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Phylogenetic analysis 

General overview 

Table S1: Detailed information about the enzymes used in the phylogenetic analysis 

Lable Species Accession Numbers /  
Peptide reference 

Main Product 

    
 Antrodia cinnamomea [1]  
AcTPS4  EIW57364 zonarene 
AcTPS5  EJF64719 T-cadinol 
AcTPS7  EIW53985 nerolidol 
AcTPS9  EIW57365 1-epi-cubenol 

 Armillaria gallica [2]  
ArmGa1  P0DL13.1 Δ-6 protoilludene 

 Boreostereum vibrans [3]  
BvCS  AMW90891 δ-cadinol 

 Coprinus cinereus [4]  
Cop1  XP_001832573 germacrene A 
Cop2  XP_001836556 germacrene A 
Cop3  XP_001832925 α-muurolene  
Cop4  XP_001836356 δ-cadinene  
Cop6  XP_001832549 α-cuprenene 

 Coniophora puteana  
Copu1  XP_007772164 --- 
Copu2  XP_007771895 β-copaene 
Copu3  XP_007765978 cubebol 

 Fomitopsis pinicola [5]  
Fompi_84944  EPT01290 α-cuprenene 

 Lignosus rhinocerus [6]  
GME3634  KX281943 / ASK39765 α-cadinol 
GME3638  KX281944 / ASK39768 δ-cadinol 

GME9210  KX281945 
2H-2,4a-
ethanonaphthalene 

 Omphalotus olearius [5]  
Omp1  MUStwsD_GLEAN_10001317  α-muurolene  
Omp3  MUStwsD_GLEAN_10003938  germacrene A 
Omp4  MUStwsD_GLEAN_10005581 δ-cadinene 
Omp5a  MUStwsD_GLEAN_10000810 γ-cadinene 
Omp5b  MUStwsD_GLEAN_10000811 γ-cadinene 
Omp6  MUStwsD_GLEAN_10003820  Δ-6 protoilludene 
Omp7  MUStwsD_GLEAN_10000831 Δ-6 protoilludene 
Omp9  MUStwsD_GLEAN_10000543 α-barbatene 
Omp10  MUStwsD_GLEAN_10000292 trans-daucadiene 

 Stereum hirsutum [7]  
Stehi_128017 XP_007299839 δ-cadinene 
Stehi_159379  XP_007306912 β-barbatene 
Stehi2  XP_007301467 Δ-6 protoilludene 
Stehi6  XP_007308318 Δ-6 protoilludene 
Stehi7  XP_007299456 Δ-6 protoilludene 
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Detailed amino acid sequences 

 

>AcTPS4 

MSAQQFTLPDLLAVCPLKDATNPHYAQAAAESTAWVKSYNIFDARKLAFLLQGSSELLVSHAYPYAPY

EQFRTCCDFVNLLFVVDEVSDDQNGKDARRTGEVYLNVMRYPDWDDGSALAKMTREFKQRLLAFAGPN

SYRRFLMHCDDYVNAVAREAEYRERGEVLDIDAFQTLRRENSAIRLCFGLFEFALGIDLPDFVFQDPH

FMTLYWSAADMVCWSNDVYSYNMEQAKGHTGNNIVTVLMRQKSIGLQEAADLVGAHFSALMGRFVETK

KQLPSFGAAALDDAVAKYVAAMEHWVIGNLEWSFESQRYFGAEHTRVKATRVVVLSPADEN 

 

>AcTPS5 

MAVTPAPVNGSDSTKEIILKFPDFISPIPYPLRCHPQEREVSRQSEEWLLSMANFSEKQRAKFLTLNA

GLLSGWCYIDCTFDELRVCTDFMNFLFTLDDWTDEFDTTGTRGLAECVMNTLYFPDTYKSDTAAHRLT

KSFWERMRATAGPGCQQRLLSTLDTYFQAIMQQAADRGSRNIPDLEEYILLRRDTSGCKTGFAFIEYA

ANIDLPDEVIEHPIIKAMSDSTNDLVSWANDVLSYNAEQSRGDTHNLVCVLMHQNNVDRQEAIEQAGE

LWRKTLDYYFECHKALPSWGPEIDRAVALYVQGLDDWIIANAEWSFETERYFGKEGPTVKKTRQIPLL

PQRVRA 

 

>AcTPS7 

MSAGQNNPPLNVRQILSESASWSEANESALLEPFTHIFSIPGKEIRGQMIAAFNAWLNVPTDKLAIIS

KVVSMLHTASLLVDDIEDDAQLRRGVPVAHKIYGIPQTINSANYVYFLAYQELFALRSGVGADDDARE

RLVPFNELDRVVTAELLSLHRGQGLELLWRDSLQCPTEEEYVSMVNNKTGGLFRVAVKLMMACSTTNI

TVDYVPLVNLFGVYFQIRDDYMNLQSTQYAENKGFAEDLTEGKFSFPIVHGVRADTSNRQLLNVLQKR

PTTPTLKTHAIGYLRDHTKSFTYTISVMDDLEVQIREEITRLGGNARLEKIMDTLHVERPPTSQ 

 

>AcTPS9 

MSSPSSFVLPDLHAVTPFKGSFNPHYPEAAAESSEWVNSYKVLSDKKRAFFLQGGSELLCAHAYPYAG

YQQFRTTCDFVNLLFTVDEISDDQNGKGAYETGLTFYNAMSNPAYDDGTVLCKMTKEFTARLLEHCGP

QTYRRFIKHCKDYIEAVAVEADLRERGEVLDLEAYQTLRRENSAVRFCFGLAGYALGIDLPDEVVEHP

AFMAMHLSTVDMVCWSNDLYSYNMEQAMGHTGNNVITVLMQHKGLDLQGAADYTGVHFKGLIDTFLDA

KRSLPSWGPKLDGEVAQYAMAMETWVIGNLNWSFETQRYFGHARHEIKRTRVVQLYPRRIVEESSDEE

DN 

 

>ArmGa1 

MSQRIFLPDTLANWQWPRHLNPHYAEVKKASAAWAKSFRAFQTKAQEAFDRCDFNLLASFAYPLADEA

RLRSGCDLMNLFFVIDEYSDVSTEEEVRAQKDIVMDAIRNTEKPRPAGEWIGGEVSRQFWDLAKKTAS

TQAQKRFIDTFDEYLESVVQQAADRNNSHVRGIESYLEVRRNTIGAKPSFALLEFDMQLPDESHQSSG

YQRNLRKSCIDMLCLGNDVVSYNLEQARDDDGHNIVTIAMNELRTDVAGAMIWVDEYHKQLESRFMEN

FKKVPRWGGPIDLQVARYCDGLGNWVRANDQWSFESERYFGKKGPEIIQRRWITLMPKMVSEELGPQI

VDGFHL 

 

>BvCS 

MSTASSPSLVASEIDSPHHSRTSSPSPTLSPPTSFILPDLVSHCNFPLTYHPAGDEQAAASLAWMLSF

VPHFTPKKVAAMNGLQAGELTAYCYHDCPPERLRVVDDFMNYLFHLDNISDGMMAKNTTQLADWVMNA

FEWPEKFQPTVNADGEVVEEIAAVKLARDYWSRCIQQAKPGVQQRFKSSMNMFFQAVEQQTNDRDGQV

VPDLESYIDMRRDTSGCKPVFDLIEYALGFELPEEVVDHPVIKALNQDANDLVTWSNDVFSYNVEQAR

GDTHNMICIFMEHDGCTLQEAIDRVGGLCKQTIDAFVENKARVPSFAHLGPEVDAWTTGYVQGLQDWI

VGSLHWSFMTKRYFQEAGAEVKKTRFVKLLPIEEGRHKHIPPIYASAMVAATA 

 

>Cop1 

MVNLSWYWQGQGNISKSIGPPSQTYTKSVLREQSMTFRMLALQSGLKSAASDHVSTSGSGILRFLSRI

LPANTTRRCSACCTEMSSLDATIHPVLNFEDKKIVLPDLVSHCNFKLRVSRHRKRITGETKRWLFKGD

NLVGPARNKYHGLKAGLLTAMTYPDAAYPQLRLCNDFLTYLFHIDNLSDDMDNRGTWSTANEVLNSLY

HPYTYHGQARVGRMTRDYWRRMILTASPGSQQRFIETFDFFFQSVTQQAIDRLTGEIPDLESYIALRR

DTSGCKPCWALIEYANNLDLPDEVMDHPVVRSLGEAANDLVTWSNDIFSFNVEQSKGDTHNMIPVVMH

QEGLDLQSAVDFVGEMLDHTSTCCGLESPLWLTPPLRIRRNAPRLYRVFL 
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>Cop2 

MPSPAGALPKSFILPDLVNDCPFPLRVNPLCDEVGRLSEQWFLRHANYSPPRAVAFMALKAGELTAAC

YPDADAFHLRVSDDFMNFLFNADDWLDDFDIEDTYGLANCTVRALRDPVNFITDKRAGLMTKSYFSRF

LKTAGPRCTERFIQTLALYFESVVTQKQARNNGTLPDLESYITIRRNNSGCKPCYALIEFCAGIDLPD

EVINHPIIQSLEDASNDLIAWSNDIFSFNREQSRHDSFNMVSIVMHQKGFALQEAVNFVGELCKKAME

RFQADKRNLPSWGPEIDGEVAMYVDGLQNWIVGSLNWSIDGTERYFGKDGPGIKKHRKVKLFPKRPLK

TPAVRVLA 

 

>Cop3 

MSTPSSSLTTDESPASFILPDLVSHCPFPLRYHPKGDEVAKQTVHWLDSNCPDLTAKERKAMYGLQAG

ELTGYCYPYTTPERLRVVADFLNYLFHLDNISDGMMTRETAVLADVVMNALWFPEDYRPTKGQAAEEL

NPGKLARDFWSRCIPDCGPGTQARFKETFGSFFEAVNIQARARDEGVIPDLESYIDVRRDTSGCKPCW

VLIEYALGIDLPDFVVEHPVIAALNQGTNDLVTWSNDIFSYNVEQSKGDTHNMIIILMEHHGHTLQSA

VDYVGSLCQQTINTFCENKQQLPSWGPEIDDMVAKYVQGLEDWIVGSLHWSFQTRRYFGDEGQEIKQH

RLVKLLTVAPPPPPPPPTPPPQSSDADTKKQKVKAQDGKGPVSDEEVWALVRAEQSKGSILESLFGFL

TTSLSRIFFGYFFAYSH 

 

>Cop4 

MRPTARQFTLPDLFSICPLQDATNPWYKQAAAESRAWINSYNIFTDRKRAFFIQGSNELLCSHVYAYA

GYEQFRTCCDFVNLLFVVDEISDDQNGQDARATGRIFVNAMRDAHWDDGSILAKITHEFRERFVRLAG

PKTVRRFADLCESYTDCVAREAELRERNQVLGLNDFIALRRQNSAVLLCYSLVEYILGIDLDDEVYED

PTFAKAYWAACDFVCWANDVYSYDMEQAKGHTGNNVVTVLMKEKDLSLQEASDYIGRECEKQMRDYLE

AKSQLLQSTDLPQEAVRYIEALGYWMVGNLVWSFESQRYFGAQHERVKATHVVHLRPSSVLEASCDSD

SDSDC 

 

>Cop6 

MPAALPYNVSRDNKWDIKKIIQDFFKRCDVPYQVIPYDTELWNACLKRAKEKGYPVEPDSPMSLYRSF

KVGVVITRTSYGHIQDYEILIWVATFTAFVTYADDAFQEDIQHLHSFARTFLQNEKHEHPVLEAFAQF

LRESSIRFSHFVANTVVSSALRFMMSIALEFEGQNVSVSTEAREYPGYIRILSGLSDIYALFAFPMDL

PRSTYIQAFPEQIDYINGTNDLLSFYKEELDCETVNFISAAATSQQVSKLEVLRNAAEKAAYSYDVVV

NVLKPYPEALAAWKSFARGFCYFHTSSPRYRLGEMFHDFEHDLVCKCASCTEI 

 

>Copu1 

MGLPQATEFVLPDFFAPCPFTLGLTNPHADTVFPEARAWIGKFLPFSGLAWHCDPWAGKEGFRTICDF

QNLLFLMDELTDEMSGEDARVVGESFIRVLKDPSVDNESIIAQATREFRTRIADDVATKSVWFGRFVA

ICKSYADATYIEAEHRENNRVLDLDDFVIARRENSAVRCCFSINEHALGIDLPDSVFEDPEFLRMYFD

AVDMIVIVNDVYSYNMEQAKGLAGNNVVTVLEQALGVDLQAAVNRGGEMFAQKMEGYVRGRGVPPSWG

AKVDADVEHFFDSVDQWIVGNLEWSTETSRYLGPDHEEIMKTGRVVLRKIESKTK 

  

>Copu2 

MSTMDPSEFILPDFFATCPFAFGRTNPHADVVIPEAHAWIVKHVPFVDRKRDEFIQDGFQDLMPHCYP

WAGKETLRTMCYLNNLLFLVDDLTDDMNSDEARGFGESFIRVLNDPAVHDSSQVMQATREFRSRITGT

GVTESRWFGRFLAIFKLYINAVCAEAEDRENKRILDLDTFTVARRENSAVMVFFAITEYALGIDLPDA

VYEDPTFLRVYADSADMVILVNDVFSYNREQAKGLDGNNNITVLMQTLDLDLQAAVDHVGEMFSQKME

GCMRGRAMLPSWGVKVDADVERFFDALDQWVVGNLEWSSQSPRYLGPEHEEIMRTRRVVLRKVETEIE 

  

>Copu3 

MSATPAPTEFILPNLFSVCPLTFGRSNPYYDEVIPEARAWIAKYNPFVDSKRAEFVQGCNELLCSRVW

PYAGREEFRTCCDFVNLLFVLDELSDDMGGADARSTCDSFIRVLNDPDAPDTSLIAQMTREFRARVAE

RAKPGCLRRFIALCGTYVEAVCVEAELREQGRVLDLRSFILLRRENSAVRCCLALAEYALGLELPDAV

FNDPAFQSVYFCAADMVCWSNDVYSYNMEQAKGHTGNNVVTVLMQEHGIDLQAAADRVGEVFGQLMEH

YTSGSRSLPTWGGKVDADAARFLEAAGQWVVGNLEWSFETPRYFGPDHDEVRDTHRVLLK 
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>Fompi1|84944 

MSRRYQTSRFSPSAKGKKTSLYTSPGDLRALFHRFSLYAGVQLESFTSPKMMQIEVPVMLNLKESSMP

MNSTVLEDCTAAVAKDAIVQFLRRLGAVLRPSFGNNRDLEERVKEITKTWPFEHRIHPHITTGVVMAN

TTIAYLSDLDARAAVAAYTALITALDDPDIFHASGAQNFAQMLCDGSALRDDGVLGQMARVLADMGNH

FPPFGTSAIIAATLRWCNGELISNPANPFCLRPLSKAFADYQRGLTGVPEAYAAFGWCKADFPVETDY

IHVFPDICFFLNHTNDILSFYKETLDGESDSYIHARARLTGKSVTDTLYEVMDEVITTTERIRKHFGE

GRMRNAWDRYEAGYVWFHTGNPRYRLHELVDTEYMPMY 

 

>GME3634 

MAVTPANVASPDSQEIVLKFPDFISPIPYPLRCHVQEREVSRQSEEWLLSMANFSEKQRSKFLTLNGG

LLSGMCYIDCTFDELRVCTDFMNFLFTLDDWTDEFDTTGTRGLAECVMNTLYWPHSYQADTAAHRLTK

SFWVRMKQTAGPGCQQRLMSTLDTYFQAIMQQAADRGSHNIPELEEYILLRRDTSGCKIGFAFIEYAA

NIDLPDDVIEHPIIKAMADATNDLVSWANDVLSYNAEQSRGDTHNLVCVLMAQNGLDRQGAIELAGEL

WEKTLHLFFECRKNVPSWGSEIDRAVALYIQGLEDWIIANAEWSFETERYFGKDGHLVKKTRQVTLLP

VRTAA 

  

>GME3638 

MRARSFILPDLVSDCPYTLRCNSNCEAVARASEAWMLEDANLSPKRRDAFLRLRGGELTAACYPDTDE

ACLRVAADFLNFLFSLDDWSDEFSMEDTCGLAQCVMCVLHDPDDFQTEKAAGKLAKSFFNRFRQTAGP

RCTRRFIDSMDLFFHAIAQQAQDRASGSAPSLEEYVALREDTSGCKPCFALIEYAAGMDLPDHVAHHP

TITALEREANACISWSNDLFSYNVEQARGDTHNMIAVIMREDGRSLQEAVEYLGALCKLCIVHFEENR

AMLPSWGPEIDGEVDRYVLGLQDWMVGALHWSFDTARYFGDEGPAIKKHGVVTLLPRKSSS 

  

>GME9210 

MPLSSSVVAFRLPDTLGCWPWRRCLNTHYVEAKQDSASWLESFHPFGPKAQRAFNKCDFNLLASLAYP

VASKDQLRAGCDLMNVFFVFDEYSDVENEKTVQQLADIIMDALRNPHKPRPAGESLVGEITRQFWART

IKVASEPSQRRFIETFDDYCQSVVQQAADRSQNHLRDVESYLENRRENIGAKPSFALLELDMNLPDEV

IEHPTIVNLTTWAIDMIILGNDIVSYNVEQARGDDGHNVVTIVMHHYNVDVQGAMDRIAEWHQRLADQ

FLTNYNKLPSWGREIDAQVERYIQGIGNWVRANDAWSFESERYFGLNGREIEQSRWVTLLPRVSAEKP

AVV 

 

>Omp1 

MKYTSFALPDLASSCDYNLRFNKYHRSVSPETKKWFFRLSPASQADLTTYDAQRFTLLAAVCYPDAGY

PQLRVCSDFLAYLFYLDNLTDDMDDKSTRSVADLVLNSLNEPETFQTQYRIGKMTSDYFKRIIQTSND

GTKKRFIDTMDSFFKSVDDQARDRLAGHIPDLESYIALRRETSGCKTCFSLIEYANNLHIPDEVISHP

HIEQMETAANDVVSFANDIYSFNIEQSKGDTHNMIPVLMHANPDMDFLEAVSFVRDLTIKAMDRFNEL

RATLPSWGLDIDKDMKVYVNGLENWMVGILFWSFETERYFGKSVRSVKATKTVNLLPSRA 

 

>Omp3 

MAIENTIASAPASTPAKQLDTPDHFILPDLVSHCTFPLVYHSNGDAVAAQSVKWLDTNCPDLNDKRRK

ALYGLQAGELTAYCYNTAPDQRLRVVSDFMNYLFHLDNISDGMMTKDTDALSDAVMNALWFTEWYRPT

KKSDYVQPDEELNAGKLARDFWHRCIQDAGPGCQARFKETLELFFEAVNIQAKARDAGVIPDLESYID

VRRDTSGCKPCWALIEYGLGIDLPDYVAEDPIIKSLNQSTNDLVTWSNDIFSYNVEQSRGDTHNMIVI

LMLYHGHNLQSAIDYVGDLCRQTIDDFKENRKKIPSWGPEVDDIVKQYVQGLQDWIVGSLHWSFMTTR

YFGKQGQEVKKNRYVKLLPVGEEANKW 

 

>Omp4 

MSSAPTRFLLPDLLSACPLKGSVNPYYKEAGAESSAWINSYDIFTDRKRAFFVQGCNELLVAHTYPYA

GYEEFRTCCDFINVLFVLDEVSDEQSGSDARFTGEVFLNALRNPENDDTSKLSKISKEFRARYFKRAG

PRTAERFLQHCQDYIDCVTREAELRERGEVLDLPSFTALRRENSAIRVCFCLFEYALGFDLPQEVFDD

PTFMEMYWAAADLVCWANDVYSYNKEQAQGHGGNNIVTVLMKAKDLDLQAACDYIGVYCEELMGRYLS

AKARLPSWGPEVDAAVAQYVEASGHWVRGNLDWSFETQRYFGAQHAEIKETRLVTLTPAIPEDFSDTG

SESE 
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>Omp5a 

MSPDPTRIVLPDFLAACPFESSTKNPHLKAAGAESSAWVNSHVVFNDRKRAAFMQDIYELLVAYAFPW

ADYEDFRTMCDFINLLFVLDELSDDQNGKDAGYTGKLFMDAMRNIDNGDTSELTELCREFKARYSKRV

SPQVNERFLQHLQSYTDCVAQEADLRERGEILDLESYVALRRENSAIRPCFDLVEYIIDFDIPQEVID

HPVFSEMYWASVDLVCWSNDVYSYNVEQAKGHGGSNVVTVLMKEKNLDLQAACDYVGVYYEELMDRYL

SAKARLPSWGPEIDAAVGKYILAEAQFVRGNLDWSFDSPRYFGPQHDQVKKTGIVTLTPAPKKFGSDS

GSESE 

 

>Omp5b 

MSPAPSRIVLPDFFASCPFESSTINPHFKAAGAESSAWVNSHVVFNDRKRAALMQNSYELLVAYAFPW

ASYEDFRTLCDFINLLFVFDEVSDDQNGKDAGYTSKIFMDAMRNIDNGDHSELTELCKEFKARFSRRL

SPQVNERFLQHLQSYTDCVAQEADLRERGEILDLESYVILRRENSAVRPCFDLVEYIMDFDIPQEVLD

HPVFSEMYWASVDLVCWSNDVYSYNVEQAKGHRGSNVVTVLMNEKNLDLQAACDYVGVYYQELMDRYL

SAKARLPSWGPEIDAAVGKYVLAEAQFVRGNLDWSFDTPRYFGPQRDQIKKSRIVTLTPAPKKFGSDS

GSESE 

 

>Omp6 

MIAKNSEIDRFYIPDTLANWPWPRHLNPAYPEAKKASAAWLRSFNAFNERSQKAFDLCDFNLLASLAF

PLADLYCLRSGCDLMNCFFIFDEYSDVADPQTVRQQADIIMDAIRNPHVPRPRGEFIGGEAHRQFWER

AMQGATPTAQRRFIDTYQQYTDAVVQQATDRADNHIRDVEGYFTVRRDTIGAKPSFTLLEFTMDIPDE

VMGHPVIKDLSLWCIDMLIIGNDLCSYNVEQAHGDDLHNLVTIVMNQYNLDLPGAMEWIGKFHDDIAD

KFLDTFAKLPSWGPEIDPQIRRYVDGLGNWVRGNDSWSFESWRYFRGKGPEIEKTRWVDLMPTEEATI

TPKYESDSNAAQPAQST 

 

>Omp7 

MPETFYLPDCLANWKWKRALNPNYPEVKAASSEWLRSFKAFPPKAQEAYDRCDFNLLASLAYPLADKD

GLRTGCDLMNMFFVFDEYSDVAHESEVQVQADIIMDALRNPHKPRPVGEWVGGEVTRQFWELAIKTAS

PQSQKRFIETFDTYTKSVVQQAADRTQHYVRTVDEYLEVRRDTIGAKPSFAILELTMDIPDEVIHHPT

IERLAILAIDMILLGNDTASYNYEQARGDDNHNMVTIVMHQYKTDIQGALSWIEKYHKELEEEFMQLY

NSLPKWGGQIDVDIARYVDGLGNWVRASDQWGFESERYFGTKAPEIQKTRWVTLMPKKRAEGVGPEIV

DISEL 

 

>Omp9 

MSQILHLLWSKFSTSLPSTVTIGSDPQTLQLVHSPAPNVNANALEIYKIVDNFLSRCGIRLESTPLDV

EFYNECKKTLLSHYIGIHDSDKVSESWFKRYLSVGVIITTNAYGHLDNKLTKIYIALYTALATCFDDV

FEKNVDHMSGFNERFMKALPQGDVFLDAFAKVLLDAPKYFGRLASNIIVTSTLDFITSMSVDVLTKGM

KFNQNLHKFAMACRNMSGIAYTYAPFIFPKEVPFAIYAQCLPDMRIYINHVNDVLSFYKEDKAGETEN

LASILGQVHPSMTKYQIVQGLADDAAEADLRVRTVLSQYQPALDAYNCFRQGYVSFHASSGRYRLDEL

FSFVEPEPIV 

 

>Omp10 

MTLPTEQVELSVCPVESSTHTTRDIMRNFLSQCQIPLQRGVPLDPTFHQECANVLIEDYLKPSAAVTL

ENLPSLMSSFNPFLTLGVRMASTGYAHLTHTPTRVYVALFTALLVCLDDIFPENVELMCGFNERFIKN

ETQGEPILDAVAGLLRSTSKYFSMLSSNLIVTSALNYVTSLSLDQGLHSIKLAEHSRNFARLCRNMSG

IPEAFAAFVFPPEVPFTAYIQCFPDLYTYANYVNDVLSFYKEDIAGETENLVSILAQTQPNSSRYQVL

QQLADEAAAANANIRDILSDQKSILDAYDAFRVGFVQFHIDSPRYRLAELFPCIDG 

 

>Stehi_128017 

MAAPESSAWVSSYNLFSDRKRTDFITGSNELLVSHTYPHADYDAFRTCCDFVNLLFVIDEISDDQSGK

AARRTGEVYLNAMRDPEWTDGSDLAKMTQQFRARFLRSVGPQSFRRFLRHSEDYIDCVAKEAEYRERG

QVLDMDSFKSLRRENSAIRLCFGLFEFTLGIDLPDSVFEDETFMKMYWASADMVCWANDVYSYNVEQA

KGHSGNNIVTVLMAARDIDMQAASDYVGEYYAELMEEYMTAKAELASKSFGSRDLDEDVWKYVNAMEN

WPIGNLEWSFKTNRYFGTLHDEVKRTRLVVIKPRKVVV 
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>Stehi_159379 

MAHPTTNPSHRLEQMESVREHIPRLQHFLGEIGYRHTTPPAPTLDFLHAHHHWIHHVLGPMTSWTVAK

LNALEDSSSTIFERAYPLSDAEMKFVLAKLTAIAIFLDDSLEDEETYDDIGNFAHRVYLGEAQPTGVL

TLYHQGIQELSKMHEGDAVFRGLAVAPWITFIDACMLEKRLLTFDSKLRVSPRDLGYQRLRNSTDFTS

LRAPKATPSEVEVSFPIFLRHKSGIGEAYAAAIFKSSRYQELPLSRFVKSMPDMIYYIELVNDLMSFY

KEQLAGETANLIHLQHQSWKGGQGTGPYGSWTLLDTFSRLCDETRDAAFRVDELLRLDECEKIANGEL

RGEEVGLSPMDVTMAAQWREFRDGYVSWHLECQRYKLDFIKLSTFE 

 

>Stehi2 

PRHINPHYQEVKKASAAWAESFGAFNPKAQHAYNACDFKRLRTGCDLMNMFFVFDEYSDVSSPKDVIQ

QAAIIMDALRNPYAPRPDDEWVGGEVTRQFWKRAIKTATAGAQRRFIDAFESYTQSVVQQAKDRHHGF

IRDVDSYLEMRRETIGAKPSFVVLQMDMTLPDEVLAHPVIQQLSALSTDMICLGNRRLIQILWTVQDI

CSYNVEQARGDDLHNIITIAMNQFDIDIAGAMDWVVKYHAKLERKFLYLYNNGLPSWGKELDPQVERY

VCGL 

 

>Stehi6 

MVRSPVSDKFCIPDTLASWPYPRILNPHYAEEKAASAAWTKGFGAFGPKAQDAFDRCDFKRCRSGCDL

MNLFFVIDEHSDTHGEETVRKMKDVVMDAIRNPHKPRPNDEWIGGEIARQFWERAMCYASEISQRRFI

DTFDEYLESVVDQAADRDSARIRDIESYINIRRNTIGAKPSFVIMEQGMDIPDNVFENEVFQRLRMAT

IDMLCLGNDIVSYNIEQARGDDSHNIVRIVMNELDTDVPRAMDWVAQRHTQLEREFFTALSELPTWGE

PIDGWVKEYVYGLGNWVRANDQWSFESQRYFGTKGMEIMKSRWLSVLPKVRPAEVGPQLVDQSLL 

 

>Stehi7 

MAVATSVATPVPTPAYSAGRAPAKEKKIYLPDTLAEWPWPRAINPHYAEAKEESQAWAASFNAFSPKA

QHAFNRCDFNLLASLAYPLATKHGCRSGCDLMNLFFVIDEYSDIAPVEEVRQQKDIVMDALRNPHKPR

PEGEWVGGEVARQFWALTITNASAQSQKHFIETFDEYLDSVVQQAEDRSESRIRDIQSYIDVRRNTIG

AKPSFALLELDMDLPDEVLAHPTIQSLSLATIDMLCLGNDIVSYNLEQARGDASHNIITIVMNELNLD

VNGAMRWVGDFHKQLEKQFFEAFNNLPKWGNAELDAQIAVYCDGLGNWVRANDQWSFESERYFGARGL

EIMETKTLAMMPIQRTEALGPQLVDDSIL 
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Sequence analysis  

 

Figure S1: Alignment of Copu1-3 and Cop4 (as reference) amino acid protein sequences. Typical signature motifs for class I 
terpene cyclases such as the highly conserved NSE-triad and the aspartate-rich D(D/E)xxD motif are highlighted. 
Additionally, a highly conserved arginine residue 46 AA downstream of the NSE motif, which is indicated as pyrophosphate 
sensor and a common conserved RY-dimer ~80 AA downstream of the NSE motif, close to the C-terminus is found in all four 
sequences [8–11]. 



Additional file 
Identification of sesquiterpene synthases from the Basidiomycota Coniophora puteana for the efficient and highly selective 
β-copaene and cubebol production in E. coli – Mischko et al. 2018 

8 
 

Enzyme modelling 

 

Figure S2: Homology modeling and structural alignment of selinadiene cyclase (blue), Copu1 (red), Copu2 (green), Copu3 
(yellow) and Cop4 (purple). 



Additional file 
Identification of sesquiterpene synthases from the Basidiomycota Coniophora puteana for the efficient and highly selective 
β-copaene and cubebol production in E. coli – Mischko et al. 2018 

9 
 

 
Figure S3: Structure function analyses of copu3 revealed reliable positioning of FPP in the active sites cleft. Amino acid 
sidechains in close proximity (5 Angstrom) to the docked FPP molecules (black) are shown. Sidechains are colored based on 
their physico-chemical characteristics (hydrophobic - white, alkaline - blue, acidic -red, polar - green).  

 

 

Figure S4: Structural identity analysis (RMSD calculation) (A) and sequence identity analyses (B) of the Copu1-3 and Cop4 
sequences. Sequence identity analysis strictly differentiate sequences from distinct organisms while the structural analysis 
(RMSD calculation) revealed a close structural relation between Cop4 and Copu3. 
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Structure analysis and quantification 

NMR spectra 

 

 

Figure S5: β-Copaene 13C NMR data recorded in C6D6. 

 

Figure S6: Cubebol 13C NMR data recorded in CDCl3. 
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Figure S7: δ-Cadinene 13C NMR data recorded in CDCl3. 

 

Terpene quantification  

 

Figure S8: Calibration curves for GC-FID based sesquiterpene quantification. Different concentrations of cubebol and 
α-humulene were used for peak-area evaluation via GC-FID. 
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