
IPP
isopentenyl pyrophosphate isomerase

DOXP synthase

DOXP reductoisomerase

CDP-ME synthase

ME synthase

HMB-PP synthase

HMB-PP reductase

HMG-CoA synthase

HMG-CoA reductase

mevalonate-5-kinase

phosphomevalonate kinase

mevalonate-5-pyrophosphate decarboxylase

squalene epoxidase

sterol C-24 methyltransferase 1 (SMT1)

C-4 sterol methyl oxidase 1 (SMO1)

C-4 sterol methyl oxidase 3 (SMO3)

7-dehydrocholesterol reductase 2

DET2

sterol side-chain reductase 2

sterol C-5(6) desaturase 1 (DWF7)

7-dehydrocholesterol reductase 1 (DWF5) C-4 sterol methyl oxidase 2 (SMO2)

DWF4

CYP90B1 ⊢④⑤⑥⑪⑫

dimethylallyltransferase

  cycloartenol synthase

DWF5

CYP90A1 ⊢④⑤⑥⑦⑩

CYP90D1

⑦⑧⑨⑩⊣ CYP90D1

CYP90C1

CYP85A2

CYP85A1/A2

CYP85A1/A2

CYP85A1/A2

CYP85A1/A2

CYP85A1/A2

CYP90A1 ⊢④⑤⑥⑦⑩

CYP90D1

 CYP90D1 ⊢⑦⑧⑨⑩

CYP90B1

CYP90C1/D1

CYP90B1 ⊢④⑤⑥⑫

C27-BRs C28-BRs C29-BRs

Multistep reaction

C27-BRs C28-BRs C29-BRs

Multistep reaction

sterol side-chain reductase 1 (SSR1)
DWF1

D-glyceraldehyde 3-phosphate + pyruvateD-glyceraldehyde 3-phosphate + pyruvate

1-deoxy-D-xylulose-5-phosphate (DOXP)1-deoxy-D-xylulose-5-phosphate (DOXP)

acetoacetyl-CoAacetoacetyl-CoA

acetyl-CoA + acetyl-CoAacetyl-CoA + acetyl-CoAacetyl-CoA + acetyl-CoA

2-C-methyl-D-erythritol-4-phosphate (MEP)2-C-methyl-D-erythritol-4-phosphate (MEP)

3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)

4-(cytidine 5'-diphospho)-2-C-methyl-D-erythritol (CDP-ME)4-(cytidine 5'-diphospho)-2-C-methyl-D-erythritol (CDP-ME)

mevalonic acid (MVA)mevalonic acid (MVA)

4-diphosphocytidyl-2-C-methyl-D-erythritol 2-phosphate (CDP-MEP)4-diphosphocytidyl-2-C-methyl-D-erythritol 2-phosphate (CDP-MEP)

mevalonate-5-phosphatemevalonate-5-phosphate

2-C-methyl-D-erythritol-2,4-cyclodiphosphate (MEcPP)2-C-methyl-D-erythritol-2,4-cyclodiphosphate (MEcPP)

mevalonate-5-pyrophosphatemevalonate-5-pyrophosphate

(E)-4-Hydroxy-3-methyl-but-2-enyl pyrophosphate  (HMB-PP)(E)-4-Hydroxy-3-methyl-but-2-enyl pyrophosphate  (HMB-PP)
isopentenyl pyrophosphate (IPP)isopentenyl pyrophosphate (IPP)

dimethylallylpyrophosphate (DMAPP)dimethylallylpyrophosphate (DMAPP) isopentenyl pyrophosphate (IPP)isopentenyl pyrophosphate (IPP)dimethylallylpyrophosphate (DMAPP)dimethylallylpyrophosphate (DMAPP)

geranyl pyrophosphategeranyl pyrophosphate

farnesyl pyrophosphatefarnesyl pyrophosphatesqualenesqualene

2,3-oxidosqualene2,3-oxidosqualenecycloartanolcycloartanol cycloartenolcycloartenol

31-norcycloartanol31-norcycloartanol 24-methylenecycloartanol24-methylenecycloartanol

31-nor-24(25)-dihydrolanosterol31-nor-24(25)-dihydrolanosterol cycloeucalenolcycloeucalenol

4a-methylcholesta-8,14-dien-3b-ol4a-methylcholesta-8,14-dien-3b-ol

obtusifoliolobtusifoliol 4a-methylergostatrienol4a-methylergostatrienol

4a-methy-24(25)-dihydrozymosterol4a-methy-24(25)-dihydrozymosterol

4a-methylergostadienol4a-methylergostadienol

4a-methyl-5a-cholest-7-en-3b-ol4a-methyl-5a-cholest-7-en-3b-ol

24-methylenelophenol24-methylenelophenol

5a-cholest-7-en-3b-ol (lathosterol)5a-cholest-7-en-3b-ol (lathosterol)5a-cholest-7-en-3b-ol (lathosterol)

24-ethylidenelophenol24-ethylidenelophenol24-ethylidenelophenol

D
7 avenasterolD
7 avenasterol

episterolepisterol

cholesterol (CR)cholesterol (CR)

D
5,7 episterolD
5,7 episterol

cholestanolcholestanol 6-oxocholestanol6-oxocholestanol

24-methylenecholesterol24-methylenecholesterol22S-hydroxy-24-methyleneCR22S-hydroxy-24-methyleneCR

isofucosterolisofucosterol b-sitosterolb-sitosterol

campesterolcampesterol(22S)-22-hydroxycampesterol(22S)-22-hydroxycampesterol

22S-hydroxyisofucosterol22S-hydroxyisofucosterol

(22S,24R)-22-hydroxy-ergost-4-en-3-one(22S,24R)-22-hydroxy-ergost-4-en-3-one (24R)-24-ergost-4-en-3-one(24R)-24-ergost-4-en-3-one

campestanolcampestanol6a-hydroxycampestanol6a-hydroxycampestanol

6-oxocampestanol6-oxocampestanol

6-deoxo-28-norCT6-deoxo-28-norCT 28-norCT28-norCT cathasterone (CT)cathasterone (CT) 6-deoxoCT6-deoxoCT 3-epi-6-deoxoCT3-epi-6-deoxoCT

6-deoxo-28-norTE6-deoxo-28-norTE 28-norTE28-norTE teasterone (TE)teasterone (TE) 6-deoxoTE6-deoxoTE 26-nor-28-homoTE26-nor-28-homoTE 28-homoTE28-homoTE

6-deoxo-28-nor-3-DT6-deoxo-28-nor-3-DT 28-nor-3-DT28-nor-3-DT 3-dehydroteasterone (3-DT)3-dehydroteasterone (3-DT) 6-deoxo-3-DT6-deoxo-3-DT

26-nor-28-homoTY26-nor-28-homoTY 28-homoTY28-homoTY 6-deoxo-28-homoTY6-deoxo-28-homoTY6-deoxo-28-norTY6-deoxo-28-norTY 28-norTY28-norTY typhasterol (TY)typhasterol (TY) 6-deoxoTY6-deoxoTY

28-norCS28-norCS castasterone (CS)castasterone (CS) 26-nor-28-homoCS26-nor-28-homoCS 28-homoCS28-homoCS

28-homoBL28-homoBL28-norBL28-norBL brassinolide (BL)brassinolide (BL) 6a-hydroxyCS6a-hydroxyCS

6-deoxo-28-homoDS6-deoxo-28-homoDS6-deoxoDS6-deoxoDS

dolichosterone (DS)dolichosterone (DS) 28-homoDS28-homoDS

28-homoDL28-homoDLdolicholide (DL)dolicholide (DL)

sterol 8,7 isomerase

CYP90B1
7-dehydrocholesterol7-dehydrocholesterol D

5,7 avenasterolD
5,7 avenasterol(24R)-5a-ergostan-3-one(24R)-5a-ergostan-3-one(22S,24R)-22-hydroxy-5a-ergostan-3-one(22S,24R)-22-hydroxy-5a-ergostan-3-one

6-deoxo-28-norCS6-deoxo-28-norCS

CDP-ME kinase

6-deoxoCS6-deoxoCS

④ Brassinazole (Brz)④ Brassinazole (Brz) ⑤ Brz2001⑤ Brz2001

⑥ Brz220⑥ Brz220

① Voriconazole① Voriconazole ② Fluconazole② Fluconazole

③ Fenpropimorph③ Fenpropimorph

⑦ Propiconazole⑦ Propiconazole

⑧ YCZ-18⑧ YCZ-18 ⑨ Yucaizol⑨ Yucaizol

4-MA4-MA

FinastrideFinastride

BrassinoprideBrassinopride

⑪ Spironolactone⑪ Spironolactone

DSMEN21DSMEN21

ImazalilImazalil

⑩ Fenarimol⑩ Fenarimol

VG106VG106

AFA76AFA76

CYP85A1/A2

22,23-dihydroxy-4-en-3-one22,23-dihydroxy-4-en-3-one

22,23-dihydroxycampesterol22,23-dihydroxycampesterol
CYP90C1/D1

CYP90A1

DET2

CYP90C1/D1

KM-01KM-01

⑫ Triadimefon⑫ Triadimefon

5α-stigmastane5α-stigmastane5α-stigmastane5α-ergostane5α-ergostane5α-ergostane5α-cholestane5α-cholestane5α-cholestane
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