Additional file 4: Supplementary Figure S2.

(a) Acetoacetyl-CoA thiolase (AeACTH)
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(b) 3-hydroxy-3-methylglutaryl-CoA synthase (AeHMGS)
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(¢) 3-hydroxy-3-methylglutaryl-CoA reductase (AeHMGR)
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(d) Mevalonate Kinase (AeMVK)
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AAIIQSPVPDDLAITEKEEKLEELMEMNQGLLOCMGVSHASIETVLRTTLKYKLSSKLTG

SSIVELAAEDEIAITSKEDKLAELMEMNQGLLQCMGVSHSSIETVLRTTLKYSLVSKLTG
SSIVELAANDEIAITSKEEKLAELMEMNQGLLQCMGVSHSSIETVLRTTLKENLVSKLTG
..... * . *
AGGGGCVLTLLP---TGTVVDKVVEELESSGFQCFTALIGGNGAQICY—---- 378
AGGGGCVLTLLPTLLSPTVVDKVIAELESNGFQCFTAGIGGNGVEISFEHSS 388
AGGGGCVLTLLPTLLSGTVVDKVIAELETCGFQCLLAGIGGN-——=—=————— 262
AGGGGCVLTLIPTLSANTVLEKVITELESHGYRCFKVEVGGRGLQVFRG--- 405
AGGGGCVLTLIPTRSS————————— SLP-———————————— RRLLLE————— 367

(e) Phosphomevalonate Kinase (AePMVK)
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Arabidopsis
Hevea

Vitis

Oryza

Zea

Arnebia
Arabidopsis
Hevea

Vitis

Oryza

Zea

Arnebia
Arabidopsis
Hevea

Vitis

Oryza

Zea

MAVVASAPGKVLMTGGYLVLERPNAGIVLSTNAREFYSVVKPIYDEVKPDSWAWAWADVKL
MAVVASAPGKVLMTGGYLVLEKPNAGLVLSTNARFYAIVKPINEEVKPESWAWKWTDVKL
MAVVASAPGKVLMTGGYLILERPNAGIVLSTNARFYAIVKPIYDEIKPDSWAWAWTDVKL
———————————— MTGGYLILERPNAGIVLSTNARFYAIVKPLREDIEPDSWAWAWTDRN-

MEVVASAPGKVLIAGGYLVLERPNAGLVLSTTARFYAVVRPLRDSLPADSWIWAWTDVKV

TSPOMSREMTYKLSLKYLTLQSVSLSDSRNPEFVEYAVQYVVAAAYSR-LDSSGKDALTKL

TSPQLSRESMYKLSLNHLTLQSVSASDSRNPFVEHAIQYAIAAAHLA-TEKD-KESLHKL

TSPQLARESLYKLSLKNLALQCVSSSASRNPFVEQAVQFAVAAAHAT-LDKDKKNVLNKL

—————————— YVONVTKKENAPMYLSESRNPFVEQAVQYTIAAARAT-LDKNNNDFLHTK

—————————— YKLSLKKSTLQLTSSRESANPFVEQAVQF SVAAAKVTVTDKEGKEALDKL

TSPQLSRVATYKLSLNKTTLQLTSSRESTNPFVEQAIQFSVAAAKATIIDKERKDVVDKL
* . .. .

K Ak kAkKk ke ke e kKK .

LLRGLDITILGCNEFYSYRNQIEARGLPLTPESLSSLPPFTSITFNKEESG———-GQONSK
LLOGLDITILGSNDFYSYRNQIESAGLPLTPESLGTLAPFASITFNAAESN-——-GANSK
LLOGLDITILGTNDFYSYRNEIEACGLPLTPESLAALPSFSSITFNVEEAN-——--GQONCK
LLOGLDITILGCNDFYSYRNYIEARGLPLTPDVLAALPPFTPITFNAEESN-——-GENCK

LLOGLHITILGCNDFYSYRKQIEARGLPLTPEVLLSLPPFCSITENSEVANGTMTGENCK
LLOGLNITIIGHNDFYSYRKQIEARGLPLTPEVLLSLPPFSSITFNSEVANGTMTGEKCK

31
162
161
45
179
163

85

215
216
100
236
222

145
275
276
160
296
282

158
333
336
220
356
342

175
174
175
152
110
180
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Arnebia
Arabidopsis
Hevea
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Oryza

Zea

Arnebia
Arabidopsis
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Oryza

Zea

Arnebia
Arabidopsis
Hevea
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Oryza
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Hevea

Vitis

Oryza
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**:‘k‘k‘*‘k‘k:* ‘k:‘k**‘k‘k: ‘k‘k: ***‘k‘k*: * :*__‘k “k‘k‘k* T, * :_‘k
PEVAKTGLGSSAAMTTAVVASLLHYLGVVNLSS-VKDN—-———— SEDLDTVHMIAQTAHCI
PEVAKTGLGSSAAMTTAVVAALLHYLGVVDLSDPCKEGKF--GCSDLDVIHMIAQTSHCL
PEVAKTGLGSSAAMTTAVVAALLHHLGLVDLSSSCKEKK-———-FSDLDLVHITIAQTAHCI

PEVAKTGLGSSAAMTTSVVAALLHYFGVVNLSSLNKDQHQEKDCVDLDLVHVIAQSAHCT
PEVAKTGLGSSAAMTTSVVAALLHYLGTVNLSCLGQSSGGNAAGRDLDLLHATAQSAHCT
PEVAKTGLGSSAAMTTSVVAALLHYLGAVNLSCPGQSSGDNASGRELDLVHTIAQSAHCL

Kk kkkhkhhkhhhkhkhkhkhkkhkoshkhkkohkhkook *okk ekk ek KkkKke ekkoe

AQGEVGSGFDVSSAVYGSQRYVRFSPGVISSAQDAVKAAPLEEVINDVLKAEWDHEK-DM
AQGKVGSGFDVSCAVYGSQRYVRFSPEVLSFAQVAVTGLPLNEVIGTILKGKWDNKRTEF
AQGKVGSGFDVSSAVYGSHRYVRFSPEVLSSAQDAGKGIPLQEVISNILKGKWDHERTME
AQGKVGSGFDVSSAVYGSQRYVRFSPEVLSSAQVAVKGLPIQEVIHDILKGNWDHERTKE
AQGKIGSGFDVSAAVYGSQRYTRFSPEILSSAQVTG-GHCMADVVADIVTQSWDHEKVKE
AQGKIGSGFDVSAAVYGSQRYVRFSPEILSSAQAIG— GTVLPDVVSDVLTQRWDHENKQF

Khkk o okhkhhhkhkk khkkhkkoekxk *kkk ook Kkok o ek .. *ke s

SHAPLMTSIR-EPGTGGSSTPSMVGAVKKWQKADPQTSVETWRKLSEGNAALEMQLNTLS
SLPPLMNLFLGEPGSGGSSTPSMVGAVKKWOMSDPEKARENWONLSDANLELETKLNDLS
SLPPLMSLLLGEPGTGGSSTPSMVGALKKWQKSDTQKSQETWRKLSEANSALETQFNILS
SLPPLMTLLLGEPGAGGSSTPSMVGAVKKWQKSDPEKSLETWRKLSAANSALETQFKILS
SLPPLMSLLLGEPGTGGSSTPSMVGSVKQWOKSDPQKSKETWSKLGIANSVLENQLRNLN
SLPPLMTLLLGEPGTGGSSTPSMVGSVKRWLKSDPEKSRDTWSKLAIANSTLENQLRILN

ko Kkk kokkekkkkkkkkkky ok ok ek e e ek ek * **

NLARMSFDVYKDVINNCSTLPSEKWLEVATEPSRTDIVKALLGAKDVMLEIRYQMRKMGE
KLAKDHWDVYLRVIKSCSVLTSEKWVLHATEPINEAIIKELLEAREAMLRIRILMRQMGE
KLAEEHWDAYKCVIDSCSTKNSEKWIEQATEPSREAVVKALLGSRNAMLQIRNYMRQMGE
KLAEENWDAYKCVINSCSIHRSEKWMERATGPDQEAVVNALLAARDAMLRIRSNMRQMGE
KLAEDHWEAYESVLRSCSRLTCSKWTEVATNQHQELIVRSLLAARDAFLEIRLHMREMGI
GLSENHHEAYESMVRSCSHLTYGKWAEVATNQHQELIIRSLLAARDACLEIRLHMREMGI

*o. P PR * % * % . ** * Kok *ok oy kK

AAGIPIEPESQTLLLDSTMNMEGVLLAGVPGAGGEDAVFAVTLGDASDKVIKSWSRONVL
AASVPIEPESQTQLLDSTMSAEGVLLAGVPGAGGEFDAIFAITLGDSGTKLTQAWSSHNVL
AAGVPIEPESQTRLLDTTMNMDGVLLAGVPGAGGFDAVFAVTLGDSGTNVAKAWSSLNVL
AAGIPIEPNSQTRLLDATMDMEGVLLAGVPGAGGEFDAIFAVTLGDSSSNITKAWTSLNVL
AAGVPIEPESQTQLLDATMNMEGVLLAGVPGAGGEFDAVFSVILGEASDAVAKAWSSAGVL
AAGVPIEPDSQTRLLDATMNMEGVLLAGVPGAGGEDAVEFSVVLGDASNAVAHAWSSVGVL

Kk e kkhkkokkk kkks kK ekkhkhkkhkkkhhkhhhkokoo *koo e e ek * *

ALLVREDPNGVLLENNDSRAKEVTSGVSAIQIQ 500
ALLVREDPHGVCLESGDPRTTCITSGVSSIHLE 505
ALLVREDPNGVLLESGDPRTKEITTAVFAVHI- 503
AMLVREDPHGVSLETGDPRAQQITSAISSVHIE 485
PLLVREDPRGVSLEAGDPRTREVSTAVSSIQIN 442
PLPVREDCRGVSLEDADPRTREVSAAVWSIQIN 512

* Kk k k * Kk Kk k * k.

(f) Mevalonate diphosphate decarboxylase (AeMVDD)

Hevea
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Arabidopsis
Nicotiana
Solanum
Arnebia

Hevea
Ricinus
Arabidopsis
Nicotiana
Solanum
Arnebia

Hevea
Ricinus
Arabidopsis
Nicotiana
Solanum

———-MAESWVIMVTAQTPTNIAVIKYWGKRDEKLILPVNDSISVTLDPVHLCTTTTVAVS
————-MAERWVRMVTAQTPTNIAVIKYWGKRDETLILPVNDSISVTLDPAHLCTTTTVAVS
———MATEKWVFMVTAQTPTNIAVIKYWGKRDEVRILPVNDSISVTLDPDHLCTVTTVAVS
7777777777777777 TPTNIAVIKYWGKRDEDLILAINDSIGVTLDPAHLCTTTTVAVS
MAAEQSKKWILMVTAQTPTNIAVIKYWGKRDENLILAINDSISVTLDPAHLCTTTTVAVS
—MGEQGENWILMVTAQTPTNIAVIKYWGKRDESLILPINSSISVTLDPSHLCTTTTVSVS

Kok ok Kk k kK Kk ko ok oKk ok ok ok ok kk ek kk kkkkk Khhkkk kkko kK

PSFAQDRMWLNGKEISLSGGRYQNCLREIRARACDVEDKERGIKISKKDWEKLHVHIASY
PAFDQDRMWLNGKEISLSGGRYQNCLREIRARACDVEDKEKGIKIAKKDWEKLHVHIASFE
PAFDRDRMWLNGKEISLSGSRYQNCLREIRGRAGDVEDMEKGIKIRKKDWEKLNLHIASH
PAFNQDRMWLNGKEISLSGGRYQNCLREIRARASDVEDENKGIKIAKKDWONLHVHIASY
PSFQODRMWLNKKEISLDGARYQNCLREIRARANDYEDEKKGIKISKNDWONLHVHIDSY
PSFKQDCMWLNGKEISLSGGRFQRCLREIRSRACDVEDEKKGFKIAKKDWEKLHVHIASY

Kek ek Kkhkkk Khhkhkhkk Kk Kok Khhkkhkkhkhk Kkk Kk KK ek ek ke kke eke e kKh K

NNFPTAAGLASSAAGFACLVFALAKLMNAKEDHSELSATARQGSGSACRSLEGGFVKWKM
NNFPTAAGLASSAAGFACLVFALAKLMNAREDNSELSATARQGSGSACRSLEGGFVKWIM
NNFPTAAGLASSAAGFACLVEFSLAKLMNVDEDPSHLSATARQGSGSACRSLEGGFVKWTM
NNFPTAAGLASSAAGFACLVESLAKLMNVQEDNGKLSATIARQGSGSACRSLYGGFVKWIM
NNFPTAAGLASSAAGFACLVEFSLAKLMNVQEDNGRLSATARQGSGSACRSLEGGFVKWVM

229
232
231
212
170
240

288
292
291
272
229
299

347
352
351
332
289
359

407
412
411
392
349
419

467
472
471
452
409
479

116
116
117
104
120
119

176
176
177
164
180



Arnebia

Hevea
Ricinus
Arabidopsis
Nicotiana
Solanum
Arnebia
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NNFPTAAGLASSAAGFACLVEFSLAKLMNLKEDHGQLSATARQGSGSACRSLEGGFVKWDM

Kk kkkhhhkhhhhhkhkhkhkhhkhkkk o kkkkk* * * KAk kkkhkhkhhhhkhkhkhkkhk s khkkrkkx *

GKVEDGSDSLAVQVVDEKHWDDLVITIIAVVSSRQKETSSTTGMRETVETSLLLQHRAKET
GKVDDGSDSLAVQLVDEKHWDDLVIIIAVVSSRQKETSSTSGMRESVETSLLLOQHRAKEV
GSKEDGSDSVAVQLADEKHWDDLVIIIAVVSSRQKETSSTSGMRESVETSLLLOQHRAKEV
GKEENGSDSIAVQLVDEKHWDELVIIIAVVSSRQKETSSTSGMRDTVETSALIEHRAKEV
GKEEDGSDSIAVPLADEKHWDELVIIIAVVSSRQKETSSTSGMRETVVTSALIDHRAKEV
GKESDGSDSIAIPLVDEKHWDELVIVIAVVSAHQKETSSTSGMRDTVETSPLIQHRAKEV

* ckkhkkoeks o hkkkkkokhkoshhkhhhkoohhhhhkhhkohkhhko ok KKk Khookkkhkkos

VPKRIVOMEESIKNRNFASFAHLTCADSNQFHAVCMDTCPPIFYMNDTSHRIISCVEKWN
VPKRITIQMEEAINKRDFASFAQITCADSNQFHAVCLDTCPPIFYMNDTSHRIISCVEKWN
VPKRILOMEEATIKNRDFASFTQLTCTDSNQFHAVCLDTSPPIFYMNDTSHRIISLVEKWN
VPKRIVOMEEAIQNRDFPTFAQLTCADSNQFHAVSMDTSLPIFYMNDTSHRVIGCVEKWN
VPKRIVOMEEAIQNRDFPTFAQLTCSDSNQFHAVCMDTSPPIFYMNDTSHRVISCVEKWN
VPKRIVOMEEATISNRDFSTFAHLSCSDSNQFHAVCLDTSPPIFYMNDTSHRIISLVEKWN

Kk kkkokhhkok okok skooookhkekhhhhkhhkkhkk o k% ko kK k ok Kk ok ok ok ek * kKK K

RSVGTPQVAYTFDAGPNAVLIAHNRKAAAQLLOKLLFYFPPNSDTELNSYVLGDKSILKD
RSEETPQVAYTFDAGPNAVLIAQNRKTAVQLLOKLLYYFPPNSDTDLNSYVLGDKSILKD
RSEGTPQVAYTFDAGPNAVLIARNRKVAVQLLOGLLYYFPPKSDTDMKSYVVGDNSILKE
RSEGTPQVAYTFDAGPNAVLIARNRKAATLMLORLLFHFPPNSDTDLNSYVIGDKSILKD
RAEGTPQVAYTFDAGPNAVLIARNRKAATLMLORLLFHFPPNSDTDLDSYVIGDKSILKD
RSEGTPQVAYTFDAGPNAAMIARNRKVATLLLOKLLYCFPPQADADLDSYVIGDKSLLKE

* o Khkkhkkhhhhkhhhkhhkk o«hkekkk ¥ ekk kke KAk e ke e Kkkekkoekoskk s

AGIEDLKDVEALPPPPEIKD---APRYKGDVSYFICTRPGRGPVLLSDESQALLSPETGL
AGIEEMKDVESLPAPPEIKD---APRFKGDVSYFICTRPGRGPVLLTDESQALLNPQTGL

AGLDGASGVENLQPPPEIKDNIGSQDQOKGEVSYFICTRPGKGPIVLHDQTQALLDPETGL
AGIQDIKDVEALPPPPEIKDKVPAQKYKGEISYFICTRPGRGPVLLTDDSHALLNPETGL
AGIKDLNDIEALPPPPEIKDKVPAQKCKGEISYFICTRPGRGPVLLPDESQALLCLETGL
AGVGTMNDVDALAPPPELTTSVPAQRTKGDVSYF ICTRPGKGPVLLTDENQALLDSKTGL
‘k‘k: L * .*‘k‘k:. H **::*********:**::* *:.:‘k** :***
PK 415
PK 415
PK 419
PK 406
PK 422
PK 421

**

(g) Isopentenyl pyrophosphate isomerase (AeIPPI)
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Nicotiana
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Camptotheca

——MSSIRINPLYSIFSTTTKTLSASCSSPAVHLQQORCRTLSISSSITNSPRRGLNRLFAS

———-MGDV-—--EADANMDAVQRRLMFEDECILVDENDQVVGHDTKYNCHLMERIESLNLLH
———MVDV---TIADANMDAVQRRLMFDDECILVDVNDKVVGHESKYNCHLMEKIESENLLH
HTAMGETSAPAADAGMDAVQRRLMFEDECILVDENDRVVGHDSKYNCHLMEKIEAENLLH
———-MGDA-—--ATDAGMDAVQKRLMFEDKCILVDENDNVVGHDTKYNCHLMEKIESENLLH
777777777 MAADAGMDAVQRRLMFEDECILVDENDNVVGHDTKYNCHLMEKIESENLLH
TSTMGEV—--—--ADAGMDAVQKRLMEFDDECILVDENDKVVGHDSKYNCHLMEKIEAENLLH

ekk hkkhkkokhkkkhkhkokokhhhk Kk Khkkkookhhhhhkhhkkhkoskks *kk*

RAFSVFLFNSKYELLLQQRSATKVTFPLVWINTCCSHPLYRESELIEENALGVRNAAQRK
RAFSVFLEFNSKYELLLQQRSATKVTFPLVWINTCCSHPLYRESELIEENALGVRNAAQRK
RAFSVFLFNSKYELLLQQRSATKVTFPLVWINTCCSHPLYRESELTIEENALGVRNAAQRK
RAFSVFLFNSKYELLLQQRSATKVTFPLVWINTCCSHPLYRESELIKENALGARNAAQRK
RAFSVFLFNSKHELLLQQRSATKVTFPLVWINTCCSHPLYRESELIKENFLGVRNAAQRK
RAFSVFLEFNSKYELLLOQQRSATKVTFPLVWINTCCSHPLFRDSELIEENEFLGVRNAAQRK

KAk KAk Kk hkhhk e kA KK KKK AR KA KA KAk AR A AAKAKAAKNAAK ek e hhhk e kk KKk KAKKkK KK

LLDELGIPAEDVPVDQFTPLGRMLYKAPSDGKWGEHELDYLLEF IVRDVNVNPNPDEVADI
LLDELGIPAEDVPVDQFTPLGRMLYKAPSDGKWGEHELDYLLEFIVRDVNVHPNPDEVADI
LLDELGIVAEDVPVDQFTPLGRILYKAPSDGKWGEHELDYLLEF IVRDVNVNPNPDEVADI
LLDELGIPAEDVPVDQFIPLGRILYKAPSDGKWGEHELDYLLEFIVRDVNVNPNPDEVADI

179

236
236
237
224
240
239

296
296
297
284
300
299

356
356
357
344
360
359

413
413
417
404
420
419

60

58

114
114
180
114
111
174

174
174
240
174
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LLDELGIPTEDVPVDQFTPLGRILYKAPSDGKWGEHELDYLLEF IVRDVKVNPNPDEVADI
LLDELGIPAEDVPVDEFTPLGRILYKAPSDGKWGEHELDYLLFIVRDVKYDPNPDEVADA

KAKK KKK ehkhkhkhkhkhkek KKK hhhhhhhhhhAAAAAKAA KKK KK kK o Kk KKK KKK

KYVNQEQLKELLRKADAGEDGLKLSPWFRLVVDNFLEFKWWDHVEKGT IQEAADMKT THKL
KYVNQEQLKELLRKADAGEEGLKLSPWFRLVVDNFLFKWWDHVEKGT IQEAADMKT THKL
KYVNRDQLKELLRKADAGEEGLKLSPWFRLVVDNFLFKWWDHLEQGTLGEVTDMKT IHKL
KYVTRDQLKELLRKADAGEEGLKLSPWFRLVVDNFLFKWWDHVEKGTMHEAADMKS THKL
KYVNPAQLKELLTKADAGEDGLKLSPWFRLIVDNFLEFKWWDHVEKGNYHQVADMKT THKL
KYVNREELKEILRKADAGEEGIKLSPWFRLVVDNFLFKWWDHVEEGKIKDVADMKT IHKL

* kK ekkkoek Kkhhkkokokhhhhhhkhhks khkkkhkhkhhkhkh ok ok e ekkke kKKK

235
235
301
235
232
295

HHHAAaA

(h) Geranyl diphosphate synthase (AeGDPS)
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777777 MSLVNPITTWSTTTTSKSPKNVQTTTRSRSIILPHKIS-——————-LEFPSNPKSK
77777 MSALVNPVAKWPQTIGVKDVHGGRRRRSRSTLFQSHPLRTEM——--PFSLYFSSP
777777 MSLVNSIT-WSQTSSILNIQSNISKKLTPFSILPHPLTNNL--—-PISLEFPNPK
777777 MSSVN--LTWVQTCSMFN-QAGRSRSSTFNLLHYHPLK-KV-—-—-PFSFQTPKQ
77777 MHNLRAHVKKWIQLSSIFS—-——————-CSSKSIYMSSRVN-———————————————
MAYSCMAASC-HGLHFMNIASQECNLKRGIIPSKRLHGISSSLWASN-———-GFQGHLERD

MGYNGMVVSSNLGLYYLNIASRECNLKRISIPSP-FHGVSTSLGSSTSXHLGLRGHLKKE

S—-KTHLRFSISSILTKNPQESSQK-TSKDPTFTLDFKTYMLEKASSVNKALEQAVLLKEP
L-KAPATFSVSAVYTKEGSEIRDKDPAPSTSPAFDFDGYMLRKAKSVNKALEAAVQMKEP
SNISNSNTPLSAILTKD-———— QKPONPPTTPTFDFKSYMLQKADSVNKALDDSIPLTEP
RRPTSSFSSISAVLTEQ-—-——EAVTEDEEQKSTENFKSYMVQKANSVNQALDAAVLLREP
777777777777 VFEIE--————————EEPRSRFDFKSYMINKITSINEALDSAVPLIEP
LSAYRHLVSSSRCLNTIAMLSNLSEQAKEKATEFDFKEYLHSKAISVNEALERAVPLRYP
LLSHRLLLSSTRSSKALVQLADLSEQVKN-VVEFDFDKYMHSKAIAVNEALDKVIPPRYP

.k * . * R . *

LKIHESMRYSLLAGGKRVRPMLCIAACELVGGLESTAMPSACAVEMIHTMSLIHDDLPCM
LKIHESMRYSLLAGGKRVRPMLCIAACELVGGDESTAMPAACAVEMIHTMS LMHDDLPCM
LKIQESMRYSLLAGGKRIRPMLCIAACELVGGDESTAMPAACAVEMVHTMS LMHDDLPCM
OMIHEAMRYSLLAGGKRVRPVLCLSACELVGGDESVAMPAACAVEMIHTMSLIHDDLPCM
IKLHEAMRYTLLSGGKRVRPIVCIAACELVGGHESTVMPTACAQEMIHSMSVMLDDLPCM
EKIHEAMRYSLLAGGKRIRPILTIAACELVGGSEELAMPTACAMEMIHTMSLIHDDLPSM
QKIYESMRYSLLAGGKRVRPILCIAACELMGGTEELAMPTACAIEMIHTMSLIHDDLPYI

Kk kk ek Kk ok hhhkokkoe s e kkAkKkekKk K Kk ek hh hkekekkes KkkE

DNDDLRRGKPTNHKIYGEDVAVLAGDALLAFSFEHVAKST-KGVSSDRIVRVIGELAKCI
DNDDLRRGKPTNHMAFGESVAVLAGDALLSFAFEHVAAAT-KGAPPERIVRVLGELAVSI
DNDDLRRGKPTNHKVFTEDVAVLAGDAMLAFSFEHVASLT-KGVCSERIVRVIYELAKCV
DNDDLRRGKPTNHKVFGEDVAVLAGDALLAYAFEHVAVST-VGVPAARITIRAIGELAKSI
DNDDFRRGKLSNHRVYGEKITLLAVRSLQALAVDHVVTAT-RGVPPERLVRALTEMAILT
DNDDLRRGKLTNHKVFGEGTAVLAGDALLSFAFEHIAVSTRKTVASHRVLRVVSELGKAT
DNDDLRRGKPTNHKVFGEDTAITAGDALLSLAFEHVAVSTSRTLGTDIILRLLSEIGRAT

Kok ok ke k kA e kK P e P ] * PRI P

GSEGLVAGQVVDISSEG-MTEVGLEHLEF IHVHKTAALLEASVVLGAIVGGADDEDVEKL
GSEGLVAGQVVDVCSEG-MAEVGLDHLEF IHHHKTAALLQGSVVLGAILGGGKEEEVAKL
GCEGLVAGQVVDICSEG-MDEVGLEHLEFIHLNKTAALLEGSVVLGAILGGGSDEEVEKL
GSEGLVAGQVVDIDSEG-LANVGLEQLEFIHLHKTAALLEASVVLGAILGGGTDEQVEEL
GSKGAAAGQIADLCSSGEDFNVSIEQLEHIHMQOKTGTLCEGSVVSGAIIGGASEEEIEKL
GSQGVAGGQVADITSEG-DPSVGLETLEWIHIHKTAVLLECAVVSGAIIGGASENEIERT
GSEGVMGGQVVDIESEG-DPSIDLETLEWVHIHKTAVLLECSVVCGAIMGGASEDDIERA
rLox PRI I R

RKFARCIGLLFQVVDDILDVTKSSQELGKTAGKDLVADKTTYPKLLGIEKSREFAEKLNR
RKFANCIGLLFQVVDDILDVTKSSKELGKTAGKDLVADKTTYPKLIGVEKSKEFADRLNR
RNFARCIGLLFQVVDDILDVTKSSKELGKTAGKDLVADKTTYPKLIGIEKSKEFAERLNR
RSFARCIGLLFQAVDDILDVTKSSQELGKTAGKDLVADKATYPRLMGIEKSREFAEKLNR
RKFSKCIGLMFQIVDDVLDVTKSSMELGKPAGKDVVAAKATYPRLIGIEKSRELALKLNS

171
234

234
234
300
234
231
294

105
110
104
102
70

115
118

165
170
164
162
130
175
178

224
229
223
221
189
235
238

283
288
282
280
249
294
297

343
348
342
340
309



Abies
Picea

Antirrhinum
Mentha
Picrorhiza
Humulus
Arnebia
Abies

Picea

GRYARCVGLLFQVVDDILDVTRSSEELGKTAGKDLVSDKATYPKLMGLEKAKEFADELLD 354
RRYARCVGLLFQVVDDILDVSQSSEELGKTAGKDLISDKATYPKLMGLEKAKEFADELLN 357

-:_*:‘k‘k:** ***:***::** ****_****::: *:***:*:*:**::*:* L x
EAQEQLEGFDSVKAAPLIALANYIAYRDN 372
EAQEQLLHFHPHRAAPLIALANYIAYRDN 377
EAKEHLAGFDQONKAAPLIALADYIAYRDN 371
EAQEHLGGFDPQKAAPLIALANYIAYRON 369
EAKEQLSGFDQEKAAPLIALADYIVARQN 338
RAKEELSCFNPAKAAPLLGLADYIALRQN 383
RGKQELSCFDPTKAAPLFALADYIASRQON 386
* *

ckkhkke  Kkokoekok * ok

(i) p-Hydroxybenzoic acid geranyltransferase (AePGT)

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

Arabidopsis
Capsella
Oryza
Arnebia
Lithospermum

—————————— EKFFGVGWNYRLICGMSSSSSVLEGKPKKDDKEKSDGVVVKEASWIDLYL
VWSKGRELQQEKF LGVGWNYRLVSGMSSSSSVMEGKPKKDDKEKSDVGGVKEASWIDL YL
———————————————————————————————— MT SKQAQQKKGK~----—-—-QPSWIELYL
——————————————————————————————— MVSSKQTQLKKGK~———---QPSWIEMYL

PEEVRGYAKLARLDKPIGTWLLAWPCMWSIALAADPGSLPSFKYMALFGCGALLLRGAGC
PODARGYAKLARLDKPIGTWLLAWPCMWSIALAADPGSLPSFKYMALFGCGALLLRGAGC
——————————————————————————————— MAAMPGELPDMRMLALFACGSVLIRGAGC
PKEVRPYAHLARLDKPIGSWLLAWPAFWSVALVADFGSLP--KMLAIFGWWAVWIRGAGC
PKEVRPYAHLARLDKPIGSWLLAWPAFWSVALAADLESLP--KMLAIFGWWAVWIRGAGC

* * s e ke Kk o kok ok ok ok

TINDLLDOQDIDTKVDRTKLRPIASGLLTPFQGIGFLGLQLLLGLGILLQLNNYSRVLGAS
TINDLLDOQDIDTKVDRTRLRPIASGLLTPFQGIQFLGIQLLLGLGILLQLNNYSRVLGAS
TINDLLDRDIDRKVERTKSRPLASGILTPTQGVGFLGFQLLLGLPILLQLNNLSQILGVFE
TINDYFDRDFDKKVERTKSRPLASGAVSPSQGLWWLAFQLFIGLGVLYQFNILTLALATIL
TINDYFDRNFDKKVERTKSRPLASGAVSPAQGLWWLAFQLFIGLGVLYQFNVLTLALATIV

Khkk eke ook Kkkoekks Ahkoekkhk ook Kkkoe ok skkeokk oKk koK . *

SLLLVFSYPLMKRFTFWPQAFLGLTINWGALLGWTAVKGSIAPSIVLPLYLSGVCWTLVY
SLLLVFSYPLMKRFTFWPQAFLGLTINWGALLGWTAVKGSIEPAVVLPLYLSGVCWTLVY
SLLLVFSYPLMKRFTYWPQAYLGLVENWGALIGWAAMKGTIDPAIILPLYTAGICWTLVY
HVPLVFAYPLMKRITYWPQAFLGVMISWGALLGSSALKGSVVPSIAYPLYISSFFWTLVY
HVPFVFAYPLMKRITYWPQAFLGVMISWGALLGSSALKGSVVPSIAYPLYISSFFWTLVY

:**:******:*:****:**: .****:* :*:**:: *:: * kK * Kk Kk k ok
DTIYAHQDKEDDVKVGVKSTALREGDNTKLWLTGFGTASIGFLALSGEFSADLGWQYYASL
DTIYAHQDKEDDIKVGVKSTALRFGDNTKLWLTGFGTASMGFLALSGLSADLGWQYYASL
DTIYAHQDKEDDVKVGVKSTALREFGDSTKPWISGFGAACIANLALSGYNADLAWPYYPFL
DTIYAHQDKVDDAKAGIKSTALREGDATKIWISWEGVGCIAALVIGGLIVNIGEPYYVEV
DTIYAHQDKVDDAKAGIKSTALREGDATKMWISWEGVGCIAALVIGGLILNIGLPYYVEV

KAkKKKKKKK KKk Kk heoekkhkAAkAKAA*x KKk Koo Kk . * ek .. *x

AAASGQLGWQIGTADLSSGADCSRKFVSNKWEGAIIFSGVVLGRSFQ 337
AAASGQLGWQIGTADLSSGADCSRKFVSNKWEGAIVFSGVVLGRSFQ 407
AAASAHLAWQVSTVDLSDRLDCNRKFVSNKWEGALIFGGILCGRLVS 256
ATIATGQLAWQIVTVDLSSPMDCGRKFVSNQWFGAIIFTGILLGRLFT 306
ATIATGQLVWQIFTVDLLSPLDCGKKFVSNQWFGAIIFTGILLGRLFP 307

Kok ek Kk e K koK Kk ek kk Ak ek AhAhKko ok Koo KK

(j) Phenylalanine ammonia lyase (AePAL)

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus

—METIVEKG—-—--NGKSMEFCMQDPLNWEMAAESMKGSHLDEVKRMVAEFRKPVVQLAGK
————— MENG—----NGK-MEF CMKDPLNWGMAAE SMKGSHLDEVKKMVAEFRKPVVQLAGK
MASNGHVNG-GEDFELCKKSSATDPLNWEMASESLRGSHLDEVKKMVSEFRKPMVKLGGE
MASTIAQNGDIVAIDLCNKS—-IHDPLNWEMAAESLKGSHLDEVKKMVDEFRKPIVKLGGE
MKNMGSTENGHINNGEVLDFCLKDPLNWGMAADSLKGSHLDEVKRMVAEFRKPVVKLGGE

50
120

170
240

139
140

230
300
149
199
200

290
360
209
259
260



Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum

—MDSTTAIGNGVGSGGSPGFCLKDPLNWGVAAEAMKGSHLKEVKGMVEEFRKPVVRLGGE

khkkkk skeooen khkkk kkk Kkk kkkkkokok Ko

TLTIGQVASIAAHDD---GVKVELAEAAREGVKASSDWVMDSMNKGTDSYGVTTGFGATS
TLTIAQVAAIAARDD---GVTVELAEAAREGVKASSDWVMESMNKGTDSYGVTTGFGATS
TLTVAQVAATIAVRDKSANGVKVELSEDARAGVKASSDWVMDSMNKGTDSYGVTTGEFGATS
TLTVAQVASIANADNKTCGVKVELSESARAGVKASSDWVMDSMCKGTDSYGVTTGFGATS
TLTISQVAAIAARDY--NAVKVELSEDARAGVKASSDWVMESMNKGTDSYGVTTGEFGATS
TLTISQVAAIAVRGS---EVAVELSESAREGVKASSDWVMESMNKGTDSYGVTTGFGATS

Kk ke Kkk e kK k kkkek Kk kkkkhkhkkhkkkokk khkhkhkkkhkkhkhkrkhkkkk

HRRTKQGGALQKELIRFLDAGIFGNGTETSHTLPHSATRAAMLVRINTLLQGYSGIRFET
HRRTKQGGALQKELIRFLNAGIFGNGTETSHTLPHSATRAAMLVRINTLLQGYSGIRFET
HRRTKNGGALQKELIRFLNAGVFGNGTETNHTLPHSATRAAMLVRINTLLQGYSGIRFET
HRRTKNGGALQKELIRFLNAGVFGNGTGSCHTLPHSATRAAMLVRINTLLQGYSGIRFET
HRRTKQGGALQKELIRFLNAGIFGNGTESSHTLPHSATRAAMLVRINTLLQGYSGIRFET
HRRTKEGGALQKELIRFLNAGIFGNGTESCHTLPQSATRAAMLVRINTLLQGYSGIRFQTI

Kk kkhkokhhhhhhhkhhkhkkokkokxkkkx Kk kkokkhhhhhhhhkhhkhkhkhk Ak kkkkkk ok

LEATITKFLNSNITPFLPLRGTISSSGDLVPLSYIAGLLTGRPNS-RVGPKGEKLNAEEAF
LEATITKFLNTNITPCLPLRGTITASGDLVPLSYIAGLLTGRPNSKAVGPTGEKLNAEEAF
LEAITKLINSNITPCLPLRGTITASGDLVPLSYIAGLLTGRPNSKAVGPNGETLNAEEAF
LEATITKLINSNITPCLPLRGTITASGDLVPLSYIAGLLTGRPNAKAVGPNGEKLNAEEAF
LEAITKFLNHNITPCLPLRGTITASGDLVPLSYIAGLLTGRPNSKAVGPNGEIVNPEQAF
LETISKFLNNNITPCLPLPGTITASGDLIPLSYIAGLLTGPPHSKAVGPTGKTFPPKEAF

Gk e ke ke ok khkkhh hkk hhkke s hkhhAhokhhAhAhkhAAAA Koo Kok Kk ko T

RLAGISNGFFELQPKEGLALVNGTAVGSGMASMVLYEATILAVLSEVISAIFAEVMNGKP
RLAGISSGFFELQPKEGLALVNGTAVGSGMASMVLYEANILGVMSEVLSAVFAEVMNGKP
RVAGVNGGFFELQPKEGLALVNGTAVGSGMASMVLEFDSNILAVMSEVLSAIFAEVMNGKP
RVAGVSGGFFELQPKEGLALVNGTAVGSGMASMVLFESNILAVMSEVLSAIFAEVMNGKP
KMAGVNDGLFELQPKEGLALVNGTAVGSGMASMVLFEANILAVLSEVLSAIFAEVMNGKP
PLTWNEGGFFDLQPKEGLALVNGTAVGSGLASMVLFEANILAVLSEVLSAIFAEVMQGKP

L Kakgkkkkkkkkkkkk kA kk ok ok g kokokkok o KK kekkkakkekkkkk o kkk

EFTDHLTHKLKHHPGQIEAAAIMEHILDGSGYVKAAQKLHEMDPLOQKPKQDRYALRTSPQ
EFTDHLTHKLKHHPGQIEAAAIMEHILDGSGYVKAAELLHEMDPLQKPKQDRYALRTSPQ
EFTDHLTHKLKHHPGQIEAAAIMEHILDGSSYVKAAQKLHEMDPLOQKPKQDRYALRTSPQ
EFTDHLTHKLKHHPGQIEAAATIMEHILDGSSYVKAAQKLHEMDPLQKPKQDRYALRTSPQ
EFTDHLTHKLKHHPGQIEAAAIMEHILDGSGYVKAAHKLHEMDPLQKPKQDRYALRTSPQ
EFTDHLTHKLKHHPGQIEAAAIMEHILDGSSYVKAAQKLHEMDPLQKPKQDRYALRTSPQ

KA KKK AR Ahhhhhhhh kA AAAAKAA AR K *K Kk kKK KA KKk hhhhhhhhhkrkrArA Ak KKK

WLGPLIEVIRSATKMIEREINSVNDNPLIDVSRNKALHGGNFQGTPIGVAMDNTRLAIAS
WLGPQIEVIRSATKMIEREINSVNDNPLIDVSRNKALHGGNFQGTPIGVAMDNTRLAIAA
WLGPQIEVIRSATKMIEREINSVNDNPLIDVSRNKALHGGNFQGTPIGVSMDNARLALAS
WLGPQIEVIRAATKMIEREINSVNDNPLIDVSRNKALHGGNFQGTPIGVSMDNTRLALAS
WLGPQIEVIRSATKMIEREINSVNDNPLIDVSRNKALHGGNFQGTPIGVSMDNARLATIAS
WLGPLIEVIRSSTKSIEREINSVNDNPLINVSRNKALHGGNFQGTPIGVSMDNTRLAVAS

Khkkk Khkkhhkookk hhhkhkhhhhkhhhhhhkohhhhhhh Ak A Ak kkhkhkhkhkokkkohkhkhk s ko

IGKLLFAQFSELVNDYYNNGLPSNLTGSRNPSLDYGFKGAEIAMASYCSELQFLANPVTN
IGKLLFAQFSELVNDYYNNGLPSNLTGSRDPSLDYGFKGAEIAMASYCSELQFLANPVTN
IGKLMFAQFSELVNDYYNNGLPSNLTASRNPSLDYGFKGAEIAMASYCSELQFLANPVTN
IGKLMFAQFSELVNDYYNNGLPSNLTAGRNPSLDYGFKGAEIAMASYCSELQFLANPVTN
IGKLMFAQISELVNDFYNNGLPSNLSGGRNPSLVYGFKGAEIAMASYCSELQYLANPVTN
IGKLMFAQFSELVNDFYNNGLPSNLSGGRNPSLDYGFKGAEIAMAAYCSELQFLANPVTN

Kk ok ke khkk ek kA hhk ok hkhA AR KKK o Kekkkh KhhkkhhhkhkhkhkhkhAkokhhhkhk o khkhkhkhhk

HVQSAEQHNQDVNSLGLISSRKTSEAVEILKLMSSSFLVALFQAVDLRHIEENVRLAVKN
HVQSAEQHNQDVNSLGLISSRKTSEAVEILKLMSSSFLVALCQAVDLRHIEENVRLAVKK
HVQSAEQHNQDVNSLGLISARKTAEAVDILKLMSSTYLVALCQAIDLRHLEENLKNAVKN
HVQSAEQHNQDVNSLGLISSRKTAEAVDILKLMSSTYLVALCQATIDLRHLEENLKNAVKN
HVQSAEQHNQDVNSLGLISSRKTAEAVEILKLMSSTYLVALCQAIDLRHLEENLKNAVKN
HVQSAEQHNQDVNSLGLISSRKTAEAVDILKLMSSTYLVALCQAVDLRHFEENLRNTVKS

Kk k kA k kA Ak hhhhhhhh ko hhh ohhhohhhhhhhe s khhh Kkhokhhhkhekhkhhes «k*k

TVSQVAKRTLTTGVNGELHPSRF SEKDLLLVVDREYVFAYADDPCLATYPLMQKLRDVLV
TVSQVAKKTLNIGVDGVLHPSRFSEKELLRVVDREYVFAYADDPCSATYPLMQKLREVLV
TVSQVAKRTLTMGANGELHPARFCEKELLRVVDREYLFAYADDPCSCNYPLMQKLRQVLV
TVSQVAKRTLTMGANGELHPARFCEKELLRVVDREYLFAYADDPCSSTYPLMQKLRQVLV
TVSQVAKRTLTVGVNGELHPSRFCEKDLIRVVDREYVFAYVDDPCSGTYPLMEKLRQVIV
TVSQVAKRVLTMGVNGELHPSRFCEKDLLRVVDREYIFAYIDDPCSATYPLMQKLRQVLV

KAk KKKKK o K K ek hkk ek Kk hkeke KAkkAkkkokkhAh Kok hk Kok kK ek k ke Kk ook

GHALANGENEKDVNTSIFHKIAIFEDELKAILPKEVENARASVENGTPAILNRIEECRSY
SHALANSGNEKDASTSIFHKIGVFEEELKGILPKEVENARASVENGTPAIPNKIEECRSY

59

112
107
119
119
118
116

172
167
179
179
178
176

231
227
239
239
238
236

291
287
299
299
298
296

351
347
359
359
358
356

411
407
419
419
418
416

471
467
479
479
478
476

531
527
539
539
538
536

591
587
599
599
598
596

651
647



Nicotiana
Capsicum
Catharanthus
Camellia

Arnebia
Lithospermum
Nicotiana
Capsicum
Catharanthus
Camellia

DHAMKNGESEKNVNSSIFQKIGAFEDELKAVLPKEVENARAALESGNPATIANRITECRSY
DHALNNGESEKNVNSSIFQKIAAFEDELKAVLPKEVESARITLESGNPSIPNRITECRSY
DHALONGESEKNVNTSIFQKIAAFEDELKTVLPKEVESARTALENGNPAIPNRIKECRSY
EHALKNGESEKNLSTSIFQKIRAFEEEIKTLLPKEVESTRAATENGNSAIPNRIKECRSY

*k e K *k e ek k ke kK kkoekok shkkkhkkk ok o0k Kk ek ke ok Kk kKoK

659
659
658
656

PLYKFVREELGTEFLTGEKVRSPGEELDKVFTALCEGKLVDPLLACLEAWNVAPLPIC 709
PLYKFVRGELGTELLTGEKVRSPGEELDQVFNALCEGKLVDPLLACLEAWNGAPLPIC 705
PLYRFVRKELGTELLTGERVRSPGEECDKVFTAMCNGQIIDPMLECLKSWNGAPLPIC 717
PLYRLVRKELGTELLTGERVRSPGEEIDKVFTAMCNGQIIDPLLECLKSWNGAPLPIC 717
PLYKFVREDVGAEFLTGEKDRSPGEEFDKVFTAMCNEKIIDPLLECLKEWNGAPLPIC 716
PLYKFVREELGTELLTGEKVRSPGEEFDKVFTALCKGEMIDPLMDCLKEWNGAPLPIC 714

Khkkookk ookoekokkhkhkks KAhkkhkhhk Kokk Kkoks ooskkos Khke *k *hkkrkkx

(k) Cinnamic acid 4-hydroxylase (AeC4H)

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia

MDLLLLEKALLGLFFSVIIAIVISKLGGKKFKLPPGPIPVPIFGNWLQVGDDLNHRNLTE
MDLLLLEKALIGLFFSFIIAIVISKLRGKKFKLPPGPIPVPIFGNWLQVGDDLNHRNLTE
MDLLLLEKTLIGLFFAILIATIIVSKLRSKRFKLPPGPIPVPVFGNWLQVGDDLNHRNLTE
MDLLLLEKTLIGLFFAILVAIIVSKLRSKRFKLPPGPIPVPVFGNWLQVGDDLNHRNLTD
MDLLLLEKSLIAVFAAVVLATVISKLRGKKLKLPPGPMPIPIFGNWLQVGDDLNHRNLVD
MDLLLLEKSLIAVFVAVILATVISKLRGKKLKLPPGPIPIPIFGNWLQVGDDLNHRNLVD

YAKKFGEIFLLRMGQRNLVVVSSPDLAKEVLHTQGVEFGSRTRNVVEFDIFTGKGQDMVET
YAKKFGEIFLLRMGQRNLVVVSSPDLAKEVLHTQGVEFGSRTRNVVEDIFTGKGQDMVET
YAKKFGDVFLLRMGQRNLVVVSSPELAKEVLHTQGVEFGSRTRNVVEDIFTGKGQDMVET
YAKKFGDIFLLRMGQRNLVVVSSPESAKEVLHTQGVEFGSRTRNVVEDIFTGKGQDMVET

YAKKFGDLFLLRMGQRNLVVVSSPNLTKEVLHTQGVEFGSRTRNVVEFDIFTGKGQDMVET
YAKKFGDLFLLRMGORNLVVVSSPDLTKEVLHTQGVEFGSRTRNVVEDIFTGKGQDMVET

* ok k k

VYGEHWRKMRRIMTVPFFTNKVVQQYRQGWEFEVESAIEDVKKNPESETVGIVLRKRLQL
VYGEHWRKMRRIMTVPFFTNKVVQQYRKGWESEVESVIEDVKKIPESETVGIVLRKRLQL
VYGEHWRKMRRIMTVPFFTNKVVQQYRGGWESEAASVVEDVKKNPESATNGIVLRKRLQL
VYGEHWRKMRRIMTVPFFTNKVVQQYRGGWESEVASVVEDVKKNPESATNGIVLRKRLQL
VYGEHWRKMRRIMTVPFFTNKVVQQYRFGWEDEAGRVVEDVKKNPEAKTNGIVLRRRLQL
VYGEHWRKMRRIMTVPFFTNKVVQONREGWEFEAASVVEDVKKNPDSATKGIVLRKRLQL
VYGEHWRKMRRIMTVPFFTNKVVQONREGWEFEAASVVEDVKKNPDSATKGIVLRKRLQL

KAk KKK A hhhhhhhhk Ak AkA*k* * H k% * sk Ak A KK Kes K kkkkk e kkAA

MMYNNMFRIMEFDRRFESEDDPLFKKLRALNGERSRLAQSFDYNYGDFIPILRPFLRGYLK
MMYNNMFRIMEFDRRFESENDPLEMKLRALNGERSRLAQSFDYNYGDFIPILRPFLRGYLK
MMYNNMFRIMEFDRRFESEDDPLEVKLRALNGERSRLAQSFEYNYGDFIPILRPFLRGYLK
MMYNNMFRIMEFDRRFESEDDPLEVKLRALNGERSRLAQSFEYNYGDFIPILRPFLRGYLK
MMYNNMYRIMEFDSRFESEEDPLEVKLKALNGERSRLAQSFEYNYGDFIPILRPFLRGYLK
MMYNNMFRIMEFDRRFDSEDDPLE IRLKALNGERSRLAQSFEYNYGDFIPILRPFLRGYLK
MMYNNMEFRIMFDRRFESEDDPLFLRLKALNGERSRLAQSFEYNYGDFIPILRPFLRGYLK

KA KKK Ko hhhhhk KhkoehkhkehkAAKx shohhhhhhAhAAAAKN s KA KAk Ak hhh kXA AKA KKK

ICKEVKETRLKLFKDYFVDERKKIAS-TKSTTSNGLKCAIDHILEAQQKGEINEDNVLYI
ICKEVKETRLKLFKDYFVEERKKIAS-TKSTTTNGLKCAIDHILEAQQKGEINEDNVLYI
ICKEVKEKRLKLFKDYFVDERKKLAN-TKSMDSNALKCAIDHILEAQQKGEINEDNVLYI
ICKEVKEKRLQLFKDYFVDERKKLAN-TKSMDSNALKCAIDHILDAQQKGEINEDNVLYI
ICKEVKERRLQLFKDYFVDERKKLAKPRRAMDTVTLKCAIDHILDAQQKGEINEDNVLYI
ICQODVKDRRLALFKKYFVDERKQIAS-WKPTGSEGLKCAIDHILEAQQKGEINEDNVLY I
ICODVKDRRIALFKKYFVDERKQIAS-SKPTGSEGLKCAIDHILEAEQKGEINEDNVLY I

Kk ekke Ko Khkk hkkoehkkko ok . Kk kkhkhkkkkhokohhhhhkkhkhrhkxxk

VENINVAATIETTLWSIEWGIAELVNHPRIQKKLRDEIDAILGPGVQVTEPDTHKLPYLQA
VENINVAATIETTLWSIEWGIAELVNHPEIQKKLRDEIDTILGPGVQVTEPDTHKLPYLOQA
VENINVAATIETTLWSIEWGIAELVNHPHIQKKLRDEIDTVLGPGMQVTEPDMPKLPYLOQA
VENINVAAIETTLWSIEWGIAELVNHPHIQQKLREEIDAVLGPGVQVTEPDTQKLPYLQA
VENINVAAIETTLWSIEWGIAELVNHPQIQKKLRHELDTMLGLGVQITEPDTYKLPYLOQA
VENINVAAIETTLWSIEWGIAELVNHPEIQTKLRNEIDTVLGPGVQVTEPELHKLPYLQA
VENINVAATIETTLWSIEWGIAELVNHPEIQSKLRNELDTVLGPGVQVTEPDLHKLPYLOQA

KA KKK AR KAk hhhhhkhAAKAAAKRKAAKRK _ hKk Khhkk Keokeookk Kokeokhkhke Kk KKk KKk K

VVKETLRLRMAIPLLVPHMNLHDAKLNGYDIPAESKILVNAWWLANNPEQWKNPEEFRPE
VIKETLRLRMAIPLLVPHMNLHDAKLNGYDIPAESKILVNAWWLANNPAQWKNPEEFRPE
VIKETLRLRMAIPLLVPHMNLHDAKLAGYDIPAESKILVNAWWLANNPAHWKKPEEFRPE
VIKETLRLRMAIPLLVPHMNLHDAKLAGYDIPAESKILVNAWWLANNPAHWKKPEEFRPE
VVKETLRLRMAIPLLVPHMNLHDAKLSGYDIPAESKILVNAWWLANNPDNWKNPEEFRPE

60
60
60
60

60

120
120
120
120

120
120

180
180
180
180

180
180

240
240
240
240
124
240
240

299
299
299
299
184
299
299

359
359
359
359
244
359
359

419
419
419
419
304



Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

Arnebia
Lithospermum
Solanum
Capsicum
Camellia
Brassica
Arabidopsis

VIKETLRLRMAIPLLVPHMNLNDAKLAGYDIPAESKILVNAWWLANNPESWKKPEEFRPE
VVKETLRLRMAIPLLVPHMNLHDAKLAGYDIPAESKILVNAWWLANNPNSWKKPEEFRPE

ke kKKK KAk hhhhhhkhhkAAAK e KAk, KhhhhhkrAhkAAAAAAK KKK kKK Kk e kKKK KKK

RFLEEEAKVEANGNDFRYLPFGVGRRSCPGIILALPILGITLGRLVONFELLPPPGQSKL
RFLEEEAKVEANGNDFRYLPFGVGRRSCPGIILALPILGITLGRLVONFELLPPPGQSKL
RFFEEEKHVEANGNDFRFLPFGVGRRSCPGITILALPILGITLGRLVONFEMLPPPGQSKL
RFLEEEKHVDANGNDFRFLPFGVGRRSCPGITILALPILGITLGRLVONFELLPPPGQSKL
RFLEEEAKVEANGNDFRYLPFGVGRRSCPGIILALPILGITLGRLVONFELLPPPGQAKT
RFFEEEAHVEANGNDFRYVPFGVGRRSCPGITILALPILGITIGRMVONFELLPPPGQSKL
RFFEEESHVEANGNDFRYVPFGVGRRSCPGITILALPILGITIGRMVONFELLPPPGQSKV

Kk ekhkk okohhkhkkkhko o hhhhkkhhhhhhhhhhhhkhhhkhkokkohhhhk okhkhkhhk s ko

DTSEKGGQFSLHILKHSTIVMKPRA- 504
DTSEKGGQFSLHILKHSTIVMKPRSL 505
DTSEKGGQFSLHILKHSTIVMKPRSE 505
DTTEKGGQFSLHILKHSTIVMKPRSE 505
DTAEKGGQFSLHILKHSTIVLKPRSFE 390
DTSEKGGQFSLHILHHSTIVMKPRSE 505
DTSEKGGQFSLHILNHSIIVMKPRNC 505

Kk e kkkkkhkhhhkhkkohkk *kokkk

(1) 4-coumaric acid-CoA ligase (Ae4-CL)

Arnebia
Lithospermum
Capsicum
Solanum
Nicotiana
Paulownia
Arabidopsis
Camellia

Arnebia
Lithospermum
Capsicum
Solanum
Nicotiana
Paulownia
Arabidopsis
Camellia

Arnebia
Lithospermum
Capsicum
Solanum
Nicotiana
Paulownia
Arabidopsis
Camellia

Arnebia
Lithospermum
Capsicum
Solanum
Nicotiana
Paulownia
Arabidopsis
Camellia

Arnebia
Lithospermum
Capsicum
Solanum
Nicotiana
Paulownia
Arabidopsis
Camellia

,,,,,,,,,,,,,,,,,, MDTQTKTDQKDIIFRSKLPDIYIPRHLPLHSYCFENISQFNS
,,,,,,,,,,,,,,,,,, MDTQTKTDQKDIIFRSKLPDIYIPKHLPLHSYCGENISQFSS
7777777777777777 MPMENETR--—-DLIFRSKLPDIYIPKHLPLHSYCFENISEFNS
7777777777777777 MPMDTETKQSG-DLIFRSKLPDIYIPKHLPLHSYCFENLSEFNS
__________________ MEKDTKHG--DIIFRSKLPDIYIPNHLPLHSYCFENISEFSS
777777777777777777 METTITKQE-DIIFRSKLPDIYIPKHLPLHSYCFENISKFST
——————— MAPQEQAVSQVMEKQSNNNNSDVIFRSKLPDIYIPNHLSLHDYIFQNISEFAT
MLSGASAETPKPEFSPPPPQONPQSSSSQTHVFRSKLPHIPISNHLPLHTYRFQNLSQFPN

ckKkKk kKK K K kK KK K PR

RPCLINGSNDRVYTYAEVELTSRKVAAGLHKHGIKQTETIMLLLPNCPEFVFAFLGASYI
RPCLINGSNDRVYTYAEVEITSRKVAAGLHKHGIKQTETIMLLLPNCPEFVFAFLGASYI
RPCLIDGANDQIYSYAEVELTSRKVAVGLNKLGVQOKDTIMILLPNSPEFVFAFMGASYL
RPCLIDGANDRIYTYAEVELTSRKVAVGLNKLGIQQKDTIMILLPNCPEFVFAFIGASYL
RPCLINGANKQIYTYADVELSSRKVAAGLHKQGIQQKDTIMILLPNSPEFVFAFIGASYL
RPCLINGATNEVYTYEEVELIARKVATGLSKLGIQQGDTILLLLPNSPEYVFAFLGASYI
KPCLINGPTGHVYTYSDVHVISRQIAANFHKLGVNQNDVVMLLLPNCPEFVLSFLAASFR
RPCLLIGSTGKSYSFSXTHLVSRKVASGLSLLGIKKGDVIMLLLONCAEFVFAFMGASMI

R B R A A I

GAVSTTANPFFTSSEITIKQAKASKTKLIITVASNVPKLKEFSQ————— ENGVKIMCIDEQ
GAVSTTANPFFTSSEITIKQAKASKTKLIITVSTTVPKLKDESQ- —ENHVKIMCIDDK
GAISTMANPLFTPAEVLKQAKASSAKIIITLACYIGKVKDYAT————— ENDVKLICIDSA
GAISTMANPLFTPAEVVKQAKASSAKIIITQACFAGKVKDYATI ————— ENDLKVICVDSA
GAISTMANPLFTAAEVVKQVKASGAKIIVTQACHVNKVKDYAL————— ENNVKIICIDSA
GAISTMANPFFTPAEVIKQAKASNAKLIITQACYVEKVRDYAL————— EKGVKVMCIDAP
GATATAANPFFTPAEIAKQAKASNTKLIITEARYVDKIKPLON————— DDGVVIVCIDDN
GAVTTTANPFYTSAEVFKQFNASKSKLIITHSQYVDKLRDAGDNFPNWAKEFSVITIDDP

* x :* ***::*':*: * x :** :*:*:* H *.. :*

77777 IEGCLHFSLDLENTDETT---LPEVEILPNDVVALPYSSGTTGLPKGVMLTHKGL
77777 IDGCLHFSSDLENSDETT---LPDVEIRPDDVVALPYSSGTTGLPKGVMLTHKGL
——PEGCIHFS-ELTQSDEHE-—-—-IPDVKIQPDDVVALPYSSGTTGLPKGVMLTHKGL
77777 PEGCVHFS-ELIQSDEHE-—--IPDVKIQPDDVVALPYSSGTTGLPKGVMLTHKGL
77777 PEGCLHFS-VLTQADEHD---IPEVEIQPDDVVALPYSSGTTGLPKGVMLTHKGL
77777 SADCLQFS-ELTSADERD-—--MPAVKIHPDDVVALPYSSGTTGLPKGVMLTHKGL
ESVPIPEGCLRFT-ELTQSTTEASEVIDSVEISPDDVVALPYSSGTTGLPKGVMLTHKGL
77777 PENCLHFS-VLSEANESE---IPTVSIDPDDPVALPFSSGTTGLPKGVILTHKSL

koo e ke * . . * ok kek KhkkkekkhkrkhkkkhkkkKkokkkk Kk

VTSVAQQVDGENANLYMHQEDVVMCTLPLFHIYSMNSILLCGLRVGAAILLMHKFDIAPFE
VTSVAQQVDGDNANLYMHHEDVVMCTLPLFHIYSMNSILLCGLRVGAAILLMHKFEIVTE
VTSVAQQVDGENANLYMHSEDVLMCCLPLFHIYSLNSVLLCGLRIGAAILIMQKFDIVHFE
VTSVAQQVDGENANLYMHSDDVLMCVLPLFHIYSLNSVLLCALRVGAAILIMQKFDIAQF
VTSVAQQVDGENRNLYIHSEDVLLCVLPLFHIYSLNSVLLCGLRVGAAILIMQKFDIVPFE
VTSVAQQVDGENPNLYIHSEDVMLCVLPLFHIYSLNSVLLCGLRVGAAILIMQKFDIVPF
VTSVAQQVDGENPNLYFHSDDVILCVLPMFHIYALNSIMLCGLRVGAAILIMPKFEINLL
ISSVAQQVDGENPNLRLKGEDMVLCVLPLFHIYSLNSVLLCSLRAGTGVLLMHKFEIGAL

cekhkhkhkhkhkkhk ok KKk o0 ekesek Kkekhkkhkkhkhkoeokkookk Kk Ko okoek Kkkook
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LELIQRYKVTIGPFVPPIVLAIAKSNVVDQFDLSSVRTVMSGAAPLGKELEDAVRAKFPN
LELIQRYKVTIGPFVPPIVLATAKSNVVDQYDLSTVRTVMSGAAPLGSELEDAVRAKEFPN
LELIQKYKVTIGPFVPPIVLAIAKSPLVDHYDLSSVRTVMSGAAPLGKELEDTVRTKEPN
LELIPKHKVTIGPFVPPIVLATAKSPLVHNYDLSSVRTVMSGAAPLGKELEDAVRAKEFPN
LELIQNYKVTIGPFVPPIVLATIAKSPMVDDYDLSSVRTVMSGAAPLGKELEDTVRAKEPN
LELIQKYKVTIGPFVPPIVLAIVKSPVVDKYDLSSVRTVMSGAAPLGKELEDAVRIKEPN
LELIQRCKVTVAPMVPPIVLATAKSSETEKYDLSSIRVVKSGAAPLGKELEDAVNAKEPN
LELTIQRHRVSVAAVVPPLVLALAKNPMVVTFDLSSIRMVLSGAAPLGKELEEALRARVPQ

.o k. .

* Kk kK Kkk e kkk o Kk ekkke sk Kk Akkhkhkkhkk hkkooos .

AKLGQGYGMTEAGPVLAMCLAFAKEPFEIKSGACGTVVRNAEMKIIDTETGVSLPRNQSG
AKLGQGYGMTEAGPVLAMCLAFAKEPFEIKSGACGTVVRNSEMKIIDTETGASLPRNQSG
AKLGQGYGMTEAGPVLAMCLAFAKEPFEIKSGACGTVVRNAEMKIVDPDTGCSLPRNQPG
AKLGQGYGMTEAGTVLTMCLAFAKEPFDIKSGACGTVVRNAEMKIVDPDTGCSLPRNQPG
AKLGQGYGMTEAGPVLAMCLAFAKEPFEIKSGACGTVVRNAEMKIVDPETGNSLPRNQSG
AKLGQGYGMTEAGPVLAMCLAFAKEPFEIKSGACGTVVRNAEMKIVDIETGASLGRNQPG
AKLGQGYGMTEAGPVLAMSLGFAKEPFPVKSGACGTVVRNAEMKIVDPDTGDSLSRNQPG
ATFGQGYGMTEAGPVLSMCLAFAKQPFPTKSGSCGTVVRNAELKVIDPETGCSLGPNHSG

k ek kkkkkhkkkkhkk kkok Kk Kkkke kK Khkkokhkhhhhkhkokokoosk oxkk K%k * e Kk

EICIRGDQIMKGYLNDPEATERTIDNEGWLHTGDIGYIDDDDELFIVDRLKELIKYKGEFQ
EICIRGDQIMKGYLNDPEATERTIDKEGWLHTGDIGYIDDDDELEF IVDRLKELIKYKGEQ
EICIRGDQIMKGYLNDLESTTRTIDKEGWLHTGDMGEF IDNDDELF IVDRLKELIKYKGFQ
EICIRGDQIMKGYLNDPEATARTIEEEGWLHTGDIGE IDDDDELEF IVDRLKELIKYKGEQ
EICIRGDQIMKGYLNDPEATARTIDKEGWLYTGDIGYIDDDDELEF IVDRLKELIKYKGEQ
EICIRGDQIMKGYLNDLESTEGTIDKDGWLHTGDIGEF IDTDDELEF IVDRLKEIIKYKGEQ
EICIRGHQIMKGYLNNPAATAETIDKDGWLHTGDIGLIDDDDELEF IVDRLKELIKYKGEQ
EICIRGPQIMKGYLNHAEATATTIDVDGWLHTGDIGYVDDDDE-VIVDRVKELIKEFKGEQ

KAk kKKK KAk KhkKkKkKk .k Kk e e kkkekhkek ek KKK Kok ok ke ke kk e kokokKk

VAPAELEALLVTHPKVSDAAVVSMKDEGAGEVPVAFVVRSNGSTITEDEIKQFVSKQVIF
VAPPELEALLVPHPNVSDAAVVSMKDEGAGEVPVAFVVRSNGSTTTEDEIKQFVSKQVIF
VAPAELEALLLNHPNISDAAVVPMKDEQAGEVPVAFVVRSNGSTITEDEVKDEVSKQVVE
VAPAELEALLINHPDISDAAVVPMIDEQAGEVPVAFVVRSNGSTITEDEVKDFISKQVIF
VAPAELEALLLNHPTFSDAAVVPMKDEQAEEVPVAFVVRSSGSTITEDEVKDFISKQVIF
VAPAELEALLLNHPYISDAAVVPMKDEQAGEVPVAFVVRSNGSTITEDEIKQFISKQVVFE
VAPAELEALLIGHPDITDVAVVAMKEEEAGEVPVAFVVKSKDSELSEDDVKQFVSKQVVE
VPPAELEALLVSHPSIADAAVVPQKDDVAGEVPVAFVVRSNGLELTEDAVKEF IAKQVVFE

* ok kkkkKkk e Kok ek kKK ee ok Kk kKA KKK ook ekk  ekeke s kKK ook

YKRINRVFFVDSIPKSP-SGKILRKDLRAKLAAGFLNGPTTTTNGVPNSG-VAKD-VPNG
YKRINRVFGVDSTPKSP-SGKIVRKDLRAKLAARF LNGP--TTNVVPNGGNVAKDNVPNG
YKRIKRVFFVETVPKSP~SGKILRKDLRARLAAGVTN=—==——==———————m——m
YKRIKRVFFVETVPKSP-SGKILRKDLRARLAAGT SN—
YKRIKRVFFVDAVPKSP~SGKILRKDLRAKLAAGLPN=—==——==———————m—mm
YKRINRVFFIDATPKSP-SGKILRKDLRARLAAGVPN———————m——m———m e
YKRINKVFFTESIPKAP—-SGKILRKDLRAK==——==—— === m——mmm e
YKKLHKVYFVPCHSQSLLSGKILRKDLRAKLGHVRSLSNSLET IYMYLFDFHLRVSTN-—

Kk e es ek kkkk o khkkhk Kk o

VSNGVSKANGGGIEEGIANGVAKANGGVAKEETANGVSKANCGVAKEEIANGIPTSVANG
VSNGVSKANGGVAKEGVANGVPTDG———————=——=—————— DYGVATKGVANGISN—-—--——

VATKGVYKQKINGVVSNGVENGVVSNGTTNGVHN 660
———-GVYKQVSNGVVSNGVANGIVSNGIANGVHN 636
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