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Supplementary Figure 1. The main classification and structure of BIAs. 1-

benzylisoquinoline alkaloids (1-BIAs), bisbenzlisoquinoline alkaloids (bisBIAs), morphinan 

alkaloids (Morphinans), aporphine alkaloids (Aporphines), protoberberine alkaloids (BBRs), 

phthalideisoquinoline alkaloids (PQs), benzo[c]phenanthridine alkaloids (BZPs), protopine 

alkaloids (Protopines), and pavine alkaloids (Pavines).

-



Supplementary Figure 2. Phylogenetic relationships of the homologous genes of NCS from 

candidate 245 species. The species abbreviation consists of the first letter of the genus name 

and the first three letters of the species name, such as Aquilegia coerulea (Acoe), Thalictrum 

thalichroides (Ttha), Coptis chinensis (Cchi), and Papaver setigerum (Pset). Accession numbers 

are listed in Supplementary Table 4, and gene sequences of NCS are presented in Supplementary 

Table 6.



Supplementary Figure 3. Phylogenetic tree of CYP719 family members from candidate 245

species. Accession numbers are listed in Supplementary Table 4, and gene sequences of CYP719 

are presented in Supplementary Table 7.



Supplementary Figure 4. Phylogenetic tree of CYP80 and CYP82 family homologous genes 

in 245 species, respectively. (a) Phylogenetic relationships of the homologous genes of 

CYP80A/B/G. (b) The CYP80A/B/G/Q subfamily and the CYP82N/X/Y subfamily are involved 

in various types of catalytic reactions. (c) Phylogenetic relationships of the homologous genes of 

CYP82X/Y/N. Accession numbers are listed in Supplementary Table 4, and homologous gene 

sequences of CYP80 and CYP82 are listed in Supplementary Tables 8 and 9, respectively.



Supplementary Table 1. The structural diversity and classifications of natural BIAs.

1-BIAs

Name 2 6 7 8 9 12 13 14 15
norcoclaurine OH OH OH
armepavine CH3 OCH3 OCH3 OH H
coclaurine H OCH3 OH OH H

laudanosine CH3 OCH3 OCH3 OCH3 OCH3

laudanosoline CH3 OH OH OCH3 OCH3

magnocurarine (CH3)2 OH OH OH H
norjuziphine H H OCH3 OH OH H

reticuline CH3 OCH3 OH OCH3 OH

reticuline N-oxide OCH3 OH OCH3 OH

(1S)-5’-O-p-
Hydroxybenzoyl 

norreticuline
H OCH3 OH OCH3

(+)-N-
methylisococlaurine

CH3 OH OCH3 OH H

(1′S)-12′-hydroxyl-
linderegatine

H OCH3 OH OH H

(1R, 1′R)-11,11′-
biscoclaurine

H OCH3 OH OH H

(-)-N-
methylcoclaurine

CH3 OCH3 OH OH H

(+)-argenaxine H -O-O- OCH3 OCH3 CH2OH
(+)-higenamine 

(demethylcoclaurin
e)

H OH OH OH H

(+)-laudanidine CH3 OCH3 OCH3 OH OCH3 OH
juziphine CH3 OCH3 OH OH

norreticuline CH3 OCH3 OH OCH3 OH
magnococline OCH3 OH OCH3

norarmepavine OCH3 OCH3 OH
O,O-

dimethylcoclaurine
OCH3 OCH3 OCH3

oblongine (CH3)2 OCH3 OH OH
tembetarine (CH3)2 OCH3 OH OCH3 OH

O-
methylarmepavine

CH3 OCH3 OCH3 OCH3

N,O-
dimethylcoclaurine

CH3 OCH3 OH OCH3

pseudolaudanine CH3 OH OCH3 OCH3 OCH3



berbervirine CH3 -O-O- =O OCH3 OCH3

protosinomenine CH3 OH OCH3 OCH3 OH
lotusine OH OCH3 (CH3)2 OH

Name 5 6 7 9 11 12 13 14 15
neolitacumonine H -O-O- H OH

berbithine H -O-O- OH OCH3 OCH3 H

araglaucine H -O-O- =O
COOC

H3
H -O-O-

papaverine OCH3 OCH3 OCH3 OCH3

fumaflorine H OCH3 OCH3 =O COOH -O-O- H

fumaflorine methyl 
ester

H OCH3 OCH3 =O COOH -O-O- H

rugosinone -O-O- =O OCH3 OCH3 OH

Name 5 6 7 9 11 12 13 14
coptisine A H OCH3 OH =O OH OCH3 OCH3 H
coptisine B H OCH3 OCH3 =O OH -O-O- H
coptisine C H -O-O- =O OH -O-O- H

dihydrotaxilamine H OH OH =O OH OCH3 OCH3 H
dehydroreticuline H OCH3 OH OH OCH3 H

Morphinans

Name 2 3 4 5 6 7 8 17
morphine OH -O- OH CH3

codeine OCH3 -O- OH CH3

heroin OCOCH3 -O- OCOCH3 CH3

sinomenine OCH3 OH =O OCH3 CH3

14-episinomenine OCH3 OH =O OCH3 CH3

cephamuline OCH3 OH =O OCH3 OCH3 CH3



8-demethoxycephatonine OH OCH3 =O OCH3 CH3

cephamonine OCH3 OH =O OCH3 OCH3 CH3

tannagine OCH3 OCH3 =O OCH3 OCH3 CH3

8-demethoxyrunanine OCH3 OCH3 =O OCH3 CH3

Name 2 3 4 5 6 7 8 17
sinoacutine OCH3 OH OCH3 CH3

salutaridine OCH3 OH OCH3 CH3

(-)-O-methylflavinatine OMe OMe H OMe Me
sebiferine OCH3 OCH3 H OCH3 CH3

pallidine OH OCH3 H OCH3 CH3

O-methylflavinantine OCH3 OCH3 H OCH3 CH3

flavinantine OCH3 OH H OCH3 CH3

pallidine OH OCH3 H OCH3 CH3

Name 1 3 4 5 6 8 10 17
thebaine OCH3 -O- OCH3 CH3

gindarudine OCH3 OH -O- OH OH

Name 3 4 5 6 7 8 10 17
milonine OCH3 OH OCH3 =O CH3

Name 3 4 5 6 7 8 10 17
FK-3000 OCH3 OH CH3COO CH3COO OCH3 H

cephakicine OCH3 OH CH3COO CH3COO OCH3 CH3



Name 3 4 5 6 7 8 10 17
cephasamine OCH3 -O- OCH3 OCH3 =O CH3

Name 3 4 5 6 7 8 10 17
7(R)-7,8-

dihydrosinomenine
OCH3 OH =O OCH3 CH3

Aporphines

Name 1 2 3 4 5 6 7 8 9 10 11
anonaine -O-O- H H H H

actinodaphnine -O-O- H OH OCH3 H
annonamine OCH3 OH (CH3)2 H H H
anolobine -O-O- H OH H H

apomorphine H H CH3 H OH OH
asimilobine OCH3 OH H H H H

boldine OCH3 OH CH3 OH OCH3 H

boldine N-oxide OCH3 OH OH OCH3 H

(+)-bulbocapnine -O-O- CH3 H OCH3 OH
(-)-caaverine OH OCH3 H H H H

cassythine -O-O- OCH3 H OH OCH3 H
(+)-corydine OH OCH3 CH3 H OCH3 OCH3

corytuberine OH OCH3 CH3 H OCH3 OH
dicentrine -O-O- CH3 OH OCH3 H

dicentrine-β-N-oxide -O-O- OCH3 OCH3 H

(R)-
dihydroguatteriscine

OCH3 OCH3 OCH3 H (CH3)2 H H H

glaucine OCH3 OCH3 CH3 OCH3 OCH3 H
hernagine OCH3 OCH3 H H OH OCH3

(+)-isoboldine OH OCH3 CH3 OH OCH3 H



isocoridyne OCH3 OCH3 CH3 H OCH3 OH
isocorytuberine OH OCH3 CH3 H OH OCH3

isodomesticine OCH3 OH CH3 -O-O- H
laetanine OCH3 OH H OCH3 OH H

(+)-laurotetanine OCH3 OCH3 H OH OCH3 H
laurolitsine OCH3 OH H OH OCH3 OH

magnoflorine OH OCH3 (CH3)2 H OCH3 H
nantenine OCH3 OCH3 CH3 -O-O- H
neolitsine -O-O- CH3 -O-O- H

N-
cyanomethylnorboldin

e
OCH3 OH OH OCH3 H

N,O-
diacetylnoroliveroline

-O-O- H H H

N,O-diacetyl-(-)-
nornuciferidine

OCH3 OCH3 H H H

tinoscorside A OCH3 OCH3 H H H

N-methylboldinium OCH3 OH (CH3)2 OH OCH3 H
N-methylglaucinium OCH3 OCH3 (CH3)2 OCH3 OCH3 H
N-methylhernagine OCH3 OCH3 CH3 H OH OCH3

N-methylhernovine OCH3 OH CH3 H OH OCH3

N-methyl 
isodomesticine

OCH3 OH (CH3)2 -O-O- H

N-methyllaurotetanine OCH3 OCH3 CH3 OH OCH3 H

N-methyllaurotetanine 
n-oxide

OCH3 OCH3 OH OCH3 H

N-methyllindcarpine OCH3 OH CH3 H OCH3 OH
N-methyl nantenine OCH3 OCH3 (CH3)2 -O-O- H

N-methyl 
predicentrine

OCH3 OH (CH3)2 OCH3 OCH3 H

(-)-N-
methylasimilobine

OCH3 OH CH3 H H H

N-methyl-1,2,10-
trimethoxyaporphine

OCH3 OCH3 CH3 H OCH3 H

N-nitrosoanonaine -O-O- H H H
N-nitrosoxylopine -O-O- OCH3 H H

norboldine OCH3 OH H OH OCH3 H
(+)-norboldine OCH3 OH H OH OCH3 H
(S)-norcorydine OH OCH3 H H OCH3 OCH3

(+)-norglaucine OCH3 OCH3 H OCH3 OCH3 H
(+)-norisocorydine OCH3 OCH3 H H OCH3 OH

norisocorydine OCH3 OCH3 H H OCH3 OH
nornuciferine OCH3 OCH3 - H H H

(+)-norocoxylonine -O-O- H OH OCH3 OCH3

noroliveroline -O-O- H
OH,
H

H H H

norushinsunine -O-O- H OH H H H
nuciferine -O-O- CH3 H H H

oliveroline-β-N-oxide -O-O-
CH3,

O
OH,
H

H H H

O-methylbulbocapnine -O-O- CH3 H OCH3 OCH3

(-)-O-methylisopiline OCH3 OCH3 OCH3 H H H H
roemerine -O-O- CH3 H H H

(S)-dicentrine -O-O- CH3 OCH3 OCH3 H



semiimmersumine A OCH3 OCH3 H H H

semiimmersumine B -O-O- OH H H H

(S)-neolitsine -O-O- CH3 OH -O-O- H

(+)-(S)-N-
acetylcaaverine

OH OCH3 H H H

(+)-(S)-N-
butyrylcaaverine

OH OCH3 H H H

(+)-(S)-N-
propionylcaaverine

OH OCH3 H H H

stephanine -O-O- CH3 OCH3 H H H
tavoyanine A OCH3 OH OH OCH3 H

thaliadine OCH3 OCH3 OCH3 CH3 OCH3 H

tuduranine OCH3 OCH3 H H OH H
xanthoplanine OCH3 OCH3 (CH3)2 OH OCH3 H
2-hydroxy-1-

methoxyaporphine
OCH3 OH CH3 H H H

6a,7-
dehydrofloripavidine

OCH3 CH3 H H H

6aR-2’-carboxyl-
thaliadin

OCH3 OCH3 OCH3 CH3 OCH3 H

6aR-2’-
methoxycarbonyl-

thaliadin
OCH3 OCH3 OCH3 CH3 OCH3 H

6aR-3-methoxy-
hernandalinol

OCH3 OCH3 OCH3 CH3 OCH3 H

6aS-1,3,10-
trimethoxy-natalamine

OCH3 OCH3 OCH3 CH3 OCH3 H

(+)-(6aR,7R)-N-
butyrylnorushinsunine

-O-O- OH H H H

(+)-(6aR,7R,E)-N-
(but-2-

enoyl)norushinsunine
-O-O- OH H H H

6R, 6aS-corydine N-
oxide

OH OCH3 H OCH3 OCH3

6R,6aS-isocorydine N-
oxide

OH OCH3 H OCH3 OH

(+)-6S-ocoteine N-
oxide

-O-O- OCH3 OCH3 OCH3 H

7-
hydroxyguatteriopsisci

ne
OCH3 OCH3 OCH3 OH H H H H

8-hydroxy-9-methoxy-
1,2-

methylenedioxyaporph
ine

-O-O- OCH3 CH3 OH OCH3 H H

(+)-11-
methoxynorneolistine

-O-O- H -O-O- OCH3

crebanine -O-O- CH3 OCH3 OCH3 H H
N-methylasimilobine-

2-O-β-D-
glucopyranoside

OCH3 CH3 H H H

stesakine-9-O-β-D-
glucopyranoside

-O-O- CH3 OCH3 H H



ayuthianine -O-O- CH3 OH OCH3 H H H
menisperine OCH3 OCH3 (CH3)2 H OCH3 OH
nantenine OCH3 OCH3 CH3 -O-O- H

cassythicine -O-O- CH3 OCH3 OCH3 H
(-)-O-

acetylsukhodianine
-O-O- CH3 H, OAc OCH3 OCH3 H H

(-)-sukhodianine-bate-
N-oxide

-O-O- O-, Me H, OH OMe OMe H H

(-)-ushinsunine-β-N-
oxide

-O-O- O-, Me H, OH H H H

(-)-stephadiolamine-β-
N-oxide

-O-O- H, OH O-, Me H, OH H H H

(+)-bulbocapnine-β-N-
oxide

-O-O- O-, CH3 H OCH3 OH

(S)-corytuberine OH OCH3 CH3 H OCH3 OH
domesticine OH OCH3 CH3 -O-O- H

(S)-isoboldine OH OCH3 CH3 OH OCH3 H
isocorydine N-oxide OCH3 OCH3 O-, CH3 H OCH3 OH

norisocorydine OCH3 OCH3 H H OCH3 OH
norbracteoline OH OCH3 H OCH3 OH H

cataline OCH3 OCH3 CH3 OH OCH3 OCH3 H
epiglaufidine OH OCH3 OH CH3 H OCH3 OCH3

glaufidine OH OCH3 OH CH3 H OCH3 OCH3

glaufine OCH3 OH CH3 H OH OH
norcorydine OH OCH3 H H OCH3 OCH3

N-methyldomesticine OH OCH3 (CH3)2 -O-O- H
(S)-predicentrine OCH3 OH CH3 OCH3 OCH3 H
corydine N-oxide OH OCH3 O-, CH3 H OCH3 OCH3

norisoboldine OH OCH3 OH OCH3

hernandine -O-O- OCH3 OH OCH3

hernangerine
（nandigerine）

-O-O- OH OCH3

nordicentrine -O-O- OCH3 OCH3

phanostenine -O-O- CH3 OCH3 OH
cryptodorine -O-O- -O-O-

ovigerine -O-O- -O-O-
launobine -O-O- OCH3 OH

ushinsunine -O-O- CH3 OH
thalicsimidine OCH3 OCH3 OCH3 CH3 OCH3 OCH3

3-
hydroxynornuciferine

OCH3 OCH3 OH

thaliporphine OH OCH3 CH3 OCH3 OCH3

L-hernovine OCH3 OH OH OCH3

hernandaline OCH3 OCH3 -O-O-
kachirachiranine OCH3 OH CHO
N-acetylanonaine -O-O- CHO
norstephalagine -O-O- OCH3

N-acetylnornuciferine OCH3 OCH3 CHO
N-acetylanonaine -O-O- CHO

pukateine -O-O- CH3 OH
obovanine -O-O- OH
puterine -O-O- OCH3

isopiline OH OCH3 OCH3

O-methylliridinine OCH3 OCH3 OCH3 CH3

fibrecisine -O-O- CH3 OH
laurifoline OH OCH3 (CH3)2 OH OCH3

menisperine OCH3 OCH3 (CH3)2 OCH3 OH



fuzitine OCH3 OCH3 (CH3)2 OH OH
roemrefidine -O-O- (CH3)2

cissaglaberrimine -O-O- OH

Name 1 2 3 4 5 7 8 9 10 11

artacinatine C OCH3 H OCH3
OC
H3

=O H H H

guatterfriesidine -O-O- OCH3 (CH3)2 OH H H
kuafumine -O-O- OCH3 =O OCH3 OCH3 H H
liriodenine -O-O- =O H H H
lysicamine OCH3 OCH3 =O H H H

oxoglaucine OCH3 OCH3 =O OCH3 OCH3 H
O-methylmoschatoline OCH3 OCH3 OCH3 =O H H H

oxocrebanine -O-O- =O OCH3 OCH3 H H
oxophoebine OCH3 OCH3 OCH3 =O -O-O- H

oxopurpureine OCH3 OCH3 OCH3 =O OCH3 OCH3 H
predicentrine -O-O- =O OCH3 OCH3 H
sinofranine OH OCH3 OCH3 =O OCH3 H H

3-
hydroxyhernandonine

-O-O- OH =O H -O-O-

3-methoxy-
oxohernandaline

OCH3 OCH3 OCH3 =O OCH3 H

3-methoxy-2’-
methoxycarbonyl-
oxohernandalincin

OCH3 OCH3 OCH3 =O OCH3 H

8-hydroxy-1,4,5-
trimethoxy-7-
oxoaporphine

OCH3 H OCH3
OC
H3

=O OH H H H

dicentrinone -O-O- =O OMe OMe H
Name 1 2 3 4 6 7 8 9 10 11

N-
methylliriodendronine

O- OH CH3 =O H H H

lanuginosine -O-O- =O OCH3 H H
oxonantenine OCH3 OCH3 =O -O-O- H
cassameridine -O-O- =O -O-O- H

oxostephanosine -O-O- =O OH H H H
glaunidine OCH3 OCH3 CH3 =O H OCH3 OCH3

corunnine OCH3 OCH3 CH3 =O OCH3 OCH3 H
arosinine O- OCH3 =O H OCH3 OH
glaunine OCH3 OCH3 =O H OCH3 OH

isofiliformine -O-O- OCH3 =O OH OCH3

hernandonine -O-O- =O -O-O-
atherospermidine -O-O- OCH3 =O

4‐methoxyoxohernand
aline

OCH3 OCH3 OCH3 =O OCH3



Name 1 2 3 4 5 6 7 8 9 10
iso-9-

methoxyguatterfriesin
e

OCH3 OH OCH3 (CH3)2 OCH3 H

6,6a-
dehydronorglaucine

OCH3 OCH3 OCH3 OCH3

NH
Type 4

Name 1 2 3 4 5 6 7 8 9 10
7-

hydroxydehydronucife
rine

OCH3 OCH3 CH3 OH

7-
methyldehydroglaucin

e
OCH3 OCH3 CH3 OCH3 OCH3 OCH3

7-
hydroxydehydroglauci

ne
OCH3 OCH3 OCH3 OH OCH3 OCH3

6a,7-didehydroboldine OCH3 OH CH3 OH OCH3

1,2,3-trimethoxy-4,5-
dioxo-6a,7-

dehydroaporphine
OCH3 OCH3 OCH3 =O =O

1-hydroxy-2,3-
dimethoxy-6-formyl-

6a, 7-
dehydroaporphine

OH OCH3 OCH3 CHO

N-
formyldehydrocaaveri

ne
OH OCH3 OCH

dehydrodicentrine -O-O- CH3 OCH3 OCH3

dehydrolirioferine OCH3 OCH3 CH3 OCH3 OH
dehydronantenine OCH3 OCH3 CH3 -O-O-
didehydroglaucine OCH3 OCH3 CH3 OCH3 OCH3

cepharadione B OCH3 OCH3 =O =O CH3

artabotrysine -O-O- OCH3

bidebiline A -O-O- H H H
stephadione -O-O- =O =O CH3 -O-O-
corydione OCH3 OCH3 =O =O CH3 -O-O-

pontevedrine OCH3 OCH3 =O =O (CH3)2 OCH3 OCH3

dehydroglaucine OCH3 OCH3 CH3 OCH3 OCH3



dihydropontevedrine OCH3 OCH3 =O OH CH3 OCH3 OCH3

ouregidione OCH3 OCH3 OCH3 =O =O
dehydrocrebanine -O-O- CH3 OCH3 OCH3

Name 1 2 3 4 5 6 7 8 10 11
epimediphine -O- OCH3 CH3 OH OCH3 -O-

Name 1 2 6 4 5 6 7 8 10 11
artacinatine OCH3 OCH3 CH3 OH =O

Name 1 2 3 4 5 6 7 8 9 10
pronuciferine OCH3 OCH3 CH3 H =O
(+)-stepharine OCH3 OCH3 H =O H

(+)-N-
carboxamidostepharin

e
OCH3 OCH3 CONH2 =O H

glaziovine OH OCH3 CH3 =O

Name 1 2 3 4 5 6 7 8 9 10
8, 9-

dihydroprooxocryptoc
hine

OH OCH3 =O OH

Name 1 2 3 4 5 6 7 8 9 10
litsericinone -O-O- H =O
8,9,11,12-

tetrahydromecambrine
-O-O- CH3 =O



hexahydromecambrine 
A

-O-O- CH3 OH

Name 1 2 3 4 5 6 7 8 9 10
(-)-O-

methylstepharinosine
OMe OMe

H, 
OMe

=O

(-)-stepharinosine OMe OMe H, OH =O
(-)-11,12-

dihydrostepharine
OMe OMe OH

BBRs

Name 1 2 3 7 9 10 11 12 13
berberine -O-O- OCH3 OCH3 H

berberrubine -O-O- OH OCH3 H
columbamine OH OCH3 OCH3 OCH3 H

coptisine -O-O- O-O- H
dehydrocorydaline OCH3 OCH3 OCH3 OCH3 H CH3

epiberberine OH OH -O-O- H
jatrorrhizine OCH3 OH OCH3 OCH3 H

palmatine OCH3 OCH3 OCH3 OCH3 H
pseudodehydrocorydaline OCH3 OCH3 H OCH3 OCH3 CH3

5-hydroxy-coptisine -O-O- -O-O- H OH
stepharanine OH OCH3 OCH3 OH H

dehydrocheilantifoline OH OMe -O-O- H
11-hydroxypalmatine OH OH OH OH OH
dehydrocorydalmine OCH3 OCH3 OCH3 OH H

4-O-demethyljatrorrhizine OH OH OCH3 OCH3 H
(-)-N-

methyltetrahydropalmatine
OCH3 OCH3 CH3 OCH3 OCH3

corysamine -O-O- -O-O- CH3

pseudocolumbamine OH OCH3 OCH3 OCH3

dehydrocorytenchine OCH3 OCH3 OCH3 OH
pseudopalmatine OCH3 OCH3 OCH3 OCH3

dehydrodiscretine OCH3 OH OCH3 OCH3



Name 1 2 3 7 9 10 11 12 13
(+)-corybulbine OCH3 OH OCH3 OCH3 CH3

(+)-corydaline OCH3 OCH3 OCH3 OCH3

corypalmine 
(tetrahydrojatrorrhizine)

OCH3 OH OCH3 OCH3

isocorypalmine 
(tetrahydrocolumbamine)

OH OCH3 OCH3 OCH3

(+)-nandinine -O-O- OH OCH3
yuanhunine OCH3 OCH3 OCH3 OH

(-)-tetrahydroberberine
[(-)-canadine]

-O-O- OCH3 OCH3

ccorydalmine OCH3 OCH3 OCH3 OH
tetrahydropalmatine OCH3 OCH3 OCH3 OCH3

N-methylcorydalmine OCH3 OCH3 CH3 OCH3 OH
capaurine OH OCH3 OCH3 OCH3 OCH3

stepholidine OH OCH3 OCH3 OH
stylopine(tetrahydrocopsin

e)
-O-O- -O-O-

phellodendrine (N-
methyltetrahydroberberine)

OH OCH3 H OCH3 OH

N-methyl canadine -O-O- CH3 OCH3 OCH3

scoulerine (discretamine) OH OCH3 OH OCH3

β-N-
methylisocorypalminium

OH OCH3 CH3 OCH3 OCH3

corytenchine OCH3 OCH3 OCH3 OH
isocoreximine OCH3 OH OCH3 OH

tetrahydropalmatrubine OCH3 OCH3 OH OCH3

pessoine OH OCH3 OH OH
spinosine OCH3 OCH3 OH OH
sinactine OCH3 OCH3 -O-O-

10-demethylxylopinine OMe OMe OH OMe
rotundine OCH3 OCH3 OCH3 OCH3

govanine OH OCH3 OCH3 OCH3

discretine OCH3 OH OCH3 OCH3

xylopinine OCH3 OCH3 OCH3 OCH3

cyclanoline OH OCH3 CH3 OH OCH3

cheilanthifoline OCH3 OH -O-O-

Name 1 2 3 7 9 10 11 12 13
oxoberberine OCH3 OCH3 OCH3 OCH3



Name 1 2 3 7 9 10 11 12 13
alangiifoliumines A/B OH OCH3

Phthalideisoquinoline (PQ)

Name 2 6 7 8 2’ 3’ 4’ 5’ 6’ 7’
noscapine CH3 -O-O- OCH3 OCH3 OCH3 =O

corybensines A CH3 -O-O- -O-O- OC2H5

corybensines B CH3 -O-O- -O-O-

(+)-corlumidine CH3 OCH3 OH -O-O- =O
(+)-adlumine CH3 OCH3 OCH3 -O-O- =O
capnoidine 

(adlumidine)
CH3 -O-O- -O-O-

hydrastine CH3 -O-O- OCH3 OCH3 =O
corledine CH3 OH OCH3 -O-O- =O
corlumine CH3 OCH3 OCH3 -O-O- =O
egenine CH3 -O-O- -O-O- OH

(-)-narcotoline CH3 -O-O- OH OCH3 OCH3 OH

Name 2 6 7 8 2’ 3’ 4’ 5’ 6’ 7’
N-

methylhydrastine
(CH3)2 -O-O- OCH3 OCH3 =O



Name 2 6 7 8 2’ 3’ 4’ 5’ 6’ 7’

papaveroxidine CH3 -O-O- OCH3
COO

H
OCH3 OCH3 =O

Name 2 6 7 8 2’ 3’ 4’ 5’ 6’ 7’
adlumidiceine (CH3)2 -O-O- -O-O- COOH
adlumiceine (CH3)2 OCH3 OCH3 -O-O- COOH

narceine (CH3)2 -O-O- OCH3 OCH3 COOH
nornarceine CH3, H -O-O- OCH3 OCH3 COOH

BZPs

Name 2 3 5 6 7 8 9 10 11 12
sauguinarine -O-O- CH3 -O-O-

pancorine -O-O- - OCH3 -O-O-
6-

acetonyldihydrochelerythrine
-O-O- CH3 OCH3 OCH3 OCH3

chelerythrine -O-O- CH3 OCH3 OCH3

fargaridine -O-O- CH3 OCH3 OH
zanthoxyline -O-O- - H OH OMe

O-methylzanthoxyline -O-O- - H OMe OMe
rhoifoline B -O-O- - OMe OMe OMe

N-nornitidine -O-O- - OMe OMe
nitidine -O-O- CH3 OMe OMe

isodecarine -O-O- - OH OCH3

norchelerythrine -O-O- - OCH3 OCH3

decarine -O-O- - OCH3 OH
8-hydroxy-9-methoxy-2,3-

(methylenedioxy) 
benzo[c]phenanthridine

-O-O- - OH OCH3

sanguinarine -O-O- CH3 -O-O- H
chelilutine -O-O- CH3 -O-O-
chelirubine -O-O- CH3 -O-O- OCH3



norsanguinarine -O-O- - -O-O-
oxychelirubine -O-O- CH3 =O -O-O- OCH3

macarpine -O-O-
OCH

3
CH3 -O-O- OCH3

Name 2 3 5 6 7 8 9 10 11 12
angoline -O-O- CH3 OCH3 OCH3 OCH3

oxynitidine -O-O- CH3 =O H OCH3 OCH3

(±)-6-
acetonyldihydrosanguinarine

-O-O- CH3 -O-O-

2′-(5, 6-
dihydrochleletrythrine-6-yl) 

ethyl acetate
-O-O- CH3

CH2C
OOC
H2CH

3

OMe OMe

6-acetonyldi-
hydrochelerythrine

-O-O- CH3
CH2C
OCH3

OMe OMe

6β-
hydroxymethyldihydronitidine

-O-O- CH3
CH2O

H
H OMe OMe

bocconoline -O-O- CH3
CH2O

H
OMe OMe

8-demethyloxychelerythrine -O-O- CH3 =O OCH3 OH
oxychelerythrine -O-O- CH3 =O OCH3 OCH3

dihydrocherythrinylacetaldehy
de

-O-O- CH3

H, 
CH2C
HO

OCH3 OCH3

6-
hydroxydihydrochelerythrine

-O-O- CH3 H, OH OCH3 OCH3

6-methoxy-7-
hydroxydihydrochelerythrine

-O-O- CH3

H, 
CH2C
HO

OCH3 OCH3

dihydrosanguinarine -O-O-
H, 

CH3
H -O-O-

dihydrochelerythrine OCH3 OCH3
H, 

CH3
H OCH3 OCH3

oxysanguinarine -O-O-
H, 

CH3
=O -O-O-

6-acetonylsanguinarine -O-O-
H, 

CH3

CH2C
OCH3

-O-O-

oxosanguinarine -O-O- =O CH3 -O-O-

(ξ)-8-
acetonyldihydrosanguinarine

-O-O- CH3 -O-O-

dihydrochelerythrinyl-8-
acetaldehyde

-O-O- CH3 OCH3 OCH3

8-Iminosanguinarine -O-O- CH3 =NH -O-O-

dihydrocheleryhtrine -O-O-
OCH

3
OCH3 OCH3



Name 2 3 5 6 7 8 9 10 11 12
chelidonine -O-O- OH -O-O-

(-)-norchelidonine -O-O- -O-O-
homochelidonine -O-O- OH

Name 2 3 5 6 7 8 9 10 11 12
(R)-luguine -O-O- OH -O-O- H H

Name 2 3 5 6 7 8 9 10 11 14
arnottianamide OCH3 OCH3 H OH

Protopines

Name 1 2 3 9 10 11 12 13 14
protopine -O-O- -O-O- =O

allocryptopine -O-O- OCH3 OCH3 =O
argemexicaine A -O-O- -O-O- =O
argemexicaine B OCH3 OCH3 -O-O- =O

cryptopine OCH3 OCH3 -O-O- =O
glauciumoline -O-O- OCH3 OCH3 -O-

fagarine I -O-O- OCH3 OCH3 =O
muramine OCH3 OCH3 OCH3 OCH3 =O

coulteropine OCH3 -O-O- -O-O- =O
dihydroprotopine -O-O- -O-O- OH
pseudoprotopine -O-O- -O-O- =O

constrictosine OH OH =O



Pavines

Name 1 2 3 4 7 8 9
argemonine OCH3 OCH3 OCH3 OCH3

eschscholtzidine -O-O- OCH3 OCH3

thalimonine OCH3 -O-O- OCH3 OCH3

crychine -O-O- -O-O-
caryachine -O-O- OH OCH3

neocaryachine -O-O- OH OCH3

bisnorargemonine OH OCH3 OCH3 OH
(-)-2-

demethylthalimonine
OH -O-O- OCH3 OCH3

(-)-9-
demethylthalimonine

OCH3 -O-O- OCH3 OH

thalimonine OCH3 -O-O- OCH3 OCH3

norargemonine OH OCH3 OCH3 OCH3

munitagine OH OCH3 OH OCH3

platycerine OH OCH3 OCH3 OCH3



Supplementary Table 2. The distribution of BIAs in plants.

order family genus species distribution BIAs references

Piperales Aristolochiaceae Aristolochia Aristolochia constricta aerial parts BBRs: (-)-8â-(4’-hydroxybenzyl)-2,3-dimethoxyberbin
Protopines: 3,10-dihydroxy-N-demethyl-4, 8-didehydro-
protopine, constrictosine, 3-O-methylconstrictosine, 5,6-
dihydroconstrictosine

1, 2

Aristolochia debilis stems Aporphines: magnoflorine 3

Aristolochia lagesiana leaves Aporphines: (+)-isocorydine, (+)-norisocorydine, (+)-
corydine Na-oxide, (+)-corydine

4

Piperales Piperaceae Piper Piper erecticaule aerial parts Aporphines: aristolactam AII, aristolactam BII,
piperolactam A, piperolactam C, piperolactam D

5

Piper methysticum roots Aporphines: cepharadione A 6

Piper puberulum stems, 
leaves

Aporphines: puberulumine G 7

Piper nigrum roots Aporphines: cepharadione A, piperolactam D 8

Piper semiimmersum aerial parts Aporphines: semiimmersumine A, semiimmersumine B, 
liriodenine

9

Laurales Lauraceae Alseodaphne Alseodaphne corneri leaves, 
barks

bisBIAs: (-)-gyrolidine, (+)-O-methyllimacusine, (+)-2-
norobaberine, norstephasubine, (+)-stephasubine
Aporphines: (+)-laurotetanine, isocorydine, 
norisocorydine

10, 11

Alseodaphne perakensis barks Aporphines: N-cyanomethylnorboldine, N-
methyllaurotetanine, norboldine

12

Lauraceae Cassytha Cassytha filiformis aerial parts,
whole herbs

Morphinans: (-)-O-methylflavinatine, (-)-salutaridine
Aporphines: neolitsine, dicentrine, cassythine 
(cassyfiline), actinodaphnine, isofiliformine

13, 14

Lauraceae Cinnamomum Cinnamomum mollissimum barks Aporphines: N-methyl-1,2,10-trimethoxyaporphine, N-
methylhernagine, N-methylhernovine, hernagine, 
hernovine

15

Lauraceae Cryptocarya Cryptocarya chinensis leaves Pavines: (-)-crychine, (-)-caryachine, (+)-O-
methylcaryachine, neocaryachine

16

Cryptocarya densiflora
(Cryptocarya laevigata)

leaves, stem 
barks

1-BIAs: reticuline
Aporphines: (+)-laurotetanine, (+)-nornantenine, (+)-N-
methyllaurotetanine

17, 18



Pavines: crychine, (-)-isocaryachine, (-)-neocaryachine

Cryptocarya griffithiana
(Cryptocarya infectoria)

barks 1-BIAs: reticuline, (+)-N-methylisococlaurine
Aporphines: (+)-laurotetanine

19

Cryptocarya wrayi twigs Pavines: (-)-12hydroxyeschscholtzidine 20

Lauraceae Dehaasia Dehaasia longipedicellata barks 1-BIAs: reticuline
bisBIAs: (-)-O-O-dimethylgrisabine
Morphinans: (+)-sebiferine, (-)-milonine
Aporphines: boldine, (-)-norboldine

21

Lauraceae Lindera Lindera aggregata roots 1-BIAs: (1R, 1’R)-11,11’-biscoclaurine, (1S)-5’-O-p-
hydroxybenzoyl norreticuline, norjuziphine, reticuline, 
reticuline N-oxide
bisBIAs: (1’S)-12’-hydroxyl-linderegatine, (1R, 1’R)-
11,11’-biscoclaurine, costaricine, linderegatine, 
lindoldhamine
Aporphines: N-methyllaurotetanine, laurotetanine, 
actinodaphnine, isoboldine, laurolitsine, norisoboldine, 
boldine, boldine N-oxide, N-methyllaurotetanine N-oxide

22

Lindera angustifolia roots 1-BIAs: reticuline, magnocurarine
Aporphines: laurotetanine, N-methyllaurotetanine, 
boldine, norboldine, N-ethoxycarbonyllaurotetanine

23

Lindera chunii roots Aporphines: hernandine, hernangerine, hernandonine,
norboldine, 7-oxohernangerine, 7-oxohernagine,
ocokryptine, N-methylhernangerine, laurolistine

24

Lindera fragrans leaves Aporphines: nordicentrine, phanostenine, cryptodorine, 
neolitsine, anolobine

25

Lindera megaphylla roots Aporphines: d-dicentrine 26

Lindera myrrha roots Aporphines: laurolitsine, corydine, hernandine, 
ovigerine, hernangerine (nandigerine)

27

Lindera pulcherrima roots Aporphines: launobine, nantenine, dehydronantenine 28

Lauraceae Litsea Litsea cubeba roots, 
rhizomes,

leaves

1-BIAs: reticuline, (-)-N-methoxycarbonyl-norjuziphine
Aporphines: (+)-norboldine, (+)-boldine, (+)-
isoboldine, (+)-laurotetanine, (+)-N-methyllaurotetanine

29, 30

Litsea fruticosa leaves Aporphines: boldine, laurolitsine, actinodaphnine, 
ushinsunine, norisocorydine

31



Litsea glutinosa barks, 
leaves, 

twigs, roots

Aporphines: laurolitsine, boldine, litseglutine A, 
litseglutine B, boldine, laurolitsine, litsine A

32, 33

Litsea lancifolia barks 1-BIAs: reticuline
bisBIAs: lancifoliaine
Morphinans: pallidine
Aporphines: actinodaphnine, cassythicine, boldine, 
norboldine

34

Litsea wightiana stems Aporphines: glaucine, boldine, norboldine, isoboldine, 
norcorydine, laurotetanine

35

Lauraceae Ocotea Ocotea acutifolia leaves,
trunk barks

Aporphines: (+)-6S-ocoteine N-oxide, (+)-
norocoxylonine, (+)-thalicsimidine, (+)-neolitsine, (+)-
O-methylcassyfiline
Morphinans: (+)-pallidine

36

Ocotea caudata leaves 1-BIAs: (+)-reticuline
Morphinans: (+)-pallidine
Aporphines: (+)-3-hydroxynornuciferine, (+)-3-
methoxynordomesticine, (+)-isoboldine, (+)-boldine

37

Ocotea diospyrifolia leaves, 
barks

1-BIAs: 6aR-(-)-reticuline, 6aR-(-)-coclaurine
Aporphines: 6aR-(-)-isoboldine, 6aS,7S-(-)-
diospirifoline

38

Ocotea duckei leaves 1-BIAs: reticuline 39

Ocotea leucoxylon - Aporphines: dicentrinone, dicentrinone
BZPs: nitidine

40

Ocotea macrophylla woods Aporphines: (S)-3-methoxy-nordomesticine, (S)-N-
ethoxycarbonyl-3-methoxy-nordomesticine, (S)-N-
formyl-3-methoxy-nordomesticine, (S)-N-
methoxycarbonyl-3-methoxy-nordomesticine

41

Ocotea paranapiacabensis leaves 1-BIAs: magnocurarine, N-methylhigenamine 42

Ocotea puberula leaves,
barks

Aporphines: dicentrine-β-N-oxide, dehydrodicentrine,
predicentrine, N-methyllaurotetanine, cassythicine,
dicentrine

43

Ocotea spixiana twigs 1-BIAs: reticuline, magnocurarine, armepavine, 
coclaurine
Aporphines: boldine, corytuberine, N-methyl 

44



predicentrine, xanthoplanine, glaucine, N-methyl 
boldine, predicentrine, isocoridyne, N-methyl glaucine, 
N-methyl isodomesticine, nantenine, isodomesticine, N-
methyl nantenine,

Ocotea vellosiana fruits 1-BIAs: (+)-reticuline
Aporphines: glaucine, corydine, (+)-isocorydine

45

Lauraceae Phoebe Phoebe grandis leaves Aporphines: lysicamine, litsericinone, 8,9,11,12-
tetrahydromecambrine, hexahydromecambrine A

46

Phoebe tavoyana leaves Morphinans: sebiferine
Aporphines: tavoyanine A, laetanine, roemerine,
laurolitsine, boldine

47

Lauraceae Dehaasia Dehaasia longipedicellata barks 1-BIAs: (-)-reticuline
bisBIAs: (-)-O-O-dimethylgrisabine
Morphinans: (+)-sebiferine, (-)-milonine
Aporphines: (-)-boldine, (-)-norboldine

48

Lauraceae Neolitsea Neolitsea aurata barks, 
woods

Aporphines: laurolitsine, 10-O-methylhernovine, 
nandigerine, ovigerine, N-methylovigerine, lindcarpine

49

Neolitsea aciculata roots 1-BIAs: (+)-reticuline
Aporphines: laurotetanine, N-methyllaurotetanine

50

Neolitsea acuminatissima stem barks, 
barks

1-BIAs: (+)- reticuline, neolitacumonine
Morphinans: (+)-O-methylflavinantine
Aporphines: (+)-boldine, laurotetanine, (+)-isoboldine, 
(+)-actinodaphnine, N-methylactinodaphnine, (-)-
anonaine, (-)-thalicsimidine, (+)-cassythine, oxoglaucine, 
liriodenine, (-)-norushinsunine

50

Neolitsea buisanensis woods Aporphines: laurolitsine, litsericine 50

Neolitsea dealbata barks 1-BIAs: (1S)-norjuziphine, (1S)-juziphine
Aporphines: (+)-boldine, (+)-actinodaphnine, (6aR)-
roemerine, (6S,6aR)-roemerine Na
-oxide, (6R,6aR)-roemerine Nb
-oxide, (6aR)-normecambroline

50

Neolitsea fuscata stem barks Aporphines: (+)-isoboldine 50

Neolitsea konishii barks, stem 
woods, stem 

barks

1-BIAs: (+)-reticuline
Morphinans: pallidine
Aporphines: (+)-boldine, thaliporphine, N-

50



methyllaurotetanine, laurotetanine, (-)-nornuciferine,
laurolitsine, (+)-isoboldine, (+)-actinodaphnine, (+)-
corytuberine, corydine, stepharine, glaziovine

Neolitsea parvigemma stems Aporphines: glaucine, (+)-actinodaphnine, N-
methylactinodaphnine, oxoglaucine, (-)-roemerine

50

Neolitsea pulchella leaves Aporphines: neolitsine 50

Neolitsea pubescens barks Aporphines: (+)-boldine, N-methyllaurotetanine,
laurolitsine, (-)-roemerine

50

Neolitsea sericea stem woods,
leaves,

1-BIAs: (1S,2S)-reticuline Nα-oxide, (1S,2R)-reticuline
Nβ-oxide, (1R,2R)-juziphine Nβ-oxide, (+)-reticuline
Morphinans: (9S,17S)-pallidine Nα-oxide
Aporphines: (+)-boldine, laurotetanine, laurolitsine, (+)-
isoboldine, (+)-actinodaphnine, (+)-corytuberine, (+)-
norisocorydine, (6R,6aS)-boldine Nβ

-oxide, (6S,6aS)-N-methyllaurotetanine Nα

-oxide, (6R,6aS)-N-methyllaurotetanine Nβ

-oxide

50

Neolitsea variabillima barks Aporphines: L-hernovine, L-N-methylhernovine, L-
nandigerine

50

Hernandiaceae Hernandia Hernandia cordigera stem barks 1-BIAs: (+)-reticuline
Aporphines: isocorydine, norisocorydine

51

Hernandia nymphaeifolia root woods, 
trunk barks, 

roots

1-BIAs: (+)-reticuline
bisBIAs: thalicarpine
Aporphines: 3-hydroxyhernandonine, (+)-N-
hydroxyhernangerine, N-formyldehydroovigerine, (+)-
magnoflorine, (+)-hernovine, (+)-N-methylhernovine, 
(+)-laurotetanine, hernandonine

52-54

Hernandia sonora trunk barks,
stem barks

bisBIAs: (+)-malekulatine
Aporphines: ovigerine, hernangerine, corytuberine,
hernandonine, stepharine, oxonantenine, laurotetanine,
nornantenine

55, 56

Hernandia voyronii stem barks 1-BIAs: (S)-reticuline, laudanosine
bisBIAs: herveline A, herveline B, herveline C, 
herveline D
Morphinans: ocobotrine, pallidine

57



Aporphines: laetanine, lindcarpine, norpredicentrine,
norisocorydine

Hernandiaceae Illigera Illigera aromatica aerial parts Aporphines: laurodionine B, illigerine A, N-formyl-
laurolitsine

58

Illigera grandiflora roots Aporphines: actinodaphnine, N-methyllaurotetanine, 
boldine, lindcarpine, (+)-norboldine

59

Illigera luzonensis roots, stems Aporphines: (+)-(S)-N-butyrylcaaverine, (+)-(S)-N-
propionylcaaverine, (+)-(S)-N-acetylcaaverine, (+)-(S)-
N-acetylcaaverine, (+)-(6aR,7R,E)-N-(but-2-
enoyl)norushinsunine, N-formyldehydrocaaverine,
illigeluzine A, illigeluzine B

60, 61

Illigera paviflora roots Aporphines: stephanine 62

Monimiaceae Peumus Peumus boldus leaves, 
barks

1-BIAs: reticuline, coclaurine, laudanosine, 
laudanosoline
Aporphines: boldine, glaucine, isoboldine,
bulbocapnine, anonaine, apomorphine, N-
methylglaucinium, N-methylboldinium, 6a,7-
didehydroboldine

63

Siparunaceae Siparuna Siparuna apiosyce leaves 1-BIAs: reticuline
Aporphines: liriodenine

64

Siparuna pachyantha leaves Aporphines: (+)-corydine, (-)-roemerine, liriodenine 65

Siparuna guianensis leaves Aporphines: (+)-bulbocapnine, (+)-N-
methyllindcarpine, (+)-actinodaphnine, liriodenine, (+)-
11-methoxynornoelistine

65

Siparuna poeppigii leaves Aporphines: lysicamine, (-)-O-methylisopiline, 
nornuciferine, liriodenine

65

Siparuna decipiens leaves Aporphines: boldine, nornuciferine 65

Magnoliales Magnoliaceae Michelia Michelia compressa var. 
lanyuensis

leaves Aporphines: liriodenine 66

Magnoliaceae Magnolia Magnolia coriacea twigs, 
leaves

Aporphines: (+)-glaucine N-oxide, N-methyl glaucine 
acetate, magnoflorine, pontevedrine, O-methylatheroline, 
7-hydroxydehydroglaucin

67

Magnolia denudata - 1-BIAs: magnocurarine
Aporphines: asimilobine, liriodenine, magnoflorine

68



Magnolia fuscata/ Michelia 
figo

leaves bisBIAs: magnolamine 69

Magnolia grandiflora leaves Aporphines: magnoflorine, lanuginosine, liriodenine, 
anonaine

70

Magnolia kachirachirai root barks Aporphines: kachirachiranine 71

Houpoea officinalis/
Magnolia officinalis

barks Aporphines: magnoflorine 72

Magnolia ovata trunk barks,
leaves

Aporphines: xylopine, N-acetylxylopine, liriodenine, 
lanuginosine

73

Magnoliaceae Liriodendron Liriodendron chinense roots, barks, 
leaves

1-BIAs: (S)-norcoclaurine, (S)-coclaurine, (S)-reticuline
Aporphines: norisoboldine, magnoflorine, boldine, N-
nornuciferine, nuciferine, liriodenine, (-)-anonaine, (-)-
norstephalagine

74, 75

Liriodendron tulipifera heartwood,
roots

Aporphines: oxoglaucine, liriodenine, asimilobine, 
norushinsunine, norglaucine, liriodenine, anonaine, 
oxoglaucine, tuliferoline

76-78

Annonaceae Annona Annona atemoya leaves, 
fruits, seeds

Aporphines: lysicamine, lanuginosine, roemerine, 
corydine

79

Annona cherimolia roots Aporphines: roemerine
BBRs: corytenchine, isocoreximine

80, 81

Annona coriacea leaves, 
branches

Aporphines: pukateine, anonaine, obovanine, 
norisocorydine, liriodenine

82

Annona crassiflora leaves Aporphines: anonaine, xylopine, litseglutine B, 
stephalagine
BBRs: tetrahydropalmatrubine

83

Annona glabra stems 1-BIAs: (+)-reticuline
Aporphines: (S)-(+)-N-methylcorydine, (R)-(-)-
asimilobine, (R)-(-)-actinodaphnine, (R)-(-)-
norushinsunine, (S)-(+)-3-hydroxynornantenine, (R)-(-)-
3-hydroxynornuciferine, oxoaporphine
BBRs: pseudocolumbamine, dehydrocorydalmine,
dehydrocorytenchine, palmatine, pseudopalmatine

84

Annona hypoglauca stems Aporphines: isoboldine, nornuciferine, actinodaphnine, 
anonaine

85

Annona leptopetala leaves Aporphines: laurotetanine, anonaine, 86



norannuradhapurine, nornuciferine
BBRs: corypalmine

Annona lutescens roots, stems, 
leaves

Aporphines: liriodenine 87

Annona maricata leaves 1-BIAs: (R)-4’-O-methylcoclaurine, (R)-O, O-
dimethylcoclaurine
Aporphines: annonamine, (S)-norcorydine, anonaine

88

Annona mucosa unripe fruits Aporphines: (-)-3-chlororomucosine A 89

Annona purpurea leaves Aporphines: norpurpureine, purpureine, (+)-
predicentrine, (-)-glaucine, thalbaicalidine, oxopurpurein, 
oxonuciferine, oxoglaucine

90, 91

Annona salzmanii barks 1-BIAs: reticuline, norcoclaurine, coclaurine,
norjuziphine, N-methylcoclaurine, juziphine,
magnococline, O-methylcoclaurine, norarmepavine,
O,O-dimethylcoclaurine, N,O-dimethylcoclaurine,
oblongine, norreticuline, N,O-dimethylcoclaurine N-
oxide, tembetarine, reticuline N-oxide
Aporphines: anonaine, laurelliptine, isoboldine,
asimilobine, lirinidine, nornuciferine, xylopine, isopiline,
N-acetylasimilobine, laurelliptine, nordicentrine,
stepharine
BBRs: pessoine, stepholidine, tetrahydrocolumbamine,
corydalmine

92, 93

Annona senegalensis leaves Aporphines: (-)-roemerine 80

Annona sericea leaves 1-BIAs: (S)-reticuline, (S)-N-methylcoclaurine
Aporphines: oxonuciferine, oxonantenine,
nornuciferine, nornantenine, isoboldine, 3-
hydroxynornuciferine

94

Annona spinescens trunk barks, 
roots

BBRs: pessoine, spinosine 95

Annona squamosa fruits, 
stems, twigs

1-BIAs: reticuline, norreticuline, N-methylcoculaurine, 
O-methylarmepavine
Aporphines: isocorydine, liriodenine

96-98

Annona muricata leaves, fruits 1-BIAs: reticuline, N-methylcoculaurine
Aporphines: annonamine, anonaine, (S)-norcorydine, 

96, 99, 100



(+)-xylopine, (+)-laurotetanine, (+)-norglaucine,
lanuginosine

Annonaceae Asimina Asimina parviflora leaves,
stems, roots

1-BIAs: coclaurine
Aporphines: stepharine, magnoflorine, nornuciferine,
norushinsunine, liriodenine

101

Asimina triloba twigs 1-BIAs: coclaurine
Aporphines: anolobine, nornuciferine, norushinsunine, 
liriodenine, lysicamine, stepharine, magnoflorine,
isocorydine, nornuciferine

101

Annonaceae Artabotrys Artabotrys hexapetalus stems 1-BIAs: hexapetaline A, hexapetaline B, (+)-reticuline
Aporphines: norisocorydine, nornuciferine, stepharine,
isocorydine, anonaine, roemerine, liriodenine,
atherospermidine, laureline, artabonatine B

102

Artabotrys maingayi barks Aporphines: anonaine, nornuciferine, atherospermidine,
liriodenine, lysicamine
BBRs: discretamine

103

Artabotrys pilosus stems, 
leaves

Aporphines: (-)-anonaine, (-)-N-acetylanonaine 104

Artabotrys spinosus roots bisBIAs: artabotrysine, bidebiline A
Aporphines: O-methylmoschatoline, artacinatine

105

Artabotrys thomsonii liana bisBIAs: artabotrysine
BBRs: stepholidine, 8-oxodis-cretamine

106

Artabotrys uncinatus roots, stems, 
leaves

bisBIAs: artabonatine F, unonopsine
Aporphines: artabonatine C

107

Artabotrys zeylanicus stem barks Aporphines: liriodenine, oxocrebanine, ouregidione,
oxobuxifoline, atherospermidine, O-methylmoschatoline,
dicentrinone

108

Annonaceae Bocageopsis Bocageopsis pleiosperma leaves 1-BIAs: reticuline
Aporphines: (+)-laurotetanine, (+)-N-
methyllaurotetanine, isoboldine, anonaine, asimilobine,
stepharine

109

Annonaceae Dasymaschalon Dasymaschalon 
acuminatum

leaves Aporphines: 7-epi-duguetine 110

Dasymaschalon rostratum stems Aporphines: dasymaroine A, 3-methoxyoxoputerine N-
oxide

111



Dasymaschalon sootepense leaves, 
twigs

Aporphines: 6a,7-dehydrodasymachaline, (-)-
nordicentrine, dicentrinone
BBRs: (-)-sinactine, epiberberine

112

Annonaceae Duguetia Duguetia calycina - Aporphines: obovanine, puterine, calycinine,
oxoputerine
BBRs: (-)-discretamine, (-)-10-demethylxylopinine

113

Duguetia colombiana - Aporphines: O-methylmoschatoline 113

Duguetia confinis - BBRs: tetrahydrojatrorrhizine, (-)-isocorypalmine, 
rotundine, (-)-siscretine

113

Duguetia eximia - Aporphines: O-methylmoschatoline, oxopukateine,
oxoputerine

113

Duguetia flagellaris - Aporphines: nornuciferine, isopiline, O-methylisopiline,
calycinine, duguevanine

113

Duguetia furfuracea aerial parts 1-BIAs: (+)-reticuline
bisBIAs: isochondodendrine
Aporphines: N-nitrosoanonaine, N-nitrosoxylopine,
asimilobine, anonaine, xylopine, obovanine, N-
methylglaucine, 8-nitroisocorydine, liriodenine,
atherospermidine, lanuginosine, norisocorydine, 
isocorydine
BBRs: (-)-discretamine, N-methyltetrahydropalmatine, (-
)-govanine

113, 114

Duguetia gardneriana - Aporphines: lanuginosine
BBRs: (-)-discretamine, tetrahydrojatrorrhizine, 
rotundine

113

Duguetia glabriuscula - Aporphines: oxobuxifoline 113

Duguetia lanceolata stem barks Aporphines: N-methylpachypodanthine 115

Duguetia magnolioidea fruits BBRs: (-)-discretamine 116

Duguetia obovata stem barks Aporphines: anolobine, isolaureline, buxifoline, N-
methylbuxifoline, calycinine, N-methylcalycinine,
duguevanine, N-methylduguevanine, oxobuxifoline
BBRs: (-)-discretine, (-)-xylopinine, dehydrodiscretine,
pseudopalmatine

113, 117

Duguetia pycnastera barks 1-BIAs:(S)-reticuline 118



Aporphines: O-methylmoschatoline, lysicamine, 
nornuciferidine, guatterine N-oxide

Duguetia staudtii - Aporphines: liriodenine
BBRs: tetrahydrojatrorrhizine, (-)-isocorypalmine, (-)-
discretine

113

Duguetia stelechantha - Aporphines: O-methylmoschatoline, oxopukateine
BBRs: tetrahydrojatrorrhizine

113

s Duguetia spixiana (b) - 1-BIAs: cis-N-oxycodamine
Aporphines: lornuciferine, anonaine, 3-
hydroxynornuciferine, O-methylisopiline, lysicamine, O-
methylmoschatoline, lanuginosine, N-methylasimilobine
BBRs: rotundine, (-)-xylopinine, (-)-spiduxine

113

Duguetia surinamensis trunk barks Aporphines: dicentrine, 7-hydroxynordicentrine, (-)-
duguetine, dicentrinone
Morphinans: pallidine

119

Duguetia trunciflora leaves, thin 
branches

1-BIAs: (+)-reticuline
BBRs: (-)-discretamine, rotundine, (-)-thaicanine,
jatrorrhizine

113, 120

Duguetia vallicola leaves Aporphines: (-)-glaziovine, N-methyllaurotetanine,
isoboldine, isocorydine, O-methylmoschatoline,
duguevallin
BBRs: (-)-discretine, (-)-xylopinine

113, 121

Annonaceae Enicosanthellum Enicosanthellum pulchrum roots Aporphines: liriodenine 122

Annonaceae Fissistigma Fissistigma poilanei leaves, 
branches

Aporphines: 8-hydroxy-9-methoxy-1,2-
methylenedioxyaporphine, 8-hydroxy-3,9-dimethoxy-
1,2-methylenedioxyaporphine, oxocrebanine, kuafumine

123

Annonaceae Goniothalamus Goniothalamus australis leaves, 
woods, 

heartwoods, 
barks, 

inflorescenc
es

Aporphines: (-)-anonaine, asimilobine 124

Goniothalamus griffithii stems Aporphines: griffinin 125

Goniothalamus laoticus flowers Aporphines: (-)-nordicentrine 126



Annonaceae Guatteria Guatteria amplifolia leaves 1-BIAs: laudanosine
Aporphines: xylopine, nornuciferine, lysicamine

127

Guatteria blepharophylla barks Aporphines: isomoschaltoline, O-methylmoschatoline,
liriodenine, subsessiline, lysicamine, isocoreximine, 
nornuciferine

128

Guatteria boliviana stem barks,
leaves

bisBIAs: puertogalines-A, puertogalines-B, (+)-
guatteboline, philogaline, (-)-antioquine

129

Guatteria citriodora stem barks Aporphines: liriodenina, lisicamina, O-
metilmoschatolina, O-metilmoschatolina, 3-
metoxioxoputerina, guattescidina, oxoputerina
BBRs: palmatine

130

Guatteria diospyroides leaves Aporphines: (-)-isopiline, (-)-nornuciferine, (-)-
nornuciferine, O-methyl-moschatoline

131

Guatteria dumetorum leaves Aporphines: cryptodorine, nornantenine 127

Guatteria foliosa stem barks, 
roots

Aporphines: (-)-3-methoxyputerine, (+)-
norguattevaline, (+)-3-methoxyguatteidine, 3-
methoxyoxoputerine

132

Guatteria friesiana barks,
leaves

Aporphines: (R)-dihydroguatteriscine, guatterfriesidine,
iso-9-methoxyguatterfriesine, 7-
hydroxyguatteriopsiscine, 3-methoxy-
demethoxyguadiscine, guatteriscine, 9-
methoxyguatteriscine, 3-methoxyguadiscine,
guatterfriesine, 9-hydroxyguatterfriesine, 4,5-dehydro-9-
methoxyguatterfriesine, (R)-6,6a-dihydro-9-
methoxyguatterfriesine, (R)-4,5,6,6a-
tetrahydromelosmidine, 9-demethoxyisoguattouregine
BBRs: 13-hydroxy-discretinine, 13-hydroxy-2,3,9,10-
tetramethoxyprotoberberine, 8-hydroxypalmatine, 
palmatine

133-135

Guatteria gaumeri barks bisBIAs: guattegaumerine 136

Guatteria latifolia aerial parts Aporphines: nornuciferine, lysicamine, isomoschatoline 137

Guatteria pogonopus stem barks Aporphines: puterine, anonaine, isopiline, O-
methylisopiline, launobine, nornuciferine, obovanine, 
xylopine, liriodenine, lanuginosine, oxoputerine

138



Guatteria sellowiana aerial parts Aporphines: O-metilmoschatoline 137

Guatteria stenopetala - Aporphines: dicentrinone, N-methyldicentrinone, 4,5-
dioxodehydrodicentrine

139

Annonaceae Phoenicanthus Phoenicanthus obliqua stem barks Aporphines: 7,7‘-bis(dehydro-O-methylisopiline), 7-
dehydronuciferyl-7‘-dehydro-O-methylisopiline,
urabaine

140

Annonaceae Polyalthia Polyalthia longifolia stems, stem 
barks

Aporphines: liriodenine, noroliveroline, oliveroline-β-
N-oxide

141

Annonaceae Pseuduvaria Pseuduvaria fragrans leaves Aporphines: (+)-isocorydine 142

Pseuduvaria rugosa leaves, 
twigs

Aporphines: 1,2,3-trimethoxy-5-oxonoraporphine, 
ouregidione

143

Pseuduvaria trimera leaves Aporphines: 8-hydroxyartabonatine, ouregidione 144

Annonaceae Unonopsis Unonopsis buchtienii stem barks Aporphines: liriodenine 145

Unonopsis duckei stem barks,
twigs, 
leaves

Aporphines: anonaine, nornuciferine, asimilobine, 
glaucine, liriodenine, lysicamine, glaziovine

146

Unonopsis floribunda trunk barks Morphinans: pallidine
Aporphines: anonaine, nornuciferine, asimilobine,
isopiline, O-methylisopiline, liriodenine, norushinsunine,
lanuginosine

147

Unonopsis stipitata leaves 1-BIAs: reticuline
Aporphines: (+)-N-formylnorglaucine, stepharine, 
norisocorydine, glaucine, norglaucine, nantenine

148, 149

Annonaceae Xylopia Xylopia aethiopica fruits Aporphines: liriodenine, oxonantenine, lysicamine,
lanuginosine, atherospermidine, N-formyllaurotetanine,
N-acetyllaurotetanine, N-acetylnordomesticine

150

Xylopia benthamii barks Aporphines: nornantenine, laurotetanine 151

Xylopia championii stem barks Aporphines: O-methylmoschatoline, artabotrine,
atherospermidine, dicentrinone

108

Xylopia columbiana fruits bisBIAs: (-)-medelline, (+)-antioquine, (+)-aromoline, 
(+)-obamegine

152

Xylopia laevigata stems 1-BIAs: (+)-reticuline
Morphinans: (+)-flavinantine
Aporphines: (-)-roemerine, (+)-anonaine, (+)-glaucine,

153



(+)-xylopine, (+)-norglaucine, asimilobine, (+)-
norpurpureine, (+)-N-methyllaurotetanine, (+)-
norpredicentrine, (+)-calycinine, (+)-laurotetanine,
lanuginosine, oxoglaucine
BBRs: (-)-xylopinine, (+)-discretine, (-)-corytenchine, 
(+)-discretamine

Xylopia nitida roots Aporphines: (-)-xylopine 154

Xylopia sericea leaves Aporphines: liriodenine 155

Xylopia vielana roots Aporphines: xylopialoids A, xylopialoids B, 
xylopialoids C, fibrecisine, O-methylliridinine, cheline B

156

Alismatales Araceae Lysichiton Lysichiton camtschatcense rhizomes Aporphines: N,O-diacetyl-(-)-nornuciferidine, N,O-
diacetylnoroliveroline

157

Ranunculales Ranunculaceae Aconitum Aconitum apetalum whole plant Aporphines: acoapetaldines B, acoapetaldines C 158

Aconitum barbatum whole plant 1-BIAs: O-methylarmepavine
Aporphines: (+)-N-methyllaurotetanine, magnoflorine

159

Aconitum carmichaelii aerial parts Aporphines: N-formyllaurotetanine, oxoglaucine,
oxoglaucidaline, 6-formyl-1,2,9,10-tetramethoxy-6a,7-
dehydroaporphine, glaucine

160, 161

Aconitum japonicum tubers 1-BIAs: (±)-higenamine 162

Aconitum neosachalinense leaves Aporphines: glaucine, N-methyllaurotetanine, 
isoboldine

163

Aconitum sanyoense roots, aerial 
parts

Aporphines: N-methyllaurotetanine, isoboldine 164

Ranunculaceae Aquilegia Aquilegia hybrids whole plants Aporphines: magnoflorine
BBRs: berberine

165

Aquilegia formosa roots Aporphines: magnoflorine
BBRs: berberine

166

Ranunculaceae Actaea Actaea racemosa roots, 
rhizomes

1-BIAs: norcoclaurine, reticuline, magnocurarine, 
oblongine
Aporphines: magnoflorine, laurifoline, laurolitsine,
menisperine, laurotetanine, xanthoplanine
BBRs: phellodendrine, cyclanoline, N-
methyltetrahydrocolumbamine
Protopines: protopine, allocryptopine

167



Ranunculaceae Adonis Adonis coerulea aerial parts Aporphines: magnoflorine 168

Ranunculaceae Clematis Clematis parviloba aerial parts Aporphines: magnoflorine 169

Ranunculaceae Consolida Consolida hellespontica aerial parts Aporphines: (+)-corydine 170

Ranunculaceae Coptis Coptis chinensis rhizomes 1-BIAs: berbithine, coptisine A, coptisine B, coptisine C
BBRs: berberine, jatrohizzine, epiberberine, coptisine, 
palmatine, 5-hydroxyl-8-oxyberberine, 8,13-
dioxocoptisine hydroxide, 8-oxyberberine, 8-oxo-
epiberberine, 8-oxocoptisine, 8-oxyberberrubine,
tetrahydroberberine, corydaline

171

Coptis japonica roots BBRs: berberine, jatrohizzine, epiberberine, 8-hydroxy-
7, 8-dihydrocoptisine palmatine
Aporphines: magnoflorine

172, 173

Coptis teeta rhizome Aporphines: palmatine
BBRs: jatrorrhizine, berberine

174

Ranunculaceae Hydrastis Hydrastis canadensis - Berberine: berberine
PQs: (-)-β-hydrastine, (-)-hydrastidine, (-)-
isohydrastidine, (-)-α-hydrastine

175-177

Ranunculaceae Nigella Nigella glandulifera seeds Aporphines: fuzitine 178

Ranunculaceae Ranunculus Ranunculus japonicus whole plant BBRs: berberine 179

Ranunculaceae Thalictrum Thalictrum cirrhosum whole plant 1-BIAs: laudanosine, pseudolaudanine, rugosinone
Morphinans: O-methylflavinantine
Aporphines: 6aR-2’-methoxycarbonyl-thaliadin, 6aR-
2’-carboxyl-thaliadin, 6aR-3-methoxy-hernandalinol,
6aS-1,3,10-trimethoxy-natalamine, 3-methoxy-2’-
methoxycarbonyl-oxohernandalincin, thaliadine,
predicentrine, N-methyllaurotetanine, 3-methoxy-
oxohernandaline, oxopurpureine, oxophoebine, 
dihydroglaziovine, linearisine

180

Thalictrum cultratum roots bisBIAs: thalidasine 181

Thalictrum dasycarpum roots bisBIAs: thalicarpine 182

Thalictrum faberi roots bisBIAs: 5'-hydroxythalifaboramine, 3-
hydroxythalifaboramine, 3-hydroxy-6'-desmethyl-9-O-
methylthalifaboramine, 6'-desmethylthalifaboramine, 

183



3,5'-dihydroxythalifaboramine, 3-hydroxy-6'-
desmethylthalifaboramine

Thalictrum flavum roots bisBIAs: hernandezine
BBRs: berberine

184

Thalictrum foliolosum whole plant,
stems

1-BIAs: thalfoliolosumines A, thalfoliolosumines B
bisBIAs: thalrigosidine, thalrugosaminine, thalirugidine,
thalirugine
BBRs: berberine, palmatine, jatrorrhizine

185, 186

Thalictrum minus aerial parts, 
roots

bisBIAs: thalidasine, thalfoetidine, isothalidezine,
oxyacanthine, homoaromoline, thalicarpine
BBRs: berberine, palmatine

187

Thalictrum simplex aerial parts Pavines: (-)-2-demethylthalimonine, (-)-9-
demethylthalimonine, (-)-thalimonine

188, 189

Thalictrum wangii whole 
plants, roots

bisBIAs: (-)-thalibealine
Aporphines: (+)-magnoflorine, prodensiflorin B,
thalidine
BBRs: berberine

190, 191

Menispermaceae Tiliacora Tiliacora funifera roots bisBIAs: funiferine N-oxide 192

Tiliacora racemose
(Tiliacora acuminata)

fruits bisBIAs: tiliaimine, nordinklacorine 193

Berberidaceae Berberis Berberis actinacantha roots 1-BIAs: berbithine, dihydrotaxilamine
bisBIAs: (-)-calafatine, (-)-osornine
Aporphines: (+)-glaucine, (+)-corydine, (+)-N-
methyllaurotetanine, (+)-boldine
BBRs: berberine
Pavines: (-)-norargemonine

194

Berberis amurensis leaves bisBIAs: berbamine
BBRs: berberine

195

Berberis aristata roots, fruits, 
stems, barks

bisBIAs: berbamine
Aporphines: magnoflorine
BBRs: berberine, palmatine, jatrorhizine

196

Berberis boliviana - bisBIAs: isotetrandrine 181

Berberis brevissima roots bisBIAs: 13-nitrochondrofoline, chondrofoline, curine 197

Berberis chilensis - bisBIAs: 7-O-demethylisothalicberine 198



Berberis coletioides whole plant Aporphines: pronuciferine 199

Berberis glaucocarpa roots bisBIAs: chondrofolinol
BBRs: berberine, palmatine

200

Berberis integerrima roots BBRs: berberine, columbamine, palmatine, jatrorhizine 201

Berberis kansuensis stem barks Aporphines: magnoflorine
BBRs: berberine, jatrorrhizine

202

Berberis laurina stems BBRs: berberine
PQs: (±)-β-hydrastine

203, 204

Berberis microphylla leaves, 
stems, roots

1-BIAs: reticuline
Aporphines: isocorydine
BBRs: jatrorrhizine, palmatine, scoulerine, 
tetrahydroberberine

205

Berberis poiretii - bisBIAs: berbamine 206

Berberis petiolaris fruits, 
leaves, 

roots, stems

1-BIAs: reticuline, oblongine
Aporphines: magnoflorine, isoboldine, menisperine, 
isocorydine
BBRs: palmatine, berberine, thalifendine
Protopines: allocryptopine

207

Berberis sibirica aerial parts,
roots

1-BIAs: (+)-armepavine
bisBIAs: (-)-isothalidezine
Aporphines: (+)-glaziovine
BBRs: (-)-tetrahydropseudocoptisine
Protopine: pseudoprotopine
BZPs: (+)-chelidonine

208

Berberis tabiensis stems bisBIAs: tabienine B 209

Berberis thunbergii leaves bisBIAs: berbamine
BBRs: berberine

195

Berberis virgetorum whole plant 1-BIAs: (-)-berbervirine
BBRs: berberine, jatrorrhizine

210

Berberis vulgaris root barks bisBIAs: berbamine, isotetrandrine, oxyacanthine,
obaberine, aromoline, obamegine, thaligrisine
Aporphines: magnoflorine
BBRs: berberine, jatrorrhizine, palmatine

211

Berberidaceae Caulophyllum Caulophyllum robustum leaves, BBRs: berberine 212



stems, roots, 
fruits

Caulophyllum thalictroides roots Aporphines: magnoflorine 213

Berberidaceae Epimedium Epimedium alpinum underground 
parts

Aporphines: magnoflorine 214

Epimedium koreanum leaves Aporphines: epimediphine 215

Epimedium sagittatum leaves BBRs: berberine, coptisine 216

Berberidaceae Jeffersonia Jeffersonia dubia
(Plagiorhegma dubium)

- BBRs: berberine 217

Berberidaceae Mahonia Mahonia aquifolium roots, leaves bisBIAs: berbamine
Aporphines: magnoflorine, corytuberine
BBRs: berberine, oxyberberine, jatrorrhizine, 
columbamine

218, 219

Mahonia bealei roots, stems, 
leaves

BBRs: columbamine, jatrorrhizine, berberine, palmatine 220

Berberidaceae Nandina Nandina domestica fruits 1-BIAs: higenamine
Aporphines: O-methylbulbocapnine, nantenine, 
dehydronantenine, glaucine, didehydroglaucine, 
magnoflorine, nornantenine, isocorydine, N-methyl-
laurotetanine
BBRs: berberine, dehydrocorydaline, palmatine, 
jatrorrhizine
Protopines: protopine

221-223

Menispermaceae Anisocycla Anisocycla cymosa roots bisBIAs: trilobine 224

Anisocycla grandidieri stems bisBIAs: trilobine, stebisimine, (-)-epistephanine,
puetogaline B

225

Anisocycla jollyana leaves bisBIAs: isotrilobine, (+)-limacusine-2’-β-N-oxide 226

Menispermaceae Albertisia Albertisia delagoensis leaves Aporphines: roemrefidine 227

Albertisia villosa root bark bisBIAs: cycleanine, cocsoline, N-desmethylcycleanine 228

Menispermaceae Cissampelos Cissampelos capensis aerial parts, 
leaves

bisBIAs: cycleanine, insularine, cissacapine
Morphinans: salutaridine
Aporphines: (S)-dicentrine, (S)-neolitsine,
bulbocapnine, dicentrine

229, 230



Cissampelos fasciculata aerial parts bisBIAs: cissampentin
Aporphines: corydine

230

Cissampelos glaberrima stems, 
leaves

Aporphines: cissaglaberrimine, magnoflorine, (+)-
cissaglaberrimine

230

Cissampelos mucronata leaves,
rhizomes

1-BIAs: reticuline
bisBIAs: l-isochondodendrine
Morphinans: salutaridine
Aporphines: dicentrine, pronuciferine

230

Cissampelos ovalifolia rhizomes 1-BIAs: (S)-6-methoxyjuziphine
bisBIAs: warifteine, methylwarifteine, 
dimethylwarifteine

230

Cissampelos pareira root bark, 
vines,
leaves, 
stems

1-BIAs: laudanosine
bisBIAs: curine, l-curine, fangchinoline, pelosine,
hayatidine, hayatine, (+)-isochondodendrine, sepeerine
Aporphines: nuciferine, corytuberine, magniflorine,
bulbocarpine
BBRs: cissamine, berberine

230-232

Cissampelos sympodialis leaves, roots bisBIAs: warifteine, methylwarifteine, warifteine,
roraimine
Morphinans: milonine
Aporphines: laurifoline

230, 233

Menispermaceae Cocculus Cocculus orbiculatus stems bisBIAs: (+)-coccuorbiculatine A, (+)-10-
hydroxyisotrilobine
Aporphines: (+)-laurelliptinhexadecan-l-one, (+)-
laurelliptinoctadecan-1-one
BBRs: (-)-4-methoxy-13,14-dihydrooxypalmatine

234

Menispermaceae Cyclea Cyclea barbata roots 1-BIAs: (+)-coclaurine, (-)-N-methylcoclaurine
bisBIAs: tetrandrine, (-)-2'-norlimacine, (-)-curine, (+)-
cycleabarbatine, (+)-berbamine, (-)-repandine, (+)-
cycleanorine, (+)-daphnandrine
BBRs: α-cyclanolin, β-cyclanolin

235, 236

Cyclea peltata rhizomes bisBIAs: phaeanthine, cycleanine 237

Menispermaceae Menispermum Menispermum dauricum roots, stems, 
rhizomes, 

leaves

bisBIAs: dauricine, dauricicoline
Morphinans: sinomenine
Aporphines: magnoflorine, stepharine

238



Menispermum canadense rhizomes bisBIAs: dauricine 239

Menispermaceae Sinomenium Sinomenium acutum roots, stems, 
leaves, 
seeds, 

rhizomes

1-BIAs: (-)-N-methylcoclaurine
Morphinans: 8-demethoxycephatonine, 7(R)-7,8-
dihydrosinomenine, 8-demethoxyrunanine, sinomenine,
salutaridine
Aporphines: magnoflorine, sallisonine E, bianfugenine,
menisperine
BBRs: cheilanthifoline, tetrahydropalmatine, 
stepharanine

240-242

Menispermaceae Stephania Stephania abyssinica leaves bisBIAs: (-)-pseudocurine, (-)-pseudoisocurine 243

Stephania aculeata leaves 1-BIAs: (+)-laudanidine 244

Stephania bancroftii tubers Aporphines: stephanine, (-)-crebanine, ayuthianine
BBRs: (-)-tetrahydropalmatine

244

Stephania brachyandra - Aporphines: (-)-dicentrine 245

Stephania cambodica tubers Aporphines: glycoside, isocorydine
BBRs: tetrahydropalmatine, jatrorrhizine

246

Stephania cephalantha stems, 
leaves, 

tuber, root 
tuber, seeds

1-BIAs: protosinomenine, N-methylcoclaurine, (+)-
coclaurine, (+)-reticuline, juziphine, (+)-laudanidine
bisBIAs: trilobine, isotetrandrine, cepharanthine,
cycleanine, cepharamine, berbamine, cepharanoline,
homoaromoline, obamegine, (+)-aromoline,
dnorcycleanine, (S)-corydine, thalrugosine ， 3,4-
dehdrocycleanine, (-)-cycleanine, (-)-norcycleanine, 
cepharanthine, 2-norcepharanthine, cepharanoline, 2-
norcepharanoline, obaberine, oxyacanthine,
stephibaberine, homoaromoline, aromoline,
isotetrandrine, berbamine, thalrugosine, obamegine, 2-
norisotetrandrine, 2-norberbamine, secocepharanthine,
3',4'-dihydrostephasubine
Morphinans: sinomenine, FK-3000, cephakicine,
cephasamine, sinoacutine, cephamuline, 14-
episinomenine, cephamonine, tannagine, cepharamine
Aporphines: lysicamine, corydine, isocorydine, 
isocorytuberine, (+)-isoboldine, N-methylasimilobine-2-

247-249



O-β-D-glucopyranoside, stesakine-9-O-β-D-
glucopyranoside
BBRs: palmatine, corypalmine

Stephania elegans leaves bisBIAs: tetrandrine, cycleanine
Aporphines: N-methylcorydalmine, stepharine, 
magnoflorine, menisperine, roemerine
BBRs: palmatine, corydalmine, N-methylcorydalmine, 
columbamine, tetrahydropalmatine, jatrorrhizine

245, 250

Stephania dinklagei aerial parts Aporphines: liriodenine, dicentrinone, (+)-corydine, N-
methylliriodendronine, 2-O,N-dimethylliriodendronine

251

Stephania erecta tubers bisBIAs: (+)-2-N-methyltelobine, (+)-1,2-
dehydrotelobine, (+)-thalrugosine, (+)-isotetrandrine

252

Stephania epigaea seeds bisBIAs: cepharanthine
Aporphines: stesakine-9-O-β-D-glucopyranoside, N-
methylasimilobine-2-O-β-D-glucopyranoside

253

Stephania glabra tuber bisBIAs: cycleanine, N-desmethycycleanine
Aporphines: (+)-pronuciferine
BBRs: corydalmine, capaurine, stepholidine, 
stepharine ， palmatine, dehydrocorydalmine, 
jatrorrhizine, stepharanine, columbamine

254

Stephania gracilenta - Aporphines: magnoflorine 245

Stephania hernandifolia - bisBIAs: (+)-epistephanine, (+)-3,4-
dihydrostephasubine, (+)-stephasubine, fangchinoline, d-
tetrandrine

245

Stephania yunnanensis tubers Morphinans: sinoacutine
Aporphines: dehydrocrebanine, (-)-crebanine,
(-)-dicentrine, (-)-cassythine, (-)-sukhodianine, (-)-
stephanine, fibrecisine, (-)-roemerine, oxocrebanine
BBRs: (-)-corydalmine, stepharanine, jatrorrhizine, 
palmatine

255

Stephania intermedia - BBRs: (S)-tetrahydropalmatine, (-)-stepholidine 245

Stephania japonica roots bisBIAs: cycleanine, d-fangchinoline, bebeerine
Aporphines: lanuginosine, stephanine

245

Stephania miyiensis - Aporphines: stepharine
BBRs: tetrahydropalmatine, corydalmine, jatrorrhizine,

245



stepharanin

Stephania pierrei tubers 1-BIAs: (+)-reticuline, coclaurine
Morphinans: salutaridine
Aporphines: (-)-asimilobine, (-)-dicentrine
BBRs: (-)-tetrahydropalmatine, cyclanoline, (-)-N-
methyltetrahydropalmatine

256

Stephania rotunda tubers, roots bisBIAs: norcepharanthine, cepharanoline, 
fangchinoline
Aporphines: remerine
BBRs: tetrahydropalmatine, stepholidine, palmatine

257, 258

Stephania sinica - bisBIAs: cepharanthine 245

Stephania succifera leaves, roots 1-BIAs: isococlaurine, coclaurine, reticuline
Aporphines: crebanine, stepharine, anonaine
BBRs: jatrorrhizine, tetrahydropalmatine, thaicanine,
palmatine

259

Stephania tetrandra roots, aerial 
parts

bisBIAs: tetrandrine, fangchinoline, fenfangjine J,
fenfangjine K, fenfangjine L, fenfangjine M, fenfangjine 
N, fenfangjine O, Fenfangjine P, fenfangjine Q,
fenfangjine R, fenfangjine S, fangchinoline, (+)-2-N-
merhylfangchinoline
Aporphines: stephtetrandrine E, (+)-N-
acetylnordicentrine (+)-N-formylnordicentrine, (+)-N-
formylnorisocorydine, stephadione, corydione, 
oxonantenine, cassameridine, nantenine, cassythicine
Protopines: protopine

260-263

Stephania venosa whole plant, 
roots, 
tubers, 
leaves

Aporphines: dehydrocrebanine, crebanine, stephanine,
O-methylbulbocapnine, kamaline, dicentrine, 
tetrahydropalmatine, thailandine, liriodenine, (-)-O-
acetylsukhodianine, oxostephanosine, (+)-N-
carboxamidostepharine, (-)-O-methylstepharinosine, (-)-
stepharinosine, (-)-11,12-dihydrostepharine, (-)-
sukhodianine-β-N-oxide, (-)-ushinsunine-β-N-oxide, (-)-
stephadiolamine-β-N-oxide
BBRs: tetrahydropalmatine, (-)-N-
methyltetrahydropalmatine, (-)-tetrahydropalmatine

264-267



Stephania viridiflavens root barks, 
tubers

1-BIAs: (+)-1S, 2R-laudanidine-N-β-oxide, (+)-1S, 2S-
laudanidine-N-α-oxide, (+)-laudanidine, (+)-reticuline, 
(+)-1S, 2R-reticuline-N-β-oxide, (+)-1S, 2S-reticuline-N-
α-oxide
Aporphines: 6R,6aS-corydine N-oxide, 6R,6aS-
isocorydine N-oxide, N-methyl-laurotetanine, stepharine

268, 269

Menispermaceae Tinospora Tinospora crispa stem bisBIAs: tetrandrine 270

Tinospora cordifolia aerial parts 1-BIAs: norcoclaurine, reticuline
Aporphines: magnoflorine, isocorydine, laurifoline, 
menisperine, xanthoplainine, isoboldine, boldine, 
chiloenamine
BBRs: jatrorrhizine, palmatine, stepharanine, 
tetrahydrojatrorrhizine, tetrahydropalmatine, N-methyl 
tetrahydrocolumbamine

271

Papaveraceae Adlumia Adlumia fungosa - PQs: bicuculline, (+)-adlumidine, adlumine 177

Papaveraceae Argemone Argemone mexicana aerial parts,
whole plant

1-BIAs: (+)-argenaxine, (+)-higenamine, (+)-reticuline
BBRs: berberine, coptisine, (±)-tetrahydroberberine, 
dehydrocheilantifoline, demethyleneberberine
Protopines: protopine, allocryptopine, argemexicaines 
A, argemexicaines B
BZPs: N-demethyloxysanguinarine, pancorine, 6-
acetonyldihydrochelerythrine, norchelerythrine, O-
methylzanthoxyline, sanguinarine, 6-
acetonyldihydrosanguinarine, (±)-angoline, chelerythrine

272-274

Argemone platyceras roots, aerial 
parts

1-BIAs: (+)-laudanosine
Aporphines: (+)-magnoflorine
BBRs: coptisine, berberine, corysamine, (-)-scoulerine
Protopines: protopine, allocryptopine
BZPs: chelerythrine, sanguinarine
Pavines: (-)-munitagine, (-)-argemonine, (-)-platycerine, 
(-)-norargemonine

275

Papaveraceae Bocconia Bocconia frutescens leaves BZPs: (±)-6-acetonyldihydrochelerythrine, (±)-6-
acetonyldihydrosanguinarine

276

Papaveraceae Corydalis Corydalis aurea - PQs: bicuculline, (±)-cordrastine 177



Corydalis bulbosa whole plant Aporphines: corydione, dehydronantenine,
oxonantenine, (+)-isoboldine
BBRs: (-)-stylopine

277

Corydalis caseana - PQs: bicuculline 177

Corydalis cava - PQs: α-gnoscopine, (-)-capnoidine, β-gnoscopine 177

Corydalis crispa aerial part BBRs: stylopine
Protopines: protopine

278

Corydalis crystallina - PQs: bicuculline, (-)-capnoidine 177

Corydalis decumbens bulbs PQs: corybensines A, corybensines B, 7’-O-
ethylegenine-α-N-oxide, (+)-corlumidine, (+)-adlumine,
capnoidine

279

Corydalis fimbrillifera - PQs: β-hydrastine 177

Corydalis flabellata roots BZPs: 6-(2-hydroxyethyl)-5,6-dihydrosanguinarine, 6-
acetonyl-5,6-dihydrosanguinarine

280

Corydalis gigantea - PQs: (+)-adlumidine 177

Corydalis yanhusuo tubers bisBIAs: bicoryanhunine A
Aporphines: isoboldine, oxoglaucine
BBRs: corydaline, tetrahydroberberine,
tetrahydropalmatine, tetrahydrocoptisine, columbamine,
berberine, epiberberine, coptisine, jatrorrhizine,
dehydrocorydaline, palmatine
Protopines: protopine

281-283

Corydalis hendersonii whole plant BBRs: stylopine,
PQs: 9-methyldecumbenine C
Protopines: protopine

284

Corydalis huschowensis bulbs BBRs: (-)-stylopine, cheilanthifoline
Protopines: protopine

285

Corydalis impatiens whole plant BBRs: cavidine, tetrahydrocoptisine
Protopines: protopine

286

Corydalis longipes whole plant PQs: α-hydrastine, β-hydrastine 287

Corydalis mucronifera whole plant 1-BIAs: orientaline
BBRs: demethylcorydalmine, tetrahydroberberrubine
PQs: 9-methyldecumbenine C, (+)-adlumine, 1R,9S,7′

288, 289



S-methylegenine
BZPs: dihydrosanguinarine
Protopines: protopine

Corydalis gigantea - PQs: (±)-adlumine 177

Corydalis gortschakovii - PQs: (±)-adlumine 177

Corydalis ledebouriana - PQs: (-)-corledine 177

Corydalis nobilis - PQs: (+)-corlumine 177

Corydalis ochroleuca - PQs: bicucullinine 177

Corydalis pseudoadunca - PQs: β-hydrastine, (-)-isohydrastidine 177

Corydalis rosea - PQs: (±)-capnoidine 177

Corydalis rupestris aerial parts BBRs: (-)-stylopine, rupestrine A, rupestrine B, 
rupestrine C, rupestrine D

290

Corydalis scouleri - PQs: (+)-corlumine, (+)-corlumidine 177

Corydalis stricta - PQs: β-hydrastine 177

Corydalis tomentella air-dried 
herbs

1-BIAs: hendersine B
BBRs: 13R-tomentelline
PQs: 9S-alkterlactone B, (1S,9S)-1-hydroxy-9-methyl-
corlumine

291

Corydalis turtschaninovii tubers Aporphines: didehydroglaucine, dehydrolirioferine, (+)-
norglaucine, oxoglaucine, (+)-laurotetanine, 7-
hydroxydehydroglaucine, 7-methyldehydroglaucine, (+)-
glaucine, (+)-N-methyllaurotetanine
BBRs: berberine, jatrorrhizine, coptisine, palmatine, 
pseudodehydrocorydaline, dehydrocorybulbine, 
pseudocoptisine, yuanhunine, (-)-tetrahydrocoptisine, 
isocorybulbine, (+)-corydaline, (+)-nandinine, (+)-
corybulbine, (S)-(-)-canadine, (-)-corypalmine, (-)-
tetrahydropalmatine, (-)-isocorypalmine, columbamine, 
dehydrocorydaline, pseudodehydrocorydaline

292

Papaveraceae Chelidonium Chelidonium majus aerial parts,
leaves, roots

BBRs: berberine, epiberberine, stylopine, coptisine
BZPs: sanguinarine, chelidonine, chelerythrine
Protopines: protopine

293



Papaveraceae Dactylicapnos Dactylicapnos torulosa whole plant Aporphines: isocorydine
BBRs: coptisine, pseudocoptisine, berberine, canadine
Protopines: protopine, allocryptopine, coulteropine
BZPs: norsanguinarine, oxosanguinarine, 8-acetonyl-
dihydrosanguinarine, chelidonine
PQs: (-)-β-hydrastine

294, 295

Dactylicapnos scandens roots, leaves Morphinans: pallidine
Aporphines: norisocorydine, N-methyllaurotetanine,
oxoglaucine, norglaucine
Protopines: protopine

296

Papaveraceae Dicentra Dicentra chrysantha - PQs: bicuculline 177

Dicentra cucullaria - PQs: bicuculline, (+)-corlumine 177

Dicentra ochroleuca - PQs: bicuculline 177

Dicentra spectabilis roots, herbs Aporphines: glaucine, corydine, dicentrine
Protopines: protopine
BZPs: sanguinarine

297-299

Papaveraceae Dicranostigma Dicranostigma lactucoides roots Protopines: protopine
BZPs: sanguinarine, chelerythrine, chelirubine

300

Dicranostigma leptopodum whole plant,
roots

Morphinans: sinoacutine
Aporphines: isocorytuberine, corydine, isocorydine,
magnoflorine
BBRs: 5-hydroxy-coptisine, coptisine, berberine
Protopines: protopine, allocryptopine
BZPs: sanguinarine, chelerythrine

301-303

Papaveraceae Fumaria Fumaria officinalis aerial parts BBRs: corydamine, (-)-sinactine
Protopines: protopine, cryptopine
PQs: (+)-corlumine

304

Fumaria indica whole plant BBRs: coptisine
Protopines: protopine

305, 306

Fumaria densifloira aerial parts 1-BIAs: fumaflorine, fumaflorine methyl ester
Aporphines: corytuberine
BBRs: (-)-sinactine, coptisine, scoulerine, stylopine

307

Fumaria kralickii - PQs: (±)-adlumine 177

Fumaria parviflora roots BBRs: trans-protopinium, stylopine 177, 308



PQs: (-)-corlumine, (±)-adlumine, fumaramine, 
fumaridine, fumaramidine

Fumaria rostellata - PQs: (±)-adlumine 177

Fumaria schleicheri - PQs: β-hydrastine 177

Fumaria vaillantii - PQs: (+)-egenine, fumaramine, N-methylhydrastine 177, 309

Papaveraceae Eschscholzia Eschscholzia californica aerial parts, 
roots

1-BIAs: reticuline
Morphinans: salutaridine
Aporphines: N-methyllaurotetanine, magnoflorine, 
corydine, isoboldine
BBRs: scoulerine
Protopines: protopine, allocryptopine
BZPs: sanguinarine, chelirubine, macarpine,
chelerythrine, chelilutine
Pavines: californidine, eschscholzia

310-312

Papaveraceae Glaucium Glaucium aleppicum aerial parts Aporphines: corydine, dehydroglaucine, isocorydine
Protopines: allocryptopine

313

Glaucium carniculatu - Protopines: dihydroprotopine 313

Glaucium corniculatum aerial parts Aporphines: glaucine, norbracteoline
BBRs: N-methyl canadine, trans-protopinium, cis-
protopinium
Protopines: glauciumoline

313, 314

Glaucium elegans aerial parts BZPs: (±)-chelidonine 313

Glaucium grandiflorum aerial parts Aporphines: corydine, isocorydine
Protopines: protopine, glauciumoline

313, 314

Glaucium flavum aerial parts,
roots

Morphinans: salutaridine
Aporphines: glaucine, isocorydine, isoboldine, 
norglaucine, dehydroglaucine, cataline, 6,6a-
dehydronorglaucine, dihydropontevedrine, oxoglaucine
Protopines: allocryptopine, protopine
BZPs: norchelidonine, 8-acetonyldihydrosanguinarine,
bocconoline, dihydrochelerythrine,
dihydrochelerythrinyl-8-acetaldehyde, 8-
iminosanguinarine

313, 315



Glaucium flavum var.
fulvum

aerial parts,
roots

Aporphines: pontevedrine, glaunidine, corunnine,
arosinine
BZPs: (R)-luguine, (-)-norchelidonine, norsanguinarine,
oxychelirubine

313

Glaucium fimbrilligerum aerial parts,
leaves

Aporphines: (+)-bulbocapnine-β-N-oxide ，
dehydrocorydine, epiglaufidine, glaufidine, glaufine,
glaunidine, glaunine, hernagine, isocorytuberine,
norcorydine
BBRs: (S)-isocorypalmine

313, 316

Glaucium oxylobum aerial parts Aporphines: isocorytuberine, N-methyldomesticine, (S)-
predicentrine

313

Glaucium paucilobium - Aporphines: corydine N-oxide 313

Glaucium squamigerum - BBRs: β-N-methylisocorypalminium 313

Glaucium vitellinum - Aporphines: isocorydine, dicentrine
Protopines: protopine

317

Papaveraceae Hypecoum Hypecoum leptocarpum whole plant Protopines leptocarpine 318

Papaveraceae Meconopsis Meconopsis 
quintuplinervia

whole plants Morphinans: mecoquitupline 319

Meconopsis horridula aerial parts Aporphines: 8, 9-dihydroprooxocryptochine
Protopines: protopine

320

Papaveraceae Papaver Papaver Pseudo-orientale stem PQs: (-)-papaveroxidine 321

Papaver fugax aerial parts 1-BIAs: papaverine
Morphinans: morphine, codeine
Aporphines: 6a,7-dehydrofloripavidine
BZPs: sanguinarine
PQs: (±)-α-gnoscopine, (±)-β-narcotine, noscapine

322

Papaver rhoeas aerial parts 1-BIAs: DL-demethylcoclaurine (higenamine),
coclaurine, reticuline
Morphinans: salutaridine
Aporphines: roemerine, corytuberine
BBRs: tetrahydrocolumbamine, L-tetrahydropalmatine, 
tetrahydroberberine, berberine, stylopine, 
dihydroberberine
Protopines: protopine

323, 324



BZPs: dihydrosanguinarine, sanguinarine

Papaver somniferum stem, root 1-BIAs: papaverine
bisBIAs: (+)-tubocurarine
Morphinans: morphine, codeine
Aporphines: magnoflorine
BBRs: berberine
BZPs: sanguinarine
PQs: noscapine, (-)-narcotoline, (±)-β-narcotine, 
adlumidiceine, adlumiceine, narceine, nornarceine

177, 325, 326

Papaveraceae Macleaya Macleaya microcarpa fruits 1-BIAs: (S)-reticuline, demethylcoclaurine [(+)-
higenamine]
Aporphines: magnoflorine, corydaline
BBRs: tetrahydropalmatine, phellodendrine, berberine, 
jatrorrhizine
Protopines: protopine
BZPs: sanguinarine, chelerythrine, dihydrosanguinarine, 
dihydrochelerythrine, oxysanguinarine, 6-
acetonylsanguinarine

327

Macleaya cordata leaf, stem BBRs: berberine
Protopine: protopine, allocryptopine
BZPs: sanguinarine, chelerythrine

328, 329

Papaveraceae Stylophorum Stylophorum lasiocarpum aerial part, 
roots

BBRs: coptisine, stylopine, berberine, canadine
Protopines: protopine
BZPs: sanguinarine, chelerythrine, sanguilutine,
chelilutine, sanguirubine, chelirubine, macarpine,
chelidonine

330

Lardizabalaceae Sinofranchetia Sinofranchetia chinensis stem Aporphines: sinofranine 331

Proteales Nymphaeaceae Nelumbo Nelumbo nucifera leaves 1-BIAs: norcoclaurine, coclaurine, norarmepavine, 
armepavine, lotusine, isolotusine
bisBIAs: liensinine, isoliensinine, neferine
Aporphines: nuciferine, nornuciferine, liriodenine, (-)-
caaverine, (-)-anonaine, asimilobine, lysicamine, 
roemerine, pronuciferine, N-methylasimilobine, 7-
hydroxydehydronuciferine

332

Sabiaceae Sabia Sabia yunnanensis stems, Aporphines: 1-hydroxy-2,3-dimethoxy-6-formyl-6a, 7- 333



leaves dehydroaporphine

Sapindales Rutaceae Phellodendron Phellodendron amurense stems, barks Aporphines: magnoflorine, menisperine
BBRs: phellodendrine, berberine, palmatine,
jatrorrhizine, tetrahydrojatrorrhizine

334

Phellodendron chinense bark BBRs: berberine 335

Rutaceae Zanthoxylum Zanthoxylum 
integrifoliolum

root bark BZPs: isodecarine, 8-demethyloxychelerythrine,
norchelerythrine, oxychelerythrine, decarine,
dihydrocherythrinylacetaldehyde, 6-
acetonyldihydrochelerythrine

336

Zanthoxylum nitidium roots, leaves Aporphines: liriodenine
BZPs: bocconoline, 6β-hydroxymethyldihydronitidine, 
bocconoline, zanthoxyline, O-methylzanthoxyline, 
rhoifoline B, N-nornitidine, nitidin, chelerythrine

337

Zanthoxylum schinifolium stem bark BZPs: norchelerythrine, decarine, 8-hydroxy-9-
methoxy-2,3-(methylenedioxy) benzophenanthridine, 6-
hydroxydihydrochelerythrine, 6-methoxy-7-
hydroxydihydrochelerythrine, oxychelerythrine

338

Zanthoxylum heitzii bark BZPs: dihydronitidine, rhoifoline B, nitidine 339

Zanthoxylum 
myriacanthum

bark BZPs: decarine, rhoifoline B, nitidine 340

Zanthoxylum simulans root bark BZPs: chelerythrine, bocconoline 341

Zanthoxylum tingoassuiba root bark BBRs: N-methylcanadine
BZPs: dihydrocheleryhtrine

342

Caryophyllales Portulacaceae Portulaca Portulaca oleracea aerial part 1-BIAs: oleraisoquinoline 343

Cornales Cornaceae Alangium Alangium salviifolium leaves BBRs: alangiifoliumines A, alangiifoliumines B 344



Supplementary Table 3. The information of enzymes involved in the biosynthetic pathway of 
diverse BIAs in Figure 2.

Enzyme Abbrev. Enzyme name Substrate Product

(i) (S)-norcoclaurine biosynthesis

TYDC tyrosine decarboxylase L-tyrosine tyramine

PPO polyphenol oxidases tyramine dopamine (DA)

TH tyrosine hydroxylase L-tyrosine
L-3,4-
dihydroxyphenylalanine (L-
DOPA)

DODC dopa decarboxylase
L-3,4-dihydroxyphenylalanine 
(L-DOPA)

dopamine (DA)

TyrAT tyrosine aminotransferase L-tyrosine 4-hydroxyphenylpyruvate

4HPPDC 4-hydroxyphenylpyruvate
4-
Hydroxyphenylacetaldehyde 
(4-HPAA)

NCS norcoclaurine synthase

Dopamine and
4-Hydroxyphenyl acetaldehyde 
or
3,4-Dihydroxyphenyl 
acetaldehyde

(S)-Norcoclaurine or
(S)-Norlaudanosoline

(ii) (S)-reticuline biosynthesis

6OMT
norcoclaurine 6-O
methyltransferase

(S)-norcoclaurine (S)-coclaurine

CNMT coclaurine N-methyltransferase (S)-coclaurine (S)-N-methylcoclaurine

NMCH/CYP80B
(S)-N-methylcoclaurine 3'-
hydroxylase

(S)-N-methylcoclaurine
(S)-3'-hydroxy-N-
methylcoclaurine

4'OMT
3'-hydroxy-N-methylcoclaurine 
4'-O-methyltransferase

(S)-3'-hydroxy-N-
methylcoclaurine

(S)-reticuline

(iii) papaverine (1-BIAs) biosynthesis

CoCH* (S)-coclaurine (S)-3’-hydroxycoclaurine

4’OMT* (S)-3’-hydroxycoclaurine (S)-norreticuline

N7OMT reticuline 7-O-methyltransferase (S)-norreticuline (S)-norlaudanine

3’OMT* (S)-norlaudanine (S)-tetrahydropapaverine

DBOX
dihydrobenzophenanthridine 
oxidase

Dihydrosanguinarine, (RS)-
tetrahydropapaverine, or (RS)-
canadine

sanguinarine, papaverine, or 
berberine

(iv) morphinans biosynthesis

REPI/STORR reticuline epimerase (S)-reticuline (R)-reticuline

PsCYP719B1 salutaridine synthase (R)-reticuline salutaridine

MdCYP80G10 sinoacutine synthase (S)-reticuline sinoacutine

SalR salutaridine reductase salutaridine salutaridinol

SalAT
salutaridinol 7-O-
acetyltransferase

salutaridinol salutaridinol 7-O-acetate

THS thebaine synthase salutaridinol 7-O-acetate thebaine

T6ODM thebaine 6-O-demethylase thebaine or oripavine codeinone or morphinone

CODM codeine O-demethylase thebaine or codeine oripavine or morphine

COR codeinone reductase codeinone or morphinone codeine or morphine

(v) berberine (BBRs) biosynthesis

BBE berberine bridge enzyme (S)-reticuline (S)-scoulerine

9OMT scoulerine 9-O- (S)-scoulerine (S)-tetrahydrocolumbamine



methyltransferase

CYP719A canadine synthase
(S)-scoulerine, (S)-
tetrahydrocolumbamine, or
(S)-cheilanthifoline

(S)-cheilanthifoline,
(S)-tetrahydroberberine 
(canadine), or
(S)-stylopine

BBE-like 
(THBO/STOX)

(S)-tetrahydroberberine oxidase
canadine, cheilanthifoline, 
cavidine, or stylopine

berberine, 
dehydrochilanthifoline, 
dehydrocavidine, or 
coptisine

(vi) noscapine (PQs) biosynthesis

TNMT N-methyltransferas (S)-canadine, or stylopine
(S)-N-methylcanadine, or
(S)-N-methylstylopine

CY82Y1
1-hydroxy-N-methylcanadine 
synthase

(S)-N-methylcanadine 1-hydro-N-methylcanadine

CYP82X2
1-hydroxy-N-methylcanadine 
13-hydroxylase

1-dihydro-N-methylcanadine
1,13-dihydro-N-
methylcanadine

AT1
1,13-dihydroxy-N-
methylcandine 13-O-
acetyltransferas

1,13-dihydro-N-methylcanadine
1-hydroxyl-13-O-acetyl-N-
methylcanadine

CYP82X1
1-hydroxy-13-O-acetyl-N-
methylcanadine 8-hydroxylase

1-hydroxyl-13-O-acetyl-N-
methylcanadine

1,8-dihydroxyl-13-O-acetyl-
N-methylcanadine

PsOMT2:
PsOMT3
heterodimer

4′-O-methyltransferase
4′-O-desmethyl-3-O-
acetylpapaveroxine

3-O-acetylpapaveroxine

CXE1
3-O-acetylpapaveroxine 
carboxylesterase

3-O-acetylpapaveroxine narcotine hemiacetal

SDR1
noscapine synthase/ hort-chain 
dehydrogenase/reductase

narcotine hemiacetal noscapine

(vii) protopine and sanguinarine (BZPs) biosynthesis

CYP82N4 (MSH)
(S)-N-methylstylopine 14-
hydroxylase

(S)-N-methylcanadine or (S)-N-
methylstylopine

protopine or 
allocryptopinem

CYP82N3 (P6H) protopine 6-hydroxylase protopine or allocryptopinem
dihydrosanguinarine or 
dihydrochelerythrine

DBOX
dihydrobenzophenanthridine 
oxidase

dihydrosanguinarine or 
dihydrochelerythrine

sanguinarine or 
chelerythrine

(viii) bisBIA and aporphine biosynthesis

CYP80A/CYP80Q berbamunine synthase
(S)-coclaurine, (R)-N-
methylcoclaurine and (S)-N-
methylcoclaurine

(R,S)-berbamunine, (R,S)-2'-
norberbamunine, and (R,R)-
guattegaumerine,
nelumborine, nelumboferine

CYP80G/CYP80Q (S)-Corytuberine synthase
N-methylcoclaurine, (S)-
reticurine

glaziovine, (S)-corytuberine

RNMT reticuline N- methyltransferase (S)-corytuberine magnoflorine

TfPavNMT pavine N-methyltransferase (S)-corytuberine magnoflorine

* The asterisk indicates uncharacterized gene.



Supplementary Table 10. The list information of the titers of BIAs in yeast and bacteria as 

the chassis cells in recent years.

Host Substrate Product Titer Reference

E. coli Dopamine (S)-reticuline 55 mg/L 345

E. coli Dopamine (S)-reticuline 54 mg/L 346

E. coli De novo (S)-reticuline 46 mg/L 347

E. coli De novo (S)-reticuline 163.5 mg/L 348

E. coli De novo (S)-reticuline 307 mg/L 349

S. cerevisiae Norlaudanosoline (S)-reticuline 150 mg/L 350

S. cerevisiae De novo (S)-reticuline 80.6 μg/L 351

S. cerevisiae De novo (S)-reticuline 19.2 μg/L 352

S. cerevisiae De novo (S)-reticuline 4.6 g/L 353

S. cerevisiae De novo terahydropapaverine 121 μg/L 354

S. cerevisiae Norlaudanosoline salutaridine 20 mg/L 350

S. cerevisiae Thebaine hydrocodone 51 mg/L 355

S. cerevisiae Thebaine oxycodone 70 mg/L 355

S. cerevisiae Thebaine dihydrocodeine 10 mg/L 355

S. cerevisiae De novo thebaine 6.4 μg/L 356

S. cerevisiae De novo hydrocodone 0.3 mg/L 356

E. coli De novo thebaine 2.1 mg/L 357

E. coli De novo hydrocodone 0.36 mg/L 357

S. cerevisiae Norlaudanosoline (S)-canadine 30 mg/L 350

S. cerevisiae Norlaudanosoline stylopine 676 μg/L 358

S. cerevisiae Norlaudanosoline cis-N-methylstylopine 548 μg/L 358

S. cerevisiae Norlaudanosoline protopine 252 μg/L 358

S. cerevisiae Norlaudanosoline sanguinarine 80 μg/L 358

S. cerevisiae Norlaudanosoline (S)-canadine 1.8 mg/L 359

S. cerevisiae Norlaudanosoline berberine 39 μg/L 359

S. cerevisiae De novo berberine 1.08 mg/L 360

S. cerevisiae De novo stylopine 32 mg/L 361

S. cerevisiae Norlaudanosoline noscapine 1.64±0.38 mM 362

S. cerevisiae De novo noscapine 2.2 mg/L 363

S. cerevisiae De novo guattegaumerine 108 mg/L 364

S. cerevisiae De novo berbamunine 25.4 mg/L 364

E. coli and S. 
cerevisiae

Dopamine magnoflorine 7.2 mg/L 345
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