fungi were Colonies on WA
discovered light brown; sparse
aerial hyphae.
Sporulation not
observed
TABLE 2
Other
materials
Species MycoBank # Etymology  Morphological Description Holotype examined
Barrenia MBR11716  “panici” Colonies on MEA 55 mm United States: United States:
panicia refers to the diam after 20 d in the dark at New Jersey: New Jersey:
E. Walsh host 25 C., Cinnamon Brown, Wharton State Assunpink
& N. Zhang, surface fluffy, aerial hyphae  Forest, N 39 Lake, N 40
sp. nov. thick and light brown, 45.346, W 074 12.00, W 74
reverse pigmented, Warm 41.684, 3 m 30.00, 3 m alt.,
Sepia. Colonies on WA alt., from roots from roots of
reaching 51 mm diam after of Panicum Digitaria sp.,
20 d in the dark at 25 C., virgatum, 5 30 Aug. 2012,
Ochraceous Tawny, aerial Jun. 2013, E. Walsh E. Walsh & N. Zhang
hyphae sparse, reverse & N. Zhang, AL5m2;
pigmented, Cinnamon WSF1R37 Colliers Mills,
Brown. Warm Sepia, paddle- (RUTPP- N40 04.084
shaped hyphopodium-like WSF1R37) W74 26.696, 5 m
structures formed in alt., from
inoculated switchgrass root roots of Coix
tissue lacryma - jobi,
30 Aug. 2012,
E. Walsh & N. Zhang
CM11m2
Barrenia MB811717  “taeda” Colonies on MEA 28 mm United States: United States:
taeda E. Walsh & means pine  diam after 20 d in the dark at New Jersey: New Jersey:
N. Zhang, wood and 25 C., Cinnamon Brown, Wharton State Wharton State
sp. nov. refers to the surface fluffy, aerial hyphae = Forest N 39 Forest, N 39
host thick and light brown, 45.346, W 074 45.346, W 074
reverse pigmented, Mummy  41.684, 3 m 41.684, 3 m

Brown. Colonies on WA

reaching 31 mm diam after

alt., from roots
of Pinus rigida,

alt., from roots
of Pinus rigida,

20 d in the dark at 25 C., 26 Jun. 2014, 26 Jun. 2014,
Buckthorn Brown, sparse E. Walsh & N. Zhang E. Walsh & N. Zhang
aerial hyphae, reverse WSF14P22 WFS14P13;
pigmented, Buckthorn (RUTPP- Colliers Mills,
Brown. Sporulation not WSF14P22) N40 04.084

observed

W74 26.696, 5 m
alt., from
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TABLE 2-continued
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Species MycoBank # Etymology = Morphological Description

Holotype

Other
materials
examined

roots of Pinus
rigida, 4 Jun.
2014, E. Walsh
& N. Zhang
CM14P64

Morphological Study and Growth Rate

[0033] Purified fungal isolates were grown on cellophane
overlaid with 2% MEA (BD Difco, Maryland) and 2% water
agar (WA). Cultures were incubated at 20° C. in the dark
with three replicates. Colony diameter was measured after
20 days. The color names of colonies followed Ridgway
(1912).

DNA Extraction, Amplification and Sequencing

[0034] Genomic DNA was extracted from fungal myce-
lium using the UltraClean Soil DNA isolation kit (MoBio,
California) following the manufacturer’s instructions. PCR
was performed with Taq 2X Master Mix (New England
BioLabs, Maine), following the manufacturer’s instructions.
PCR cycling conditions for the internal transcribed spacer
(ITS) and the large subunit of ribosomal RNA genes (LSU)
consisted of an initial denaturation step at 95° C. for 2 min,
35 cycles of 95° C. for 45 s, 54° C. for 45 s, 72° C. for 1.5
min, and a final extension at 72° C. for 5 min. For the largest
subunit of RNA polymerase II (RPB1), the cycling condi-
tions included an initial denaturation step at 95° C. for 2 min,
35° cycles of 95° C. for 60 s, 55° C. for 1.5 min, 72° C. for
2 min, and a final extension at 72° C. for 10 min. Primers
used in this study are as follows: ITS1 and ITS4 for the ITS
region (White et al. 1990), ITS1 and LRS for the LSU locus
(Rehner and Samuels 1995), and RPB1 Af (Hall and Stiller
1997) and RPB1 CrRev (Matheny et al. 2002) for the RPB1
gene. PCR products were purified with ExoSAP-IT (Af-

fymetrix, California) and sequenced with the PCR primers
by Genscript Inc. (Piscataway, N.J.).

Sequence Alignment and Phylogenetic Analyses

[0035] Six representative isolates of the new taxon
(CM11m2, CM14P64, AL5m2, WSF1R37, WSF14P13, and
WSF14P22) as well as other reference Leotiomycetes spe-
cies (Table 3) were included in the phylogenetic analyses.
The ITS dataset included sequences of the six new isolates
from this study and 15 reference sequences of Helotiales.
The LSU dataset included the six new sequences and 28
reference sequences of Helotiales and Rhytismatales. The
three-gene (ITS, LSU and RPB1) alignment included the six
new sequences and 12 reference sequences of Sequences
were aligned with MUSCLE (Edgar 2004). Maximum like-
lihood (ML) tree was generated with MEGA 6 (Tamura et al.
2013). Models with the lowest BIC scores (Bayesian Infor-
mation Criterion) were considered to describe the substitu-
tion pattern the best. The best models for LSU, ITS and
three-gene datasets were Tamura-3 parameter, Kimura 2-pa-
rameter, Kimura 2-parameter, respectively. Initial tree(s) for
the heuristic search were obtained automatically by applying
Neighbor-Join and BioNIJ algorithms to a matrix of pairwise
distances estimated using the Maximum Composite Likeli-
hood approach, and then selecting the topology with supe-
rior log likelihood value. A discrete Gamma distribution was
used to model evolutionary rate differences among sites.
Bootstrap was computed for 500 replications. All positions
containing gaps and missing data were excluded from the
analyses.

TABLE 3
Species name, isolate number, host, location and GenBank accession numbers of the fungi used in this
study.
Isolate

Species number ¢ Host Location ITS LSU RPBI1
Acephala CBS109321  Picea abies, Biidmerenwald, AY078145 KF951051 AFTOL
applanata root Switzerland 3613
Acephala CBS123555  Pinus Hubertusstock, HM189719
macrosclerotium sylvestris, root Germany
Acidomelania CBS137156  Panicum New Jersey KF874619 KF874622 —
panicola virgatum, root Pine Barrens,

USA
Acidomelania CM16s1 Schizachyrium New Jersey KF874620 KF874621 —
panicola scoparium, Pine Barrens,

root USA

Barrenia ALSm2 Digitaria sp., New Jersey — — —
panicia root Pine Barrens,

USA
Barrenia CMI11M2 Coix lacrymajobi, New Jersey — — —
panicia root Pine Barrens,

USA
Barrenia WSF1R37 Panicum New Jersey — — —
panicia virgatum, root Pine Barrens,

USA
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TABLE 3-continued

Species name, isolate number, host, location and GenBank accession numbers of the fungi used in this

study.
Isolate
Species number ¢ Host Location ITS LSU RPBI1
Barrenia taeda CM14P64 Pinus rigida, New Jersey — — —
root Pine Barrens,
USA
Barrenia taeda WSF14P13  Pinus rigida, New Jersey — — —
root Pine Barrens,
USA
Barrenia taeda WSF14P22  Pinus rigida, New Jersey — — —
root Pine Barrens,
USA
Botryotinia Oregon, USA AY544651
Sfuckeliana
Bulgaria CBS118.31 Germany DQ470960 AFTOL916
inquinas
Chloroscypha Oregon, USA  U92311
chloromela
Chlorovibressea New Zealand DQ257352
sp.
Collembolispora foam in stream Nova Ves, KC005811
aristata Czech Republic
Cudoniella AFTOL166 Hemlock cones  Benton County, DQ470944 DQ471128
clavus and small Oregon, USA
sticks
Dermea acerina  CBS161.38  Acer rubrum Bear Island, AF141164 DQ247801 DQ471164
Ontario,
Canada
Fabrella tsugae AF356694
Hyaloscypha Scotland IN943611 EU940152 IN985241
aureliella
Hyaloscypha Kaarina, FI477059 FJ477058
vitreola Finland
Lachnum AFTOL49 Alnus sp., Oregon, USA  DQ491485 AY544646 DQ842030
virgineum cones
Lambertella CBS811.85  Aster Honshu, Japan DQ470978
subsubrenispora ageratoides
var. ovata
Leotia lubrica AFTOL1 Chrysolepis Oregon, USA AY544644
chrysophyla
Loramyces CBS235.53  Equisetum UK DQ471005 DQ470957 DQ471149
macrosporus limosum
Microglossum ATFTOL1292 Tennessee, DQ470981 DQ471179
rufum USA
Mollista cinerea  CBS122029 fallen log Alsea Falls, DQ491498 DQ470942 DQ471122
Oregon, USA
Mollisia ICMP18083  Actinidia New Zealand HM116757
dextrinospora deliciosa cv.
Hayward
Monilinia laxa CBS122031 AY544670 FI238425
Neobulgaria Finland EU940141
lilacina
Neobulgaria CBS477.97  log with moss New York, FI176865
pura USA
Neofabrea CBS122030  Malus sp. Oregon, USA AY544662
malicorticis
Phialocephala CBS300.62  slime in pulp AFA86121 AB671465
dimorphospora mill
Phialocephala CBS443.86  Pinus Suonenjoki, AB671499 AB671466
Sfortinii sylvestris, root Finland
Phialocephala CBS468.94  Picea abies, Regensburg, AF486126
scopiformis bark Germany
Spathularia Tsuga Tennessee, FI99786
velutipes Canadensis USA
Varicosporium Svalbard, IN941371
elodeae Norway
Vibressea CBS258.91  Populus, Ontario, EU434854 FJ176874 FI238438
truncorum submerged Canada
root
Acephala sp.© Cymbidium China HQ889709
insigne
Acephala sp.© Sugarcane, Brazil GU973749

root
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Species name, isolate number, host, location and GenBank accession numbers of the fungi used in this

study.
Isolate
Species number ¢ Host Location ITS LSU RPBI1
Phialocephala Rhododendron, Smoky JQ272328
sp.© root Mountain
National Park,
USA

2 AFTOL = Assembling the Fungal Tree of Life project; ATCC = American Type Culture Collection, Manassas, Virginia, USA; CBS
= Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands; I[CMP = International Collection of Micro-organisms from

Plants, Lincoln, New Zealand.
® Numbers in boldface indicating new sequences from this study.

¢ Taxon name was copied from GenBank. Phylogenetic analysis in this study indicated that they belong to Barrenia.

Plant-Fungal Interaction Experiment

[0036] Fungal isolates WSF1R37, WSF14P22, and A.
panicicola isolate 61R8 were used in the seedling inocula-
tion experiment. Switchgrass (‘Kanlow’) seeds were surface
disinfected as follows: 95% ethanol for 30 s, 0.5% NaOCl
for 1 min, 70% ethanol for 1 min, rinsed with sterile distilled
H,O and allowed to germinate in the dark at 25° C. for 3
days. Agargel (Sigma-Aldrich, USA) plates were made
following manufacturer’s instructions, and were cut in half,
with one side removed. On the cut surface of an Agargel
plate, three 10 mmx10 mmx5 mm plugs from a one-week
old fungal culture grown on MEA were placed equidistance
from one another. Germinated switchgrass seeds with visible
radicle were then placed on the plugs. Sterile MEA plugs
were used as negative control. Cultures were incubated at
25° C. under 12 hr light and dark cycle with nine replicates.
Root length was measured 7 days after inoculation.

[0037] The following examples are provided to illustrate
certain embodiments of the invention. They are not intended
to limit the invention in any way.

Example 1

Barrenia, a New Genus Associated with Roots of
Switchgrass and Pine in the Oligotrophic Pine
Barrens, Promotes Root Hair Growth

A. Culture Morphology and Growth Rate

[0038] Isolate WSF1R37 produced dense Cinnamon
Brown mycelium on MEA, and Ochraceous Tawny myce-
lium on WA. Colony diameter measurements for isolate
WSF1R37 after 20 days were 75 mm on average on MEA
with standard deviation (SD) of 2.6, and 47 mm on average
on WA with SD of 2.6. Isolate WSF14P22 produced dense
Cinnamon Brown mycelium on MEA, and Buckthorn
Brown mycelium on WA. Colony diameter measurements
for isolate WSF14P22 after 20 days were 28 mm on average
on MEA with SD of 0.6, and 26 mm on average on WA with
SD of 1.0.

B. Sequence Data and Phylogeny

[0039] There were 173 characters in the LSU alignment,
377 in ITS and 1291 in the three-gene alignment. Maximum
likelihood trees based on LSU, ITS and three gene
sequences are shown in FIGS. 1-3. All three phylogenies
supported that the new isolates formed a monophyletic clade
in Helotiales separated from any known taxa. The LSU tree

indicated that they were close to Acidomelania panicicola,
Loramyces macrosporus, Mollisia cinerea and PAC. The
ITS tree showed that these new isolates were closely related
to A. panicicola, M. cinerea, Phialocephala scopiformis and
L. macrosporus. Inthe I'TS tree, isolates WSF1R37, AL5Sm2,
and CM11m2 formed a well-supported group, while isolates
WSF14P22, WSF14P13, and CM14P64 formed another.
The two groups were also recognized and supported by the
LSU and RPBI1 trees, and variation in the phylogenetic
relationships of these isolates only occurred within the
groups. DNA sequence information for the different fungal
species is displayed in FIGS. 4A-4R.

[0040] Based on the molecular phylogenetic analyses,
morphological characters and their ecological features, a
new genus and two new species have been identified.
Barrenia differs from Loramyces by its association with
living plant roots while Loramyces species are associated
with submerged dead plants (Digby and Goos 1987; Ingold
and Chapman 1952; Weston 1929). Taxa in the PAC are also
root endophytes, but they exhibit complex phialid arrange-
ments that appear to be lacking in Barrenia. Barrenia also
differs from Mollisia because of its lack of phialide produc-
ing conidia. Moreover, Barrenia has 93% or less ITS
sequence similarity to the above-mentioned close relatives
or any other described species with accessible ITS
sequences. The two Barrenia species differ from each other
on host and growth rate. The pine associated B. faeda
exhibited slower growth than the grass associated B. panicia
on both WA and MEA. There is a 96% similarity in ITS
sequences between B. panicia and B. taeda.

C. Plant-Fungal Interaction Experiment

[0041] Switchgrass seedlings inoculated with A. panici-
cola isolate 61R8 and B. panicia WSF1R37 produced dense
root hairs all the way to the root apical meristem area, while
the control seedlings only produced dense root hairs at the
region of maturation of the root (FIGS. 5A and 5C). In
addition, the roots inoculated with A. panicicola isolate
61R8 and panicia WSF1R37 had a serpentine growth pat-
tern, while the control roots were straight. Hyphopodia-like
strutures were observed on the switchgrass seedling roots
inoculated with B. panicia WSF1R37 (FIG. 6A-6C). Root
length for seedlings inoculated with B. panicia WSF1R37
after 7 days were 17.4 mm on average with SD of 1.8, not
significantly different from the control, which was 19 mm on
average with SD of 5.1. Seedlings inoculated with B. taeda
WSF14P22 showed no difference in root hair production
with the control. Root length for B. taeda WSF14P22 after
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7 days was 8.1 mm on average with SD of 1.6, which was
significantly shorter than the control (FIG. 5E).

Discussion

[0042] Our recent survey on fungi associated with grass
roots uncovered a number of novel DSE in Leotiomycetes
from the pine barrens ecosystem (Luo et al. 2014a, 2014b;
Walsh et al. 2014). Leotiomycetes are morphologically and
ecologically diverse and the phylogenetic relationships
within this class are not well resolved due to lack of
molecular data (Wang et al. 2006). Based on the multi-locus
phylogenetic analyses, the new genus Barrenia described
here belongs to Helotiales, which encompasses plant patho-
gens, saprobes and endophytes. The dark, septate hyphal
morphology of Barrenia spp., their root-colonizing habit
and phylogenetic closeness to PAC indicate that they likely
are also DSE.

[0043] The best studied DSE is the PAC, specifically P.
fortinii. However, the ecological functions of PAC and other
DSE remain elusive. Host-fungal interaction experiments
often yielded inconsistent results under various experimen-
tal conditions in different laboratories (Mandyam and Jump-
ponen 2005). This prompted us to examine the interaction
between B. panicia, B. taeda, A. panicicola and switchgrass,
which is the host of B. panicia and A. panicicola. Our
inoculation results indicated that 4. panicicola and B. pani-
cia remarkably promoted the root hair growth in switch-
grass. In switchgrass roots, B. panicia produced hyphopo-
dium-like structures, which may perform penetration and
nutrient exchange function between the fungus and the host
plant (Delaux et al. 2013; Walker 1980). Barrenia taeda,
originally isolated from pine roots, had negative effect on
root elongation in switchgrass seedlings. These results cor-
roborate Mandyam et al. (2010; 2012) that while DSE fungi
have a broad host range, their effects and characteristics can
be considered host specific.

[0044] The phylogenetic analysis in this study indicated
that Barrenia is close to Acidomelania, Loramyces, Mollisia,
and PAC. The phylogenetic proximity of Mollisia, Loramy-
ces and PAC was also supported by Zijlstra et al. (2005) and
Wang et al. (2006). Barrenia can be distinguished from
Loramyces and Mollisia by its association with living plant
roots. While taxa in PAC also are root endophytes, morpho-
logically they can be distinguished from Barreria. In addi-
tion, Barrenia has 93% or less ITS sequence similarities to
the above-mentioned close relatives or any other described
species with accessible ITS sequences. The family place-
ment of Barrenia is not determined here because the Leo-
tiomycetes phylogeny is poorly resolved and several families
in this class likely are polyphyletic (Wang et al. 2006).
[0045] The six Barrenia isolates from New lJersey Pine
Barrens were grouped into two well-supported clades. We
delimited the two species based on the genealogical con-
cordance phylogenetic species recognition (Taylor et al.
2000). The BLAST results in GenBank indicated that Bar-
renia might have a wide distribution. Sixteen ITS sequences
in GenBank had 97-99% identity with that of B. panicia
isolate WSF1R37, for example, GU973749 from sugarcane
root in Brazil, HQ889709 from Cymbidium insigne root in
China, and AY599235 from grass root in The Netherlands.
Twelve ITS sequences in GenBank had 97-99% identities
with that of B. faeda isolate WSF14P22, for example,
JQ272328 from Rhododendron root in USA and KJ817299
from Vaccinium vitis-idaea in Inner Mongolia. The host
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plants of the matched sequences in GenBank are largely
Ericaceae, terrestrial orchids, grasses and conifers, usually
found in acidic and infertile soils (Keddy 2007). This
distribution pattern was also found in Acidomelania pani-
cicola, the other root associated fungus frequently isolated
from the pine barrens (Walsh et al. 2014).

[0046] Additional experiments to uncover fungal-plant
interactions included the inoculation of switchgrass seed-
lings with A. panicicola isolate 61R8 and B. panicia
WSF1R37 produced dense root hairs all the way to the root
apical meristem area, while the control seedlings only pro-
duced dense root hairs at the region of maturation of the root.
In addition, the roots inoculated with A. panicicola isolate
61R8 and B. panicia WSF1R37 had a serpentine growth
pattern, while the control roots were straight. The plant
growth promotion effect of A. panicicola and B. panicia
discovered in this study coupled with their distribution
pattern indicate that these species may play a role in plant
adaptation to acid, low nutrient soils.

[0047] In conclusion, we discovered a new genus and two
species of root-colonizing fungi associated with plants living
in an acidic, nutrient poor environment. The phylogenetic
and taxonomic work and the plant-fungal interaction results
reported here will aid future ecological and evolutionary
studies on root-associated fungi.

Example 11

Endophytic Fungi from Pine Barrens Grasses
Promote Plant Growth in Acidic, High Aluminum
Toxicity and Low Nutrient Conditions

A. Fungal Inoculation of Seeds on Agar

[0048] In this study, we performed functional studies that
demonstrated that Acidomelania panicocola inoculation of
seeds significantly increased root hair growth in switchgrass,
rice and lettuce seedlings compared to the control.

[0049] To assess the effects of Acidomelania panicicola
inoculation of switchgrass and rice seedlings on root hair
abundance, fungus was grown on water agar under room
temperature for 7 days. Seeds were germinated in sterile
distilled water in a petri dish under room temperature in the
dark for 7 days. Seedlings (roots down) were inserted in the
7 day-old fungal agar culture. Control seedlings were uni-
noculated but grown under the same conditions. Significant
differences in root hair abundance were observed in inocu-
lated seedlings when compared to negative, untreated con-
trols (FIGS. 7 and 8). These findings indicate that
Acidomelania panicicola inoculation enhances root hair
abundance.

[0050] To evaluate switchgrass seedling survival percent
and root and shoot length, switchgrass seeds were next
inoculated with Acidomelania panicicola or Fusarium
oxysporum or uninoculated using the method described
above and agar and seedlings were covered with top soil. 6
days post-inoculation, Acidomelania panicicola inoculated
seedlings exhibited a significant increase in survival (FIG.
9). Root and shoot length of switchgrass seedlings were
visualized 8 days after inoculation when enhanced root and
shoot length were observed (FIG. 10). These results dem-
onstrate that colonization of switchgrass seedlings with
Acidomelania panicicola enhances switchgrass growth and
survival.
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[0051] To assess the effects of Acidomelania panicicola
inoculation on lettuce seed growth, seeds were inoculated
and germinated as described above. Root length was
assessed 4 days after inoculation. Increased root growth was
observed for the inoculated lettuce seedlings (FIG. 11).
These findings indicate that Acidomelania panicicola can
enhance growth of edible plants.

B. Bacterial and Fungal Mixing and Inoculation of Seeds

[0052] Fungus (e.g. Acidomelania panicicola) is grown on
water agar or other growth media under room temperature
for 7 days. Bacterium (e.g. Burkholderia sp.) is cultured in
Luria-Bertani broth (LB) overnight at 28° C. Seeds are
mixed with the bacterial culture and the fungal cultures
(ratio: 500 seeds: 10 mL overnight bacterial culture: 1 Petri
dish 7 day old fungal culture) and placed on soil (e.g. Pine
Barrens soil or other nutrient-poor soils). Seeds are then
covered with top soil and grown under sufficient light.

C. Bacterial and Fungal Mixing, Inoculation and Drying of
Seeds

[0053] Fungus (e.g. Acidomelania panicicola) is grown on
water agar or other growth media under room temperature
for 7 days. Bacteria (e.g. Burkholderia sp.) are grown in
Luria-Bertani broth (LB) overnight at 28° C. Seeds are
mixed with the bacterial culture and the fungal cultures
(ratio: 500 seeds: 10 mL overnight bacterial culture: 1 Petri
dish 7 day old fungal culture) and dried. Seeds are placed on
soil (e.g. Pine Barrens soil or other nutrient-poor soils).
Seeds are then covered with top soil and grown under
sufficient light.

D. Bacterial and Fungal Mixing, Inoculation of Soil
Formulated with Vermiculite and Rock Phosphate

[0054] Fungus (e.g. Acidomelania panicicola) is grown on
water agar or other growth media under room temperature
for 7 days. Bacterium (e.g. Burkholderia sp.) are grown in
Luria-Bertani broth (LB) overnight at 28° C. Soil formulated
with vermiculite and rock phosphate is inoculated with the
fungal and bacterial cultures.

Discussion

[0055] Roots were an early development in plant life
evolving on land during the Devonian Period (416 to 360
million years ago; (von Uexkull et al. 1995)). The fossil
record and molecular phylogenetic analysis suggest that
from the outset, mycorrhizal fungi played a crucial role in
facilitating plant invasion of land, which was dry and poor
in nutrients at the time of colonization (Gensel et al. 2001).
Such drought and low nutrient stress continue to challenge
plants living in many extant habitats.

[0056] We describe herein a novel endophytic fungi,
Acidomelania panicicola, for use alone, and optionally in
the presence bacteria, which enter the root-interior and
colonize the tissues of the plant, thereby effectively promot-
ing plant growth and survival. Given that there are limited
techniques—both time consuming and cost-intensive—to
prevent adverse effects of abiotic stressors on plant growth,
the present studies demonstrating that application of a
biofertilizer comprising Acidomelania to seeds or seedlings
results in increased seedling survival rate, root hair abun-
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dance, and root and shoot length will have great utility for
promoting plant growth under adverse environmental con-
ditions.

Example III

Liquid Formulation of the BioFertilizer for Seed
Coating

[0057] This example provides a liquid formulation of
biofertilizer, where the formulation consists of two separate
solutions that are combined before use as a seed coating.
[0058] For the first solution, the fungi are grownina 1l L
flask using an adequate medium and are concentrated by
centrifugation in order to separate the solid. This solid is
then suspended in a minimum amount of media. A sun
protecting product, such as Congo red or green colorant can
also be added to the media at 1% (W/v).

[0059] According to one preferred embodiment, 4. pani-
cicola only is used for the first solution in similar initial
concentrations. In a second embodiment, the first solution
contains a fungus from the genus Barrenia only (e.g. B.
panicia). In another embodiment, the first solution is com-
prised of A. panicicola and at least one fungus from the
genus Barrenia (e.g. B. panicia). In another embodiment,
the first solution contains a mixture of 4. panicicola and at
least one bacteria from the genus Burkholderia. In another
embodiment, a mixture of B. paricia and at least one
bacteria from the genus Burkholderia is contained within the
first solution.

[0060] For the second solution, a 1% (w/v) solution of a
polysaccharide, such as guar gum, gelan gum, pectin, car-
boxymetil cellulose, agar-agar, xantan gum (or other food
hydrocolloid) is prepared to be used as sticker. The two
solutions are then mixed together to treat plant seeds as a
coating. The seed should be dried before planting and it is
preferable to wait at least two hours after application prior
to planting.

Example IV

Solid State Formulation of the Biofertilizer of the
Invention

[0061] This example provides a liquid formulation of a
biofertilizer where the fungi and optionally bacteria are
encapsulated and the fertilizer is in solid form. Alginate
beads were prepared as follows: 1 ml of 30% glycerol was
added to 1, 1.5 or 2% sodium alginate solution, depending
on the alginate properties (M/G ratio) to obtain a final
volume of 25 ml. Then, 250 ml of culture (obtained from a
culture of A. panicicola only, a fungus from the genus
Barrenia only (e.g. B. panicia), or a mixture of A. panicicola
and Burkholderia, or a mixture of A. panicicola and Barre-
nia (e.g. B. panicia) was centrifuged, the cell pellet was
washed with saline (0.85% NaCl, w/v) and suspended in 25
ml of alginate mixture and mixed thoroughly. This suspen-
sion was added drop wise into a pre-cooled sterile 1.5 or 2%
(w/v) aqueous solution of CaCl, under mild agitation to
obtain the fungal-alginate beads. These beads were allowed
to harden for 2-4 h at room temperature. Beads were
collected by sieving and were washed several times with
sterile water and stored at 4° C. In order to preserve the
formulation, the fresh wet beads were frozen at —-80° C. prior
to lyophilization at —45° C. for 15 h. The lyophilized dry
beads were stored in sterile glass bottles.
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While certain of the preferred embodiments of the

present invention have been described and specifically

exemplified above, it is not intended that the invention be
limited to such embodiments. Various modifications may be
made thereto without departing from the scope and spirit of

the present invention, as set forth in the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 18

<210> SEQ ID NO 1
<211> LENGTH: 1889

<212> TYPE:

DNA

<213> ORGANISM: Acephala applanata

<400> SEQUENCE: 1

gtgtttacat

tgtgecegec

aaaactttca

taagtaatgt

tgtggtattce

tattggggta

gtagtacata

atcaataagc

taacagctca

ggtgtcggcc

gtgatcggtg

gctcaaaatyg

caagtagagt

ttgttgaaag

ceggtgeact

gaatgtgget

cegegetteg

caaggagtct

aacggaggta

ttgagtaaga

agccagagga

tttgcgtata

gcagatctac

gctgttteca

aagatgatct

gaagccgtga

gctetgecage

tceecgagaaga

gctgagatte

actattgttg

agaggaccaa

acaacggatc

gaattgcaga

cgcagggeat

cgeggteteg

ctceegetat

ggaggaaaag

aatttgaaag

cggtetaagt

cegttgecey

ggtggtaaat

gatcgaaaga

ggaagcgett

cgategttet

ctteggagtyg

gctaggatge

aacatctatg

agagcccttt

gcatagctgt

aactctggtyg

dgggcgaaag

ttgttetygt

ttcgagaccce

gcgatagega

agcgetetea

tttggggtac

gacaaatcac

gcgaccttygyg

ctttggeggyg
actctgaatg
tcttggttet
attcagtgaa
gcectgttega
cggeectceaa
agagttcccc
aaaccaacag
ctgccaacag
tccttggaac
tgtaaagcgce
ttcatctaaa
tgaaaagcac
gcaaccagac
caggccagea
ttatageccca
tggcgtaatg
cgagtgtttyg
agggtgecatt
tgggacccga
gaggctegea
actaategge
gctgacatga
gaagcgtagg
cgtttetgeyg
tggaggetgt
atggaagatg
tccagagatg

gttgagcaac

cegtgaccte

ttagtgatgt

ggcatcgatyg

tcatcgaatc

gcgtcattta

aatcagtggce

cggtggctcg

ggattacctce

gcegegttgt

aggacgtcat

tttcegacgag

gctaaatatt

tttggaaaga

ttgcgggegyg

tceggttteeyg

ccegtgeaatg

gttgtaagcyg

ggtgtcaaac

atcgaccgat

aagatggtga

gceggttetga

tagacagagt

gtatctcaga

ttcgatacga

gacgatcaag

ggaaatactc

cctaaggacyg

gctetgaacy

gattatgcce

cactgeggge
ctgagtacta
aagaacgcag
tttgaacgca
accactcacyg
ggtgccggtyg
caccegetga
agtaacggeg
aatttgtaga
agagggtgag
tcgagttgtt
ggccagagac
gagttaaaca
tcgatcatec
gggtgggata
cegecacegyg
accegtettyg
ccatacgegt
cctgatgtet
actatgegtyg
cgtgcaaatc
cagttegecc
gtaatccgge
tttggcgact
aattcggtgg
agcccgaggt
aggagaacga
tcttecgaag

gacccgactyg

tctgetegtyg

tctaatagtt

cgaaatgega

cattgegece

CCtggCgtgg

ggctctaage

acttaagcat

agtgaagcgg

rgctgetttyg

aatccegtat

tgggaatgca

cgatagegea

gtacgtgaaa

gaggttctee

aaggcggtgg

ggaccgagga

aaacacggac

aatgaaagtg

tceggatggat

aatagggtga

gatcgtcaaa

gatgagggtg

cttcaaagca

ttgcaagcce

cgatccaaag

gcgecageag

gggaagccaa

catgtctact

gctgatcate

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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acagtccttce cagttcctece tecgeccecggtt cgaccaagta tctcaatgga tggcacaagce 1800
acaggcatgc gtggagarga tgatttgacg tacaagctcg gtgatatcat ccgtgcgaac 1860
ggcaatgtca agcaggcaca acaggaagg 1889
<210> SEQ ID NO 2

<211> LENGTH: 1943

<212> TYPE: DNA

<213> ORGANISM: Acidomelania panicicola

<400> SEQUENCE: 2

gtgtctacat actcttgttg ctttggcagyg ccgtggecte ccactgtggg ctecagectge 60
atgtgcctge cagaggacca aactctgaat gttactgatg tctgagtact atataatagt 120
taaaactttc aacaacggat ctcttggtte tggcatcgat gaagaacgca gcgaaatgeg 180
ataagtaatg tgaattgcag aattcagtga atcatcgaat ctttgaacge acattgcacc 240
cggtggtatt ccgecegggta tgectgtteg agegtcatta caaccactca agectgtett 300
ggtgttgggyg attgcgaatc tegcagecct agagtccagt agegtcacct ttaggtecta 360
agcgtagtaa tttctecteg ctacagaace tgecggtgga tagtataaat ccagttaagt 420
ctggtatcce geggttgace teggatcaag tagggatacce cgctgaactt aagcatatca 480
ataagcggag gaaaagaaac caacagggat tactttagta acggcgagtyg aagcggtaac 540
tgctcaaatt tgaaagctge caacaggecg cgttgtaatt tgtagaagat getttgggtg 600
tcggeccagt ctaagttect tggaacagga cgtcatagag ggtgagaatce ccgtatgtga 660
ttggtgcegt ccccegtgta aagetcettte gacgagtega gttgtttggg aatgcagete 720
aaaatgggtyg gtaaatttca tctaaageta aatattggec agagaccgat agcgcacaag 780
tagagtgatc gaaagatgaa aagcactttg gaaagagagt taaacagtac gtgaaattgt 840
tgaaagggaa gcgcttgcaa tcagacttge aggeggttga tcatcegagg ttceteccegg 900
tgcactcgat cgtcttcagg ccagcategg tttcagtggt gggataaagg ctgtgagaac 960

gtggctctte ggagtgttat agctcacggt gcaatgccge ctactgggac cgaggaccgce 1020
gctteggeta ggatgctgge gtaatggttg taagcgaccce gtcttgaaac acggaccaag 1080
gagtctaaca tctatgcgag tgtttgggtg tcaaacccat acgcgtaatg aaagtgaacyg 1140
gaggtgagac cccattaggg cgcatcatcg accgatcctg atgtcttegg atggatttga 1200
gtaagagcat agctgttggg acccgaaaga tggtgaacta tgcgtgaata gggtgaagcece 1260
agaggaaact ctggtggagg ctcgcagcgg ttctgacgtg caaatcgatc gtcaaatttg 1320
cgtatagggg cgaaagacta atcggttaga cagggtcagt tcacccgtat agggtggtgg 1380
catctcttge atcttgtgcet gacatgaata tctcagagta acccgcaata caaggcagct 1440
gtttctatte gggacccaaa gcgtagattc gacaccattt ggcgactttg caagcccaag 1500
atgatctgecg acagtgatgt tcctaatgac gacgaattcg gaggtgatcce aaaggaggct 1560
gtgaagcgtt cgcatggagg atgtggaaat acgcaacctg aggtgcgcca gcaagctttg 1620
cagcetttggg gaacatggaa gatgccaaaa gatgaagaga atgagggtgyg caacactgag 1680
aagcgacaaa ttactccaga gatggctctce aatgtcttecce ggtccatgte tteccgatgag 1740
attcgcgatce tcggtttgag caacgactat gcgegtectg actggttgat catcactgtt 1800

cttccagttc cacctcctece cgttecgecce agtatttceta tggatggtac aagcacagga 1860



US 2018/0037517 Al Feb. §, 2018
12

-continued

atgcgcggag aggatgattt gacctacaag ctaggtgata tcattcgtgce caacggcaat 1920
gtcaagcagg cacagcaaga agg 1943
<210> SEQ ID NO 3

<211> LENGTH: 1941

<212> TYPE: DNA

<213> ORGANISM: Acephala applanata

<400> SEQUENCE: 3

gtgtctacat actcttgttg ctttggcagyg ccgtggecte ccactgtggg ctecagectge 60
atgtgcctge cagaggacca aactctgaat gttagtgatg tctgagtact atataatagt 120
taaaactttc aacaacggat ctcttggtte tggcatcgat gaagaacgca gcgaaatgeg 180
ataagtaatg tgaattgcag aattcagtga atcatcgaat ctttgaacge acattgcacc 240
cggtggeatt ccgecegggta tgectgtteg agegtcatta taaccactca agectgtett 300
ggtgttgggyg attgcgaatc tegcagecct agagtccagt agegtcacct gtgggtecta 360
agcgtagtaa tttctecteg ctacagagece tgetegtgga tagtgtaaat ccagtteggt 420
ctggtatcce geggttgace teggatcaag tagggatacce cgctgaactt aagcatatca 480
ataagcggag gaaaagaaac caacagggat tactagtaac ggcgagtgaa gcggtaactg 540
ctcaaatttyg aaagctgeca acaggecgeg ttgtaatttg tagaagatge tttgggtgte 600
ggcccagtet aagttccttg gaacaggacyg tcatagaggg tgagaatccce gtatgtgatt 660
ggtgcegtee ccegtgtaaa getcetttega cgagtcegagt tgtttgggaa tgcagetcaa 720
aatgggtggt aaatttcatc taaagctaaa tattggecag agaccgatag cgcacaagta 780
gagtgatcga aagatgaaaa gcactttgga aagagagtta aacagtacgt gaaattgttg 840
aaagggaagc gcttgcaate agacttgeag geggttgate atcegaggtt ctecceggtg 900
cactcgateg tctteaggece agcateggtt tcagtggtgg gataaagget gtgagaacgt 960

ggctcecttegg agtgttatag ctcacggtgce aatgccgcect actgggaccg aggaccgcegce 1020
ttcggctagg atgctggegt aatggttgta agcgaccegt cttgaaacac ggaccaagga 1080
gtctaacatc tatgcgagtg tttgggtgtc aaacccatac gcgtaatgaa agtgaacgga 1140
ggtgagaccc cattagggcg catcatcgac cgatcctgat gtecttcecggat ggatttgagt 1200
aagagcatag ctgttgggac ccgaaagatg gtgaactatg cgtgaatagg gtgaagccag 1260
aggaaactct ggtggaggct cgcagceggtt ctgacgtgca aatcgatcgt caaatttgeg 1320
tataggggcg aaagactaat cggttagaca gggtcagttc acccgtatag ggtggtggca 1380
tctettgecat cttgtgctga catgagtatc tcagagtaac ccgcaataca aggcagctgt 1440
ttctattegg gatccaaage gtagattcga caccatttgg cgactttgca agcccaagat 1500
gatctgcgac agtgatgttc ctaatgacga cgaattcgga ggtgatccaa aggaggctgt 1560
gaagcgttee catggaggat gtggaaatac gcaacctgag gtgcgccagce aagccttgca 1620
getttgggga acatggaaaa tgccaaagga tgaagagaat gagagtggca acactgagaa 1680
gcgacaaatt actccagaga tggctctcaa tgtcttccgg tcecatgtectt ccgatgagat 1740
tcgecgatete ggtttgagca acgactatge gcgtcecctgac tggttgatca tcactgttcet 1800
tccagtteca cctectectyg ttegecccag tatttctatg gatggtacaa gcacaggaat 1860

gcgeggagag gatgatttga cctacaagcet gggtgatatc attcgcgecca acggcaatgt 1920
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caagcaggca cagcaagaag g

<210> SEQ ID NO 4

<211> LENGTH: 1911

<212> TYPE: DNA

<213> ORGANISM: Acidoradicia panicicola

<400> SEQUENCE: 4

gtgtctatct actcttgttg ctttggcagyg ccgtggecte caccgeggge tctgectgeg
tgtgcctgee agaggaccaa actctgaatt ttagtgatgt ctgagtacta tataatagtt
aaaactttca acaacggatc tcttggttet ggecatcgatg aagaacgcag cgaaatgcga
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcegecce
ggtggtatte cgccgggcat gectgttcega gegtcattat aaccactcaa gectagettg
gtattggggt tcgcggtcece geggecccta aaatcagtgg cggtgecggt gggetctaag
cgtagtaaat ctectegeta tagggteece ceggttgece geggttgace tceggatcagg
tagggatacc cgctgaactt aagcatatca ataagcggag gaaaagaaac caacagggat
tactcagtaa cggcgagtga agcggtaaca gctcaaattg aaagctgeca acaggccgeg
ttgtaatttg tagaagatgc tttgggggta ggectagtet aagttecttyg gaacaggacg
tcatagaggg tgagaatccce gtatgtgatt agtgectget cecgtgtaaa getctttega
cgagtcegagt tgtttgggaa tgcagctcaa aatgggtggt atatttcatce taaagctaaa
tattggccag agaccgatag cgcacaagta gagtgatcga aagatgaaaa gcactttgga
aagagagtta aacagtacgt gaaattgttg aaagggaagc gettgcaace agacttgcag
geggtegate atccgaggtt ctccceggtyg cactcgateg tettcaggec ageateggtt
ttggtggegyg gataaaggcet ctaggaatgt ggetettegg agtgttatag cctagggtge
aatgcegect accgggacceg aggaccgege tteggetagg atgetggegt aatggttgta
agcggecegt cttgaaacac ggaccaagga gtctaacatce tatgegagtg tttgggtgte
aaacccatac gcgtaatgaa agtgaacgga ggtgagagec ctttagggeg catcatcgac
cgatcctgat gtetteggat ggatttgagt aagagcatag ctgttgggac ccgaaagatg
gtgaactatg cgtgaatagg gtgaagccag aggaaactct ggtggagget cgecageggtt
ctgacgtgca aatcgategt caaatttgeg tataggggeg aaagactaat cggctagaca
gggtcagtte gcccgaaaag ggtggceggat ctacttgtte tttgtgetga catgagttte
tcagagtaat ccggcataca aggcageegt ttegattega gacccgaage gtaagttcega
taccatatgg cgactttgca agcccaagat gatctgegac agcgatgtce ctaacgacga
tgaatttggt ggtgatccaa aggaagctgt taaacgttet catggaggtt gtggcaatac
tcaacccgag gttcgecaac aagctttaca getctgggga acatggaaga tgcccaagga
tgaagaaaac gagggtgcga ctcaagaaaa gagacagatt actccaaaga tggctctgaa
tgtcttceege agcatgtect cggetgagat tegegatttg ggettgagea atgactatge
acgccctgac tggettatca ttactgtect tectgttect cececgectyg ttegaccgag

tatctccatg gatggtacaa gcacaggaat gegeggagag gatgatttga catacaagcet

tggtgatatt attcgtgcaa acggaaacgt taagcaagcec caacaagagg g

1941

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1911
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<210> SEQ ID NO 5

<211> LENGTH: 1857

<212> TYPE: DNA

<213> ORGANISM: Acidoradicia panicicola

<400> SEQUENCE: 5

gtgtctatct actcttgttg ctttggcagyg ccgtggecte caccgeggge tctgectgeg
tgtgcctgee agaggaccaa actctgaatt ttagtgatgt ctgagtacta tataatagtt
aaaactttca acaacggatc tcttggttet ggecatcgatg aagaacgcag cgaaatgcga
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcegecce
ggtggtatte cgccgggcat gectgttcega gegtcattat aaccactcaa gectagettg
gtattggggt tcgcggtcece geggecccta aaatcagtgg cggtgecggt gggetctaag
cgtagtaaat ctectegeta tagggteece ceggttgece geggttgace tceggatcagg
tagggatacc cgctgaactt aagcatatca ataagcggag gaaaagaaac caacagggat
tacctcagta acggcgagtg aagcggtaac agetcaaatt tgaaagetge caacaggcecg
cgttgtaatt tgtagaagat getttggggg teggectagt ctaagttect tggaacagga
cgtcatagag ggtgagaatce cegtatgtga ttagtgecgg ctcecgtgta aagetcettte
gacgagtcga gttgtttggg aatgcagcete aaaatgggtg gtatatttca tctaaageta
aatattggcce agagaccgat agcgcacaag tagagtgatc gaaagatgaa aagcactttg
gaaagagagt taaacagtac gtgaaattgt tgaaagggaa gcgcttgcaa ccagacttge
aggcggtega tcatccgagg tteteccegg tgcactegat cgtettcagg ccagecategg
ttttggtgge gggataaagg ctctaggaat gtggetette ggagtgttat agectagggt
gcaatgcege ctaccgggac cgaggaccge getteggeta ggatgetgge gtaatggttg
taagcggecce gtettgaaac acggaccaag gagtctaaca tcetatgegag tgtttgggtg
tcaaacccat acgcgtaatg aaagtgaacg gaggtgagag cectttaggg cgcatcatcg
accgatcctyg atgtettegg atggatttga gtaagagcat agetgttggg acccgaaaga
tggtgaacta tgcgtgaata gggtgaagce agaggaaact ctggtggagg ctegcagegg
ttctgacgtyg caaatcgatce gtcaaatttg cgtatagggg cgaaagacta atcggacatg
agtttctcag agcaatccgg catacaagge agecgtttea attegagace cgaagegtag
gttcgatacg atatggcgac tttgcaagee caagatgatce tgcgacageg atgteccctaa
tgatgatgaa tttggtggtg atccaaaaga agetgttaaa cgttctcatg gaggttgtgg
caatactcaa cccgaggtte gecagcaage tttacagetce tggggaacat ggaagatgece
caaggatgaa gaaaacgagg gtgcgactca agaaaagaga cagattactc cagagatgge
tctgaacgte ttecgecagea tgtectegge tgagattege gatttggget tgagcaatga
ctatgcacge cctgactgge ttatcattac tgtcctteee gttectcece cacctgtteg

accaagtatt tccatggatg gtacaagcac aggaatgege ggagaggatg atttgacata

caagcttggt gatattatce gtgcaaatgg tttcattaag caagcccaac aagaggg

<210> SEQ ID NO 6

<211> LENGTH: 1669

<212> TYPE: DNA

<213> ORGANISM: Acidoradicia panicicola

<400> SEQUENCE: 6

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1857
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gtgtctatct actcttgttyg ctttggcagg cecgtggccte caccgeggge tctgcectgeg 60
tgtgecctgec agaggaccaa actctgaatt ttagtgatgt ctgagtacta tataatagtt 120
aaaactttca acaacggatc tcttggttct ggcatcgatg aagaacgcag cgaaatgcga 180
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcgccc 240
ggtggtattc cgcecgggecat gectgttecga gegtcattat aaccactcaa gcecctggettg 300
gtattgggac tcgecggttce geggccccta aaatcagtgg cggtgceggt gggctctaag 360
cgtagtaaat ctcctecgcta tagggtccct ccggttgect getgtaaage tctttegacg 420
agtcgagttg tttgggaatg cagctcaaaa tgggtggtat atttcatcta aagctaaata 480
ttggccagag accgatagcg cacaagtaga gtgatcgaaa gatgaaaagc actttggaaa 540
gagagttaaa cagtacgtga aattgttgaa agggaagcgc ttgcaaccag acttgcaggce 600
ggtcgatcat ccgaggttct cccecggtgca ctegatcgte ttcaggccag catcggtttt 660
ggtggcggga taaaggctct aggaatgtgg ctecttceggag tgttatagec tagggtgcaa 720
tgccgectac cgggaccgag gaccgegctt cggctaggat getggegtaa tggttgtaag 780
cggcecegtet tgaaacacgg accaaggagt ctaacatcta tgcgagtgtt tgggtgtcaa 840
acccatacgc gtaatgaaag tgaacggagg tgagagccct ttagggegca tcatcgaccg 900
atcctgatgt cttcggatgg atttgagtaa gagcataget gttgggaccce gaaagatggt 960

gaactatgcg tgaatagggt gaagccagag gaaactctgg tggaggctcg cagcggttcet 1020
gacgtgcaaa tcgatcgtca aatttgcgta taggggcgaa agactaatcg gctagacagg 1080
gtcagttcge ccgaaaaggg tggcggatct acttgttctt tgtgctgaca tgagtttcetce 1140
agagcaatcc ggcatacaag gcagccgttt caattcgaga cccgaagcgt aggttcgata 1200
cgatatggcg actttgcaag cccaagatga tctgcgacag cgatgtccct aatgatgatg 1260
aatttggtgg tgatccaaag gaagctgtta aacgttctca tggaggttgt ggcaatactc 1320
aacccgaggt tcgccagcaa gcectttacage tctggggaac atggaagatg cccaaggatg 1380
aagaaaacga gggtgcgact caagaaaaga gacagattac tccagagatg gctttgaatg 1440
tcttecgecag catgtcecteg getgagatte gcgatttggg cttgagcaat gactatgcac 1500
gccctgattyg gettatcatt actgtectte cecgttectec cccacctgtt cgaccaagta 1560
tttccatgga tggtacaagc acaggaatgc gcggagagga tgatttgaca tacaagcttg 1620
gtgatattat ccgtgcaaac ggcaacgtta agcaagccca acaagaggg 1669
<210> SEQ ID NO 7

<211> LENGTH: 1448

<212> TYPE: DNA

<213> ORGANISM: Acidoradicia taeda

<400> SEQUENCE: 7

gtgtctattt actcttgttg ctttggcagyg ccgtggecte caccgtggge tctgtctacyg 60
cgtgtetgee agaggaccaa actctgaatt ttagtgatgt ctgagtacta tacaatagtt 120
aaaactttca acaacggatc tcttggttet ggecatcgatg aagaacgcag cgaaatgcga 180
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcegecce 240
ggtggtatte cgccgggcat gectgttega gegtcattat aaccactcaa gectggettg 300

gtattggggt acgcggctte geggctecta aaatcagtgg cggtgecggt gggetctaag 360
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cgtagtaaat ctcctecgcta tagggttcct ctggttgett geggtgcact cgatcgtett 420
caggccagca tcggtttegg tggegggata aaggctctag gaatgtgget ctteggagtg 480
ttatagccta gggtgcaatg ccgectaccg ggaccgagga ccgegcttceg gctaggatge 540
tggcgtaatg gttgtaagcg gcccegtettg aaacacggac caaggagtct aacatctatg 600
cgagtgtttg ggtgtcaaac ccatacgcgt aatgaaagtg aacggaggtyg agagcccttt 660
agggcgcatc atcgaccgat cctgatgtct tcggatggat ttgagtaaga gcatagetgt 720
tgggacccga aagatggtga actatgcgtg aatagggtga agccagagga aactctggtg 780
gaggctcgca gcggttctga cgtgcaaatc gatcgtcaaa tttgcgtata ggggcgaaag 840
actaatcggc tagacagggt cagttcgccc gaatagggtg gcagatctac ttgttetttg 900
tgctgacatg agtatctcag agtaatccgg cgtacaaggce agctgtttceg attcgggacce 960

cgaagcgtag gttcgatacg atatggcgac tttgcaagcc caagatgatc tgcgacagceg 1020
atgtccctaa cgacgatgaa tttggtggtg atccaaagga agctgtcaag cgttctcatg 1080
gaggttgtgg taatactcag cccgaggttc gtcagcaggce tctacagectce tggggtacat 1140
ggaagatgcce aaaggatgaa gaaaatgagg ggtcaagtca agaaaagaga caaatcactc 1200
cagagatggc tttaaatgtc ttccgaagca tgtcecctegge tgagattcge gacctgggcece 1260
tgagcaacga ctacgctcegt cccgactgge tcatcattac agtccttect gttectecte 1320
cgeccegtteg cectagtatt tetatggatg gcacaagcac gggaatgcgt ggagaagatg 1380
atttgaccta caagcttggt gatataattc gtgcctacgg caacgttatg caaagcacaa 1440
caagaatg 1448
<210> SEQ ID NO 8

<211> LENGTH: 1493

<212> TYPE: DNA

<213> ORGANISM: Acidoradicia taeda

<400> SEQUENCE: 8

gtgtctattt actcttgttg ctttggcagyg ccgtggecte caccgtggge tctgtctacyg 60
cgtgtetgee agaggaccaa actctgaatt ttagtgatgt ctgagtacta tacaatagtt 120
aaaactttca acaacggatc tcttggttet ggecatcgatg aagaacgcag cgaaatgcga 180
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcegecce 240
ggtggtatte cgccgggcat gectgttega gegtcattat aaccactcaa gectggettg 300
gtattggggt acgcggctte geggctecta aaatcagtgg cggtgecggt gggetctaag 360
cgtagtaaat ctectegeta tagggttect ctggttgett gegettgecaa ccagacttge 420
aggcggtega tcatccgagg tteteccegg tgcactegat cgtettcagg ccagecategg 480
ttteggtgge gggataaagg ctctaggaat gtggetette ggagtgttat agectagggt 540
gcaatgcege ctaccgggac cgaggaccge getteggeta ggatgetgge gtaatggttg 600
taagcggecce gtettgaaac acggaccaag gagtctaaca tcetatgegag tgtttgggtg 660
tcaaacccat acgcgtaatg aaagtgaacg gaggtgagag cectttaggg cgcatcatcg 720
accgatcctyg atgtettegg atggatttga gtaagagcat agetgttggg acccgaaaga 780
tggtgaacta tgcgtgaata gggtgaagce agaggaaact ctggtggagg ctegcagegg 840

ttctgacgtyg caaatcgatce gtcaaatttg cgtatagggg cgaaagacta atcggctaga 900
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cagggtcagt tcgcccgaat agggtggcag atctacttgt tetttgtget gacatgagta 960
tctcagagta atccggcgta caaggcagct gtttcecgattc gggacccgaa gcegtaggtte 1020
gatacgatat ggcgactttg caagcccaag atgatctgceg acagcgatgt ccctaacgac 1080
gatgaatttg gtggtgatcc aaaggaagct gtcaagcgtt ctcatggagg ttgtggtaat 1140
actcagccecg aggttcecgtca gcaggctcta cagectctggg gtacatggaa gatgccaaag 1200
gatgaagaaa atgaggggtc aagtcaagaa aagagacaaa tcactccaga gatggctcta 1260
aatgtcttcce gaagcatgte ctecggctgag attcgcgacce tgggcctgag caacgactac 1320
gctegteeeg actggctcat cattacagtce cttcectgtte ctectcecgece cgttegecect 1380
agtatttcta tggatggcac aagcacggga atgcgtggag aagatgattt gacctacaag 1440
cttggtgata taattcgtgc aaacggcaac gttaagcaag cacaacaaga agg 1493
<210> SEQ ID NO 9

<211> LENGTH: 1493

<212> TYPE: DNA

<213> ORGANISM: Acidoradicia taeda

<400> SEQUENCE: 9

gtgtctattt actcttgttg ctttggcagyg ccgtggecte caccgtggge tctgtctacyg 60
cgtgtetgee agaggaccaa actctgaatt ttagtgatgt ctgagtacta tacaatagtt 120
aaaactttca acaacggatc tcttggttet ggecatcgatg aagaacgcag cgaaatgcga 180
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcegecce 240
ggtggtatte cgccgggcat gectgttega gegtcattat aaccactcaa gectggettg 300
gtattggggt acgcggctte geggctecta aaatcagtgg cggtgecggt gggetctaag 360
cgtagtaaat ctectegeta tagggttect ctggttgett gegettgecaa ccagacttge 420
aggcggtega tcatccgagg tteteccegg tgcactegat cgtettcagg ccagecategg 480
ttteggtgge gggataaagg ctctaggaat gtggetette ggagtgttat agectagggt 540
gcaatgcege ctaccgggac cgaggaccge getteggeta ggatgetgge gtaatggttg 600
taagcggecce gtettgaaac acggaccaag gagtctaaca tcetatgegag tgtttgggtg 660
tcaaacccat acgcgtaatg aaagtgaacg gaggtgagag cectttaggg cgcatcatcg 720
accgatcctyg atgtettegg atggatttga gtaagagcat agetgttggg acccgaaaga 780
tggtgaacta tgcgtgaata gggtgaagce agaggaaact ctggtggagg ctegcagegg 840
ttctgacgtyg caaatcgatce gtcaaatttg cgtatagggg cgaaagacta atcggctaga 900
cagggtcagt tcgcccgaat agggtggeag atctacttgt tetttgtget gacatgagta 960

tctcagagta atccggcgta caaggcagct gtttcecgattc gggacccgaa gcegtaggtte 1020

gatacgatat ggcgactttg caagcccaag atgatctgceg acagcgatgt ccctaacgac 1080

gatgaatttg gtggtgatcc aaaggaagct gtcaagcgtt ctcatggagg ttgtggtaat 1140

actcagccecg aggttcecgtca gcaggctcta cagectctggg gtacatggaa gatgccaaag 1200

gatgaagaaa atgaggggtc aagtcaagaa aagagacaaa tcactccaga gatggctcta 1260

aatgtcttcce gaagcatgte ctecggctgag attcgcgacce tgggcctgag caacgactac 1320

gctegteeeg actggctcat cattacagtce cttcectgtte ctectcecgece cgttegecect 1380

agtatttcta tggatggcac aagcacggga atgcgtggag aagatgattt gacctacaag 1440
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cttggtgata taattegtge aaacggcaac gttaagcaag cacaacaaga agg

<210> SEQ ID NO 10

<211> LENGTH: 2027

<212> TYPE: DNA

<213> ORGANISM: Cudoniella clavus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (573)..(573)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1831)..(1831)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 10

aaaagtcgta acaaggttte cgtaggtgaa cctgeggaag gatcattaca gtgttecetg
ccctcacggyg tagaaacgece acccttgtat atattatett gttgetttgg cgggeegect
ttaggcactyg gctteggetyg getegegece goccagagaac cccaaactcet aaatgttagt
gtegtetgag tactatctaa tagttaaaac tttcaacaac ggatctettyg gttetggeat
cgatgaagaa cgcagcgaaa tgcgataagt aatgtgaatt gcagaattca gtgaatcatce
gaatctttga acgcacattg cgccccttgyg tattccgggg ggcatgectyg ttegagegte
atttaaacca atccagcatg ctgggtettyg ggecttegee tetgggeggyg cctcaaaatt
agtggcggty ccacctgget ctacgegtag taattcttet cgegatggag tcccaggtgg
aagcttgcca acaaccccaa attcttttaa aggttgacet cggatcaggt agggatacce
gectaageat atcaataage ggaggaaaag aanccaacag ggattacctce agtaacggeg
agtgaagcgyg taacagctca aatttgaaat ctggetettt cagggtcega gttgtaattt
gtagaagatg cttegggtgt ggctceggte taagttectt ggaacaggac gtcatagagg
gtgagaatcc cgtatgtgac tggttgectt cgcccatgtg aagetcttte gacgagtcega
gttgtttggg aatgcagctc taaatgggtyg gtaaatttca tctaaagcta aatattggec
agagaccgat agcgcacaag tagagtgate gaaagatgaa aagcactttg gaaagagagt
taaacagtac gtgaaattgt tgaaagggaa gcgcttgcaa ccagacttge acgtcgtega
tcatcctecag ttetetgggg tgcactegge ggtgttecagg ccageategg ttteggtggt
gggataaagg ccttgggaat gtggctecte tcggggagtyg ttatagecct cggtgcaatg
ccgectactyg ggaccgagga ccgegetteg getaggatge tggegtaatg gttgtaageg
acccgtcettyg aaacacggac caaggagtct aacatctatg cgagtgtttg ggtgttaaac
ccatacgegt aatgaaagtyg aacggaggtyg agaaccettt agggtgcate atcgaccgat
cctgatgtet tcggatggat ttgagtaaga gcatagetgt tgggaccega aagatggtga
actatgccta aatagggtga agccagagga aactetggtg gaggctegea geggttetga
cgtgcaaatc gatcgtcaaa tttgggtata ggggcgaaag actaatcgac tagacagggt
cagttggcce gcatagegtyg geatgtettt tgtgectttg tgctaacaga atgatttcag
agcaatccag cgtacaaggce agetgtttet ateccgagate caaagegtag atttgataca
atatggcgac tgtgcaagcec gaagatgatt tgecgagggtg atgtgcagge gaatgaggaa

gaatttgatc ccaaccaaaa agaaccgaag ccgtegcacg gagggtgtgyg taattctcag

cctgaagtge gtcagactge tttgcaacta tggggaacat ggaaagtgcece taaggacgaa

1493

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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gataacgaga gtcagtcgcce ggaaaagagg cagattactc ccgaaatggc tctggctgte 1800
ttccgaagca tttccacgga agaaatcttce naccttggec tgagtaatga ttatgcegegt 1860
cccgaatgga tgatcataac ggttcteccca gttectecac cacctgtteg acccagtatt 1920
tcaatggatg gcactggtca gggcatgcgce ggagaggacg atttgacata taagttggga 1980

gatatcatcc gggcaaacgg caatgtgcgg caagctcage aggaagg 2027

<210> SEQ ID NO 11

<211> LENGTH: 1818

<212> TYPE: DNA

<213> ORGANISM: Dermea acerina

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (446)..(446)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 11

gtgtcgttat accttcgttg ctttggtggyg ccegetggget teggectgge teetggetec 60
ggctagggag tgccegecag aggaccttaa aacctgaagt tagtgtegte tgagtactat 120
acaatagtta aaactttcaa caacggatct cttggttctg gecatcgatga agaacgcagce 180
gaaatgcgat aagtaatgtg aattgcagaa ttcagtgaat catcgaatct ttgaacgcac 240
attgcgecce ttggtattee ggggggcatg cctgttegag cgtcattaca accctcaage 300
tctgettggt attgggegte accgggtteg gtgtgectta aaatcagtgg cggegecgte 360
tggctctaag cgtagtacat actctegeta tggacgectg geggatgett gegaaatctg 420
ggtcttttag gectccgagtt gtaatntgta gaagatgett cgggtgegge tceggtcetaa 480
gttccttgga acaggacgtce atagagggtyg agaatccegt atgtgategg gggettgege 540
ccatgtgaag ctetttegac gagtcgagtt gtttgggaat gecagctcaaa atgggtggta 600
tatttcatct aaagctaaat attggccaga gaccgatage gcacaagtag agtgatcgaa 660
agatgaaaag cactttggaa agagagttaa acagtacgtg aaattgttga aagggaagcg 720
cttgcaacca gacttgggeg gggttgatca tctagggtte tecctagtge actcgaccte 780
gcacaggcca gcatcggtte cggtggttgg ataaaggect tgggaatgta gettettteg 840
gggagtgtta tagccctcegg tgcaatgcag cctactggga ccgaggaccyg cgettegget 900
aggatgctgg cgtaatggtt gtaagcgace cgtcttgaaa cacggaccaa ggagtctaac 960

atctatgcga gtgtttgggt gtcaaaccca tacgcgtaat gaaagtgaac ggaggtgaga 1020
acccttaagg gtgcatcatc gaccgatcct gatgtctteg gatggatttg agtaagagca 1080
tagctgttgg gacccgaaag atggtgaact atgcctgaat agggtgaagce cagaggaaac 1140
tctggtggag gectcegcageg gttctgacgt gcaaatcgat cgtcaaattt gggtataggg 1200
gcgaaagact aatcggctag acagggtcag ttctcecccacg tagegtgggg agcatgattg 1260
tttctgtgtg ctaacgtcaa tatctcagag taatccagcg tacaaagcag ccgtttcecgat 1320
tcgagaccecg aagcgtaggt tcegatacgat ctggcgactt tgcaagccca agatgatctg 1380
tgatagcgat ttgactgccg ccgatgatga tttcaatgca gacccgaagg aagccgcaaa 1440
gcgetegeac ggtggatgtg gaaatactca gecctgaggtyg cgccagtcegg ccttgcaget 1500
gtggggtaca tggaaggttc caaaggatga agacaatgat ggtgctactg ccgaaaagaa 1560

gcagatcact gcagagatgg ccctgaatgt cttccgaage atttccactt ctgagatcca 1620
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agaccttggce ttgagtactg actatgcgcg acctgaatgg atgatcatta cggttcecttcece 1680
agttcctect ccacctgtte gaccgagtat ttcgatggac ggcactgggce aaggcatgceg 1740
aggagaggat gatttgacat acaagcttgg cgatatcatt cgtgcgaatg gcaacgttcg 1800
acaggcccag caagaagg 1818
<210> SEQ ID NO 12

<211> LENGTH: 1947

<212> TYPE: DNA

<213> ORGANISM: Hyaloscypha aureliella

<400> SEQUENCE: 12

gtgcctggte taagatatag teggtecegyg cccgaaaggg cceggggaaca gegteegtag 60
gtgaacctge ggaaggatca ttacagagtt catgccctca cgggtagatc tceccaccctt 120
gaatacctta cctttgtctg ctttggeggyg ccacgtecege gtgecggete cggetggttg 180
cgecccgecag aggacccaaa ctettttgtt tagtgatgte tgagtactat ataatagtta 240
aaactttcaa caacggatct cttggttetg gecatcgatga agaacgcage gaaatgcgat 300
aagtaatgtyg aattgcagaa ttcagtgaat catcgaatct ttgaacgcac attgegecccce 360
ttggtattce gaggggcatg cctgttegag cgtcattatg accactcaag cctggettgg 420
tgttggggte cgeggteceg cggeccttaa aatcagtgge ggegecatct ggetctcage 480
gtagtaatac tcctegectac agggtcccac ggcgagtgaa geggcaacag ctcaaatttg 540
aaatctgget cctgegggge ccgagttgta atttgtagaa gatgetttga gegtggetcece 600
ggtctaagtt ccttggaaca ggacgtcata gagggtgaga atcccgtatyg tgactgggtyg 660
ccteegtteg tgtaaagete tttegacgag tcgagttgtt tgggaatgca gctcaaaatg 720
ggtggtaaat ttcatctaaa gctaaatatt ggccagagac cgatagcgca caagtagagt 780
gatcgaaaga tgaaaagcac tttggaaaga gagttaaaca gtacgtgaaa ttgttgaaag 840
ggaagcgett gcaaccagac ttgccegetyg ctgatcatce gaggttetece ceggtgeact 900
cggcagegat caggccagcea teggttetgg tgggeggata aaggecttgg gaatgtaget 960

tcettegggg agtgttatag cccteggtge aatgcgecect accgggaccg aggaccgcegce 1020
ttcggctagg atgctggegt aatggttgta agcgaccegt cttgaaacac ggaccaagga 1080
gtctaacatc tatgcgagtg tttgggtgtt aaacccatac gcgtaatgaa agtgaacgga 1140
ggtgagaacc cttaagggtg catcatcgac cgatcctgat gtcecttcecggat ggatttgagt 1200
aagagcatag ctgttgggac ccgaaagatg gtgaactatg cctgaatagg gtgaagccag 1260
aggaaactct ggtggaggct cgcagceggtt ctgacgtgca aatcgatcgt caaatttggg 1320
tataggggcg aaagactaat cgacttgaca gagtcagtgt gecctgaactt gagggccgag 1380
tttcttgtgt gectttatge taacttcatg attgcagaac aatccggcgt acaaagctgce 1440
tgtgagcatt cgagacccga aacgtcggtt cgatgcgata tggcgacttt gcaaaccgaa 1500
attgatctgce gacagtgatt tgagtgcagg ggacgagggc ttcgacgctg acccaaagga 1560
acttgcgaaa cgctegecatg gaggatgtgg aaataaacaa ccagaagtgce gccagagcgce 1620
ccttcagete accggcactt ttaagcecttce gaaggaagaa ctcagcgagg gcatgcagcece 1680
agaaaagaag ttaatcaccc cagaggcagc tctgcacatc ttccgaagca tttectecga 1740

cgagattcge gacttaggcc tgagcaatga ttatgcgege ccggaatgga tgatcatcac 1800
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agtcctteccece gtgectecte ctectgtteg gcecccagtatt tcectatggatg gcactggtca 1860
aggtatgcga ggagaggatg atttgacata caaacttggt gacatcatcc gtgcgaatgg 1920
aaacgttcga caggcgcatc aagaggg 1947
<210> SEQ ID NO 13

<211> LENGTH: 1857

<212> TYPE: DNA

<213> ORGANISM: Lachnum virgineum

<400> SEQUENCE: 13

gtatcattat agaatgttgc tttggeggge tgcegtgecta geacgecteg attegegteg 60
agcgegeceg ccagaggacce cctaaactst gaatgttagt gtcegtetgag tactattaaa 120
tagttaaaac tttcaacaac ggatctcttg gttctggeat cgatgaagaa cgcagcgaaa 180
tgcgataagt aatgtgaatt gcagaattca gtgaatcatc gaatctttga acgcacattg 240
cgececttgyg tatteegggg ggcatgectyg ttegagegte atttatacca atctarccetg 300
getaggtgtt gggectegee agttggeggyg ccttaaaact agtggeggtyg ctettcaget 360
ctacgegtag taattttete getatagggt ctggggagat gettgeccac agggattace 420
tcagtaacgg cgagtgaagce ggtaacagct caaatttgaa atctggetct tttagggtcece 480
gagttgtaat ttgtagaaga tgctttgggt gtggccctgg tctaagttece ttggaacagg 540
acgtcataga gggtgagaat cccgtatgtg actaggtgec ttegeccgtyg taaagetcett 600
tcgacgagte gagttgtttg ggaatgcage tcaaaatggg tggtaaattt catctaaage 660
taaatattgg ccagagaccg atagcgcaca agtagagtga tcgaaagatg aaaagcactt 720
tggaaagaga gttaaacagt acgtgaaatt gttgaaaggg aagcgettge aaccagactt 780
agttgctgee gatcatccag ggttcteect ggtgecacteg gtagtatcta ggcecagcate 840
ggtttgggty gtgggataaa ggccttggga atgtagette ttteggggag tgttatagec 900
cteggtgcaa tgccgectac ccggaccgag gaccgegett cggetaggat getggegtaa 960

tggttgtaag ccacccgtet tgaaacacag accaaggagt ctaacatcta tgcgagtatt 1020
tgggtgttaa acccatatgc gtaatgaaag tgaacggagg tgagaaccct taagggtgca 1080
tcatcgaccg atcctgatgt cttcggatgg atttgagtaa gagcatagct gttgggaccce 1140
gaaagatggt gaactatgcc taaatagggt gaagccagag gaaactctgg tggaggctcg 1200
cagcggttct gacgtgcaaa tcgatcgtca aatttgggta taggggcgaa agactaatcg 1260
gcttgacagg gtcagttcac cgtaaaaggt gttggcectteg cttgttettt ttgctgacag 1320
aatatctcag ggtaatcccc agtacaaggc agctgtttet attcgtgatce caaagcgtag 1380
attcgataca atctggcgac tttgcaagcc caagatgatc tgcgatagcg atgtccctaa 1440
tgaagatgaa ttcggtggtg atccaaagga agctgtgaag cgttcgcatg gaggatgtgg 1500
aaatacacaa cctgaggtcc gccaacaggce attgcagete tggggaacat ggaagatgcece 1560
aaaggatgag gagaacgagg gtggcaactc ggagaagaga caaattacac cagagatggce 1620
tctcaatgte ttcagatcca tgtcttectga agaaattcege gacctcecggte tcagcaacga 1680
ttatgcacgt cctgactggt tgattattac agttcttcecca gttccgecte ctectgtteg 1740
acccagtatt tccgtggacg gcacgagcac aggtatgcgce ggagaggatg atttgacata 1800

caagcttggt gatatcattc gtgccaacgg caatgtgaag caggctcaac aagaagg 1857
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<210> SEQ ID NO 14

<211> LENGTH: 1628

<212> TYPE: DNA

<213> ORGANISM: Loramyces macrosporus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (476)..(476)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (597)..(598)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 14

gtgtctatat actcttgttg ctttggcagg ccgtggtcete gaccctgtgg getttgectg
catgtgcctyg ccagaggacc aaactctgaa ttttagtgat gtctgagtac tatataatag
ttaaaacttt caacaacgga tctcttggtt ctggcatcga tgaagaacgce agcgaaatgce
gataagtaat gtgaattgca gaattcagtg aatcatcgaa tctttgaacg cacattgege
ceggtggtat tccgecggge atgcectgtte gagegtctet atcaacctac acgctccgeg
tggaattggg gcctgeggte acctgcagece ctagaaccca acagcgatac cgagtggtce
tcagecgtagt acataccccg ctacaggect cctetggtgt tetgetggte tatatcatct
aaagctacat attggccaga ggccgatage gcacaagtag agtgatcgaa agatgnaaag
cactttggaa agagagttaa acagtacgtg aaattgttga aagggaagcyg cttgcaatca
gacttgcagyg cggttgatca tccggggttt tccceggtge actcgategt cttcagnneca
gcatcagtte tegtggtggg ataaaggetg tgagaatgtg getcttegga gtgttatage
tcacggtgca atgctgecta cggggactga ggaccgeget teggectagga tgctggegta
atggttgtaa gcgaccecgtce ttgaaacacg gaccaaggag tctaacatct atgcgagtgt
ttgggtgtca aacccatacg cgtaatgaaa gtgaacggag gtgagaaccce tttagggcge
atcatcgacce gatcctgatg tcttcggatg gatttgagta agagcatage tgttgggace
cgaaagatgg tgaactatgc gtgaataggg tgaagccaga ggaaactctyg gtggaggcte
gcagceggtte tgacgtgcaa atcgatcgtc aaatttgegt ataggggcga aagactaatce
gecttgacag agttagtcag cccagaaggce gtgacgttte ttgttectca tttatgctaa
cgtaatggece atcagaccaa tcctcagtat aaggeggete tttcectatteg tgatccaaag
cgtagatteg atacgatctg geggctetge aaacctaaga tgatttgega gattgatage
acaccggaag atctagattt cgaaggaaag ccaacggatyg ccgggaaagt ccgaagtcat
ggtggatgeyg gaaatattca accggaagtt cgccagaccg cgcttcaact ttggggcact
tggaaggtac caaaggatga ggataatgag gcacaacaac ctgagaagaa gcagatctca
cctgagatgg cattgcaggt cttccgtage atctcaaatyg aggagattca cgatcttggt
ctgaacaatg attatgctcg gccagagtgg atgattatca cegttettece cgtacctceca
ccacctgtee gaccaagtat ttcgatggac ggcactggac agggcatgeyg aggagaggat

gatttgactt ataagcttgg cgatatcatc cgcgcgaatg gtaacgtccg tcaagcacag

caggaagg

<210> SEQ ID NO 15
<211> LENGTH: 1831
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<212> TYPE: DNA
<213> ORGANISM: Mollisia cinerea
<400> SEQUENCE: 15
gtgtctacat actcttgttyg ctttggcagg ccgtggtcte cactgtggge tetgectaca 60
tgtgecctgee agaggaccaa aatctgaatt ttagtgatgt ctgagtacta tataatagtt 120
aaaactttca acaacggatc tcttggttet ggcatcgatyg aagaacgcayg cgaaatgega 180
taagtaatgt gaattgcaga attcagtgaa tcatcgaatce tttgaacgca cattgecgece 240
tgtggtatte cgcagggcat gectgttega gegtcattat aaccactcaa gectggettyg 300
gtattggagt ttgcggttee gcagetccta aaatcagtgg cggtgeceggt gtggetctac 360
gegtagtaat tcettetegeg atggagttee cctggttget tgctaacgge gagtgaagey 420
gtaacagcte aaatttgaaa gctaccaaca ggtcegcattyg taatttgtag aagatgettt 480
gggtgttgac ctagtctaag ttecttggaa caggacgtca tagagggtga gaatccegta 540
tgtgattagt gtcageccccee gtgtaaaget ctttegacga gtegagttgt ttgggaatge 600
agctcaaaat gggtggtaaa tttcatctaa agctaaatat tggccagaga ccgatagege 660
acaagtagag tgatcgaaag atgaaaagca ctttggaaag agagttaaac agtacgtgaa 720
attgttgaaa gggaagcgct tgcaatcaga cttgcaggeca gtegatcate cgaggttete 780
ceceggtgcac tegattgtet tcaggecage atecggttteg gtggtgggat aaaggetgtyg 840
ggaatgtgge tctteggagt gttatagcee acggtgcaat gecgectace gggaccgagy 900
accgegette ggctaggatg ctggegtaat ggttgtaage gaccegtett gaaacacgga 960

ccaaggagtc taacatctat gcgagtgttt gggtgtcaaa cccatacgcg taatgaaagt 1020
gaacggaggt gagaaccctt tagggtgcat catcgaccga tcecctgatgtce ttcggatgga 1080
tttgagtaag agcatagctg ttgggacccg aaagatggtg aactatgcgt gaatagggtg 1140
aagccagagg aaactctggt ggaggctcge agcggttcetg acgtgcaaat cgatcgtcaa 1200
atttgcgtat aggggcgaaa gactaatcgg ctagacaggg tcagttcgcce cgaagagggt 1260
ggcagatcta cttgttcttt gtgctgacat gagtatctca gagtaatccg gcatatgcag 1320
cagctacaag tattcgcgac ccaaagcgta ggttcgatac gatatggcga ctctgcaaac 1380
caaaaatgat ctgcgatagc gatgtcccaa atgaagatga attcggaggt gatcctaagg 1440
aagctgtcaa gcgctcacat ggaggttgtg gaaacactca gcccgaagtg cgtcaacaat 1500
ctctccaact ttggggtaca tggaagatgc caaaggatga ggagaacgag ggcggtgcaa 1560
cgcaggagaa gaaacaaatt actccagaga tggctctcaa tgtcttcaaa agcatgtcca 1620
ccaaggagat ctacgatctt ggcttgaaca acgactacgc tcgtcctgac tggttgatta 1680
tcactgttct tccagttcecca cctcecccccag tceccgaccaag tatctceccatg gatggcacaa 1740
gtaccggcat gcgtggagag gatgatttga catacaagct tggtgatatc attcgtgcaa 1800

atggaaacgt taagcaggca caacaggaag g 1831

<210> SEQ ID NO 16

<211> LENGTH: 1895

<212> TYPE: DNA

<213> ORGANISM: Monilinia laxa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (956)..(957)

<223> OTHER INFORMATION: n is a, ¢, g, or t
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (963)..(963)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (978)..(978)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 16

gtggaagtaa aagtcgtaac aaggtttccg taggtgaacc tgcggaagga tcattacaga
gttcatgcce gaaagggtag acctcccacc cttgtgtatt attactttgt tgctttggeg
agctgcctte gggecttgta tgctcgccag agaataatca aactcttttt attaatgteg
tctgagtact atataatagt taaaactttc aacaacggat ctcttggttc tggcatcgat
gaagaacgca gcgaaatgcg ataagtaatg tgaattgcag aattcagtga atcatcgaat
ctttgaacgc acattgcgec ccttggtatt ccggggggea tgcctgtteg agegtcattt
caaccctcaa gcacagcttg gtattgagtc tatgtcagca atggcaggcet ctaaaatcag
tggcggegee gotgggtect gaagggatta cctcagtaac ggcgagtgaa gcggtaaaag
ctcaaatttg aaatctggct cttttagagt ccgagttgta atttgtagaa gatgcttcgg
gtgtggttce ggtctaagtt ccttggaaca ggacgtcata gagggtgaga atcccgtatg
tgactggata cctatgctca tgtgaagctc tttcgacgag tcgagttgtt tgggaatgca
gctcaaaatg ggtggtatat ttcatctaaa gctaaatatt ggccagagac cgatagcgca
caagtagagt gatcgaaaga tgaaaagcac tttggaaaga gagttaaaca gtacgtgaaa
ttgttgaaag ggaagcgctt gcaatcagac ttgcacttgg tgttcatcgg ggtttctacce
ccgtgtactt catcaagttc aggccagcat cagtttgggt ggttagataa aggcttagag
aatgtggcce tcttceggggg gtgttatage tctaggtgca atgtagccta cctggnntga
ggncegcget tcggetanga tgctggcogta atggttgtaa gcogacccgtce ttgaaacacyg
gaccaaggag tgtacctaat atgcgagtgt ttgggtgtta acccatacgc gtaatgaaag
tgaacggagg tgagagccct taagggtgca tcatcgaccg atcctgatgt ctteggatgg
atttgagtaa gagcatattg ggtgcgaccc gaaagatggt gatctatacg tgaatagggt
gaagccagag gaaactctgg tggaggctcg cagcggttct gacgtgcaaa tcgatcgtca
aatttgcgta taggggcgaa agactaatcg actagacagg gttagtttgc aaccaacttg
aggtggtttg tttcatgtgc cttgatgcta acaccaaagt atcagagtaa tccagcttac
aaggcagccg tttccatceg tgatcctaag cgcagattcg aagcaatatg gaaactctgce
aagtccaaga tgatttgtga tagtgacgtc caggcgaacg aggaggaatt caatggagat
ccaaaggaag ctgcaaagcg atcgcatgga ggatgcggea atactcaacc tgaagtccegt
caaactgctc tggccctetg gggtacgtgg aagccgccca aggatgaaga cggagagget
gtgcaacctg acaagagaca aatcactccg gagatggctc ttaacgtctt tcgcagcatg
accactgcag aaatccagga tgttggattg aacgcagatt atgctcgccc agaatggatg
attattaccg ttctaccagt accaccgect cccgttcgac caagtatttce catggatggt

actggtcagg gtatgcgagg agaggatgat ttgacataca agttgggtga tatcattegt

gccaatggta acgttcgtca agcacaacaa gaagg
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<210> SEQ ID NO 17

<211> LENGTH: 1830

<212> TYPE: DNA

<213> ORGANISM: Phialocephala fortinii

<400> SEQUENCE: 17

gtgtttacat actattgttg ctttggeggyg ccgtggecte cactgeggge tctgetegtyg
tgtgccegee agagaaccaa actctgaatg ttagtgatgt ctgagtacta tctaatagtt
aaaactttca acaacggatc tcttggttet ggecatcgatg aagaacgcag cgaaatgcga
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcegecce
tgtggtattc cgcagggcat gectgttega gegtecattta accactcacg cctagegtgg
tattggggca cgeggtctee geggecctca aaatgagtgg cggegecggt gggctctaag
cgtagtacat actccegeta tagagttece ceggtggete gegtaacgge gagtgaageg
gtaacagctc aaatttgaaa gctgccaaca ggccgegttg taatttgtag aagetgettt
gggtgtegge ccggtctaag ttecttggaa caggacgtca tagagggtga gaatccegta
tgtgatcggt gecegttgece gtgtaaageg ctttegacga gtecgagttgt ttgggaatge
agctcaaaat gggtggtaaa tttcatctaa agctaaatat tggeccagaga ccgatagege
acaagtagag tgatcgaaag atgaaaagca ctttggaaag agagttaaac agtacgtgaa
attgttgaaa gggaagcgcet tgcaaccaga cttgegggeg gtcgatcate cgaggttete
cceggtgeac tegategtte tcaggecage ateggtttece ggggtgggat aaaggeggtg
ggaatgtgge tctteggagt gttatagcce accgtgcaat gecgecactyg gggaccgagg
accgegette ggctaggatg ctggegtaat ggttgtaage gacccegtett gaaacacgga
ccaaggagtce taacatctat gegagtgttt gggtgtcaaa ceccatacgeg taatgaaagt
gaacggaggt aagagccctt tagggtgcat tatcgaccga tcctgatgte tteggatgga
tttgagtaag agcatagctg ttgggacceg aaagatggtg aactatgegt gaatagggtg
aagccagagg aaactctggt ggaggctege ageggttetg acgtgcaaat cgatcgtcaa
atttgcegtat aggggcgaaa gactaategg ctagacagag tcagttegece cgatgagggt
ggcagatcta cttgttettg tgctgacatg agtatctcag agtaatccgg ccttcaaage
agctgtttee attcgagacce cgaagegtag gttcgatacg atttggegac tttgcaagece
caagatgatc tgcgatageg acgtttetge ggacgatcag gaatteggtyg gegatccaag
ggaagctgtyg aagcgctcte atggaggttyg tggaaatact cagcccgagyg tgegecagea
ggctctgecag ctttggggta catggaagat gcctaaggac gaggagaacyg agggaaacca
atccgagaag agacaaatca ctccagagat ggetctgaac gtcttecgaa gcatgtctac
tgctgagatt cgcgaccttyg ggttgagcaa cgattatgec cgtecegact ggetgatcat
cacagtcctt ccagttecte cteecgecggt tegaccaagt atttctatgg atggcacaag

cactggaatg cgtggagaag atgatttgac atacaagctc ggtgatatca ttcegtgcgaa

tggaaatgtc aagcaggcac aacaggaagg

<210> SEQ ID NO 18

<211> LENGTH: 1835

<212> TYPE: DNA

<213> ORGANISM: Vibrissea truncorum

<400> SEQUENCE: 18
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gtgtttacat actcttgttg ctttggcagg ccgtggccte cactgeggge tctgctegta 60
cgtgcccgec agaggaccaa actctgaatg ttagtgatgt ctgagtacta tataatagtt 120
aaaactttca acaacggatc tcttggttct ggcatcgatg aagaacgcag cgaaatgcga 180
taagtaatgt gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcgccc 240
ggtggtattc cgcecgggecat gectgttecga gegtcattat aaccaatcac gecctggegtg 300
gtgttgggge acacggctcce gtggccctca aaatcagtgg cgatgcceggt tggctctaag 360
cgtagtaact tctctegcta tagatgtctg ctggttgcte gccctcagta acggegagtg 420
aagcggtaac agctcaaatt tgaaagctge caacaggccg cattgtaatt tgtagaggat 480
gctttggggg ttggeceggt ctaagttcct tggaacagga cgtcatagag ggtgagaatc 540
cegtatgtge ceggtgcceg cccccgtgta aagctectte aacgagtcga gttgtttggg 600
aatgcagctc aaaatgggtg gtatatttca tctaaagcta aatattggcc agagaccgat 660
agcgcacaag tagagtgatc gaaagatgaa aagcactttg gaaagagagt taaacagtac 720
gtgaaattgt tgaaagggaa gcgcttgcaa tcagacttgce aggcggtcga tcatcegggg 780
ttctectegg tgcactcegge cgtcttcagg ccagcatcag ttteggtggt gggataaagg 840
ccttgggaat gtagecttctt cgggagtgtt atagcccteg gtgcaatgec gectaccggg 900
actgaggacc gcgcttcegge taggatgctg gecgtaatggt tgtaagcgac ccgtcttgaa 960

acacggacca aggagtctaa catctatgcg agtgtttggg tgtcaaaccc atacgcggaa 1020

tgaaagtgaa cggaggtaag aaccctttag ggcgcattat cgaccgatcce tgatgtctte 1080

ggatggattt gagtaagagc atagctgttg ggacccgaaa gatggtgaac tatgcgtgaa 1140

tagggtgaag ccagaggaaa ctctggtgga ggctcgcagce ggttctgacg tgcaaatcga 1200

tcgtcaaatt tgcgtatagg ggcgaaagac taatcgatta gacagggttt gtttgcctgt 1260

tgaaatggga atctaacagt tcatttgtgc tgacacggat gaaaatagaa taatcctgca 1320

ttcaaggccg ctgttaatat tcgagaccca aagcgaaaat tcgatacgat atggcgactce 1380

tgcaagccga agcttgtttyg cgacagtgac atcaatcccg acgatccaga gttcaacagce 1440

gatcccaagg aagcagcaaa gcgttctcat ggtggatgtg gcaatactca acccgaggtyg 1500

cgccaacagg ctttacaact ttggggtacce tggaagatgc cgaaggatga ggagaacgat 1560

ggtggatctyg agaagagaca aatcactcca gagatggctc tgaacgttct tcgaagcatg 1620

tctacttetg acattcggga tetgggactce agegtcgatt atgctcecgtece tgagtggttg 1680

atcatcacag ttctgccagt tcecctccacca ccegtceccgac ccagtattte catggatggce 1740

acaagcactg gtatgcgcgg agaggatgat ttgacctata agcttggtga tattatccgt 1800

gcaaatggca atgtgaagca ggcacaacag gaagg 1835
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1. A method for enhancing overall plant growth and
resistance to adverse abiotic conditions comprising contact-
ing a plant or seed therefrom with a composition comprising
a biofertilizer comprising at least one endophytic fungi and
optionally bacteria.

2. The method of claim 1, wherein the fungi is Acidomela-
ria panicicola.

3. The method of claim 2, wherein said composition
contains bacteria selected from the Burkholderia genus.

4. The method of claim 1, wherein

1) said composition is prepared before use by inoculating

said seeds with said endophyte on agar or growth
medium and placing seeds and agar in the soil, or

i1) said composition is prepared before use by mixing said

fungi and bacterial cultures with seeds, or

iii) said composition is prepared before use by mixing

seeds with said fungi and bacterial cultures and drying
said seeds to form a coating thereon.

5. (canceled)

6. (canceled)

7. The method of claim 4 wherein said composition
comprises vermiculite and rock phosphate.

8. The method of claim 4, wherein said biofertilizer is
applicable to crop and forest plants.

9. The method of claim 2, wherein the crop plants are
dicotyledonous plants or monocotyledonous plants.

10. The method of claim 9, wherein said plant is an edible
plant selected from lettuce, corn, rice, soybeans, potatoes,
barley, wheat, and carrots.

11. (canceled)

12. The method of claim 2 wherein said plant is a turfgrass
plant selected from a Ryegrass, Kentucky Bluegrass, Tall
Fescue, Bermuda, St. Augustine or Zoysia plant or any other
turfgrass plant.

13. A biofertilizer composition, comprising an effective
amount of A. panicicola and at least one agent or microor-
ganism for promoting plant growth and resistance to abiotic
stresses for use in the method of claim 1, optionally for use
as a seed coating.

14. The biofertilizer composition of claim 13, wherein the
composition contains 4. panicicola and at least one Burk-
holderia species in equal concentrations.

15. The biofertilizer composition of claim 14, comprising
a culture suspension comprising the fungal strain and
optionally a bacterial strain, a sun protecting product and a
polysaccharide solution.

16. The biofertilizer composition of claim 15, wherein the
polysaccharide is selected from the group consisting of guar

Feb. §, 2018

gum, gelan gum, pectin, carboxymetil cellulose, agar, and
xantan gum and contains 1% w/v of polysaccharide.

17. (canceled)

18. The biofertilizer composition of claim 13, wherein the
composition is applied as a seed coating and improves seed
germination.

19. The biofertilizer composition of claim 13, wherein the
fungal strains are encapsulated in allignate beads.

20. (canceled)

21. The method of claim 1, wherein said composition
contains fungi selected from the Barrenia genus.

22. The method of claim 21, wherein the fungi is Barrenia
panicia.

23. The method of claim 21, wherein said composition
contains bacteria selected from the Burkholderia genus.

24. The method of claim 21, wherein said composition is
prepared before use by

1) inoculating said seeds with said endophyte on agar or

growth medium and placing seeds and agar in the soil,
or

i) mixing seeds with said fungi and bacterial cultures and

drying said seeds to form a coating thereon or,

iii) mixing seeds with said fungi and bacterial cultures and

drying said seeds to form a coating thereon.

25. (canceled)

26. (canceled)

27. The method of claim 24 wherein said composition
comprises vermiculite and rock phosphate.

28. The biofertilizer composition, according to claim 13,
wherein said at least one microorganism is of the genus
Barrenia.

29. The biofertilizer of claim 28, wherein the fungi is
Barrenia panicia.

30. The biofertilizer composition of claim 13, wherein the
composition contains A. paricicola and at least one Barrenia
species in equal concentrations.

31. The biofertilizer composition of claim 28, further
comprising a sun protecting product and a polysaccharide
solution.

32. The biofertilizer composition of claim 26, wherein the
polysaccharide is selected from the group consisting of guar
gum, gelan gum, pectin, carboxymetil cellulose, agar, and
xantan gum and contains 1% w/v of a polysaccharide.

33. The biofertilizer composition of claim 32 applied to
seeds as a coating

34. The biofertilizer composition of claim 28, wherein the
fungal strains are encapsulated in allignate beads.

#* #* #* #* #*



