
 

Fig. S1. Structures of A) FR901512, B) lovastatin, and C) ML-236B (compactin), drawn in active 

(beta-hydroxy acid) forms. 



 

 

Fig. S2. Plasmid preparation for construction of overexpression mutants and direct PCR results that 

confirmed the construction. Primers used for confirmation were shown as arrows. Amplification length 

of each gene is listed in a table. 



FrlE          1 MDAGE----NSLQSLGDETQSALGTNSAQAVRKSCDRCYVQKIKCSRSTRS--PTQCQRC 

LovE          1 MAADQGIFTNSVTLSPVEGSRTGGTLPRRAFRRSCDRCHAQKIKCTGNKEVTGRAPCQRC 

MlcR          1 MSLPH--------------ATIPTNLRRRAFRRSCDRCHAQKLKCTGSNANLVRAQCQRC 

consensus    1 * .       ...      .   .  ... ..*.*.*****..**.**...      ...**** 

                                                     

                                                GAL4-like Zn2Cys6 DNA-binding domain 

 

FrlE         55 ERAGLKCVFGRRNPRQAARTKASVPTTPSIPSSQD-------------EVNQPYQ----- 

LovE         61 QQAGLRCVYSERCPKRKLRQSRAA---------------------DLVSADPDPCLHMSS 

MlcR         47 QQAGLRCVYSERLPKRNLHKEAAAGTTRATETSQPMTATSSTVFSSLAETPPPYC----S 

consensus   61 ..***.**...* *.. ..  ...  ..    ...               . .  ....     . 

                 

 

 

FrlE         97 -PMMEPIIGTRGGSSSSGASSLDWLG---SFDGSEVGPLPPWSW------RDFSGSS-NG 

LovE        100 PPVPSQSLPLDVSESHSSNTSRQF------LDPPDSYD---WSWTSIGT--DEAIDTDCW 

MlcR        103 PPTHIGTSALKETLSEPSAATLQFYDTSINFDDPESFP---GGWPQPNTFRDDANSNESS 

consensus  121 .*.    ..... . * ........       .* .....    ..*    . .*.. ...   

 

 

FrlE        146 GFPDVS---DQPI-CSPPVSSTPLAAEEEPDA----------SISGYQSAFERLCMISTT 

LovE        149 GLSQCDGGFSCQLEPTLPDLPSPFESTVEKAPLPPVSSDIARAASAQRELFDDLSAVSQE 

MlcR        160 GIPDLGYDFEGPLDATAPVSPSLFDLEVEGNS----SSGQSNTSNTQRDLFESLSDVSQD 

consensus  181 *....   .. ...  . *....... ..*         ..    . ......*. *. .*.. 

 

 

FrlE        192 LEDCVKSLTSQQNRENVQNF----------------------------------PIGKVI 

LovE        209 LEEILLAVTVEWPKQEIWTRASPHSPTASRERIAQRRQNVWANWLTDLHMFSLDPIGMFF 

MlcR        216 LEVILHGVTVEWPKQKILSY----------------------------------PIGDFL 

consensus  241 **......*...... . ..                                         *** .. 

 

 

FrlE        218 GTFQEFLGILRIQTPGG-KLSMLEGCQQTKTILLASHCYMVCLKIMEALADSFCREMPVH 

LovE        269 NASRRLLTVLRQQAQADCHQGTLDECLRTKNLFTAVHCYILNVRILTAISELLLSQ--IR 

MlcR        242 NAFGRLLLHLQERVITSSNSSMLDGCLQTKNLFMAVHCYMLSVKIMTSLSQLLLSE--VM 

consensus  301 ... ..* .*. .  .   . ..*..*..**....*.***.. ..*...........  .. 

 

 

FrlE        277 RRQ---SGTWHPPAADVSGNGSKTD-------------------LLVSESFSQLYPLASY 

LovE        327 RTQ---NSHMSPLEGSRSQSPSRDDTSSSSGHSSVDTIPFFSENLPIGELFSYVDPLTHA 

MlcR        300 KAQPCGQKQSTRMDWYWSGSTTRNDNGRA------EALPSFHSNLHIGELISHLDPFMHA 

consensus  361 . *    .   .....   *.. .. *            . .. .  .* ..*..* ..*. .. 

 

 

FrlE        315 LMSACTTLQVGASILSEIEVEFGVPQGSGIAAT-N--TSTAP---MAVGGDMTPLESDKM 

LovE        384 LFSACTTLHVGVQLLRENEITLGVHSAQGIAASIS--MSGEPGEDIARTGATNSARCEE- 

MlcR        354 LSSACTTLRVSLRLLSEIETALGIAQEHGAAASIRLVLSDMPSTSWQILGAEN------- 

consensus  421 * ******.*.. .*.*.*. .*. .. *.**..    .*  *    ... *. .    .   

 

 

FrlE        369 DQKGFSRVFRLLEAMMEGKGGGSEVST------TLQNFQRDHAKIVRLTKQQTSSLL--- 

LovE        441 --QPTTPAARVLFMFLSDEGAFQEAKSAGSRGRTIAALRRCYEDIFSLARKHKHGMLRDL 

MlcR        407 --KTITPASRLLSVLWSDEAGDEEPKSTKASGKTINVLRRCYKEIFALAKKHN------- 

consensus  481    .  ... *.* ........  * ..     ..*.. ..*.. .*. *....    ..    

 

 

FrlE        420 --APS 

LovE        499 NNIPP 

MlcR        458 ---IA 

consensus  541     .  

 

 

Fig. S3. Amino acid sequence comparison of transcriptional factor FrlE, LovE and MlcR proteins showing conserved 

protein GAL4-like Zn2Cys6 DNA-binding domain. 



Fig. S4. Another version of Fig. 2 in different description. The relative expression levels of respective genes in each mutant to "Orig." of the MC3 

strain are shown.



 

ANO14919_086630     1 MSNSSPPVASAPAATTATNATNASNDDSASTIT--------VNTTTKAPTPASAPAPFPP 

ATEG_10025       1 M---------------------VGQDLTGHGLTPCLLFPPPVPTKESKKVESNGQPNIPP 

AO090102000098       1 ------------------------------------------------------------ 

consensus            1 .                            .. ..  ..          . .          .     .. 

 

 

ANO14919_086630    53 PKTDKPRPHVCATCQRSFARLEHLKRHERSHTKEKPFECPECTRCFARRDLLLRHQQKLH 

ATEG_10025     40 PKTDKPRPHGCTTCGRSFARLEHLKRHERSHTKEKPFECPDCARCFARRDLLLRHQQKLH 

AO090102000098      1 ------------------------------------------------------------ 

consensus          61 ......... . .. ........................... ................. 

          

                             FOG: Zn-finger(COG5048) 

 

 

ANO14919_086630  113 QSTTPSSRPRN-RRESTSSTATAQSRARKNSVAGTNAAAAAAAASASSNGPMRPRANTIS 

ATEG_10025    100 MTTTPSSRPRNGRRESTGAAGAGANRVRKNSIVNNSAT-------------MRPRANTIS 

AO090102000098       1 ------------------------------------------------------------ 

consensus         121  .......... .....    . .  . .....     .                 ......... 

        

 

 

ANO14919_086630   172 HVDPNHVQMIAAANASVARSQHMPAAHHSRHQSLVGLPIQNMDHPFASMSSVMGHRGMG- 

ATEG_10025    147 HIDGAALGLPNATNPPQA--AHHPG--HAYHPSLGSAPV----------GSNLDYRGYGV 

AO090102000098       1 ------------------------------------------------------------ 

consensus           181 ...   . .   . .   .    . ..  .   . ..   ..              . .  .. .  

        

 

 

ANO14919_086630  231 -----HGLPKLETHGMHGMDFNTGLRTAPPLAFQSDFDFEHLLFGQPGSTINPNALHYTE 

ATEG_10025    193 GHPPVNGLSKLETHGL-PMDLTGGLRTAPVYG-SFDTGMGEMLMGH-GSTINPAQLHFGG 

AO090102000098       1 ------------------------------------------------------------ 

consensus         241        .. .......   ..   ......   .   .      .. .   ......  ...   

 

 

ANO14919_086630    286 SPHSMSLDQ-TSPFINGMTD---MATSQHVED--SFDWLT-GFEQGMSFNTNQHENAVDG 

ATEG_10025     250 SPQGFGHDSPSSPYVHGAAQGMPPTTDPMMEDEFSFDWMNGGFDQSMHMGKGNNESAIDE 

AO090102000098       1 ------------------------------------------------------------ 

consensus      301 ..      .  ..... .          .   ...   .....  .... .      .  . ...  

 

 

ANO14919_086630 339 SSPSAMSTTSQSGISDVMLDGSNNTSMPAATSSIWQPTLMGPPQVANPFSMDMSNGVFPD 

ATEG_10025    310 SSPSAMSTGSQSGISEAMMDGSHRYSMSSASWHNPFPAHSGAH--SNQFAVDYTSPAFND 

AO090102000098       1 ------------------------------------------------------------ 

consensus         361 ........ ....... .....    ..  ..      .    .      . . .. .   . . 

 

 

ANO14919_086630   399 LLNGAP---VSPQP-PTQKAMSDVYFSTPPPSMSSLSPSIMPGLTAQNMNQAL-NFGPSP 

ATEG_10025    368 L--GIPPETVSPKSLMAQNPFAETYAT--PPSMTSVGQPLLGGHSQSMFSSSMATSGESP 

AO090102000098       1 ----------------------------------------------------MATNGDSP 

consensus         421 .  . .    ...      .     . . .  .......    .. . .        ... *.** 

 

 

ANO14919_086630   454 ET-----TTSMSGGHQSHSPVATITDATRSAIIGALSQCVAMNSGRKYSFPSPNSPMSPQ 

ATEG_10025    424 NPLNLPFANSALRTLHAPTSTDTFTDSTRQALLASMAQPTGFNH-RKYSQPA-SSMIQCR 

AO090102000098      9 NPFNLPFANSALRTHHSSSSTDTFTDSTRQALLASMAQPTGFNH-RKYSQPA-SGMLHCR 

consensus         481 .. ......*....... ....*.**.**.*......*....*. ****.*. .... .. 

 

 

Fig. S5. Amino acid sequence comparison of Drf1 and its homologous proteins. The conserved Zn-finger domain and 
fungal specific transcription factor domain was displayed. 
 

 

 

 

 



 

ANO14919_086630   509 IQPSQDSLPEIAKNLPSTQDLQRYVRSYLQYCHPHLPFLHIPTLSFDLPPTTS------- 

ATEG_10025    482 DLFSRASFSGSSGQLPSTPDMQRYISAYITYFHPHMPFLHIPTLDFQAPEYTNNLRTPSG 

AO090102000098     67 DLFLRSSSFNSSSPLPSTSDMQRYISAYITYFHPHMPFLHIPTLDFQAPEYTNNLRTPSG 

consensus         541 ..... *   .. .**** *.***...*..*.***.********.*..*..*........ 

               

         Fungal specific transcription  

          factor domain (pfam04082) 

 

ANO14919_086630   562 ----GRISTVGGSGCLILSMAAIGALYELERPQSRELFEMAKKMIQLYLEERRKADMRKA 

ATEG_10025    542 HLNLSSTGVAGGGGCLILSMAAIGALYELDTASSKDLFEAAKKMIQLYLEERRKADMSSA 

AO090102000098    127 HLNLSSTGVAGGGGCLILSMAAIGALYEYDTAASKDLFEAAKKMIQLYLEERRKADMSAA 

consensus         601 ..........**.***************.... *..***.*****************. * 

              

 

 

ANO14919_086630   618 DFRRTPASDQGTQGCDPSVH-TPLWLVQAMLLNVVYGHNCGDKIANDIASTHSAALVSLA 

ATEG_10025    602 ISRSNPTRDN-------SVHNTPLWLVQAMLLNVIYGHTCGDKTSADIASTHCAALVSLA 

AO090102000098    187 FSRANSARDN-------SVHNTPLWLVQAMLLNVIYGHTCGDKTSADIASTHCAALVSLA 

consensus         661  .* ....*.         ***.*************.***.****...******.******* 

      

 

 

ANO14919_086630 677 KAAGLLRPLQLDSTEIQDIQVNDAEGN-------------WNGGVKSENEEQAEWLRWKT 

ATEG_10025    655 RAAGLNH--HLDAKDLPQDYLNTGLST-------GADLEGWNSN-PGQQKERRDWLDWKI 

AO090102000098    240 RAAELTH--HLDARDLPQDYLKAGLGSRDSSQDASPDPETWASS-MGPPRERKDWLDWKI 

consensus         721 .**.* .  .**.......... ....           . . *..    . ..*...**.**. 

      

 

 

ANO14919_086630    724 VEERKRTLYIIFILSSLLVTAYNHAPALTNSEILLDLPCDEEFFAAESAAAFQLKGGARA 

ATEG_10025    705 VEERKRTLYAIFCLSCFLVSAYNHAPALTNSEIRLDLPCQEDLWAAESPQAWKKLGGTEA 

AO090102000098    297 VEERKRTLYAIFTLSCFLVSAYNHAPALTNSEIRLDLPCEEDLWAAESPQAWRKKGGPLA 

consensus         781 *********.** **..**.*************.*****.*...****..*....**  * 

                

 

 

ANO14919_086630    784 ANHNRMTFHEALGELLLTNEKQQKLAFNNNHQTFGPTVN---IHDIPKSELKPSTLGCLV 

ATEG_10025    765 S-RNGSSFSSALTTLLTASQREQE----------------SMSGNASGGDLQPSTFGCLV 

AO090102000098    357 S-QKGLSFPSALTTLLTASQREQS-------QSQTPTSNNTTSEDSSNNDLKPSTFGCLV 

consensus         841 . .....* .**..**......*          ..  .. . . . . .  .*.***.**** 

 

 

ANO14919_086630    841 LINALHNYIWETRQRHHSKVWTNEETEKMHRHIEPALKAWQSAWASNPHHSLERPNPFGM 

ATEG_10025    808 LIYALHNYIWETRQRHMGRQWTSRETDAMQAHIEPALRAWQTAWASNPVHSLERPNPYGA 

AO090102000098    409 LIYALHNYIWETRQRHMGRQWTARETDAMQAHIEPALRAWQAAWASNPVHSLERPNPFGA 

consensus         901 **.*************....** .**..*..******.***.******.********.*. 

 

 

ANO14919_086630    901 GPLSADAIPLLDLAYVRLFVNMARTKEMFWRRDWEGLAEELSRGAEIIQHAEHSPGSNAE 

ATEG_10025    868 GPLSADSIPLLDLAYVRLFVNLGRCKEAFWQRDWNAMSDELARGTDIVHPTDDVPA---- 

AO090102000098    469 GPLSADSIPLLDLAYVRLFVNLGRCKEAFWQRDWNAMSDELARGTDIVNHVEEIPP---- 

consensus         961 ******.**************..*.**.**.***.....**.**..*... ...*.     

 

 

ANO14919_086630    961 SITDPS---DASASSSVFVDSPPTQSSSPEFSATKFPSS---LSTQPQSQSPGSSRVVSR 

ATEG_10025    924 DVLDPSIIGEGNQATHLRRDSVADLGVS-ELAISKTPTQENPMQTLLPAQRSGQ----SK 

AO090102000098    525 DVLDPSIT-ESVFHMDNRRDSVADLGVA-DLAISKTPTQEHPMQTLMGVHRPGQ----SK 

consensus          1021 ...***.  ..   . ...**....... .....*.*...  ...*..  ...*.     *. 

 

 

Fig. S5 (continued). Amino acid sequence comparison of Drf1 and its homologous proteins. The conserved Zn-finger 
domain and fungal specific transcription factor domain was displayed. 
 

 

 



 

ANO14919_086630  1015 REKHLRKAAFYAADSLSMSDKLGVTFAEFSSRELPVQSAMCSFDCAQVLAEWISTLQDRV 

ATEG_10025     979 RERHLRKAAFYAADSISMSNQLGNTFAEFTCRDLPIQSAMCAFDCAQVLAEWVMTVQERV 

AO090102000098     579 RERHLRKAAFYAADSISMSDRLGNTFAEFTCRDLPIQCAMCTFDCAQVLAEWITTVQERV 

consensus           1081 **.************.***..**.*****..*.**.*.***.**********..*.*.** 

 

 

ANO14919_086630   1075 GRYLGILGKDDVDLTAIPAVMLLEEEDMKLIIKIQELLSSAEMKMGIDLVNGTINGGFDP 

ATEG_10025    1039 GPYLGLLGRDDIDLEQASNSMLLDEKDCKLLDKVKEILTTIEGKMQKEVQSGASAAALSV 

AO090102000098      639 GPYLGLLGRDEVDLVQASRVMLLEEEDCKLLEKIKEILASVETKMQAEVQTSATVSTLSV 

consensus        1141 *.***.**.*..** ... .***.*.*.**..*..*.*...* **. ....... ..... 

 

 

ANO14919_086630   1135 QLQLDAM--GGYAAKILRVTACMLDKSAVWPVLNLMARCLETHAAIARTRAEKSVLATE 

ATEG_10025    1099 LQRLPSVVEGGYGCKILVATASLLDRAAVWPVTKLMARSLEAQAMRLKERAEASIAESN 

AO090102000098      699 LQRLPSVVEGGYGCKILIATASLLDRAAVWPVTKLMARSLEAQAMRLKERAENSAMRTD 

consensus        1201 ...*.....***..***..**..**..*****..****.**..*.....*** *.. .. 

 

 

Fig. S5 (continued). Amino acid sequence comparison of Drf1 and its homologous proteins. The conserved Zn-finger 

domain and fungal specific transcription factor domain was displayed. 



 

ANO14919_121910   1 --------------------MAYNG----------------------------------- 

LaeA2              1 MSYRETPGSFPAPDRTSLPKMFTNGDSRMRHLP--PINSPPPPKRYKSESTPASDAGHSR 

LaeA1               1 MSYRESPGSFPAPDRTSLPKMFTNGDSRMRHLP--PINSPPPPKRYKSESTPASDAGHSR 

LaeA-alpha          1 --------------------MFGNG-----HGPGQPVTMTPP--------------SYNK 

LaeA-beta            1 ------------------------------------------------------------ 

consensus            1                         .. ..      . .  ..    ..                    . 

 

 

ANO14919_121910   6 ------------------------------------------MNGS-------------S 

LaeA2                59 YYSQSVASDRVRSRQPSSAMDLYTLIDRDPVDKDPRRNARFTSNGSVATQASHTSNMSQI 

LaeA1               59 YYSHSIASDRVRSRQPSSAMDLYTLIDRDPVDKDPRRNARFTSNGSVATQASHTSNTSQV 

LaeA-alpha           22 FGSQSSASG--RSRTNSDAMDIHVITDR---DLDAREHNPGYSNWT-------------- 

LaeA-beta             1 ------------------------------------------------------------ 

consensus           61 . . . ..    ...  . ....  . ..    . . .       ....               

 

 

ANO14919_121910  11 TTTTIDPLDDRRDPDWW--HKWYTLRWGRHYGTFKQGRYLLPCDDIECDRLDIMHKFFLV 

LaeA2           119 SRSSPIIISDRKIPEKYPNHK----ENGRMYHGYRKGVYPLPCDEEEQDRLDIFHKLFTV 

LaeA1             119 SRSSPIIMSDRKIPEKYPNHK----ENGRMYHGYRKGIYPLPCDEEEQDRLDIFHKLFTV 

LaeA-alpha        63 NNGSPSIYT--KSPEK-QYYE----ENGRLYHAYRKGVYMLPCDDEEQDRLDLFHKLFTE 

LaeA-beta             1 ---------------------------------------MLPCDDEEQDRLDLFHKLFTE 

consensus         121 . ... ...... ....  ..     ...............****..*.****..**.*.. 

 

 

ANO14919_121910  69 VREYEITAFRGLYTHRLPDRPRILDLGCGTGIWAIDAADRLGGQGNYHIEGWDLNLTQPE 

LaeA2            175 AR-----AEDGLIYAPHPPGSRILDLGCGTGIWSIEVANKF---PNSFVVGVDLAPIQPA 

LaeA1              175 AR-----AEDGLIYAPHPPGSRILDLGCGTGIWSIEVANKF---PNSFVVGVDLAPIQPA 

LaeA-alpha      116 AR-----VSDGLIYAPHPRNGRFLDLGCGTGIWAIDVANKY---PDAFVVGVDLAPIQPP 

LaeA-beta           22 AR-----VSDGLIYAPHPRNGRFLDLGCGTGIWAIDVANKY---PDAFVVGVDLAPIQPP 

consensus        181 .*      . .**.....*   *.**********.*..*...    .. ...*.**...**  

                          

                          Methyltransferase domain 

 

ANO14919_121910 129 AIPPSLYFYRR-DIEEPWERVDVNSFDLIHMRTLNGSIEDWPRLYFQAFRHLKPGSGLLE 

LaeA2             227 NFPKNCDFYAPFDFEAPWT-LGEDSWDIIHMQMGCGSVASWPSLYRRVFQHLRPGA-WFE 

LaeA1               227 NFPKNCDFYAPFDFEAPWT-LGEDSWDIIHMQMGCGSVASWPSLYRRVFQHLRPGA-WFE 

LaeA-alpha         168 NHPKNCEFYAPFDYESPWA-MGEDSWDLIHLQMGCGSVLGWPNLYRRIFAHLRPGA-WFE 

LaeA-beta            74 NHPKNCEFYAPFDYESPWA-MGEDSWDLIHLQMGCGSVLGWPNLYRRIFAHLRPGA-WFE 

consensus          241 . *....**...*.* **  ....*.*.**.....**.   ** **...* **.**. ..* 

             

 

 

ANO14919_121910   188 QVEIDWRPHSDGDPRPLA-NSKLAEWSQKVHQGFARAGRKLEMDPN-TKAILEDIGFVDV 

LaeA2               285 QVEIDFRPRV--EDKDGEPGRAMASWYSTLKHATEATMRPLAHSSNETIRNLQEAGFTEI 

LaeA1               285 QVEIDFRPRV--EDKDGEPGRAMASWYSTLKHATEATMRPLAHSSNETIRNLQEAGFTEI 

LaeA-alpha         226 QVEIDFEPRC--DDRSLD-GLALREWYQYLKRATQETMRPIAHNSRETIKDLQDAGFTEI 

LaeA-beta          132 QVEIDFEPRC--DDRSLD-GLALREWYQYLKRATQETMRPIAHNSRETIKDLQDAGFTEI 

consensus          301 *****..*.    ... .. . ....*.. .....  ..*.... ...*.. *...**... 

 

 

ANO14919_121910   246 EHKKIPIAFNPWPEDEHKKETARWFNLGLTQGLDALTFESVIHWLNYPEHEVRELLDRVK 

LaeA2               343 DHQIVGLPMNPWHPDSHEQKVARWYNLAISESVQPLCLAPFSRVLSWSREQIDRIAFDVK 

LaeA1               343 DHQIVGLPMNPWHPDSHEQKVARWYNLAISESVQPLCLAPFSRVLSWSREQIDRIAFDVK 

LaeA-alpha         283 DHQMVGLPLNPWHQDEHEKMVARWYHLAITESIETLSLAPFSRVFGWDREKIRRIASEVR 

LaeA-beta          189 DHQMVGLPLNPWHQDEHEKMVARWYHLAITESIETLSLAPFSRVFGWDREKIRRIASEVR 

consensus          361 .*.......***. *.*.. .***..*....... *......... . .. ..... .*. 

 

 

ANO14919_121910   306 EDICKREWRTYCTLHIYVARKPPLPGRRV 

LaeA2               403 QEAFDKKIKTYNLLHIYQARKPLEE---- 

LaeA1               403 QEAFDKKIKT------------------- 

LaeA-alpha         343 SEAFNKDIHAYNILHIYQARKPPVN---- 

LaeA-beta          249 SEAFNKDIHAYNILHIYQARKPPVN---- 

consensus          421  ... ...................      



 

Fig. S6. Amino acid sequence comparison of LaeA proteins showing conserved protein methyltransferase SAM binding 

sites. The sites are described as outline asterisks on black background. LaeA2 (BAL61197.1) and LaeA1 (BAL61196.1) of 

P. citrinum, LaeA-alpha (ARB51348.1) and LaeA-beta (ARB51350.1) of A. terreus were used as a reference. 

 



 

Fig. S7. Plot of RPKM values of drf1 and frlE. These RPKM values in MC3 and Nos. 425, 1019, 1225 

and 1407 strains at culture days 3 and 5 were plotted. The reverse correlation was confirmed at -0.81 

of the correlation coefficient (R). 

 



Table S1 (1/2) 

Primers used in this study.  

Purpose Name Sequence 

Construction 

of 

overexpression 

plasmid 

GAP_Pro_pUC_F cggtacccggggatcGGATGCCATGTACCTCACAAGTACC 

GAP_Pro_R AATGGTGCTTTAGGTCTAGAAGGAAGAGG 

ble_F aggagccatggcgggGGGTGGTGACGAAAATCTGCAA 

ble_pUC_R cgactctagaggatcACTCCAACATGGAGGGGTACAGG 

frlE_oe_F acctaaagcaccattATGGATGCGGGCGAAAACTCGC 

frlE_oe_R cccgccatggctcctTCACGACGGGGCCAAGAGCGAA 

laeA_oe_F acctaaagcaccattATGCACAAGTTTTTCTTGGTGG 

laeA_oe_R cccgccatggctcctTCACAGAGTACAATATGTCCGCC 

veA_oe_F acctaaagcaccattATGTTAACAATCGCTCTATCATCACAG 

veA_oe_R cccgccatggctcctCTATGGTAACCAAAGGTGTTGTGG 

drf1_oe_F acctaaagcaccattATGTCCAATTCGTCACCGCC 

drf1_oe_R cccgccatggctcctGGCTGTCCCTCACATAAGATCG 

Sequence 

analysis of 

overexpression 

plasmid 

GAP_P_SQ_F CAACAGGCGTTCGGTCTACC 

M13-F GACGGCCAGTGAATTCGAGCTC 

M13-R TCACACAGGAAACAGCTATGAC 

frlE_SQ GAAGTCTCTAACCAGCCAGC 

laeA_SQ CCTCATTCTGATGGCGACCC 

veA_SQ_1 CTGCTATCTCGACCGACCTG 

veA_SQ_2 CCAAGCGAACAAGTCTTCAG 

drf1_SQ_1 GGAGCATAACGGCAGGGATC 

drf1_SQ_2 CAGCATGCTGGATGATTTCA 

drf1_SQ_3 CCAATGCTTCATGGAAGGTC 

drf1_SQ_4 GTAGCATAGCCTGGACGAGC 

drf1_SQ_5 CGCTGTTCATAGCCACACAC 

drf1_SQ_6 GCTAGTTGTGCTCATTGCAG 

drf1_SQ_7 GCCAACAAGGCTTTGATGAC 

drf1_SQ_8 GTAGCGCAGACATGAGGACG 

Direct PCR for 

clone check 

M13-F GACGGCCAGTGAATTCGAGCTC 

ble-R ATTGCAGATTTTCGTCACCACCC 

Overlapping sequences used for In-Fusion HD cloning were expressed in lower case. 



Table S1 (2/2) 

Primers used in this study.  

Purpose Name Sequence 

qRT-PCR 

analysis of 

overexpressed 

strain 

Actin_qF GGACCGTATGCAGAAGGAGATC 

Actin_qR ACTTGCGGTGAACGATCGAAG 

frlE_qF GACATGACGCCCCTTGAATCG 

frlE_qR GACGAACGATCTTTGCGTGATCC 

laeA_qF CATTGGCTTTGTTGATGTCGAGC 

laeA_qR CTCGTGCTCTGGATAGTTCAGCC 

veA_qF CCGTCTGCTCTCATGTAACTCG 

veA_qR GTAGGCAGGTTAAACGGTCAGC 

frlB_qF GCTCATCACGTTCAAGCTGAAGG 

frlB_qR CTGTCTGGTCCAGACGTCCTTC 

Overlapping sequences used for In-Fusion HD cloning were expressed in lower case. 



Table S2. Search result of drf1 homologue gene in filamentous fungi. 

Gene ID 

(Accession No.) 
organism Description Max score Total score Query cover E value Ident 

ATEG_10025 

(XP_001209327.1) 

Aspergillus terreus 

NIH2624 

(taxid:341663) 

hypothetical protein ATEG_10025 

 [Aspergillus terreus NIH2624] 
974 974 95% 0 49% 

- 
Penicillium citrianum 

(taxid:5077) 
- - - - - - 

AO090102000098 

(XP_001822339.3) 

Aspergillus oryzae 

RIB40 

(taxid:510516) 

unnamed protein product 

 [Aspergillus oryzae RIB40] 
699 699 61% 0 51% 

 



Table S3. List of genes whose expression was affected by drf1.  

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

003870 
- Epigen 30.8 30.8 15% 6.6E+00 29% Q924X1.1 -1.34 -0.68 1.71 0.42 0.47 0.88 

ANO14919_

010330 
- Putative nudix hydrolase 7 63.9 63.9 58% 3.0E-10 26% P91148.2 -1.60 -1.04 0.45 0.29 1.15 0.62 

ANO14919_

010760 
- 

Nitrogen assimilation 

transcription factor nirA 
96.3 96.3 45% 5.0E-19 24% P28348.1 -1.01 -0.84 1.35 1.01 0.98 1.27 

ANO14919_

011490 
- No significant similarity found.  -3.90 -3.20 0.75 0.38 1.19 1.36 

ANO14919_

013460 
K19366 

Satratoxin biosynthesis SC1 

cluster protein 4 
37.0 37.0 40% 4.7E-02 27% A0A084B9Z2.1 * -1.52 1.42 0.72 1.49 0.30 

ANO14919_

017610 
- 

Uncharacterized protein 

C3H1.02c 
535.0 535.0 91% 2.0E-171 31% Q10068.1 -0.39 -0.66 1.09 0.76 0.58 0.49 

ANO14919_

022420 
- Efflux pump FUS6 221.0 221.0 95% 5.0E-67 43% W7MLD3.1 -2.09 -0.85 1.49 0.61 2.02 0.66 

ANO14919_

023990 
- 

Non-reducing end beta-L-

arabinofuranosidase 
284.0 284.0 89% 3.0E-85 33% E8MGH8.1 -2.56 -1.34 1.01 1.12 0.83 0.76 

ANO14919_

024000 
K12580 Zinc finger protein MSN2 68.2 105.0 17% 6.0E-11 55% P33748.1 -1.07 -0.56 1.59 0.75 1.22 0.52 

               



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

025830 
- 

Mitotic-spindle organizing 

protein 1 
100.0 100.0 72% 1.0E-28 79% A4QYG1.1 -0.46 -0.82 0.30 0.57 1.35 0.75 

ANO14919_

028640 
- Forkhead protein sep1 33.1 33.1 10% 5.9E+00 32% O43058.1 -4.63 -3.99 2.10 0.50 0.56 0.43 

ANO14919_

030430 
- 

Putative NADP-dependent 

oxidoreductase YfmJ 
266.0 266.0 99% 4.0E-86 44% O34812.1 -0.93 -0.36 1.65 2.39 1.51 1.51 

ANO14919_

038080 
K11483 

Uncharacterized N-

acetyltransferase YsnE 
32.0 32.0 18% 2.5E+00 31% P94562.1 -0.94 -0.55 1.34 1.11 0.63 0.60 

ANO14919_

040320 
- 

Ankyrin repeat and SOCS 

box protein 3 
55.5 55.5 31% 7.0E-07 30% Q9Y575.1 -2.42 -1.30 1.36 1.39 0.84 1.30 

ANO14919_

041010 
- Efflux pump patC 399.0 399.0 96% 3.0E-132 40% A1CFL0.1 -0.45 -0.89 1.98 0.29 2.45 0.67 

ANO14919_

046120 
- No significant similarity found.  -1.04 -1.04 1.03 0.39 0.69 0.81 

ANO14919_

051740 
- No significant similarity found.  -2.90 * 3.57 1.66 2.23 1.70 

ANO14919_

053640 
- 

Transcriptional repressor 

NrdR 
27.3 27.3 33% 5.2E+00 56% Q983B3.1 -2.58 * 0.70 2.26 0.90 4.39 

               



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

059150 
- No significant similarity found.  -1.25 -2.50 3.17 1.63 2.04 0.47 

ANO14919_

059330 
- 

Uncharacterized MFS-type 

transporter C1683.03c 
264.0 264.0 87% 1.0E-80 34% Q9P6J7.1 -3.65 -7.24 6.11 2.52 2.09 1.06 

ANO14919_

059340 
- No significant similarity found.  -2.70 -6.25 5.94 2.36 2.73 0.44 

ANO14919_

059720 
- 

Berberine bridge enzyme-

like 26 
78.2 78.2 33% 4.0E-14 29% Q9FKU8.1 -1.70 -1.88 5.50 2.87 2.03 0.73 

ANO14919_

061820 
- 

NACHT, LRR and PYD 

domains-containing protein 

4B 

31.6 31.6 13% 9.8E+00 38% Q8C6J9.1 -0.41 -0.53 1.91 1.84 0.84 0.44 

ANO14919_

062740 
K00750 

Lon protease homolog 2, 

peroxisomal 
31.2 31.2 13% 4.1E+00 45% Q2V573.1 -1.32 -0.62 0.30 0.90 2.21 0.30 

ANO14919_

063230 
- 

FAD-dependent 

monooxygenase BOA8 
145.0 145.0 99% 1.0E-37 31% G0LET6.1 -2.38 -1.18 1.16 0.98 1.18 1.89 

ANO14919_

063240 
- 

Homoserine O-

acetyltransferase 
28.1 28.1 45% 6.8E+00 35% B8IZQ7.1 -4.51 -1.51 1.65 0.64 1.63 1.68 

ANO14919_

063250 
- 

Probable feruloyl esterase 

B-2 
145.0 145.0 79% 1.0E-40 59% B8NPT0.1 -1.70 -2.14 0.98 0.44 0.91 0.96 



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

063260 
- 

Replication-associated 

protein 
28.5 28.5 76% 7.4E+00 27% Q80GM6.2 -0.91 -1.62 1.02 0.95 0.98 1.18 

ANO14919_

069190 
- 

Periplasmic beta-

glucosidase 
282.0 282.0 97% 1.0E-82 31% P33363.2 -1.32 -1.07 0.86 1.12 0.67 0.79 

ANO14919_

070800 
- No significant similarity found.  -1.16 -0.75 1.96 1.23 1.42 0.71 

ANO14919_

075280 
K08192 

Acyl-CoA synthetase short-

chain family member 3, 

mitochondrial 

496.0 496.0 95% 4.0E-166 41% Q9H6R3.1 -0.70 -1.44 0.97 0.28 0.74 0.51 

ANO14919_

076630 
- 

Uncharacterized 

transcriptional regulatory 

protein C1773.12 

37.4 37.4 75% 1.4E-01 23% O94569.1 -1.38 -0.71 1.35 0.99 1.10 0.37 

ANO14919_

079220 
- 

Probable cytosol 

aminopeptidase 
33.9 33.9 9% 3.2E+00 36% O32956.1 -2.48 -1.23 2.32 1.11 1.30 2.27 

ANO14919_

079750 
- No significant similarity found.  -2.99 -0.59 2.13 3.07 0.56 1.45 

ANO14919_

082030 
- No significant similarity found.  -1.30 -2.41 3.61 2.05 1.05 1.07 

               



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

083960 
- Halotolerance protein 9 44.3 44.3 7% 3.0E-03 40% Q12180.1 -1.29 -0.48 0.94 1.59 1.00 0.73 

ANO14919_

086180 
- Regulatory protein cys-3 45.4 45.4 27% 5.0E-04 29% P22697.1 -1.09 -1.10 1.12 1.70 0.99 0.40 

ANO14919_

088480 
- No significant similarity found.  -1.23 * 0.41 2.18 1.22 1.88 

ANO14919_

089660 
- Alkaline phosphatase H 92.0 92.0 51% 4.0E-19 35% P35483.2 -1.38 -0.43 0.89 1.96 0.63 0.43 

ANO14919_

092390 
- 

Vacuolar basic amino acid 

transporter 1 
126.0 126.0 55% 1.0E-29 30% Q04301.1 -0.59 -0.53 0.58 0.52 0.41 0.38 

ANO14919_

095610 
- No significant similarity found.  -2.12 -1.01 0.66 1.81 1.56 1.39 

ANO14919_

097970 
- 

2,4-dichlorophenol 6-

monooxygenase 
419.0 419.0 99% 5.0E-139 39% Q8KN28.3 -2.10 -0.45 1.60 1.02 1.44 0.84 

ANO14919_

101040 
K17807 Enolase 34.3 34.3 7% 3.5E+00 36% C4Z1M9.1 -1.01 -1.70 1.43 0.39 1.29 0.28 

ANO14919_

102660 
- SEC14 cytosolic factor 118.0 118.0 71% 5.0E-29 28% Q75DK1.2 -0.88 -0.76 0.98 1.07 0.38 0.41 

               



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

103830 
- Protein CfxQ 134.0 301.0 58% 2.0E-33 36% P23013.1 -0.62 -1.09 2.17 2.61 0.72 1.58 

ANO14919_

106840 
K00108 MICAL-like protein 2 35.0 35.0 26% 7.2E-01 32% D3ZEN0.2 -1.56 -0.67 2.03 1.34 0.46 0.64 

ANO14919_

107950 
K15877 

Uncharacterized transporter 

YIL166C 
406.0 406.0 84% 1.0E-134 42% P40445.1 -0.69 * 4.52 2.12 3.83 2.55 

ANO14919_

109940 

(frlD) 

- 
Transesterase (FR901512 

biosynthetic gene) 
- - - - - - -1.75 -1.63 3.69 1.90 3.12 2.17 

ANO14919_

109950 

(frlG) 

- 
Thioesterase (FR901512 

biosynthetic gene) 
- - - - - - -1.04 -0.69 3.08 2.08 2.45 1.94 

ANO14919_

109960 

(frlC) 

- 

Enoyl reductase 

(FR901512 biosynthetic 

gene) 

- - - - - - -1.52 -1.24 3.54 2.17 2.99 2.13 

ANO14919_

109970 

(frlA) 

- 

P450 monooxygenase 

(FR901512 biosynthetic 

gene) 

- - - - - - -1.69 -2.55 2.91 1.22 2.81 1.64 

               



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

109980 

(frlB) 

- 

Polyketide Synthase 

(FR901512 biosynthetic 

gene) 

- - - - - - -2.07 -2.43 3.13 1.50 2.92 1.81 

ANO14919_

114840 
- 

Hydroxymethylglutaryl-

CoA synthase 
590.0 590.0 99% 0.0E+00 62% P54874.1 -1.11 -0.97 0.87 0.38 1.05 0.34 

ANO14919_

118640 
- 

Probable 1-alkyl-2-

acetylglycerophosphocholin

e esterase 

142.0 142.0 97% 1.0E-37 30% D4AZY1.1 -3.95 -3.01 1.09 1.95 0.91 1.16 

ANO14919_

119550 
- Beta-glucosidase 32.7 32.7 13% 2.0E+00 48% P07337.1 -1.82 * 0.84 1.48 0.92 0.84 

ANO14919_

124110 
K13093 

B3 domain-containing 

transcription repressor 

VAL1 

33.5 33.5 26% 2.6E+00 34% Q8W4L5.1 -1.31 -1.58 2.26 2.73 0.55 1.34 

ANO14919_

125450 
- Pantothenate transporter liz1 386.0 386.0 99% 9.0E-129 41% O43000.2 -2.13 -2.42 0.60 0.97 0.68 1.39 

ANO14919_

125800 
- No significant similarity found.  -1.75 -0.43 0.37 0.97 1.23 1.21 

ANO14919_

127530 
- (+)-eremophilene synthase 100.0 100.0 48% 2.0E-24 55% S0DX56.1 -0.37 -4.30 2.45 0.85 2.88 1.41 



Table S3. (continued) List of genes whose expression was affected by drf1. 

Gene ID 
KEGG 

ID 
Description 

Max 

score 

Total 

score 

Query 

cover 
E value Ident Accession No. 

log2 

(drf1/MC3) 

log2 

(1407/MC3) 

log2 

(1407/1225) 

day3 day5 day3 day5 day3 day5 

ANO14919_

129040 
- No significant similarity found.  * -3.94 3.83 3.03 0.35 0.96 

ANO14919_

131620 
- Isoaspartyl peptidase 160.0 160.0 29% 4.0E-42 36% Q7CQV5.1 * -0.55 0.75 0.40 2.21 0.95 

ANO14919_

142050 
- 

Heterokaryon 

incompatibility protein S 
110.0 110.0 100% 5.0E-28 27% B2ACC7.1 -1.83 -1.59 1.24 0.39 0.84 1.08 

ANO14919_

144960 
- 

Drug resistance protein 

YOR378W 
187.0 187.0 70% 1.0E-51 33% Q08902.1 -3.03 -2.00 2.01 1.74 1.01 1.57 

The Blastp search result of each gene and the fold change value of expression are described. The case, in which the expression level after affected by drf1 is 

0, is indicated by *. 



Table S4. The fold change value of secondary metabolite genes in fungal sp. No. 14919. 

Gene ID 
Gene cluster type 

log2(drf1/MC3) log2(1407/MC3) 

day3 day5 day3 day5 

ANO14919_017950 T1PKS -1.91 -1.62 -0.34 -0.71 

ANO14919_026880 Terpene -1.78 0.28 -1.15 1.68 

ANO14919_029360 NRPS 2.14 1.73 0.00 -3.70 

ANO14919_033500 Other -0.75 -0.45 0.31 1.04 

ANO14919_041050 NRPS 2.54 0.69 3.20 -0.10 

ANO14919_043060 T1PKS 0.27 -1.45 -2.27 -3.70 

ANO14919_043340 T1PKS -2.59 -1.26 0.28 -1.54 

ANO14919_046260 Other -0.93 -0.73 -0.12 -0.69 

ANO14919_051690 Terpene -0.18 0.08 -1.98 -2.45 

ANO14919_053210 T1PKS 1.17 1.21 -0.58 -0.61 

ANO14919_053300 T1PKS 2.06 -0.70 1.76 -2.38 

ANO14919_053420 T1PKS 0.96 0.85 -2.46 0.94 

ANO14919_054390 T1PKS 0.46 1.91 * 0.00 

ANO14919_055580 T1PKS -0.26 0.45 -3.60 -0.26 

ANO14919_056580 T1PKS -1.16 -1.32 -0.88 -1.44 

ANO14919_060780 T1PKS 1.87 -1.65 9.98 -1.06 

ANO14919_063150 T1PKS -0.09 0.95 -2.19 -1.30 

ANO14919_064510 T1PKS 0.06 0.11 -0.60 -1.23 

ANO14919_066200 T1PKS -0.49 0.32 -0.41 -1.47 

ANO14919_066680 T1PKS -2.04 -0.49 -2.16 0.43 

ANO14919_069210 Terpene ** -0.19 ** 0.70 

ANO14919_069500 Other 1.99 -0.11 -0.41 -1.00 

ANO14919_069660 T1PKS 0.92 -0.42 0.47 -0.44 

ANO14919_070760 T1PKS 4.59 4.29 -1.38 -0.48 

ANO14919_073600 Other -0.76 -1.82 -0.94 -1.24 

ANO14919_074860 T1PKS-NRPS -0.38 0.93 0.94 -1.87 

ANO14919_075550 T1PKS 1.51 -2.07 0.51 -3.39 

ANO14919_075570 NRPS -1.60 -1.37 -0.81 -3.61 

ANO14919_079710 T1PKS ** * ** 2.70 

ANO14919_082590 

ANO14919_085260 

T1PKS-NRPS 

T1PKS 

** 

-0.47 

0.00 

-0.34 

** 

-1.75 

1.32 

-1.25 

  



Table S4. (continued) The fold change value of secondary metabolite genes in fungal sp. No. 14919. 

Gene ID 
Gene 

cluster type 

log2(drf1/MC3) log2(1407/MC3) 

day3 day5 day3 day5 

ANO14919_087960 NRPS -5.17 ** * ** 

ANO14919_089730 Other -0.59 0.18 0.49 1.76 

ANO14919_090610 Other ** ** ** ** 

ANO14919_091750 Terpene 0.89 0.19 -4.11 -3.93 

ANO14919_092940 T1PKS -0.60 0.12 0.11 -0.05 

ANO14919_093480 T1PKS 0.45 0.69 -0.22 -0.82 

ANO14919_096270 T1PKS -2.44 -2.18 -3.24 -1.40 

ANO14919_097410 T1PKS 1.67 1.68 1.34 4.03 

ANO14919_103570 T1PKS ** ** ** ** 

ANO14919_104050 NRPS 0.04 0.02 -1.15 -1.07 

ANO14919_105450 Terpene 0.40 0.87 -0.53 0.11 

ANO14919_107290 Terpene -0.34 -0.19 0.90 0.71 

ANO14919_109980 T1PKS -2.07 -2.43 3.13 1.50 

ANO14919_110090 T1PKS 0.75 -2.09 1.98 0.36 

ANO14919_110610 T1PKS -1.00 3.75 -0.12 2.81 

ANO14919_113090 Other -0.25 -0.14 -3.33 -0.03 

ANO14919_115540 Other 1.00 0.97 4.25 2.38 

ANO14919_116520 Other ** ** ** ** 

ANO14919_116660 NRPS -0.85 -0.66 -0.76 -1.23 

ANO14919_116900 T1PKS 0.97 0.22 -0.40 -1.61 

ANO14919_117890 T1PKS -0.61 1.23 -1.30 -2.77 

ANO14919_126310 Terpene -2.32 -4.32 -0.11 -1.44 

ANO14919_138060 NRPS -2.34 0.19 -1.81 -0.40 

ANO14919_139500 T3PKS -1.86 -4.23 1.27 -6.51 

ANO14919_141970 Other -1.00 ** * ** 

ANO14919_142930 T1PKS -2.07 -2.00 0.36 -0.13 

ANO14919_143200 Other -1.78 -0.67 -5.90 0.13 

The fold change values of drf1 overexpression strain and 1407 strain from MC3 are shown. The case, 

in which the expression level of comparative strain is 0, is indicated by * and in which the expression 

level of MC3 is 0, is indicated by **. ANO14919_109980 encoding FR901512 biosynthetic PKS is 

underlined. The words “T1 (or T3) PKS (T3PKS)” and “NRPS” mean “Type 1 (or Type 3) polyketide 

synthase” and “Non-ribosomal peptide synthetase”. 


