
License and Terms: This is a supporting information file under the terms of the Creative Commons Attribution License (https://creativecommons.org/
licenses/by/4.0). Please note that the reuse, redistribution and reproduction in particular requires that the author(s) and source are credited and that

individual graphics may be subject to special legal provisions.
The license is subject to the Beilstein Journal of Organic Chemistry terms and conditions: (https://www.beilstein-journals.org/bjoc/terms)

Supporting Information

for

Cytochrome P450 monooxygenase-mediated tailoring of
triterpenoids and steroids in plants

Karan Malhotra and Jakob Franke

Beilstein J. Org. Chem. 2022, 18, 1289–1310. doi:10.3762/bjoc.18.135

High-quality version of the phylogenetic tree shown in
Figure 2 with tip labels

https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc/terms
https://doi.org/10.3762%2Fbjoc.18.135


CYP711A17v1_Selaginella_m
oellendorffiiCYP711A19_Sorghum

_bicolor

CYP711A13_Sorghum
_bicolor

CYP711A18_Sorghum
_bicolor

CYP711A1_Arabidopsis_thaliana

CYP711A9_Lotus_japonicus

triterpene_CYP714E19_Centella_asiatica

CYP714B1_O
ryza_sativa

CYP714A1_Arabidopsis_thaliana

C
YP735A1_Arabidopsis_thaliana

C
YP709C

1_Triticum
_aestivum

C
YP72A567_Psam

m
osilene_tunicoidestriterpene_C

YP72A616_Paris_polyphylla

C
YP72A31_O

ryza_sativa

triterpene_C
YP72A

697_Lotus_japonicus

triterpene_C
YP72A

154_G
lycyrrhiza_uralensis

triterpene_C
YP72A

64v2_M
edicago_truncatula

triterpene_C
YP72A

699_Trifolium
_pratense

triterpene_C
YP72A

613_Trigonella_foenum
-graecum

triterpene_C
YP72A

65v2_M
edicago_truncatula

triterp
en

e_
C
Y
P7

2
A
6
2
v2

_
M

ed
icag

o_
tru

n
catu

la

triterp
en

e_
C
Y
P7

2
A
6
3
_
M

ed
icag

o_
tru

n
catu

la

triterp
en

e_
C
Y
P7

2
A
1
4
1
_
G

lycin
e_

m
ax

triterp
en

e_
C
Y
P7

2
A
6
9
4
_
V
ig

n
a_

an
g
u
laris

triterp
en

e_
C
Y
P7

2
A
3
0
2
_
Ph

aseolu
s_

vu
lg

aris

triterp
en

e_
C
Y
P7

2
C
1
_
A
rab

id
op

sis_
th

alian
a

C
Y
P7

2
A
1
_
C
ath

aran
th

u
s_

roseu
s

C
Y
P7

2
A
9
_
A
rab

id
op

sis_
th

alian
a

C
Y
P7

2
A
7
_
A
rab

id
op

sis_
th

alian
a

trite
rp

e
n
e
_
C
Y
P
7
2
A
5
5
2
_
B
a
rb

a
re

a
_
v
u
lg

a
ris

C
Y
P
7
2
A
1
5
_
A
ra

b
id

o
p
sis_

th
a
lia

n
a

C
Y
P
7
2
A
1
3
_
A
ra

b
id

o
p
sis_

th
a
lia

n
atrite

rp
e
n
e
_
C
Y
P
7
2
A
6
1
v
2
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C
Y
P
7
2
A
6
1
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C
Y
P
7
2
A
3
9
7
_
K
a
lo

p
a
n
a
x
_
se

p
te

m
lo

b
u
s

trite
rp

e
n
e
_
C
Y
P
7
2
A
6
7
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C
Y
P
7
2
A
6
8
v
2
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C
Y
P
7
2
A
6
8
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C
Y
P
7
2
A
6
9
_
G

ly
cin

e
_
m

a
x

trite
rp

e
n
e
_
C

Y
P
7
2
A
5
5
9
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C

Y
P
7
2
A
5
5
7
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C

Y
P
7
2
A
5
5
8
_
M

e
d
ica

g
o
_
tru

n
ca

tu
la

trite
rp

e
n
e
_
C

Y
P
7
4
9
A
6
3
_
C

ra
ta

e
g
u
s_

p
in

n
a
tifid

a

trite
rp

e
n
e
_
C

Y
P
7
3
4
A
1
_
A
ra

b
id

o
p
sis_

th
a
lia

n
a

trite
rp

e
n
e
_
C

Y
P
7
3
4
A
7
_
S
o
la

n
u
m

_
ly

co
p
e
rsicu

m

'C
Y
P
9
6
T
1
_
N

a
rcissu

s_
sp

._
a
ff._

p
se

u
d
o
n
a
rcissu

s'

C
Y
P
9
6
A
1
5
_
A
ra

b
id

o
p
sis_

th
a
lia

n
a

C
Y
P
9
4
N

8
_
D

io
sco

re
a
_
zin

g
ib

e
re

n
sis

trite
rp

e
n
e
_
C

Y
P
9
4
N

1
v
2
_
V
e
ra

tru
m

_
ca

lifo
rn

icu
m

trite
rp

e
n
e
_
C

Y
P
9
4
D

1
0
8
_
Pa

ris_
p
o
ly

p
h
y
lla

trite
rp

e
n
e
_
C

Y
P
9
4
D

1
0
9
_
Pa

ris_
p
o
ly

p
h
y
lla

C
Y
P
9
4
D

1
4
3
_
D

io
sco

re
a
_
zin

g
ib

e
re

n
sis

C
Y
P
9
4
A
2
_
V
icia

_
sa

tiva

C
Y
P
9
4
B

1
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
9
4
B

3
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
0
4
B

1
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
A
1
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
A
7
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
A
8
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
A
2
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
A
4
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
C

3
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
6
B

1
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
9
7
A
3
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
9
7
A
2
9
_
S
o
la

n
u
m

_
ly

co
p
e
rs

ic
u
m

C
Y
P
9
7
B
3
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
9
7
C
1
1
_
S
o
la

n
u
m

_
ly

co
p
e
rs

ic
u
m

C
Y
P
9
7
C
_
C
it
ru

s_
u
n
sh

iu

C
Y
P
9
7
C
1
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
0
1
A
6
_
O

ry
za

_
sa

ti
va

C
Y
P
8
9
A
9
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
7
B
1
_
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
7
A
6
_
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
7
A
4
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P7

1
9
A
3
7
_
Pi

p
er

_
n
ig

ru
m

C
Y
P7

1
9
B
1
_
Pa

p
av

er
_
so

m
n
if
er

u
m

C
Y
P7

1
9
A
5
_
E
sc

h
sc

h
ol

zi
a_

ca
lif

or
n
ic

a

C
Y
P7

1
9
A
1
4
_
A
rg

em
on

e_
m

ex
ic

an
a

C
Y
P7

1
9
A
2
4
_
Po

d
op

h
yl

lu
m

_
p
el

ta
tu

m

C
Y
P7

1
9
A
2
3
_
Po

d
op

h
yl

lu
m

_
h
ex

an
d
ru

m

C
Y
P7

1
9
A
1
_
C
op

ti
s_

ja
p
on

ic
a

C
Y
P7

1
9
A
9
_
E
sc

h
sc

h
ol

zi
a_

ca
lif

or
n
ic

a

C
Y
P7

1
9
A
2
_
E
sc

h
sc

ol
zi

a_
ca

lif
or

n
ic

a

C
YP

71
9A

3_
Es

ch
sc

ol
zi
a_

ca
lif

or
ni

ca

C
YP

71
9A

21
_P

ap
av

er
_s

om
ni

fe
ru

m

C
YP

71
9A

13
_A

rg
em

on
e_

m
ex

ic
an

a

C
YP

81
A
9_

Z
ea

_m
ay

s

C
YP

81
A
12

_E
ch

in
oc

hl
oa

_p
hy

llo
po

go
n

C
YP

81
A
24

_E
ch

in
oc

hl
oa

_p
hy

llo
po

go
n

C
YP

81
B
1_

H
el

ia
nt

hu
s_

tu
be

ro
su

s

C
YP

81
F2

_A
ra

bi
do

ps
is
_t

ha
lia

na

tr
ite

rp
en

e_
C
YP

81
Q
59

_C
uc

um
is
_s

at
iv

us

tr
ite

rp
en

e_
C
YP

81
Q
59

_C
uc

um
is
_m

el
o

C
YP

81
E9

_M
ed

ic
ag

o_
tr
un

ca
tu

la

C
YP

81
E7

_M
ed

ic
ag

o_
tr
un

ca
tu

la

tr
ite

rp
en

e_
CY

P8
1A

Q
19

_M
om

or
di

ca
_c

ha
ra

nt
ia

CY
P8

1Q
3_

Se
sa

m
um

_a
la
tu

m

CY
P8

1Q
2_

Se
sa

m
um

_r
ad

ia
tu

m

CY
P8

1Q
1_

Se
sa

m
um

_i
nd

ic
um

CY
P8

2Y
1_

Pa
pa

ve
r_

so
m

ni
fe

ru
m

CY
P8

2G
1_

Ar
ab

id
op

si
s_

th
al
ia
na

CY
P8

2L
1_

G
os

sy
pi
um

_h
irs

ut
um

CY
P8

2L
2_

G
os

sy
pi
um

_h
irs

ut
um

tr
ite

rp
en

e_
CY

P8
2J

17
_T

rig
on

el
la
_f

oe
nu

mCY
P8

2E
5v

2_
Nico

tia
na

_t
ab

ac
um

CY
P8

2E
4v

1_
Nico

tia
na

_t
ab

ac
um

CYP
82

Q3_
Ta

na
ce

tu
m

_c
in
er

ar
iif
ol
iu
m

CYP
82

D33
_O

cim
um

_b
as

ilic
um

'C
YP

82
D62

_M
en

th
a_

x_
pi
pe

rit
a_

L.
'

CYP
82

D61
_P

od
op

hy
llu

m
_h

ex
an

dr
um

CYP
82

C4_
Ara

bi
do

ps
is_

th
ali

an
a

CYP
82

C2_
Ara

bid
op

sis
_t

ha
lia

na

CYP
82

A3_
Glyc

ine
_m

ax

CYP
82

D10
9_

Gos
sy

piu
m

_h
irs

ut
um

CYP
75

A4_
Gen

tia
na

_t
rif

lor
a

CYP7
5A3_Pe

tu
nia_

hyb
rid

a

CYP7
5A1_Pe

tu
nia_

hyb
rid

a

CYP7
5B138_Cro

co
sm

ia_
x_

cro
co

sm
iifl

or
a

CYP7
5B3_Oryz

a_
sa

tiv
a

CYP7
5B137_Croc

os
mia_

x_
cro

co
sm

iifl
ora

CYP7
5B1_Arab

idop
sis

_thali
an

a

CYP75B15_Gerbera_hybrid
a

trit
erpene_CYP93E2_Medica

go_tru
ncatula

trit
erpene_CYP93E8_Pisu

m_sativ
um

trit
erpene_CYP93E7_Lens_culinaris

trit
erpene_CYP93E3_Glycyrrh

iza
_uralensis

trit
erpene_CYP93E5_Cice

r_arietinum

trit
erpene_CYP93E6_Glycyrrh

iza
_glabra

trit
erpene_CYP93E4_Arachis_hypogaea

trit
erpene_CYP93E1_Glycine_max

trit
erpene_CYP93E9_Phaseolus_vulgaris

trite
rpene_CYP712K1_Trip

terygium_wilfordii

trite
rpene_CYP712K4_Monteverdia_ilicif

olia

trite
rpene_CYP712K3_Trip

terygium_wilfordii

trite
rpene_CYP712K2_Trip

terygium_wilfordii

trite
rpene_CYP705A12_Arabidopsis_

thaliana

trite
rpene_CYP705A1_Arabidopsis_thaliana

trite
rpene_CYP705A5_Arabidopsis_thaliana

CYP93C2_Glycyrrhiza_echinata
CYP93B16_Glycine_max

CYP93B4_Torenia_hybrid

CYP93B23_Ocimum_basilicum
CYP93A1_Glycine_max

CYP93G2_Oryza_sativa
CYP93G1_Oryza_sativa

CYP706B1_Gossypium_arboreum
CYP706A3_Arabidopsis_thaliana

CYP76A26_Catharanthus_roseus
CYP76AE2_Thapsia_garganicaCYP76AE4_Thapsia_laciniataCYP76M7_Oryza_sativaCYP76M6_Oryza_sativaCYP76M5_Oryza_sativa
CYP76C3_Arabidopsis_thaliana

CYP76C1_Arabidopsis_thaliana
CYP76C4_Arabidopsis_thaliana

CYP76C2_Arabidopsis_thaliana

CYP76AK7_Rosmarinus_officinalis

CYP76AK8_Rosmarinus_officinalis

CYP76AK6_Salvia_pomnifera

CYP76AH16_Coleus_forskohlii

CYP76AH11_Coleus_forskohlii

CYP76AH15_Coleus_forskohlii

CYP76AH22_Rosmarinus_officinalis

CYP76B1_Helianthus_tuberosus

CYP76B74_Arnebia_euchroma

CYP76B6_Catharanthus_roseus

CYP76B10_Swertia_mussotii

CYP76S40_Origanum_vulgare

CYP76AD15_Mirabilis_jalapa

CYP76AD5_Beta_vulgaris

CYP76AD3_Mirabilis_jalapa

CYP76AD1_Beta_vulgaris

CYP76T21_Vitis_vinifera

CYP76F112_Ficus_carica

CYP76F12_Vitis_vinifera

CYP76F14_Vitis_vinifera

CYP80G2_Coptis_japonica

CYP80A1_Berberis_stolonifera

CYP750B1_Thuja_plicata

CYP76AA25_Thuja_plicata

CYP71CA1_Tanacetum_parthenium

CYP71AZ3_Pastinaca_sativa

CYP71AZ1_Ammi_majus

CYP71AZ6_Pastinaca_sativa

CYP71E7_Manihot_esculenta

CYP71E1_Sorghum_bicolor

CYP71B40v3_Populus_trichocarpa

CYP71B41v2_Populus_trichocarpa

CYP71B15_Arabidopsis_thaliana

CYP71B31_Arabidopsis_thaliana

CYP83A1_Arabidopsis_thaliana

CYP71P1_Oryza_sativa

CYP71C4_Zea_maize

CYP71C9v1_Triticum_aestivum

CYP71C9v2_Triticum_aestivum

CYP71C9v3_Triticum
_aestivum

CYP71C3_Zea_m
aize

CYP71C8v1_Triticum
_aestivum

CYP71C8v3_Triticum
_aestivum

CYP71C8v2_Triticum
_aestivum

CYP71C1_Zea_m
aize

CYP71C6v3_Triticum
_aestivum

CYP71C6v1_Triticum
_aestivum

CYP71C6v2_Triticum
_aestivum

CYP71C2_Zea_m
aize

CYP71C7v2_Triticum
_aestivum

CYP71C7v1_Triticum
_aestivum

CYP71C7v3_Triticum
_aestivum

CYP71D
1v1_Catharanthus_roseus

CYP71AY5_G
elsem

ium
_sem

pervirens

CYP71AY1_Catharanthus_roseus

CYP71AY4_Rauw
olfia_serpentina

CYP71AV1_Artem
isia_annua

CYP71AV8_Cichorium
_intybus_

CYP71BZ6X_Tanacetum
_parthenium

C
YP71B

L3_C
ichorium

_intybus

C
YP71B

L2_Lactuca_sativa

C
YP71B

L6_Inula_hupehensis

C
YP71B

L1_H
elianthus_annuus

triterpene_C
YP71C

D
2_M

elia_azedarach C
YP71A

32_M
entha_x_piperita

C
YP71D

18_M
entha_spicata

C
YP71D

178_O
riganum

_vulgare

C
YP71D

179_Thym
us_vulgaris

C
YP71D

182_Thym
us_vulgaris

C
YP71D

180_Thym
us_vulgaris

C
Y
P7

1
D

1
8
1
_
O

rig
an

u
m

_
vu

lg
are

C
Y
P7

1
D

1
8
4
_
S
olan

u
m

_
h
ab

roch
aites

C
Y
P7

1
D

4
_
S
olan

u
m

_
tu

b
erosu

m

C
Y
P7

1
D

5
5
_
H
yoscyam

u
s_

m
u
ticu

s

C
Y
P7

1
D

1
_
C
ath

aran
th

u
s_

roseu
s

C
Y
P7

1
D

3
4
9
_
C
ath

aran
th

u
s_

roseu
s

C
Y
P7

1
D

4
4
5
_
E
u
p
h
orb

ia_
lath

yris

triterp
en

e_
C
Y
P7

1
B
Q

5
_
M

elia_
azed

arach
C
Y
P7

1
D

3
5
1
_
C
ath

aran
th

u
s_

roseu
s

C
Y
P
7
2
6
A
2
7
_
E
u
p
h
o
rb

ia
_
la

th
y
ris

C
Y
P
7
2
6
A
1
_
E
u
p
h
o
rb

ia
_
la

g
a
sca

e

trite
rp

e
n
e
_
C
Y
P
7
1
D

3
5
3
_
Lo

tu
s_

ja
p
o
n
icu

s

C
Y
P
7
1
D

3
5
3
_
Lo

tu
s_

ja
p
o
n
icu

s

C
Y
P
7
1
B
E
5
4
_
Po

d
o
p
h
y
llu

m
_
h
e
x
a
n
d
ru

m

C
Y
P
7
1
D

3
8
1
_
C
o
le

u
s_

fo
rsk

o
h
lii

C
Y
P
7
1
D

3
7
5
_
S
a
lv

ia
_
m

iltio
rrh

iza

C
Y
P
7
1
D

4
1
1
_
S
a
lv

ia
_
m

iltio
rrh

iza

trite
rp

e
n
e
_
C
Y
P
7
1
D

4
4
3
_
A
ju

g
a
_
re

p
ta

n
s

C
Y
P
7
1
B
E
5
2
_
S
a
lv

ia
_
p
o
m

n
ife

ra

C
Y
P
9
9
A
2
_
O

ry
za

_
sa

tiva
C

Y
P
9
9
A
3
_
O

ry
za

_
sa

tiva

C
Y
P
7
1
A
M

1
_
S
o
rg

h
u
m

_
b
ico

lo
r

C
Y
P
7
1
Z

6
_
O

ry
za

_
sa

tiva
C

Y
P
7
1
Z

7
_
O

ry
za

_
sa

tiva

trite
rp

e
n
e
_
C

Y
P
7
1
A
1
6
_
A
ra

b
id

o
p
sis_

th
a
lia

n
a

C
Y
P
7
1
A
1
3
_
A
ra

b
id

o
p
sis_

th
a
lia

n
a

C
Y
P
7
1
A
1
2
_
A
ra

b
id

o
p
sis_

th
a
lia

n
a

C
Y
P
7
1
B

J1
_
C

a
th

a
ra

n
th

u
s_

ro
se

u
s

C
Y
P
7
1
A
J4

_
Pa

stin
a
ca

_
sa

tiva
C

Y
P
7
1
A
J3

_
Pa

stin
a
ca

_
sa

tiva
C

Y
P
7
1
A
J1

_
A
m

m
i_

m
a
ju

s
C

Y
P
7
1
A
J2

_
A
p
iu

m
_
g
ra

v
e
o
le

n
s

C
Y
P
7
1
A
X

3
6
_
H

e
lia

n
th

u
s_

a
n
n
u
u
s

C
Y
P
7
1
C

B
1
_
Ta

n
a
ce

tu
m

_
p
a
rth

e
n
iu

m
C

Y
P
7
1
C

R
2
_
B

ra
ss

ic
a
_
ra

p
a

C
Y
P
7
1
C

R
1
_
B

ra
ss

ic
a
_
ra

p
a

C
Y
P
7
1
A
N

2
4
_
P
ru

n
u
s_

m
u
m

e
C

Y
P
7
1
A
N

2
4
_
P
ru

n
u
s_

d
u
lc

is
C

Y
P
7
1
C

U
1
_
Po

d
o
p
h
y
llu

m
_
h
e
x
a
n
d
ru

m
C

Y
P
7
1
A
1
0
_
G

ly
cn

e
_
m

a
x

C
Y
P
8
4
A
1
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
8
4
A
4
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
3
6
A
1
6
3
_
M

a
lu

s_
d
o
m

e
st

ic
a

C
Y
P
7
3
6
A
3
0
0
_
O

ri
g
a
n
u
m

_
v
u
lg

a
re

C
Y
P
7
9
E
1
_
Tr

ig
lo

ch
in

_
m

a
ri

ti
m

a
C

Y
P
7
9
E
2
_
Tr

ig
lo

ch
in

_
m

a
ri

ti
m

a

C
Y
P
7
9
A
2
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
9
D

2
_
M

a
n
ih

o
t_

e
sc

u
le

n
ta

C
Y
P
7
9
D

1
_
M

a
n
ih

o
t_

e
sc

u
le

n
ta

C
Y
P
7
9
D

7
3
_
P
lu

m
e
ri
a
_
ru

b
ra

C
Y
P
7
9
D

3
_
Lo

tu
s_

ja
p
o
n
ic

u
s

C
Y
P
7
9
D

4
_
Lo

tu
s_

ja
p
o
n
ic

u
s

C
Y
P
7
9
D

1
6
_
P
ru

n
u
s_

d
u
lc

is

C
Y
P
7
9
D

7
v
2
_
Po

p
u
lu

s_
tr

ic
h
o
ca

rp
a

C
Y
P
7
9
D

6
v
3
_
Po

p
u
lu

s_
tr

ic
h
o
ca

rp
a

C
Y
P
7
9
B
3
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P
7
9
B
2
_
A
ra

b
id

o
p
si

s_
th

a
lia

n
a

C
Y
P7

9
B
1
_
S
in

ap
is

_
al

b
a

C
Y
P7

9
A
1
2
_
H

or
d
eu

m
_
vu

lg
ar

e

C
Y
P7

9
A
8
_
H
or

d
eu

m
_
vu

lg
ar

e

C
Y
P7

9
A
1
_
S
or

g
h
u
m

_
b
ic

ol
or

C
Y
P7

9
A
6
1
_
Z
ea

_
m

ai
ze

C
Y
P7

9
F1

_
A
ra

b
id

op
si

s_
th

al
ia

n
a

C
Y
P7

9
C
1
_
A
ra

b
id

op
si

s_
th

al
ia

n
a

C
Y
P7

0
3
A
2
_
A
ra

b
id

op
si

s_
th

al
ia

n
a

C
Y
P7

0
3
A
1
_
Pe

tu
n
ia

_
h
yb

ri
d
a

C
YP

78
A
7_

A
ra

bi
do

ps
is
_t

ha
lia

na

C
YP

78
A
1_

Z
ea

_m
ay

s

C
YP

78
A
5_

A
ra

bi
do

ps
is
_t

ha
lia

na

C
YP

78
A
10

_A
ra

bi
do

ps
is
_t

ha
lia

na

C
YP

73
A
33

_S
or

gh
um

_b
ic
ol

or

C
YP

73
A
2_

Ph
as

eo
lu

s_
au

re
us

C
YP

73
A1

1_
G
ly

ci
ne

_m
ax

_

C
YP

73
A1

9_
C
ic
er

_a
ri
et

in
um

C
YP

73
A3

_M
ed

ic
ag

o_
sa

tiv
a

C
YP

73
A5

_A
ra

bi
do

ps
is
_t

ha
lia

na

C
YP

73
A1

0_
Pe

tr
os

el
iu

m
_c

ri
sp

um

CY
P7

3A
1_

H
el
ia
nt

hu
s_

tu
be

ro
su

s

CY
P7

3A
4_

Ca
th

ar
an

th
us

_r
os

eu
s

CY
P9

8A
3_

Ar
ab

id
op

si
s_

th
al
ia
na

CY
P9

8A
22

_R
ut

a_
gr

av
eo

le
ns

CY
P9

8A
8_

Ar
ab

id
op

si
s_

th
al
ia
na

CY
P9

8A
9_

Ar
ab

id
op

si
s_

th
al
ia
na tr

ite
rp

en
e_

CY
P5

1G
1_

Ar
ab

id
op

si
s_

th
al
ia
na

tr
ite

rp
en

e_
CY

P5
1H

10
_A

ve
na

_s
tr
ig
os

a

tr
ite

rp
en

e_
CY

P5
1H

35
_T

rit
icu

m
_a

es
tiv

um

tr
ite

rp
en

e_
CY

P5
1G

1_
So

rg
hu

m
_b

ico
lo
r

tr
ite

rp
en

e_
CY

P5
1H

16
_B

ra
ch

yp
od

iu
m

_d
ist

ac
hy

on

tr
ite

rp
en

e_
CYP

51
H15

_B
ra

ch
yp

od
iu
m

_d
ist

ac
hy

on

tr
ite

rp
en

e_
CYP

51
H14

_B
ra

ch
yp

od
iu
m

_d
ist

ac
hy

on

tri
te

rp
en

e_
CYP

51
H37

_T
rit

icu
m

_a
es

tiv
um

tri
te

rp
en

e_
CYP

71
0A

11
_S

ola
nu

m
_l
yc

op
er

sic
um

tri
te

rp
en

e_
CYP

71
0A

3_
Ara

bi
do

ps
is_

th
ali

an
a

tri
te

rp
en

e_
CYP

71
0A

1_
Ara

bid
op

sis
_t

ha
lia

na

tri
te

rp
en

e_
CYP

71
0A

2_
Ara

bid
op

sis
_t

ha
lia

na

CYP
72

8B
35

_S
or

gh
um

_b
ico

lor

CYP
72

5A
1_

Ta
xu

s_
cu

sp
ida

ta

CYP7
25A2_Ta

xu
s_

cu
sp

idat
a

tri
ter

pen
e_

CYP7
16C49_Cra

tae
gus_

pinnati
fid

a

tri
ter

pen
e_

CYP7
16C11_Cen

tel
la_

as
iat

ica

tri
ter

pen
e_

CYP7
16C55_La

gers
tro

em
ia_

sp
ec

ios
a

tri
ter

pen
e_

CYP7
16A262_Ps

am
mos

ile
ne_

tunico
ides

tri
ter

pen
e_

CYP7
16S5_Pla

tyc
od

on
_gran

diflo
rus

trit
erp

en
e_

CYP7
16A53v2

_Pa
nax

_ginsen
g

trit
erpene_CYP716E26_Solanum_lycopersi

cum

trit
erpene_CYP716E41_Centella_asia

tica

trit
erpene_CYP716A81_Barbarea_vulgaris

trit
erpene_CYP716A80_Barbarea_vulgaris

trit
erpene_CYP716A1_Arabidopsis_

thaliana

trit
erpene_CYP716A2_Arabidopsis_

thaliana

trit
erpene_CYP716A113v1_Aquilegia_coerulea

trit
erpene_CYP716A111_Aquilegia_coerulea

trit
erpene_CYP716A110_Aquilegia_coerulea

trite
rpene_CYP716A75_Maesa_lanceolata

trite
rpene_CYP716A14v2_Artemisia

_annua

trite
rpene_CYP716A140v2_Platycodon_grandiflorus

trite
rpene_CYP716A140_Platycodon_grandiflorus

trite
rpene_CYP716A78_Chenopodium_quinoa

trite
rpene_CYP716A79_Chenopodium_quinoa

trite
rpene_CYP716A51_Lotus_japonicus

triterpene_CYP716A12_Medicago_truncatula

triterpene_CYP716A179_Glycyrrhiza_uralensis

triterpene_CYP716A15_Vitis_vinifera

triterpene_CYP716A17_Vitis_vinifera

triterpene_CYP716A266_Lagerstroemia_speciosa

triterpene_CYP716A180_Betula_platyphylla_extraction_translation

triterpene_CYP716A265_Lagerstroemia_speciosa

triterpene_CYP716A175_Malus_domestica

triterpene_CYP716A212_Ilex_asprella

triterpene_CYP716A46_Solanum_lycopersicum

triterpene_CYP716A83_Centella_asiatica

triterpene_CYP716A52v2_Panax_ginseng

triterpene_CYP716A94_Kalopanax_septemlobus

triterpene_CYP716A244_Eleutherococcus_senticosus

triterpene_CYP2_Ocimum_basilicum

triterpene_CYP1_Ocimum_basilicum

triterpene_CYP01_Salvia_rosmarinus

triterpene_CYP716A210_Ilex_asprella
triterpene_CYP716AL1_Catharanthus_roseus
triterpene_CYP716A86_Centella_asiatica
triterpene_CYP716A44_Solanum_lycopersicumtriterpene_CYP716Y1_Bupleurum_falcatumtriterpene_CYP716A47_Panax_ginsengtriterpene_CYP716A141_Platycodon_grandiflorus

triterpene_CYP87D16_Maesa_lanceolata
triterpene_CYP87D20_Cucumis_sativus
triterpene_CYP87D18_Siraitia_grosvenorii

triterpene_CYP708A2_Arabidopsis_thaliana

triterpene_CYP708A15v2_Iberis_amara

triterpene_CYP708A16_Iberis_amara

triterpene_CYP85A1_Arabidopsis_thaliana

triterpene_CYP85A2_Arabidopsis_thaliana

triterpene_CYP85A3_Solanum_lycopersicum

triterpene_CYP85A1_Solanum_lycopersicum

triterpene_CYP90G1v3_Veratrum_californicum

triterpene_CYP90G1v1_Veratrum_californicum

triterpene_CYP90G1v2_Veratrum_californicum

triterpene_CYP90G4_Paris_polyphylla

triterpene_CYP90G6_Dioscorea_zingiberensis

triterpene_CYP90B27_Paris_polyphylla

triterpene_CYP90B71_Dioscorea_zingiberensis

triterpene_CYP90B27v1_Veratrum_californicum

triterpene_CYP90B50_Trigonella_foenum

triterpene_CYP90B2_Oryza_sativa

triterpene_CYP90B52_Paris_polyphylla

triterpene_CYP90B3_Lycopersicon_esculentum

triterpene_CYP90B1_Arabidopsis_thaliana

triterpene_CYP90B51_Trigonella_foenum-graecum

triterpene_CYP724A1_Arabidopsis_thaliana

triterpene_CYP724B1_Oryza_sativa

triterpene_CYP724B2_Solanum_lycopersicum

CYP720B1_Pinus_taeda
triterpene_CYP90A1_Arabidopsis_thaliana

triterpene_CYP90C1_Arabidopsis_thaliana

triterpene_CYP90D2_Oryza_sativa

triterpene_CYP90D1_Arabidopsis_thaliana

CYP707A1_Arabidopsis_thaliana

CYP707A3_Arabidopsis_thaliana

CYP707A5_Oryza_sativa

triterpene_CYP88L2_Cucum
is_sativus

triterpene_CYP88L7_Mom
ordica_charantia

triterpene_CYP88L8_Mom
ordica_charantia

triterpene_CYP88D6_Glycyrrhiza_uralensis

CYP88A4_Arabidopsis_thaliana

CYP88A3_Arabidopsis_thaliana
CYP74C3_Lycopersicon_esculentum

CYP74_Nicotiana_tabacum

CYP74D1_Lycopersicon_esculentum

0.0457327


	Cover
	Main file

