Supplemental file.

Table S1. Primers used for Cyp51A site-directed mutagenesis in this study

Primer

Sequence (5'to 3')

cyp51A-T960A-UplS
cyp51A-T960A-UplA
cyp51A-T960A-Up2S
Cyp51A-T960A-Up2A
CYp51A-T960A-ptrAs
Ccyp51A-T960A-ptrAa
cyp51A-T960A-DWS
cyp51A-T960A-DWA
CYyp51A-T960A-yS
cyp51A-TI60A-yA
cyp51A-T1554A-UplS
cyp51A-T1554A-UplA
cyp51A-T1554A-Up2S
cyp51A-T1554A-Up2A
Cyp51A-T1554A-ptrAs
Cyp51A-T1554A-ptrAa
cyp51A-T1554A-DWS
cyp51A-T1554A-DWA
Cyp51A-T1554A-yS
cyp51A-T1554A-yA
T960A-Up2A-hpgA
cyp51A-T960A-hpgs
cyp51A-T960A-hpgAa
T960A-DwS-hpgA
T1554A-Up2A-hpgA
cyp51A-T1554A--hpgAs
cyp51A-T1554A--hpgAa
T1554A-DwS-hpgA

ACGTGCGTAGCAAGGGAGAA
GCGCTGATGGACGAAGACGTATGCTGACCAGCCATCAACAGG
CCTGTTGATGGCTGGTCAGCATACGTCTTCGTCCATCAGCGC
GTCGTTGCGTCAGTCCAAAACAACACTTCAGGGCCAGTAA
TTACTGGCCCTGAAGTGTTGTTTTGGACTGACGCAACGAC
CCTTCTCGTCTTTGCGTGCCACTTTATGCTTCCGGCTC
GAGCCGGAAGCATAAAGTGGCACGCAAAGACGAGAAGG
CGCTGGGGCGAACATACC
TTGAATGTATTCCAACGAGCTG
CCTGGGAGAAGAATTGGTCTG
TTTCGGATCGGACGTGGTG
GCTTCATGGGGCCCGAAATGAGGGATGAATAGTCAGTTTCAGG
CCTGAAACTGACTATTCATCCCTCATTTCGGGCCCCATGAAGC
GTCGTTGCGTCAGTCCAACGTGCCAAGGCCAAGGCT
AGCCTTGGCCTTGGCACGTTGGACTGACGCAACGAC
CACAAAGGGCATATCCCTTCTCCACTTTATGCTTCCGGCTC
GAGCCGGAAGCATAAAGTGGAGAAGGGATATGCCCTTTGTG
CAGCAGGCGTATTGGTGAGC
GGCACGCAAAGACGAGAA
AAAGAGCACGACCCGACC
GAGCTCCAGCTTTTGTTCCAACAACACTTCAGGGCCAGTAA
TTACTGGCCCTGAAGTGTTGTTGGAACAAAAGCTGGAGCTC
CCTTCTCGTCTTTGCGTGCGTCGACGGTATCGATAAGCTT
AAGCTTATCGATACCGTCGACGCACGCAAAGACGAGAAGG
GAGCTCCAGCTTTTGTTCCCGTGCCAAGGCCAAGGCT
AGCCTTGGCCTTGGCACGGGAACAAAAGCTGGAGCTC
CACAAAGGGCATATCCCTTCTCGTCGACGGTATCGATAAGCTT
AAGCTTATCGATACCGTCGACGAGAAGGGATATGCCCTTTGTG




Table S2. Abbreviations of species names.

Abbreviation (EPPO code)

Name of pathogen

ASPEFU

ASPEFL

ERYSGT

MONIFC

MYCOFI

PENIDI

PSDCHE

PYRNTE

SEPTTR

UNCINE

VENTIN

Aspergillus fumigatus
Aspergillus flavus
Blumeria graminis

Monilinia fructicola
Mycosphaerella fijiensis
Penicillium digitatum
Oculimacula yallundae
Pyrenophora teres
Zymoseptoria tritici
Erysiphe necator

Venturia inaequalis




Figure S1. Amino acid sequence alignment of the Cyp51 family. Sequences are named by
species EPPO code and NCBI gene accession number. The mutation labels shown above the
alignment are based on the position number of the amino acid in Cyp51A sequence from
Aspergillus fumigatus. Residues highlighted in yellow denote amino acid substitutions associated

with fungicide resistance at an orthologous position of A. fumigatus (Cyp51A).
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ASPEFU.AF338659 @ —————m—mm — MVP MLWLTAYMAV AVLTAILLNV VYQLFFRLWN 33
UNCINE.RAAC49812 MYIADILSDL LTQQTTRYGW IFMVTSIAFS IILLAVGLNV LSQLLFRRP- 49
ERYSGT.AJ578751 MGKPESFMSP YLQPLLQFGF SIALASGIIS LLLLLTFLNV LKQLLFKNP- 49
MONIFC.AF470621 MGVLETIAGP LAQEISQRST GTIIAAGVAA FVVLAVVLNV LNQVLFANP- 49
PSDCHE .AAF18469.2 MGILDAVTVP LATQVSQRGL GVVIAAGFAA FLVVSVVLNV LSQILFKNP- 49
ASPEFL.KOC13803 MGILAVILDS VCERCSGSSL WMLSTVALLS ILVVSVVINV LRQLLFKNY- 49
PENIDI.AD085395.1 MGLSATFLAI FCEHCSTQSI YTLASIGALS FIALSVVINV LRQLFFKKA- 49
VENTIN.AAF76464.1 ——-MGLLSPL LAXLPGSDRS WLFYTLASFG FTVAIVAANL VKQLLFSNP- 46
MYCOFI.XP 007928752 MGLLQDAAAL FDAQFGQTAT WKLVPLGFSI FFAVSVLLNV LROLLFRNP- 49
SEPTTR.AY253234 MGLLQEVLAQ FDAQFGQTSL WKLVGLGFLA FSTLAILLNV LSQLLFRGKS 50
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ASPEFU.AF338659 RTEPPMVFHW VPFLGSTISY GIDPYKFFFA CREKYGDIFT FILLGQKTTV 83
UNCINE.AAC49812 ~-YEPPVVFHW FPIIGSTISY GIDPYKFYFD CRAKYGDIFT FILLGKKVTV 98
ERYSGT.AJ578751 ~-NEPPIVFHW IPIIGSTISY GMNPYKFFHE SQAKYGNIFT FILLGKKTTV 98
MONIFC.AF470621 ~-NEPPVVFHW LPIIGSTITY GIDPYRFFFD CRAKYGDVFT FILLGKKTTV 98
PSDCHE .AAF18469.2 ~-NEPPVVFHF FPIIGSTVTY GIDPYKFFFD NKAKYGNIFT FILLGKKTTV 98
ASPEFL.K0OC13803 ~-KEPPLVFHW FPFIGSTISY GMDPYRFFFN CREKYGDIFT FVLLGKKTTV 98
PENIDI.AD085395.1 ~-HEPPMVFHW FPFVGSTVSY GMDPYTFFTQ SRAKYGDIFT FVLLGKKTTV 98
VENTIN.AAF76464.1 -NEPPVVFHW FPFFGNTVVY GIDPIKFFAE CKEKHGDIFT FILLGRKTTV 95
MYCOFI.XP 007928752 ~-NEPPLVFHY VPFIGSTISY GIDPYKFFFA CRQKYGDCFT FILLGKKTTV 98
SEPTTR.AY253234 ~-SDPPLVFHW VPFIGSTITY GIDPYKFFFS CREKYGDVFT FILLGKKTTV 99
PYRNTE.XP 003303644.1 --EPPVVFHW FPWLGSAITY GKDPYKFLFA AKAKHGDVFT FVLLGRNVTV 81
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ASPEFU.AF338659 YLGVQGNEFI LNGKLKDVNA EEVYSPLTTP VFGSDVVYDC PNSKLMEQKK 133
UNCINE.AAC49812 YLGLQGNNFI LNGKLKDVNA EEIYTNLTTP VFGRDVVYDC PNSKLMEQKK 148
ERYSGT.AJ578751 YLGRQGNNFI LNGKLRDVNA EEVYSVLTTP VFGTDVVYDC PNSKLMEQKK 148
MONIFC.AF470621 YLGRKGNDFI LNGKHKDLNA EEIYTVLTTP VFGKDVVYDC PNAKLMEQKK 148
PSDCHE .AAF18469.2 YLGPDGNEFI LNGKIKDVNA EEIYTVLTTP VFGKDVVYDC PNSKLMEQKK 148
ASPEFL.KOC13803 YLGTKGNDFI LNGKLRDVCA EEVYSPLTTP VFGRHVVYDC PNAKLMEQKK 148
PENIDI.AD085395.1 YLGTKGNEFI LNGKLRDVNA EEVYSPLTTP VFGRHVVYDC PNSKLMEQKK 148
VENTIN.AAF76464.1 YIGTKGNEFI LNGKQSHVNA EEIYSPLTTP VFGSDVVYDC PNSKLMEQKK 145
MYCOFI.XP 007928752 VLGTKGNVFI LNGKLKDVNA EEIYSPLTTP VFGTDVVYDC PNSKLMEQKK 148
SEPTTR.AY253234 CLGTKGNDFI LNGKLKDVNA EEIYSPLTTP VFGKDVVYDC PNSKLMEQKK 149
PYRNTE.XP 003303644.1 HLGVAGNDFV FNGKETHVNA EEIYGPLCNP VFGEGVVYDC PNSKLMEQKK 131
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ASPEFU.AF338659 FIKYéLTgSA LESHVPLIEK EVLDYLRD-- —-SPNFQGSSG RMDISAAMAE 180
UNCINE.AAC49812 FMKTALTIEA FHSYVTIIQN EVEAYINN-- -CVSFQGESG TVNISKVMAE 195
ERYSGT.AJ578751 FMKAALTTEA FRSYVPIIQN EVESFINK-- -CDDFRKSEG IINIAAVMAE 195
MONIFC.AF470621 FMKIGLSTEA FRSYVPIIQM EVENFMKR-- —-SSAFKGQKG TANIPPAMAE 195
PSDCHE.AAF18469.2 FMKIGLTTDA FKTYVPIIQON EVETFIKR-- —-SPEFKGHSG TVNIPAQMAE 195
ASPEFL.KOC13803 FVKFGLTSDA LRSYVRLITE EVEDFVQK-- -SSALQGPNG VFDVCKTIAE 195
PENIDI.AD085395.1 FVKFGLTSEA LRSYVPLITN EVEEFVKN-- -SPALQDTKG VFNVSKVISE 195
VENTIN.AAF76464.1 FVKYGLTTEA LKSYVTLIQQ EVEDYTKR-- -YPQFKGEKG SFDVCASMAE 192
MYCOFI.XP 007928752 FVKYGLTSSA LOSYVKLITK ETKDFFSKDN PSKKFASTHG TVDLPPAMAE 198
SEPTTR.AY253234 FVKYGLTTSA LOSYVTLIAA ETRQFFDRNN PHKKFASTSG TIDLPPALAE 199
PYRNTE.XP 003303644.1 FVKFGLTTDA LKAHVRLIEQ EVVDYIKT-- -SREFKGQSG TINVPPVMAQ 178
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ASPEFU.AF338659 ITIFTAARAL QGQEVRSKLT AEFADLYHDI, DKGFTPINFM I.PWAPLPHNK 230
UNCINE.AAC49812 ITIYTASHAL QGEEVRENFD SSFAALYHDL DMGFTPINFT FYWAPLPWNR 245
ERYSGT.AJ578751 ITIYTASHTL QGKEVRDRFD SSLAVLYHDL DMGFTPINFM LHWAPLPHNR 245
MONIFC.AF470621 ITIYTASHTIL QGKEVRDRFD TSFASLYHDIL DMGFSPINFM LHWAPLPHNR 245
PSDCHE .AAF18469.2 ITIYTASHAL QGKDCRDKFD SSFAELYHAL DMGFSPINFM LHWAPLPHNR 245
ASPEFL.KOC13803 ITIYTASRSIL, QGKEVRSRFD STFAELYHDI DMGFAPINFM LPWAPLPHNR 245
PENIDI .ADO85395.1 ITIYTASRSL QGQEVRDRFD STFAEMYHDIL DKGFSPINFM LPWAPLPHNR 245
VENTIN.AAF76464.1 ITIFTASRSL QGKEVRDKFD ASFADLFHDL DMGFSPINFM LPWAPLPHNR 242
MYCOFI.XP 007928752 LTIYTASRSL QGKEVREKFD SSFADLYHDI, DMGFTPINFM LPWAPLPQNR 248
SEPTTR.AY253234 LTIYTASRSL QGKEVREGFD SSFADLYHYL DMGFTPINFM LPWAPLPONR 249
PYRNTE .XP 003303644.1 ITIFTAATAL QGPEVRSKLT NEFASLYHDIL DGGFSPINFV LPRAPFPHNI 228
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ASPEFU.AF338659 KRDAAHARMR STIYVDIINQR RLDGDKDSQK ——————— SDM IWNLMNCTYK 273
UNCINE.AAC49812 ARDHAQRTVA RTYMNIIQAR REE-—-KRSGE NK————— HDI MWELMRSTYK 288
ERYSGT.AJ578751 ARDHAQRTVA KIYMEIINSR RTQ--KETDN SN————— LDI MWQLMRSSYK 288
MONIFC.AF470621 ARDHAQRTVA STYMDIIQKR RAQ--ATEAE FK————-— SDI MWQLMRSSYK 288
PSDCHE .AAF18469.2 ARDHAQRTVA KTYMEIMEAR RKD--KKSLD N—————— MDI MSQLMRSTYK 287
ASPEFL.KOC13803 KRDAAQKRMT ETYMEIIKER REAGSKKDSE ———————— DM VWNLMSCMYK 287
PENIDI.ADO85395.1 KRDAAQKKLT ETYMDIIKAR RTSGEKKNSE ———————— DM VWNLMSCTYK 287
VENTIN.AAF76464.1 RRDAANKKMT ETYLEIIQSR KAEGVKKDSE ———————— DM IWNLMQCVYK 284
MYCOFTI.XP 007928752 ARDRAQKKMA EVYTAIIKER REKGEPTSGE KE————— QDM IWNLMQCQYK 293
SEPTTR.AY253234 RRDYAQKKMS ETYMSIIQKR RES-—-KTGE HE—---——-— EDM THNLMQCKYK 291
PYRNTE .XP 003303644.1 KRDRAQLKMR KIYETIIAER RAGKMPPTTD MIS——————— —— HLMQCAYK 269
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ASPEFU.AF338659 NGQQVPDKEI AHMMITLILMA GQHSSSSISA WIMLRLASQP KVLEELYQEQ 323
UNCINE.AAC49812 DGTPVPDREI AHMMIALLMA GQHSSSSTSS WIMLWLAARP DIMEELYEEQ 338
ERYSGT.AJ578751 DGTPVPDKEI AHMMIALLIMA GQHSSSSSST WIMLWLAARP DITEELYQEQ 338
MONIFC.AF470621 DGTPVPDKEI ANMMIALLMA GQHSSSSSIS WIMLRLAARP DIMEELYQEQ 338
PSDCHE .AAF18469.2 NGVPVPDMEI AHMMIALLMA GQHSSSSSSS WIMLRLASRP DIMEELYQEQ 337
ASPEFL.KOC13803 DGTPVPDEEI AHMMIALIMA GQHSSSSTAA WIVLHLAASP EITEELYQEQ 337
PENIDI.ADO85395.1 NGTPITDEEI AHMMIALLMA GQHSSSSTAA WIVLRLATCP DIVEELYQEQ 337
VENTIN.AAF76464.1 NGTPIPDKEI AHMMIALLMA GQHSSSSTSS WILLRLATRP DIQEELYQEQ 334
MYCOFI.XP 007928752 NGQATPDKEI AHMMIALLMA GQHSSSSTSC WILLRLASRP DIQDELLQEQ 343
CERCBE.HM778021 DGTPIPDREV AHMMIALIMA GQHSSSSTSS WIFLRLATRR DIQDELVQEQ 344
SEPTTR.AY253234 DGNAIPDKEI AHMMIALLMA GQHSSSATES WITLRLASRP DIQDELLQEQ 341
PYRNTE.XP 003303644.1 DGDPIPDLEI ANMMITILMA GQHNSSNIAS WIMLHLANEP QLCEELYQEQ 319
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ASPEFU.AF338659 LANLGPAGPD GSLPPLQYKD LDKLPFHQHV IRETLRIHSS IHSIMRKVKS 373
"UNCINE.AAC49812 LRIFGS-EKP FPP--LQYED LSKLQLHQONV LKEVLRLHAP THSIMRKVKN 385
ERYSGT.AJ578751 LEILG-—--SE LPP--VKYED LSKLTLHQONV VKEVLRLHAP THSILRKVKN 383
MONIFC.AF470621 IEVLG———AD LPD--LKYED LSKLTLHQONI LKETLRLHTP IHSIMRKVTT 383
PSDCHE .AAF18469.2 LEVLG-—-SD LPP--LQYED LAKLTKHONV LKEVLRLHTP IHSIMRKVKT 382
ASPEFL.KOC13803 LRILGH-DMP ———-PLTYEN LQKLDLHAKV IKETLRIHAP IHSIIRAVKN 382
PENIDI.ADO85395.1 LOILGS-DLP ————-PLTHEG LQOKLDLHSKV IKETLRIHAP IHSILRAVKN 382
VENTIN.AAF76464.1 IRVCGA-DLP ———-PLQYED LARMPLHNQI IKETLRMHSP IHSILRAVKQ 379
MYCOFI.XP 007928752 KDVLGV-NAD GSIKELTYAD ISRLPLLNQV VKETLRLHAP IHSILRQVKS 392
SEPTTR.AY253234 KDMLGV-NAD GSIKELTYAN LSKLTLLNQV VKETLRIHAP VHSILRKVKS 390
PYRNTE.XP 003303644.1 LDQLAD--EH GNLPELDLQA LEKLKLHSNV VKETLRIHNA ITHSIMRLVKQ 367
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ASPEFU.AF338659 PLPVPGTPYM IPPGRVLLAS PGVTALSDEH FPNAGCWDPH RWENQATKEQ 423
UNCINE.AACA498712 PMIVPGTKYV IPTSHVLISS PGCTSQDATF FPDPLKWDPH RWDIGSGKVL 435
ERYSGT.AJ578751 PMPVPGTSYV IPKTHSLLAA PGWTSRDASY FPNPLKWDPH RWDTGSGGVI 433
MONIFC.AF470621 PMPVSGTKYV IPTSHTLMAS PGCTSRDAEY FPEPLEWDPH RWDIGSGRVI 433
PSDCHE.AAF18469.2 PMPVAGTKFV VPTSHVLLAS PGFSSRDDTY FPDAMKWEPH RWDPESGGVL 432
ASPEFL.KOC13803 PMPVEGTPYV IPTSHNVLSS PGVTARSEEH FPDPLEWKPH RWDEAIAVSS 432
PENIDI.AD085395.1 PMPVEGTSYV IPTTHNVLSS PGVTARSPEF FPDPLKWNPH RWDESGTVTT 432
VENTIN.AAF76464.1 PMPVEGTPYT IPTSHVLLAA PIASGGSPMY FPAPEKWEPH RWDEGSGGTN 429
MYCOFI.XP 007928752 PMPLEGTPYV VPTTHSLLAA PGATSRMDEH FPEAMLWEPH RWDENPSEKY 442
SEPTTR.AY253234 PMPIEGTAYV IPTTHTLLAA PGTTSRMDEH FPDCLHWEPH RWDESPSEKY 440
PYRNTE.XP 003303644.1 PLPVPSTHWT IPPGHAILAS PGISANSEEY FSNPNKWSPH RWDDRVIEED 417
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ASPEFU.AF338659 ENDE=—==—— ——— VVDYG YGAVSKGTSS PYLPFGAGRH RCIGEKFAYV 462
UNCINE.AACA49812 & —— DAVDEKYDYG YGLTSTGASS PYLPFGAGRH RCIGEQFATL 477
ERYSGT.AJ578751 GT-——————— DMEDEKFDYG YGLISTGAAS PYLPFGAGRH RCIGEQFATV 475
MONIFC.AF470621 GN-——————— DODEEFQDYG YGMISKGASS PYLPFGAGSH RCIGEQFANV 475
PSDCHE.AAF18469.2 GT-——————— DVEEESFDYG YGLISKGAKS PYLPFGAGRH RCIGEQFANV 474
ASPEFT.KOCIE803 3 3 = = =mmomeemmme -EDEEKVDYG YGLVTKGTNS PYLPFGAGRH RCIGEQFAYV 471
PENIDI.ADO85395.1 K-———————— DEDEEQIDYG YGLVTKGTNS PYLPFGAGRH RCIGEQFAYV 473
VENTIN.AAF76464.1 I1SGG————- E NGGEEKEDYG YGLITKGASS PYLPFGAGRH RCIGEQFAYM 474
MYCOFI.XP 007928752 AHLAPKHVKE GVAEETEDYG YGLVSKGAAS PYLPFGAGRH RCIGEQFAYV 492
SEPTTR.AY253234 KHLSPTTALG SIAEEKEDDG YGLVSKGAAS PYLPFGAGRH RCIGEQFAYV 490
PYRNTE.XP 003303644.1 DE-——=—=—— ——— SEMVDYG YGRMSKGTKS AYLPFGGGRH RCIGEKFAYL 456
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ASPEFU.AF338659 NLGVILATIV RHLRLFNVDG KKGVPETDYS SLFSGPMKPS IIGWEKRSKN 512
UNCINE.AACA49812 QLVTIMATMV RFFRFRNIDG KQGVVKTDYS SLFSMPLAPA LIGWEKR——— 524
ERYSGT.AJ578751 QLVTIMATMV RSFKFHNLDG RNSVAETDYS SMFSRPMAPA TIAWEKRDKK 525
MONIFC.AF470621 QLITIMATVV RLFKFKNPDG SKDVIGTDYT SLFTGPLEPA VVAWERR--- 522
PSDCHE.AAF18469.2 QLITITAVMV RYFKFKNLDN SGKVVETDYT SLFSRPLAPA VVEYERREKV 524
ASPEFL.KOC13803 QLGAITAALV RLFKFSNLPG VQTLPDTDYS SLFSKPLGNS KIQFEKREPV 521
PENIDI.ADO85395.1 QLITILAALV RHLKFSKPSA DAPFPETDYS SLFSKPLGTS FVRYEKRGVK 523
VENTIN.AAF76464.1 QLNTVLATQV REFKFSLREG ES-FPKTDFS SLFSGPLRPA WLNWERREKS 523
MYCOFI.XP 007928752 QLQTITSEVI RDFKLYNVDG SDKVVGTDYS SLFSRPLSPA VVRWERREKK 543
SEPTTR.AY253234 QLOTITATMV RDFKFYNVDG SDNVVGTDYS SLFSRPLSPA VVKWERREEK 540
PYRNTE.XP 003303644.1 NLEVITAIMV RNFRLKNVNG KEDVPGTDYS TMFSRPLEPA EICWERR-—-— 503
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ASPEFU.AF338659 TSK—- 515
UNCINE.AAC49812 = ————- 524
ERYSGT.AJ578751 DKTEC 530
MONIFC.AF470621 = ————— 522
PSDCHE.AAF18469.2 KV-——- 526
ASPEFL.K0OC13803 TKA-- 524
PENIDI.ADO85395.1 A-——x 524
VENTIN.AAF76464.1 < — 524
MYCOFI.XP 007928752  ————- 543
SEPTTR.AY253234 EEKN- 544
PYRNTE.XP 003303644.1 = - --——-—- 503

Figure S1. Amino acid sequence alignment of the Cyp51 family. Sequences are named by species EPPO code and NCBI gene
accession number. The mutation labels shown above the alignment are based on the position number of the amino acid in
CypS1Asequence from Aspergillus fumigatus. Residues highlighted in yellow denote amino acid substitutions associated with
fungicide resistance at an orthologous position of A. fumigatus (Cyp51A).
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