
3-deoxy-8-
phosphooctulonate
synthase: kdsA1

chalcone
isomerase:
AT5G66220.1

2-naphthol
glucoside 6’-O
malonyltransferase:
AT5G39050.1

1-aminocyclopropane-1-carboxylate synthase: ACS5

saccharopine
dehydrogenase:
AT4G33150.1

superoxide
dismutase (Cu-
Zn): CSD2

5-hydroxy-
coniferaldehyde

glucose-6-phosphate
isomerase: PGI1

6-deoxotyphasterol
C6-oxidase:
CYP85A1

[+ 3 isozymes]

lonoleate 13S-
lipoxygenase: LOX4

phenylacetothiohydroximate

a long-linear glucan

glycerol-3-phosphate O-
acyltransferase: ATS1

NAD
+

 kinase:
NADK3

xanthine

[+ 2 isozymes]

Mg-protoporphyrin

dGDP

5-oxoprolinase:
AT5G37830.1

2-iminopropanoate

S-(hydroxymethyl)
glutathione
dehydrogenase:
AT5G43940.2

5-aminolevulinate

magnesium
protoporphyrin IX
methyltransferase:
AT4G25080.1

phytyl
monophosphate

GA4

dihydrolipoyl
dehydrogenase: LPD2

D-mannitol
1-phosphate

[+ 3 isozymes]

UDP glycosyltransferase:
UGT76C2

lupeol

adenosine
nucleosidase: URH1

3-dehydrosphinganine

asp

4-coumarate
coenzyme A
ligase: 4CL5

magnesium
chelatase:
AT4G18480.1

alcohol
dehydrogenase:
AT5G43940.2

phe

(2E,6E)-farnesyl
diphosphate

5,6-dihydrouracil

[+ 8 isozymes]

cinnamyl-alcohol
dehydrogenase:
AT4G37990.1

CYP79F1 hexahomomethionine
monooxygenase: AT1G16410.1

a carboxylated-
biotinylated

[BCCP dimer]

choline kinase:
AT4G09760.1

flavonoid 3’-
monooxygenase:
CYP75B1

trp

ammonium

Δ8-Δ7-sterol
isomerase: HYD1

triacylglycerol
lipase: AT2G31690.1

(E)-indol-3-
ylacetaldoxime

2-oxoisovalerate
dehydrogenase
(acylating):
AT1G48030.1

UDP-glucose 6-
dehydrogenase:
AT3G29360.1

NADH

sinapyl alcohol
dehydrogenase:
AtCAD5

campest-4-en-3β-ol

all-trans-lycopene

asparaginase:
AT3G16150.1

hydrogen peroxide

[+ 2 isozymes]

trp

1-palmitoyl-2-linoleoyl-
phosphatidylcholine

(R)-S-
lactoylglutathione

succinate-CoA ligase (ADP-
forming): AT5G08300.1

(3S)-2,3-epoxy-2,3-
dihydrosqualene

[+ 9 isozymes]

desmosterol

β-ring hydroxylase:
β-OHase 2

UDP-α-D-
galacturonate

glutathione
degradation

ω-3 fatty acid
desaturase: fad7

8-oxo-GMP

guanosine

aconitase: ACO2

[+ 2 isozymes]

agmatine

ribulose-phosphate 3-epimerase: AT1G63290.1

galactinol

inositol-
hexakisphosphate
kinase: AT5G15070.2

[+ 2 isozymes]

glutathione
redox reactions I

superpathway
of pyrimidine

nucleobases salvage

[+ 13 isozymes]

AT4G28620.1

sterol
methyltransferase: SMT3

DMAPP:AMP
isopentenyltransferase: IPT8

feruloyl-CoA

photosystem I: PsaD-1

1-18:2-2-16:0-
digalactosyldiacylglycerol

myrcene synthase:
AT3G25810.1

glyoxylate
aminotransferase:
AGT1

superpathway of
guanosine nucleotides
de novo biosynthesis I

oxidized GTP and
dGTP detoxification

tyr

NDP-glucose-starch
glucosyltransferase:
AT1G32900.1

a phosphatidylcholine

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

AT4G21534.1:
AT4G21534.1

3-isopropylmalate
dehydratase:
AT4G13430.1

betulinate

[+ 3 isozymes]

aspartate
semialdehyde
dehydrogenase:
AT1G14810.1

2-oxo-7-methylthioheptanoate

inositol tetrakisphosphate
1-kinase: AT4G08170.2

quercetin glycoside biosynthesis (Arabidopsis)

coniferyl aldehyde 5-
hydroxylase: FAH1

allysine

[+ 13 isozymes]

vernolate

gibberellin A 12

phospholipid:diacylglycerol
acyltransferase: AT5G13640.1

trans-caffeate O-
methyltransferase:
AT4G26220.1

acyl-lipid
thioesterase:
AT1G68280

solanesyl
pyrophosphate
synthase: SPS2

5-dehydro episterol

adenylosuccinate
lyase: AT1G36280.1

sinapyl-alcohol

ribose-5-phosphate isomerase: AT2G01290.1

p-coumaroyltriacetic
acid lactone

salicylate

2-coumarate

a cis,trans-
polyisoprenyl
diphosphate

cycloartenol

glutamine
synthetase: GLN2

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

hexanoyl-
[acp]:malonyl-[acyl-
carrier protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

gibberellin A 20

1-16:0-2-18:2-
digalactosyldiacylglycerol

[+ 2 isozymes]

[+ 9 isozymes]

inositol-1,4-bisphosphate 1-
phosphatase: AT5G64000.1

(22R,23R)-22,23-
dihydroxycampesterol

transaldolase: AT2G45290.1

[+ 11 isozymes]

polyphosphate
2-kinase: IPK1

PRPP

[+ 3 isozymes]

[+ 6 isozymes]

ω-3 fatty acid
desaturase: fad8

6,7-dimethyl-8-(1-
D-ribityl)lumazine

sucrose 6
F

-phosphate

nucleoside-
diphosphate kinase:
AT5G63310.1

cis-zeatin

(+)-
dihydrokaempferol

magnesium
protoporphyrin IX
monomethyl ester
cyclase: CHL27

UDP-α-D-xylose

ADP-α-D-glucose

bixin aldehyde

2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
diphosphokinase: AT4G30000.2

CO 2

CYP81F3 monooxygenase:
AT4G37400.1

delta3, delta2-enoyl-
CoA isomerase:
AT1G65520.1

IAA-Val

phe

UDP-glucuronate
4-epimerase: GAE1

L-dehydro-ascorbate

nicotianamine
synthase:
AT4G26483.1

a fatty acid

hydroxymethyldihydropterin
pyrophosphokinase/
dihydropteroate
synthase: HPPK/DHPS2

phosphoenolpyruvate

benzyladenine

long-chain-fatty-
acid-CoA ligase:
AT1G49430.1

5-methylthioribulose 1-phosphate

Δ
5-3

-ketosteroid
isomerase

7-oxatyphasterol
synthase: CYP85A1

α-D-glucose
6-phosphate

dGTP

an L-prolyl-
[tRNA

pro

]

[+ 4 isozymes]

8-methylthiooctylglucosinolate
S-oxygenase: GS-OX4

UDP-4-dehydro-6-
deoxy-D-glucose

3-hydroxy-3-
methylglutaryl coenzyme
A reductase: HMG1

D-xylulose
5-phosphate

Leucocyanidin
oxygenase:
AT4G22870.2

malate dehydrogenase

alkylthiohydroximate C-
S lyase: AT2G20610.1

UDP-N-acetylglucosamine:dolichyl-
phosphate N-
acetylglucosaminephosphotransferase:
AT2G41490.1

stearate

Histidinal dehydrogenase:
AT5G52490.1

AT4G03400.1:
AT4G03400.1

methylglyoxal
reductase: AT1G54870.1

TCA cycle variation V (plant)

prephenate
aminotransferase:
AT2G22250.2

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

tRNA
asp

[+ 2 isozymes]

UMP

salvianin
biosynthesis

a cardiolipin

trp

enolase:
AT2G36530.1

[+ 5 isozymes]

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G08170.2

pyruvate

cytokinin-O-glucosides
biosynthesis

β-L-gulose
1-phosphate

trans-zeatin riboside
monophosphate

5-phospho-β-
D-ribosylamine

L-dopa

an all-trans-
polyisoprenyl
diphosphate

5,10-
methylenetetrahydrofolate
reductase: AT3G59970.3

γ-tocotrienol
methyltransferase:
G-TMT G-TMT

long-chain fatty
acid ω-hydroxylase:
CYP704B1

aldehyde
dehydrogenase
(NAD

+

):
AT3G48000.1

[+ 9 isozymes]

catalase: CAT3

3-hydroxypropanoyl-
CoA

UDP-3-O-acyl-N-
acetylglucosamine
deacetylase:
AT1G24880.1

a [chaperone-ATP]-
[co-chaperone]-
[scaffold protein-

(2Fe-2S)] complex

α-farnesene
synthase:
AT4G16730.1

5-methylthiopentyldesulfoglucosinolate
sulfotransferase: AtSOT16

phe

2-naphthol glucoside
glucoside 6’-O
malonyltransferase:
AT3G29670.1

AT3G25810.1:
AT3G25810.1

ω-hydroxylation of
caprate and laurate

alcohol
dehydrogenase
(NADP

+

):
AT3G03350.2

selenocystathione
synthase: AT3G01120.1

dihydroxyphaseic acid

histone-lysine N-
methyltransferase: AT2G22740.2

nucleoside-
triphosphatase:
AT5G66005.3

dihydroxyacid
dehydratase:
AT3G23940.1

alcohol
dehydrogenase:
AT5G43940.2

pyruvate

2-oxo-4-methylthiobutanoate

S-methyl-5’-
thioadenosine
degradation II

[+ 3 isozymes]

phosphoglucomutase:
PGM

2-oxo-10-
methylthiodecanoate

5-aminolevulinate

chrysoeriol

a 5,10-methylene-
tetrahydrofolate

1-18:2-2-18:2-
monogalactosyldiacylglycerol

trp

ribose-phosphate
diphosphokinase:
AT1G32380.1

Ins(1)P

2-oxobutanoate

trans-arachidon-
2-enoyl-CoA
reductase: CER10

phaseic acid

UDP-glucosyl
transferase:
UGT73C6

acetate

a homogalacturonan

7-dehydrodesmosterol

(6α)-
hydroxycampestanol

phenylalanine
ammonia
lyase: PAL1

arginine
degradation
X (arginine

monooxygenase
pathway)

(R)-mevalonate
5-phosphate

luteolin

diaminopimelate
decarboxylase:
AT3G14390.1

anthocyanidin
reductase:

AT1G61720.1
aspartate transaminase: ACS12

laurate in-chain
hydroxylase:
CYP703A2

a [2-oxoglutarate
dehydrogenase E2 protein] N

6

-
S-succinyldihydrolipoyl-L-lysine

CYP81F2
monooxygenase:
AT5G57220.1

3-isopropylmalate
dehydrogenase:
AT1G80555.1

α-D-glucose 1-phosphate

carlactone

a tRNA
thr

cystathionine
gamma-synthase:
AT1G33320.1

L-saccharopine

GGPP

(3S)-2,3-epoxy-2,3-
dihydrosqualene

glt

[+ 3 isozymes]

[+ 3 isozymes]

UDP-α-D-glucose

valine-tRNA ligase:
AT1G27160.1

abscisic acid
glucosyltransferase:
UGT84B1

farnesylcysteine
salvage pathway

kinetin

chlorophyll b

phosphoglucomutase:
PGM

indole-3-acetonitrile
nitrile hydratase: NIT3

[+ 8 isozymes]

N,N-dihydroxy-L-
tryptophan carboxy-
lyase: AT1G58265.1

γ-glutamylcyclotransferase:
AT3G02910.1

transketolase:
AT2G45290.1

[+ 2 isozymes]

[+ 10 isozymes]

alpha-
galactosidase:
AT5G08380.1

L-ornithine

L-homoserine

sesamin
biosynthesis

3-oxoacyl-[acyl-carrier protein]
reductase: AT1G24360.1

thio-molybdenum
cofactor

cyanidin 3-O-
glucoside 2-O"-
xylosyltransferase:
AT1G64910.1

gibberellin 4 2-
oxidase: GA2ox4

(S)-2-acetolactate

(KDO)-lipid IV A

3-deoxy-D-manno-
octulosonic acid
transferase:
AT5G03770.1

methenyltetrahydrofolate
cyclohydrolase:
AT2G38660.1

trans-caffeate

an Fe(II)-
siderophore

2-cis-abscisate

glt

ATP-citrate lyase:
ACLA-1 ACLB-2

delta3, delta2-enoyl-
CoA isomerase:
AT1G65520.1

triose-phosphate
isomerase:
AT2G21170.1

cis-zeatin O-beta-D-
glucosyltransferase:

UGT85A1

[+ 9 isozymes]

COFACTORS, PROSTHETIC GROUPS, ELECTRON CARRIERS BIOSYNTHESIS

[+ 2 isozymes]

aconitase: ACO1

an XXXG xylogulcan

8-methylthiooctylhydroximate

[+ 2 isozymes]

branched-chain
amino acid
aminotransferase:
Atbcat-1

[+ 5 isozymes]

(2Z)-2-aminobut-
2-enoate

2-aminoprop-
2-enoate

glutathione-mediated
detoxification II

5-methylthiopentyldesulfoglucosinolate

nicotinamidase: AtNIC1

ω-hydroxypalmitate O-
feruloyl transferase:
AT5G41040.1

[+ 5 isozymes]

3-phospho-
D-glycerate

hydrolase: AT5G53850.2

a xenobiotic

D-glyceraldehyde
3-phosphate

an L-threonyl-
[tRNA

thr

]

val

a glucosinolate

trans-2-pentenal

fructose-bisphosphate
aldolase: AT2G36460.1

tRNA charging

anthocyanidin 3-O-
glucosyltransferase:
UGT78D2

S-methyl-L-
methionine

D-ribulose
5-phosphate

superpathway of
polyamine biosynthesis

[+ 10 isozymes]

UDP-α-D-glucose

phosphatidate
cytidylyltransferase: CDS4

farnesyltranstransferase: FTA

eugenol

2-carboxy-D
-arabinitol-1-
phosphatase:
AT5G22620.1

adenylosuccinate
lyase: AT1G36280.1

a CDP-
diacylglycerol

ornithine-δ-
aminotransferase:
δ-OAT

(+)-pinoresinol

4-coumaryl-CoA

3-methyl-2-
oxobutanoate

3,4-dihydroxyphenylpyruvate

benzoate
glucosyltransferase:
UGT74F2

AT5G55130.1:
AT5G55130.1

C-19 gibberellin
2-oxidase: GA2ox2

thiamine-phosphate
diphosphorylase:
AT1G21065.1

tetrahydrofolylpolyglutamate
synthase: AT3G55630.3

asn

thymine

aconitase: ACO2

2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
diphosphokinase: AT4G30000.2

phosphoglycerate kinase: AT3G12780.1

DHAP

ribulose-bisphosphate
carboxylase: rbcS2B

dimethylallyltrans
transferase: GGPS6

OPC8-3-
ketoacyl-CoA

caffeoyl-CoA O-
methyltransferase:
AT4G26220.1

enoyl-CoA
hydratase:
AT3G06860.1

trans-5-O-(4-
coumaroyl)
-D-quinate

dihydrozeatin-
9-N-glucoside-

O-glucoside

a (1->4)-β-D-xylan
oligosaccharide

1-aminocyclopropane-1-carboxylate synthase: ACS4

α-D-mannose
6-phosphate

dihydrozeatin-7-N-glucose

malate dehydrogenase
(oxaloacetate-

decarboxylating)
(NADP

+

): AT5G58330.1

shisonin

thiamin monophosphate
pyrophosphorylase: TH1

L-tryptophan N-
monooxygenase:
CYP79B2

OPC8 acyl-CoA
oxidase: ACX1

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G38570.1

[+ 4 isozymes]

ferric-chelate
reductase:
AT5G23990.1

transaminase:
AT4G23590.1

aspartate
transaminase: ASP5

plant sterol
biosynthesis II

UDP

4-methyl-5-(β-
hydroxyethyl)thiazole

methionine adenosyltransferase: SAM-1

cycloeucalenol
cycloisomerase: CPI1

phosphoglucose
isomerase: PGI1

[+ 10 isozymes]

xanthoxin
dehydrogenase:
ABA2

glutathione
transferase:
AT5G16710.1

ω-6-oleate
desaturase: fad2

phytochromobilin
biosynthesis

a xenobiotic

1-penten-3-one
reductase: AOR

tryptophan-
tRNA ligase:
AT3G04600.1

1-penten-3-one

nitric-oxide
synthase:
AT3G47450.1

3-phosphoshikimate 1-
carboxyvinyltransferase:
EPSP

ammonium

[+ 9 isozymes]

CYP86A8
monooxygenase:
CYP86A8

sucrose

3-phospho-D-glycerate

hydroxyjasmonate
sulfate biosynthesis

[+ 3 isozymes]

thiosulfate
sulfurtransferase:
AT5G66170.2

glucose-6-
phosphate 1-
dehydrogenase:
G6PD2

(3S)-2,3-epoxy-2,3-
dihydrosqualene

B1094

a 1,2-diacyl-sn-glycerol

[+ 11 isozymes]

4-α-glucanotransferase:
AT2G40840.1

15-cis-phytoene
desaturase: PDS

1-aminocyclopropane-1-
carboxylate synthase: ACS2

ω-3 fatty acid
desaturase: fad7

flavone 7-O-β-
glucosyltransferase:
UGT73B1

[+ 3 isozymes]

phospholipase D: PLD epsilon

UDP-α-D-
glucuronate
biosynthesis
(from myo
-inositol)

allysine

choline

3,5-dihydroxyanisole
O-methyltransferase:
AT5G57740.1

brassinosteroids
inactivation

UDP-N-acetyl-α-
D-glucosamine

[+ 3 isozymes]

[+ 2 isozymes]

2-O-caffeoylglucarate

glutamate
dehydrogenase
[NAD(P)

+

]:
AT3G03910.1

3-ketodihydrosphinganine
reductase: TSC10B

glucokinase:
AT3G20040.1

[+ 3 isozymes]

hydroxymethylbilane
synthase: HEMC

thr

UDP glycosyltransferase:
UGT76C1

methyl indole-
3-acetate
methylesterase:
AT4G37150.1

gibberellin 3-
oxidase: GA3ox1

[+ 11 isozymes]

phosphatidic acid phosphatase: LPPε1

2-(2’-methylthio)
ethylmalic-acid

a (1->4)-β-D-xylan

AT3G15830.1: AT3G15830.1

OxIAA-Glc

thiamin phosphate

geranylgeranyl-
diphosphate all-trans-
nonaprenyl diphosphate
synthase: SPS2

[+ 7 isozymes]

unsaturated, even
numbered fatty

acid β-oxidation

F6P

marneral
biosynthesis

phosphoribosylformylglycinamidine
cyclo-ligase: AT3G55010.1

kaempferol 3-O-
sophoroside 7-O-
rhamnosyltransferase:
UGT89C1

a cis-2-enoyl-CoA

a (3R)-3-
hydroxypalmitoyl-[acp]

cycloartenol
synthase: CAS1

[+ 2 isozymes]

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.1

sophoradiol

α-D-glucuronate
1-phosphate

(2S)-2-
isopropylmalate

an L-seryl-[tRNA
ser

]

farnesene biosynthesis

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

IPP

[+ 8 isozymes]

ω-3 fatty acid
desaturase: fad8

[+ 2 isozymes]

L-gulonolactone
oxidase:
AT5G56470.1

gln

sucrose synthase: SUS1

6-deoxotyphasterol
C-23 hydroxylase:
CYP90D1

a homogalacturonan

4-methylthiobutylglucosinolate
S-oxygenase: GS-OX1

coproporphyrinogen
III oxidase: HEMF1

mannose-6-
phosphate
isomerase:
AT3G02570.1

(3R)-3-hydroxy-
arachidoyl-CoA

1-acylglycerol-
3-phosphate O-
acyltransferase: ATS2

L-glutamate-5-
semialdehyde

(2E,6E)-farnesyl
diphosphate

[+ 3 isozymes]

(12Z,15Z)-9,10-
epoxyoctadeca-
12,15-dienoate

gibberellin20 3-
oxidase: GA3ox2

hydrogen peroxide

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

a 1,2-diacyl-sn-glycerol

arginase: ARGAH2

UDP-α-D-
glucuronate

uroporphyrinogen
decarboxylase:
AT3G14930.1

amino-acid N-
acetyltransferase:
AT4G37670.2

3-methyl-2-oxobutanoate
dehydrogenase (2-

methylpropanoyl-transferring)
<p: AT1G48030.1

UDP glycosyltransferase:
UGT76C1

glyoxylate
aminotransferase: AGT1

glt

a phosphatidylcholine

[+ 3 isozymes]

2-oxoadipate

beta-apo-10’-
carotenal cleavage
dioxygenase:
AT4G32810.1

[+ 3 isozymes]

malate dehydrogenase

caffeoyl-CoA O-
methyltransferase:
AT4G34050.1

D-erythrose
4-phosphate

CYP79F2 homomethionine
monooxygenase: AT1G16400.1

a palmitoyl-[acp]

abscisic acid
glucose ester
biosynthesis

caffeoyl-
CoA:quinate O-
(hydroxycinnamoyl)
transferase:
AT5G48930.1

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

[+ 10 isozymes]

4-(2’-carboxyphenyl)
-4-oxobutyryl-CoA

[+ 19 isozymes]

[+ 28 isozymes]

ornithine-δ-
aminotransferase:
δ-OAT

β-L-fucose
1-phosphate

IPP

isopentenyladenosine-
5’-triphosphate-
hydroxylase: AT5G52400.1

a thiohydroximate-
O-sulfate with a
terminal alkene

succinate
semialdehyde

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

2-phospho-
D-glycerate

α-D-mannose
1-phosphate

indole-3-butyryl-CoA

aspartate
transaminase: ACS12

a 3-oxo-
dodecanoyl-[acp]

myricetin

succinic
semialdehyde
dehydrogenase:
AT1G79440.1

CARBOHYDRATES BIOSYNTHESIS

o-succinylbenzoate
synthase:
AT1G68890.1

indole-3-acetate

guanylate kinase:
AT2G41880.1

pyruvate kinase: PKp1 PKp2

UDP-glucuronate
decarboxylase: UXS1

[+ 4 isozymes]

polyphosphate
2-kinase: IPK1

caffeate coenzyme
A ligase: 4CL2

UDP-glucose 4-
epimerase: UGE2

AMP

non-specific phospholipase
C5: AT3G03540.1

(3R)-3-hydroxy-
cerotoyl-CoA

(S)-4-
hydroxymandelonitrile

ω-3 fatty acid
desaturase: fad7

methylthioalkylmalate
isomerase: AT2G43100.1

α-D-galactose
1-phosphate

gibberellin A 20

β-L-arabinose
1-phosphate

alanine
biosynthesis III

[+ 2 isozymes]

[+ 5 isozymes]

3-oxo-cerotoyl-
CoA synthase:
AT1G25450.1

UDP-N-acetyl-D-
glucosamine

biosynthesis II

DMAPP:ATP/ADP
isopentenyltransferase: IPT1

agmatine
iminohydrolase: AIH

(9Z,15Z)-12,13-
epoxy-octadeca-
9,15-dienoate

methylthioalkylmalate
synthase: MAM3

linoleate
desaturase: fad3

L-saccharopine

[+ 10 isozymes]

13-DPG

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

3-hydroxy-3-
phenylpropanoyl-CoA

quercetin

GA9 carboxyl
methyltransferase:
GAMT2

2-oxo-3-
phenylpropanoate

uridine kinase/uracil
phosphoribosyltransferase: AT5G40870.1

ornithine
carbamoyltransferase

inositolphosphorylceramide
synthase: AT2G37940.1

3-isopropylmalate
dehydratase:
AT3G58990.1

1-naphthol glucoside

cyanidin

campesterol

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

glt

red chlorophyll
catabolite

[+ 2 isozymes]

D-myo-inositol
(1,2,3,6)

tetrakisphosphate

4α-formyl-stigmasta-
7,24(24

1

)-dien-3β-ol

[+ 2 isozymes]

glycerol-3-phosphate O-
acyltransferase: AT5G06090.1

phospholipase
A2: AT2G06925.1

cyanidin 3-O-[2"-
O-xylosyl) 6"-O
-(p-coumaroyl)

glucoside

alcohol O-acetyltransferase:
AT2G03140.2

CO 2

catalase: CAT2

sedoheptulose-1,7-
bisphosphatase: AT3G55800.1

Phosphatidylinositol-
3,5-bisphosphate
3-phosphatase:
AT3G10550.1

a 2,3,4-saturated fatty acyl-[acp]

uridine kinase/uracil
phosphoribosyltransferase:
AT5G40870.1

2C-methyl-D-
erythritol 2,4-
cyclodiphosphate
synthase: IspF

glyoxylate

non-specific
polyamine
oxidase: PAO1

Ins(2)P

a (3R)-3-
hydroxybutanoyl-[acp]

a hydroxyacyl-CoA

[+ 4 isozymes]

chlorophyll a degradation I

AT1G72640.1:
AT1G72640.1

indole-3-acetic acid
amido synthetase:
AT4G37390.1

cholesterol

ser

S-methyl-5’-thioadenosine

GTP

ribulose-bisphosphate
carboxylase: rbcS1B

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

aminodeoxychorismate
lyase: AT3G54970.1

3-methylthiopropanoate
biosynthesis

[+ 7 isozymes]

2-dehydropantoate

α-carotene

NADH:ubiquinone
reductase (H

+

-translocating)
: AT2G02050.1

serine
acetyltransferase: SAT3

a proanthocyanidin

3-oxo-2-(2’-
[Z]-pentenyl)
cyclopentane-1-
octanoate CoA
ligase: OPCL1

[+ 2 isozymes]

chlorophyll b reductase:
AT5G04900.1

phosphatidylserine
decarboxylase:
AT4G25970.1

4-methylumbelliferyl
glucoside

[+ 2 isozymes]

pyruvate

adenosine
kinase: ADK2

a (mannosyl) 7 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

carotenoid cleavage
dioxygenase: CCD1

[+ 3 isozymes]

hydrolase: AT5G53850.2

geranylgeranyl
pyrophosphate
synthase: GGPS4

hydrogen carbonate

quercetin 3-O
-rhamnoside-
7-O-glucoside

thiamin

orotidine 5’-
phosphate

[+ 5 isozymes]

tyrosine
transaminase:
AT5G53970.1

ω-hydroxycaprate

α-D-glucose
1-phosphate

(22S)-22-hydroxy-
campest-4-en-
3-one C-23
hydroxylase:
CYP90D1

Ins(4)P

[+ 3 isozymes]

γGluCys(IAN)Gly

flavonol
synthase: FLS

coniferaldehyde
glucoside

2-carboxy-
D-arabinitol

trans-zeatin

a 3-oxo-
octanoyl-[acp]

[+ 9 isozymes]

CYP79F1 tetrahomomethionine
monooxygenase: AT1G16410.1

aspartate transaminase: ASP2

[+ 8 isozymes]

[+ 3 isozymes]

trans-2-hexenal
reductase: AKR4C9

UDP

L-phenylalanine
monooxygenase: AT5G05260.1

heme oxygenase
(decyclizing): AT1G69720.1

[+ 3 isozymes]

adenosylhomocysteinase:
AT4G13940.1

[+ 4 isozymes]

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G08170.2

APS reductase: APR1

indole-3-acetonitrile

cis-zeatin-9-N-glucoside

alanine:glyoxylate
transaminase: AGT1

(S)-malate

[+ 2 isozymes]

γ-glutamylcyclotransferase:
AT5G46720.1

fumarate hydratase: FUM1

β-D-fructofuranose

γ-glutamyltransferase:
AT4G39650.1

CDP-choline:1,2-diacylglycerol
cholinephosphotransferase:
AT1G13560.1

CDP-choline:1,2-diacylglycerol
cholinephosphotransferase:
AT1G13560.1

methylglyoxal

24-epi-campsterol
desaturase: CYP710A1

3-phosphoinositide biosynthesis

Dol-P-Man:Man 5
GlcNAc 2 -PP-Dol α-1,3-
mannosyltransferase:
AT2G47760.1

a homogalacturonan

1-naphthol
glucoside 6’-O
malonyltransferase:
AT5G39050.1

lathosterol
oxidase: DWF7

(E)-β-ocimene
synthase: TPS03

rubusoside
glt

isopentenyladenine-
9-N-glucoside

hydroxymethylbilane

nucleoside-
diphosphatase:
AT1G14240.1

DMAPP

pseudoionone

a malonyl-[acp]

5-methylthiopentylhydroximoyl-
glutathione

[+ 8 isozymes]

superpathway of
carotenoid biosynthesis

indole-3-acetate

4α-hydroxymethyl,4β,14α-
dimethyl-9β,19-cyclo-

5α-cholest-24-en-3β-ol

inositol-tetrakisphosphate
1-kinase: AT2G43980.1

4-hydroxyphenylpyruvate
dioxygenase: PDS1

indole-3-acetaldehyde
oxidase: AAO4

3β-hydroxylsteroid
dehydrogenase

UMP

trans-caffeate

[+ 3 isozymes]

3-hydroxy-β-ionone

cycloartenol

3R-hydroxyacyl-
CoA dehydratase:
AT1G76150.1

asp

(R)-4’-
phosphopantothenate

1-18:3-2-18:3-
digalactosyldiacylglycerol

2-oxoglutarate

transketolase: AT3G60750.1

phosphopyruvate
hydratase:
AT1G74030.1

pro

phosphoglycerate
kinase: AT3G12780.1

GDP-L-galactose
phosphorylase:
VTC5

L-ascorbate
peroxidase: APX1

[+ 5 isozymes]

N-acetyl-γ-
glutamyl-phosphate

reductase:
AT2G19940.1

(E)-β-ocimene

(3S)-2,3-epoxy-2,3-
dihydrosqualene

3-dehydro-6-
deoxoteasterone

H 2 O

Ins(1,4,5)P 3  5-
phosphatase: 5PTase13

superpathway
of aspartate and

asparagine biosynthesis

N-dimethylethanolamine
phosphate

[+ 4 isozymes]

NAD
+

 synthase
(glutamine-
hydrolysing):
AT1G55090.1

APS kinase: AT2G14750.1

sulfate

methylesterified 1,4-
α-D-galacturonosyl

indole-3-methyl-
desulfoglucosinolate
sulfotransferase:
AtSOT16

dihydrozeatin

4-hydroxyphenylpyruvate

OPC8-3-ketoacyl-
CoA thiolase: KAT2

UDP-N-acetyl-α-
D-glucosamine

a xylogalacturonan

sinapate

gibberellin A 1

benzyladenine

episterol

cyanidin 3-(p-
coumaroyl)
-glucoside

kaempferol-
3-glucoside

nicotianamine

UDP-glucosyl
transferase:
AT1G05680.1

D-erythrose 4-phosphate

dihydrofolate
synthetase: DFA

pyruvate kinase: PKp1 PKp3

[+ 2 isozymes]

an L-cysteinyl-
[tRNA

cys

]

2-hydroxy-5-(methylthio)-3-
oxopent-1-enyl 1-phosphate

6-phosphofructokinase:
AT5G61580.1

glutamate-
tRNA ligase:
AT5G64050.1

(S)-NADHX

UDP-glucose
pyrophosphorylase:
AT3G03250.1

sinapaldehyde
glucoside

D-sorbitol

Cu
2+

3-cyanoalanine
hydratase: NIT4

L-tryptophan N-
monooxygenase:
CYP79B2

histidinol

glutamate
biosynthesis V

phenylacetonitrile oxide

ornithine
carbamoyltransferase:
OTC

[+ 5 isozymes]

1,2-dihydroxy-5-(methylthio)
pent-1-en-3-one

phosphomevalonate
kinase: AT1G31910.1

2-oxoglutarate

[+ 5 isozymes]

trans-zeatin
riboside triphosphate

H
+

methionine
adenosyltransferase:
SAM-1

glucosinolate S-oxygenase: GS-OX2

18-hydroxyoleate

[+ 2 isozymes]

syringetin
biosynthesis

2-trans,-6-
trans-farnesyl

monophosphate

(S)-(+)-allantoin

acrolein aldehyde
reductase: AKR4C9

arogenate
dehydratase:
AT5G22630.1

glt

flavonoid 3’-
monooxygenase:
CYP75B1

pyruvate

homocysteine
and cysteine

interconversion

thalianol
synthase: THAS1

brassinolide 23-O-
glucosyltransferase:

UGT73C5

amylopectin

xyloglucan 6-
xylosyltransferase:
CSLC4

4-hydroxyphenylpyruvate
dioxygenase: PDS1

prephenate dehydratase: AT1G11790.1

a very-long-
chain aldehyde

hydroxyethylthiazole
kinase: AT3G24030.1

isopentenyl
adenosine

D-ribose 5-
phosphate

myo-inositol
1-phosphate
monophosphatase:
VTC4

4α-formyl,4β,14α-
dimethyl-9β,19-cyclo-
5α-ergost-24(24

1

)-
en-3β-ol-4α-methyl
oxidase: AT4G12110.1

soyasapogenol B

[+ 2 isozymes]

UTP:galactose-
1-phosphate
uridylyltransferase:
AT5G18200.1

Dol-P-Glc:Glc 2

Man 9 GlcNAc 2

-PP-Dol α-1,2-
glucosyltransferase:
AT5G02410.1

benzyladenine-
9-N-glucoside

a 5,10-methylene-
tetrahydrofolate

(R)-2,3-dihydroxy-
3-methylpentanoate

a phosphatidyl-N-
methylethanolamine

hydroxymethyldihydropterin
pyrophosphokinase/
dihydropteroate
synthase: HPPK/DHPS2

uridine
nucleosidase: URH1

methyl indole-
3-acetate

interconversion

thiamin
pyrophosphokinase:
TPK2

α-D-glucose
6-phosphate

an L-1-
phosphatidylglycerol-

phosphate

sulfite

pyruvate

fructose-
bisphosphatase:
AT5G64380.1

N-acetyl-L-
glutamate

2-C-methyl-D-erythritol-
2,4-cyclodiphosphate

stachyose

UDP-β-L-
arabinopyranose

all-trans-hexaprenyl
diphosphate
synthase: SPS2

S-ureidoglycine

[+ 2 isozymes]

long-chain fatty
acid ω-hydroxylase:
CYP704B1

hypoxanthine
dehydrogenase:
AT4G34890.1

UDP-
glucose:sinapaldehyde 4-
β-D-glucosyltransferase:

AT3G50740.1

geranylgeranyl
reductase:
AT1G74470.1

glycerol kinase:
AT1G80460.1

a thiohydroximate-
O-sulfate

succinate dehydrogenase
(ubiquinone): SDH7B

an N
10

-formyl-
tetrahydrofolate

trans-2-enoyl-CoA
reductase (NADPH)
: AT3G45770.1

quercetin O-
methyltransferase:
AT4G26220.1

4α-carboxy-stigmasta-
7,24(24

1

)-dien-3β-
ol dehydrogenase/
C4-decarboxylase:
AT2G33630.1

folylpolyglutamate
synthetase: AT5G05980.1

aconitase: ACO1

[+ 2 isozymes]

(2R,3S)-3-
isopropylmalate

caffeate o-
methyltransferase:
OMT1

feruloyl-CoA

8-methylthiooctyldesulfoglucosinolate
sulfotransferase: AtSOT16

N-methylethanolamine
phosphate

Sesamin synthase:
AT5G10600.1

phosphopyruvate
hydratase: AT2G29560.1

leucine
degradation I

indole glucosinolate
methyltransferase:
AT1G21100.1

pyridoxal
kinase: SOS4

[+ 4 isozymes]

kinetin

lutein

TMTT synthase:
CYP82G1

threonine
synthase: MTO2

SAH

UDP-D-glucose/
UDP-D-galactose
4-epimerase: UGE1

UDP-glucosyl
transferase:
AT1G05680.1

verbascose

butyryl-
[acp]:malonyl-[acyl-
carrier protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

[+ 5 isozymes]

chelirubine

[+ 7 isozymes]

AT3G13450.1: AT3G13450.1

4-benzoyloxybutylglucosinolate

1-hydroxy-2-methyl-2-(E)
-butenyl 4-diphosphate
reductase: IspH

ferulate coenzyme
A ligase: 4CL1

[+ 4 isozymes]

[+ 2 isozymes]

argininosuccinate
lyase

UDP-arabinose 4-
epimerase: UGE1

[+ 2 isozymes]

6α-hydroxy-
castasterone

UTP and CTP
dephosphorylation I

arabinose
kinase: ARA1

arogenate
dehydrogenase:
AT1G15710.1

[+ 7 isozymes]

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

cyanidin 5-O-
β-D-glucoside

phospholipase C: AtPLC1

bisnoryangonin
synthase: PKSA

methylthioalkylmalate
dehydrogenase: AtIMD1

2-cis,6-trans
,10-trans-

geranylgeranyl
diphosphate

26-hydroxycastasterone

a (3R)-3-
hydroxyacyl-CoA

ATCG00720.1: ATCG00720.1

phenolic malonylglucosides biosynthesis

[+ 10 isozymes]

dihydrodipicolinate
synthase:
AT3G60880.2

flavonol 3-O-
glucosyltransferase:
UGT76E12

F6P

[+ 3 isozymes]

UDP-glucose
pyrophosphorylase:
AT3G03250.1

γ-glutamyl cycle (plant pathway)

[+ 2 isozymes]

[+ 3 isozymes]

spermidine:4-
coumaroyl-CoA N-
acyltransferase:
AT2G19070.1

biotin synthase: bio2

enoyl-CoA
hydratase:
AT3G06860.1

ATP

an oleoyl-[acp]

[+ 8 isozymes]

[+ 10 isozymes]

[+ 6 isozymes]

gibberellin 20-
oxidase: GA20ox2

but-1-en-3-one

1-phosphatidylinositol
4-kinase: AT1G49340.2

ursolate
biosynthesis

acetol

omega-6-oleate
desaturase: fad2

chitotriose

enoyl-CoA reductase: CER10

kaempferol 3-
gentiobioside 7-O-
rhamnosyltransferase:
UGT89C1

an N
5

-formyl-
tetrahydrofolate

nicotinate phosphoribosyltransferase:
AT4G36940.1

an L-aspartyl-
[tRNA

Asn

]

branched-chain amino
acid aminotransferase:
Atbcat-1

fructokinase:
AT1G47840.1

matairesinol
biosynthesis

ammonium

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

histidinol-phosphate
phosphatase: HISN7

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

N-(5-phosphoribosyl)
-anthranilate

N-hydroxy-L-tyrosine

biotin-[acetyl-CoA-
carboxylase] ligase:
AT1G37150.2

eugenol synthase:
AT1G75300.1

malate
dehydrogenase
(NAD)

UDP

leu

[+ 3 isozymes]

phosphatidate
cytidylyltransferase:
AT3G47630.2

asparaginase:
AT5G08100.1

7,8-dihydrofolate
monoglutamate

val

AT5G05920:
AT5G05920.1

asp

proline
dehydrogenase:
AT5G38710.1

6-methylthiohexylglucosinolate

polyphosphate
6-kinase: IPK2β

campest-4-en-3-one

monodemalonylsalvianin

flavonol 7-O-
glucosyltransferase:
UGT73B2

an S-sulfanyl-[L-
cysteine desulfurase]

aldose 1-epimerase:
AT5G15140.1

gibberellin 20-
oxidase: GA20ox1

carotenoid cleavage

GGPP

citrate

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

δ-carotene

argininosuccinate
lyase

dihydroneopterin
triphosphate
pyrophosphohydrolase:
AT1G68760.1

OTHER

thr

phosphoenolpyruvate

2-oxo-9-methylthiononanoate

a long-chain
fatty acid

[+ 2 isozymes]

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G18170.1

[+ 2 isozymes]

3-dehydro-6-
deoxoteasterone 6-
oxidase: CYP85A1

fructokinase: AT1G50460.1

alkylthiohydroximate C-
S lyase: AT2G20610.1

UDP-α-D-galactose

catalase: CAT3

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

6-phosophogluco-
3-phosphogluco-

starch
phosphatase: SEX4

trp

indole-5,6-quinone

CTP synthase:
AT4G20320.1

an acetoacetyl-[acp]

tRNA
gln

7-methylthioheptylhydroximate

(Z)-indol-3-
ylacetaldoxime

phosphoribosylformylglycinamidine
synthase: AT2G46308.1

glycerol

4-coumarate-
CoA ligase: 4CL2

9-cis-
epoxycarotenoid
dioxygenase:
NCED3

UDP-glucose:thiohydroximate S-
glucosyltransferase: AT1G24100.1

(+)-piperitol

a glucuronoxylan

glutaryl-CoA

trans-2-pentenal
reductase: AT1G54870.1

dTDP-L-
rhamnose

biosynthesis II

α-D-glucose 6-phosphate

all-trans
neurosporene

glutamine
degradation I

7-methylthioheptanonitrile oxide

soyasaponin III

phospholipase A2: AT2G06925.1

glucose-6-
phosphate
isomerase:
AT5G42740.1

[+ 3 isozymes]

[+ 2 isozymes]

cycloeucalenone

cinnamate
esters

biosynthesis

CAIR

dihydroxyacid
dehydrogenase:
AT3G23940.1

dTDP-4-dehydro-
6-deoxy-α-D-

glucopyranose

S-methyl-5-thioribose
kinase: AT1G49820.1

an [eIF5A]-hypusine

dUMP

spermidine
synthase: SPDS3

[+ 9 isozymes]

[+ 2 isozymes]

nucleotidase: AT5G63980.1

glutamate
biosynthesis II

abscisic acid
8’-hydroxylase:
CYP707A4

branched-chain-
amino-acid
transaminase:
Atbact-5

callose
biosynthesis

serine
palmitoyltransferase:
AT4G36480.1
AT5G23670.1

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

caffeoylshikimate

AMINOACYL-
TRNA CHARGING

ent-copalyl
diphosphate
synthase: CPS

MEP

nucleoside-
diphosphatase:
AT1G14240.1

antheraxanthin
deepoxidase: NPQ1

myo-inositol
oxygenase: MIOX4

1-(5-phospho-β-D-ribosyl)-
5-[(5-phosphoribosylamino)
methylideneamino]imidazole-

4-carboxamide

[+ 18 isozymes]

IMP dehydrogenase:
AT1G79470.1

a phosphate
monoester

a 2-trans-4-cis
-dienoyl-CoA

aconitase: ACO1

chrysoeriol
biosynthesis

tocopherol O-
methyltransferase:
AT3G23300.1

a 3-oxo-
myristoyl-[acp]

glutathioselenol

eriodictyol

(S)-dihydroorotate

dihydrolipoyl
dehydrogenase:
AT1G48030.1

(E)-beta-ocimene
synthase: AT3G25830.1

esculin

UMP synthase
(orotidine-5’-
phosphate
decarboxylase
activity):
AT3G54470.1

benzaldehyde

indole-3-acetyl-
phenylalanine
synthetase:
AT2G23170.1

ajugose
biosynthesis
I (galactinol-
dependent)

uroporphyrin-III C-
methyltransferase:
AT5G40850.1

malate
synthase: MLS

[+ 2 isozymes]

homocysteine S-
methyltransferase:
AT3G25900.1

enoyl-CoA
hydratase:

AT3G06860.1

threonine synthase:
AT1G72810.1

PLP

ethanolamine

ethylene
biosynthesis

I (plants)

geranylgeranyl-
chlorophyll a

long-chain-
alcohol O-fatty-
acyltransferase:
AT5G37300.1

2-phenylethanol

CDP

cyanate degradation

H
+

-transporting
two-sector ATPase:
AT4G25950.1

a tRNA
ser

NAD
+

dihydrolipoyl dehydrogenase:
AT1G48030.1

[+ 3 isozymes]

enolase:
AT2G36530.1

adenine
phosphoribosyltransferase:
AT4G22570.1

ferredoxin-nitrite
reductase: NiR

acetyl-CoA

pyruvate
decarboxylase:
AT4G33070.1

4-methoxy-3-
indolylmethylisothiocyanate

ajugose

3-cyano-L-alanine

(5α)-campestan-
3-one hydroxylase:
AT5G14400.1

tetrahydrogeranylgeranyl-PP

3-methylthiopropyl-desulfoglucosinolate
sulfotransferase: AtSOT18

polygalacturonase:
AT4G20050.1

UDP-glucose 4-
epimerase: UGE5

Ins(1,3,4)P 3

5-kinase:
AT5G16760.1

CDP-choline:1,2-diacylglycerol
cholinephosphotransferase:
AT1G13560.1

dephospho-CoA
kinase: AtCoaE

glt

[+ 2 isozymes]

5-methylthiopentylhydroximate

glutamate-5-
semialdehyde
dehydrogenase:
AT3G55610.1

glyoxylate cycle

a 3-oxo-
octanoyl-[acp]

a 1-phosphatidyl-
1D-myo-inositol

5-phosphate

pyrroline-5-
carboxylate
reductase: P5C1

a tRNA
leu

hydrogen carbonate

[+ 26 isozymes]

CYP83A1 phenylacetaldoxime
monooxygenase: AT4G13770.1

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

FGAR

gibberellin 1 2-
beta-dioxygenase:
GA2ox6

salicylate
biosynthesis II

D-myo-inositol
(1,3,4)-trisphosphate

allyl alcohol

(+)-taxifolin

UDP-glucose 6-
dehydrogenase:
AT3G29360.1

raffinose α-
galactosidase: SIP2

benzaldehyde

ATP sulfurylase: APS4

β-D-ribosylnicotinate

3-isopropylmalate
dehydrogenase: AtIMD2

jasmonic acid
biosynthesis

glutathione
synthetase:
AT5G27380.1

acetoacetyl-CoA
thiolase: AACT1

choline-phosphate
cytidylyltransferase:
AT4G15130.1

SAM

β-alanine betaine

[+ 2 isozymes]

[+ 5 isozymes]

2,4-dihydroxycinnamoyl-
CoA

AT4G38510

[+ 4 isozymes]

4-coumaroyl-
CoA:quinate O-
(hydroxycinnamoyl)
transferase:
AT5G48930.1

amine N-
methyltransferase:
AT3G53140.1

[+ 2 isozymes]

dehydroquinate
dehydratase:
AT3G06350.1

γ-glutamyl
hydrolase:
AT1G78670.1

sphinganine
1-phosphate

AT5G55630.1

asparagine
synthase (glutamine-
hydrolyzing): ASN1

2-isopropylmalate
synthase: MAM3

D-myo-inositol-
5-phosphate
metabolism

SAH

aliphatic glucosinolate
biosynthesis, side

chain elongation cycle

glutamate-1-
semialdehyde 2,1-
aminomutase: GSA1

inosine

ent-kaurenoate
oxidase: KAO1

sn-glycerol
3-phosphate

[+ 3 isozymes]

succinate:ubiquinone oxidoreductase:
SDH1-1 SDH2-2 SDH3-2 SDH4

SDH5 SDH6 SDH7A SDH8 SDH7B

[+ 5 isozymes]

[+ 6 isozymes]

xanthosine
nucleosidase: URH1

dUMP

starch degradation II

all-trans-
heptaprenyl
diphosphate

3-hydroxy-3-
phenylpropanoyl-CoA

5-formyltetrahydrofolate
cyclo-ligase:
AT2G20830.2

ε,ε-carotene-3-diol

caffeoyl-CoA

[+ 2 isozymes]

[+ 2 isozymes]

dihydrozeatin

Ins(1,4,5)P 3

1-18:1-2-16:3-
monogalactosyldiacylglycerol

1-18:3-2-16:3-
monogalactosyldiacylglycerol

ACETYL-COA
BIOSYNTHESIS

6,7-dimethyl-8-
ribityllumazine
synthase: AT2G44050.1

acyl-lipid thioesterase:
AT1G68260

cyanase:
AT3G23490.1

5-methylthiopentylglucosinolate
S-oxygenase: GS-OX2

triose-phosphate isomerase: AT3G55440.1

a jasmonic acid

serine
acetyltransferase: SAT5

sterol 24C
methyltransferase: SMT3

nucleotidase:
AT5G63980.1

1-18:1-2-trans-16:1-
phosphatidylglycerol

1-phosphatidylinositol-
4-phosphate 5-
kinase: AT4G01190.1

(S)-2-aceto-2-
hydroxybutanoate

prephenate

glutamate dehydrogenase
(NADH-dependent)
: AT5G18170.1

[+ 8 isozymes]

[+ 3 isozymes]

L-histidinol-phosphate

phosphoglucose
isomerase: PGI1

2-iminobutanoate

indol-3-ylmethyl-
cysteine

1-naphthol 6’-O-
malonylglucoside

(E)-2,4-
dihydroxycinnamate

pyrroline-5-
carboxylate
reductase: P5C1

pyridoxal 5’-phosphate salvage I

GMP

phosphoryl-ethanolamine

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

UDP-glucosyl
transferase:
AT1G05680.1

α-D-galacturonate
1-phosphate

[+ 3 isozymes]

D-myo-inositol
(1,2,4,5,6)-

pentakisphosphate

triose-phosphate
isomerase:
AT3G55440.1

nucleoside-triphosphate
diphosphatase: AT4G13720.1

trans-zeatin

arginine-
tRNA ligase:
AT4G26300.1

gly

acyl-CoA
oxidase: ACX1

UDP-D-glucose/
UDP-D-galactose
4-epimerase: UGE1

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

acireductone dioxygenase
[iron(II)-requiring]: AT4G14710.5

nicotianamine
synthase:
AT1G09240.1

casbene synthase:
AT3G13030.1

sulfite

L-tryptophan:2-oxoglutarate
aminotransferase: TAA1

L-phenylalanine:pyruvate
aminotransferase: TAA1

2-phospho-
D-glycerate

dihydrocamalexic
acid decarboxylase:
CYP71B15

trans-2-hexenal
reducatase: ChlADR

β-D-glucose
6-phosphate

asparagine
synthase (glutamine-
hydrolyzing): ASN2

stachyose

phosphatidate metabolism,
as a signaling molecule

methylglyoxal
reductase: SDR2

formate
oxidation

to CO 2

[+ 3 isozymes]

anthranilate
synthase:
AT5G57890.1

acetoacetyl-CoA
thiolase: AACT1

a (mannosyl) 5 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

phosphoserine
transaminase:
AT2G17630.1

methylthioalkylmalate
isomerase: AT4G13430.1

episterone

N-acetylglutamyl-
phosphate

ω-6 fatty acid
desaturase: fad6

leu

4-aminobenzoate
biosynthesis

glycolipid desaturation

inositol-polyphosphate 5-
phosphatase: 5PTase12

chorismate mutase:
AT1G69370.1

a fatty acid

[+ 2 isozymes]

flavonoid 3-
hydroxylase:
CYP75B1

D-glycerate

Ins(1,2,3,4,5,6)P 6

folylpolyglutamate
synthetase: AT3G55630.3

GDP-L-galactose
biosynthesis

phytochromobilin:ferredoxin
oxidoreductase: AT3G09150.2

UDP-D-glucose/
UDP-D-galactose
4-epimerase: UGE1

myo-inositol
biosynthesis

[+ 4 isozymes]

pyruvate kinase:
PKp1 PKp2

HMG-CoA

L-homomethionine

ribose-5-phosphate
isomerase:
AT2G01290.1

3-(5’-methylthio)
pentylmalate

long-chain-fatty-
acid-CoA ligase:
AT5G27600.1

phospholipase
D: PLD delta

a 2,3,4-saturated
fatty acid

4α-formyl-ergosta-
7,24(24

1

)-dien-3β-ol

18-hydroxyoleate

succinate

L-gulonate

indole-3-
butenoyl-CoA

Dol-P-Man:Man 7

GlcNAc 2 -PP-Dol α-1,6-
mannosyltransferase:
AT1G02145.3

aldehyde
dehydrogenase
(NAD

+

):
AT1G44170.1

naringenin-
chalcone synthase:
AT5G13930.1

4-coumaryl-CoA

CDP-choline

coniferin β-
glucosidase:
AT4G21760.1

acetyl-CoA

1D-myo-inositol hexakisphosphate
biosynthesis III (Spirodela polyrrhiza)

cis-3-hexenal

UDP-α-D-galactose

an exposed
unphosphorylated,
unbranched malto-
oligosaccharide

tail on amylopectin

ferrochelatase:
AT5G26030.1

trans-caffeate

[+ 5 isozymes]

acetyl-CoA

a biotinylated
[BCCP monomer]

[+ 4 isozymes]

phosphopyruvate
hydratase:
AT1G74030.1

UDP-galactose:DAG
galactosyltransferase: MGD3

a very long chain
fatty acyl-CoA

aconitase: ACO1

12,13(S)-
epoxylinolenate

NUCLEOSIDES AND NUCLEOTIDES DEGRADATION

AT5G09300.1:
AT5G09300.1

[+ 3 isozymes]

superpathway of lipid-
dependent phytate biosynthesis

betaine aldehyde
dehydrogenase:
ALDH10A9

an (N-
acetylglucosaminyl)
2 -diphosphodolichol

fatty acid α-dioxygenase

a phosphatidylcholine

diphosphoinositol-
pentakisphosphate
kinase: AT3G01310.1

(2E,6E)-farnesyl
diphosphate
synthase: GGPS6

1-pyrroline-
5-carboxylate
dehydrogenase:
AT5G62530.1

L-glutamine
biosynthesis II

(tRNA-dependent)

[+ 5 isozymes]

[+ 10 isozymes]

molybdenum
cofactor
sulfurase: ABA3

IMP

typhasterol

N-carbamoylputrescine

an acyl-
carrier protein

[+ 3 isozymes]

FERMENTATION

cinnamyl-alcohol
dehydrogenase:
AT4G37980.1

ribose-phosphate
diphosphokinase:
AT2G44530.1

D-myo-inositol
(1,3,4)-trisphosphate

5-methyl-phenazine-
1-carboxylate N-
methyltransferase:
AT4G15765.1

(+)-
secoisolariciresinol

UDP-glucosyl
transferase:
UGT73C1

2-naphthol glucoside

dTDP

fumarate hydratase: FUM1

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

3-oxoacyl-[acyl-
carrier protein]
synthase:
AT1G74960.2

acyl-ACP
thioesterase:
AT1G08510.1

leucine-tRNA
ligase: AT4G04350.1

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

argininosuccinate
lyase: AT5G10920.1

gln

malate dehydrogenase (NAD): cMDH

tyr

[+ 6 isozymes]

[+ 3 isozymes]

indole-3-acetamide
amidohydrolase:
AT1G08980.1

[+ 2 isozymes]

cis-caffeate

fatty acid ω-
hydroxylase:
CYP94C1

AT1G58265.1:
AT1G58265.1

pseudouridylate
synthase:
AT1G20370.1

castasterone

glutamine synthetase: GLN1;3

AT4G02610.1:
AT4G02610.1

thiamin pyrophosphokinase: TPK2

ascorbate glutathione cycle

iron regulated
transporter:
AT4G19680.2

OPC6 acyl-CoA
oxidase: ACX1

3-isopropylmalate
dehydrogenase:
AT1G80555.1

squalene
epoxidase: SQE1

3-hydroxyacyl-ACP
dehydratase: AT2G22230.1

geranylgeranyl
reductase:
AT1G74470.1

anthocyanidin 3-O-
glucosyltransferase:
UGT78D3

a homogalacturonan

aspartate kinase:
AK-HSDH2

glycerol

phosphoenolpyruvate
carboxylase: PPC3

[+ 2 isozymes]

indole
O-acetylserine
(thiol) lyase: oasA1

9-cis-
epoxycarotenoid
dioxygenase:
NCED9

triferuloyl spermidine

phenylalanine biosynthesis
(cytosolic, plants)

[+ 10 isozymes]

serine-tRNA ligase:
AT5G27470.1

brassinolide
sulfotransferase:

AT2G14920.1

a (mannosyl) 9 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

agmatine

dimethylallyltrans
transferase: GGPS4

4-coumaryl alcohol

K
+

4α,14α-dimethyl-
9β,19-cyclo-5α-

cholest-24-en-3β-ol

a 1,2-diacyl-sn-
glycerol 3-phosphate

nitrile-specifier
protein: AtNSP5

succinic semialdehyde
dehydrogenase:
AT1G79440.1

aldehydo-D-
galacturonate

[+ 26 isozymes]

3-ketoacyl-CoA synthase: AT4G34510.1

dTDP-α-D-glucose

[+ 3 isozymes]

12-hydroxydihydrochelirubine

NAD
+

 diphosphatase: AT1G68760.1

GDP-D-
mannose-3",5"-
epimerase: GME

ferredoxin-NADP
+

 reductase: AT5G66190.1

(S)-reticuline

glt

glucose-1-phosphate
adenylyltransferase:
ApS1

galacturonic acid-
1-phosphate kinase:
AT3G10700.1

(E)-6’-
hydroxyferulate

GA 20  carboxyl
methyltransferase:
GAMT1

methylglyoxal
degradation I

lauroyl-CoA

glutathione gamma-
glutamylcysteinyltransferase:
AT4G39650.1

(E,E)-geranyllinalool

16-hydroxypalmitate
in-chain fatty
acid hydroxylase:
CYP77A6

glutamate-1-semialdehyde
aminotransferase:
AT3G48730.1

glycerophosphodiester
phosphodiesterase:
AT1G74210.1

geranylgeranyl
pyrophosphate
synthase: GGPS4

2,4-divinyl
protochlorophyllide a

NAD+-dependent isocitrate
dehydrogenase regulatory subunit: IDH-I

a xenobiotic

molybdopterin-synthase
adenylyltransferase:
AT5G55130.1

polyphosphate
5-kinase: IPK2β

acyl-CoA:diacylglycerol
acyltransferase: TAG1

coniferyl alcohol

2-dehydropantoate

uroporphyrinogen-III

glycerol-3-
phosphate
dehydrogenase
(NAD+): GPDHp

gibberellin 20-
oxidase: GA20ox3

UDP-α-D-
glucuronate

serine racemase:
AT4G11640.1

hydroxymethylglutaryl-
CoA lyase: AT2G26800.2

all-trans-
heptaprenyl
diphosphate
synthase: SPS1

lipid-A-disaccharide
synthase:
AT2G04560.1

myo-inositol

[+ 2 isozymes]

4-methylumbelliferyl
glucoside 6’-O
malonyltransferase:
AT5G39050.1

antheraxanthin

[+ 4 isozymes]

precorrin-1

glutamate
removal

from folates

farnesylcysteine
lyase: FCLY

NADP-malic
enzyme: NADP-ME4

cystathionine
β-synthase:
AT1G55880.1

fructose 2,6-
bisphosphate
biosynthesis

6α-hydroxy-
castasterone C6-
oxidase: CYP85A1

AMINO ACIDS BIOSYNTHESIS

carbamate kinase

L-galactono-
1,4-lactone

glycerol-3-phosphate O-
acyltransferase: GPAT1

starch, water
dikinase: GWD

salicylate

[+ 2 isozymes]

a very long
chain alcohol

D-ribose 5-phosphate

8-methylthiooctylhydroximoyl-glutathione

rebaudioside B

chitinase: ChiC

trans-cinnamate

glutathione
transferase:
AT1G19570.1

F6P

pyruvate kinase:
PKp1 PKp3

crotonaldehyde
redutase: AOR

tocopherol O-
methyltransferase:
AT3G23300.1

acetylornithine
transaminase:
AT1G80600.1

AT2G43840.1:
AT2G43840.1

3-deoxy-7-
phosphoheptulonate
synthase: AT1G22410.1

[+ 5 isozymes]

β-alanine

pyridoxine
5’-phosphate

adenine
phosphoribosyltransferase:
AT1G27450.3

long-chain fatty
acid ω-hydroxylase:
CYP704B1

9-cis-β-carotene
9’,10’-cleavage
dioxygenase:
AT2G44990.1

5,6-dihydroxyindole-
2-carboxylate

4-coumarate-
CoA ligase: 4CL1

UDP-glucuronate
decarboxylase: UXS3

4-methylsulfinylbutyl glucosinolate

chlorophyllide
a biosynthesis

I (aerobic, light-
dependent)

phospholipase D: PLD delta

glucokinase:
AT1G50460.1

arogenate
dehydratase:
AT2G27820.1

myo-inositol 3-phosphate
monophosphatase: HISN7

[+ 2 isozymes]

uracil

lanosterol synthase:
AT3G45130.1

cinnamyl-alcohol
dehydrogenase:
AT2G21890.1

2-hydroxylamino-
4,6-dinitrotoluene-

O-glucoside

[+ 2 isozymes]

[+ 3 isozymes]

chlorophyllase:
CLH2

2-oxo-4-methylthiobutanoate

diaminopimelate
epimerase:
AT3G53580.1

threonine
synthase: MTO2

a reduced
thioredoxin

phosphoenolpyruvate

[+ 2 isozymes]

cytokinin trans-
hydroxylase: CYP735A1

3-hydroxyisobutyrate
dehydrogenase:
AT4G20930.1

phosphoglucomutase:
PGM

ω-6-oleate
desaturase: fad2

ala

gibberellin inactivation II (methylation)

3-(2-propenoic
acid)-4,6-hydroxy

cyclohexa-
2,5-dienone

asparagine
synthase (glutamine-
hydrolyzing): ASN3

all-trans-nonaprenyl
diphosphate

2-oxo-8-methylthiooctanoate
farnesyltranstransferase: FTA

hexokinase: HXK1

aldehyde dehydrogenase
(NAD

+

): ALDH2C4

H
+

a 1,2-diacyl-sn-
glycerol 3-phosphate

[+ 5 isozymes]

arginine
degradation
VI (arginase
2 pathway)

ATP sulfurylase: APS3

gibberellin 20-
oxidase: GA20ox3

1-18:2-2-16:3-
monogalactosyldiacylglycerol

15-cis-phytoene
desaturase:
AT3G09580.1

a 3-oxoacyl-[acp]

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G11030.1

galactinol synthase: GolS1

ω-3 fatty acid
desaturase: fad7

formaldehyde
oxidation II

(glutathione-
dependent)

glutamine
synthetase: GLN1;1

trans-zeatin
riboside diphosphate

flavonol 3-O-
glucosyltransferase:
UGT76E12

8’-hydroxyabscisate

beta-amyrin synthase:
AT1G78955.1

nitrate
reduction II

(assimilatory)

a leucoanthocyanidin

an L-glutaminyl-
[tRNA

gln

]

AT4G30110

N,N-dihydroxy-L-tryptophan

UDP-glucose:1,4-β-D-glucan 4-
β-D-glucosyltransferase: CesA3

CYP81F4
monooxygenase:
AT4G37410.1

glutathione

hydroxycinnamoyl-
CoA: shikimate/quinate
hydroxycinnamoyltransferase:
AT5G48930.1

carbamate kinase

dCDP

mannose-6-
phosphate 6-
reductase:
AT2G21250.1

9,10-epoxystearate

threonine synthase:
AT1G72810.1

homoserine
dehydrogenase:
AK-HSDH2

dihydroconiferyl
alcohol

arg

(+)-
dihydrokaempferol

DMAPP

L-alanine:2-oxoglutarate
aminotransferase: TAA1

glt

2-oxoadipate

1-acylglycerol-3-phosphate O-
acyltransferase: AT1G51260.1

long-chain-fatty-acid-
CoA ligase: AT5G27600.1

L-selenocysteine

2-methyl-6-solanyl-
1,4-benzoquinone
methyltransferase:
VTE3 VTE3

violaxanthin

N-acetylglucosamine-
1-phosphate
uridylyltransferase:
AT1G31070.2

a castasterone-sulfate

[+ 4 isozymes]

adenylosuccinate
synthase:
AT3G57610.1

phosphatidylinositol
4,5-bisphosphate
lipase C

1-hydroxy-2-methyl-
2-(E)-butenyl
4-diphosphate
reductase: IspH

(3Z)-phytochromobilin

superpathway of sucrose and starch
metabolism I (non-photosynthetic tissue)

isoliquiritigenin

spermine
oxidase: PAO4

(3S)-2,3-epoxy-2,3-
dihydrosqualene

nitrate
reductase: NIA1

β-L-galactose
1-phosphate

asparagine
biosynthesis

III (tRNA-
dependent)

fatty-acyl-CoA
synthase:
AT5G10160.1

[+ 2 isozymes]

[+ 2 isozymes]

glutamate synthase
(ferredoxin-
dependent):
AT5G04140.2

an XLLG xylogulcan

a tRNA
ile

UTP:glucose-1-phosphate
uridylyltransferase:
AT5G52560.1

transketolase: AT2G45290.1

β-tocotrienol

trihydroxyferuloyl
spermidine

γ-L-glutamyl
5-phosphate

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.2

cis-zeatin riboside

butyrate-
CoA ligase:
AT3G16910.1

anthranilate
phosphoribosyltransferase:
AT5G17990.1

glutamate
dehydrogenase
[NAD(P)

+

]:
AT3G03910.1

ω-6 fatty acid
desaturase: fad6

UDP-α-D-
glucuronate

NAD
+

OPC4-trans-
2-enoyl-CoA
hydratase: AIM1

NADH kinase:
AT3G21080.1

(-)-pinoresinol
reductase:
AT1G32100.1

pyruvate dehydrogenase
(acetyl-transferring)
: AT1G59900.1

indole-3-acetate

β-L-arabinopyranose

cycloartenol 4α-methyl
oxidase: AT4G12110.1

ribonucleoside-
phosphate
reductase:
AT3G27060.1

magnesium
protoporphyrin IX
monomethyl ester
cyclase: CHL27

4-methoxy-3-
indolylmethyl-
glucosinolate

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

gibberellin 20 2-
oxidase: GA2ox4

AT2G36750.1:
UGT73C1

dihydroneopterin
aldolase: AT3G21730.1

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

AT5G28030.1:
AT5G28030.1

docosanedioate

3-sinapoyloxypropylglucosinolate

7-oxateasterone
synthase: CYP85A1

putrescine

[+ 2 isozymes]

ethanolaminephosphotransferase:
AT3G25585.2

8-methylthiooctylglucosinolate
S-oxygenase: GS-OX1

an L-1-
phosphatidylglycerol-

phosphate

tyr

pantothenate kinase:
AT4G32180.1

IAA
biosynthesis VII

arg

pyridoxamine

adenylate
dimethylallyltransferase: IPT8

all-trans-β-carotene

CYP83A1 8-methylthiooctanaldoxime
monooxygenase: AT4G13770.1

linoleate
desaturase: fad3

coniferyl aldehyde 5-
hydroxylase: FAH1

(-)-jasmonate

trehalose-
phosphatase: TPS6

chorismate mutase:
AT5G10870.1

6-deoxocathasterone

uracil phosphoribosyltransferase:
AT3G53900.2

2-carboxy-L-
threo-pentonate

a 1-phosphatidyl-1D-myo
-inositol 4,5-bisphosphate

AT2G43090.1:
AT2G43090.1

geranylgeranyl
pyrophosphate
synthase: GGPS3

glutamate-1-
semialdehyde

aconitase: ACO2

ent-kaurene
oxidase: GA3

dAdoMet

[+ 5 isozymes]

inositol-
tetrakisphosphate
5-kinase:
AT5G07370.1

Fe
2+

asn

nitrate

4-aminobutanoate

[+ 6 isozymes]

1,2-dipalmitoyl-
phosphatidylcholine

methylenetetrahydrofolate
dehydrogenase

(NADP
+

): AT2G38660.1

γ-tocotrienol
cyclase: VTE1 vte1

superoxide dismutase (Fe): FSD2

[+ 9 isozymes]

[+ 2 isozymes]

glutamine
synthetase: GLN1;1

[+ 3 isozymes]

(1,4)-β-xylan
degradation

UDP-3-O-(3-
hydroxymyristoyl)
glucosamine N-
acyltransferase:
AT4G21220.1

superpathway of UDP-glucose-derived
O-antigen building blocks biosynthesis

benzoate
biosynthesis III

(CoA-dependent,
non-β-oxidative)

asp

UDP-glucose:thiohydroximate
S-glucosyltransferase:
AT1G24100.1

ribulose bisphosphate
carboxylase: ATCG00490.1 rbcS2B

methylthioalkylmalate
synthase: MAM3

glutamate dehydrogenase
(NADH-dependent)
: AT5G07440.1

(4S)-limonene
synthase: AT3G25810.1

dCTP

4α-methyl-zymosterol

nucleoside-
triphosphatase:
AT5G66005.3

4α-hydroxymethyl-
5α-cholesta-

8,24-dien-3β-ol

a 2,3-cis-flavan-3-ol

porphobilinogen

[+ 6 isozymes]

a D-glucosyl-N-
acylsphinganine

UTP

D-myo-inositol
(1,3,4)-trisphosphate

[+ 7 isozymes]

aspartate
transaminase:
ACS10

6-methylthiohexanaldoxime

AMP

ferroheme b

(S)-(+)-allantoin

AT5G14400:
AT5G14400.1

benzylglucosinolate

homocysteine S-
methyltransferase:
AT3G63250.1

4-hydroxyphenylacetonitrile

1,4-dihydroxy-2-
naphthoyl-CoA

coenzyme A

thiol S-methyltransferase

(S)-propane-1,2-diol

UDP-glucosyl
transferase:
UGT73B4

D-threo-isocitrate
GMP

kaempferol

(+)-5-deoxystrigol

caffeoylglucarate
biosynthesis

valine degradation I

6-phosphofructokinase: AT4G29220.1

S-ureidoglycolate

gibberellin A 8

AT2G25160:
AT2G25160.1

linolenate 13S-
lipoxygenase: LOX6

[+ 2 isozymes]

L-aspartate oxidase:
AT5G14760.1

Ins(1,3,4)P 3

6-kinase:
AT5G16760.1

GGPP

tetraketide α-pyrone
synthase: PKSB

AT4G19690.2

CO 2

glt

methylthioalkylmalate
isomerase: AT2G43100.1

cys

N-dimethylethanolamine
phosphate

asp

arginase: ARGAH1

a phosphatidylcholine

[+ 3 isozymes]

GDP-α-D-mannose

CDP-ethanolamine

methanol

L-cystathionine

omega-3 fatty acid
desaturase: fad7

kaempferol 3,7-
O-diglucoside

chlorophyll a
biosynthesis I

D-glucopyranuronate

benzaldehyde
dehydrogenase:
AAO4

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT1G64400.1

putrescine

trans-neoxanthin

fructokinase:
AT3G20040.1

indole-3-acetate

transketolase:
AT2G45290.1

Cd
2+

phospholipase
D: PLD beta

amylopectin

diacylglycerol
kinase: AT5G63770.1

isopentenyl diphosphate
isomerase: IPP1

AT4G15110:
AT4G15110.1

GGPP

[+ 4 isozymes]

3,3’-diindolylmethane

AT1G20260.1

ethanol

a (3R)-3-
hydroxydecanoyl-[acp]

propanoate

D-ribulose 5-phosphate

GDP-Man:Man 1

GlcNAc 2 -PP-Dol α-1,3-
mannosyltransferase:
AT1G19710.1

imidazoleglycerolphosphate
dehydratase: HISN5A

UDP-α-D-
galacturonate

[+ 7 isozymes]

phosphoribosylglycinamide
formyltransferase:
AT1G31220.1

an N
5

-methyl-
tetrahydrofolate

glutamyl-tRNA
reductase:
AT2G31250.1

thalianol
hydroxylase: THAH

thiamin

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-1

a tRNA
val

IMP

[+ 10 isozymes]

UDP
glycosyltransferase:

UGT73C1

biotin biosynthesis
from 8-amino-7-
oxononanoate I

phosphatidylcholine acyl editing

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-1

a hexanoyl-[acyl-
carrier-protein]

a 1-acyl-sn-glycerol 3-phosphate

isochorismate
synthase: ICS1

glycolipid biosynthesis

putrescine
degradation IV

a [pyruvate dehydrogenase E2
protein] N

6

-dihydrolipoyl-L-lysine

3R-hydroxyacyl-
CoA dehydratase:
AT1G76150.1

chorismate

molybdenum cofactor biosynthesis

24-methylenelophenol
methyl oxidase:
AT1G07420.1

5-amino-6-(5-
phosphoribosylamino)
uracil reductase:
AT3G47390.1

gibberellin A 12

dolichyl-phosphate β-
glucosyltransferase:
AT2G39630.1

ser

UDP-glucose 4-
epimerase: UGE3

AT3G25820.1: TPS-Cin

dihydrofolate reductase:
AT2G16370.1

a fatty acid

D-ribulose
5-phosphate

GLYCOLYSIS

4-coumarate-
CoA ligase: 4CL2

uracil
phosphoribosyltransferase:
AT3G53900.2

monodehydroascorbate
reductase (NADPH)

: AT3G52880.2

sphinganine

ornithine
carbamoyltransferase

caffeoyl-
CoA:quinate O-
(hydroxycinnamoyl)
transferase:
AT5G48930.1

a chitodextrin

a long-chain alcohol

a (3R)-3-
hydroxybutanoyl-[acp]

(9Z,12Z)-15,16-
dihydroxyoctadeca-

9,12-dienoate

hypoxanthine

his

fructose-bisphosphatase:
AT5G64380.1

guanine deaminase:
AT5G28050.2

[+ 3 isozymes]

3-methyl-2-
oxobutanoate

marneral

quercetin-3-
rhamnoside-

7-rhamnoside

16-hydroxypalmitate

a [lipoyl-carrier
protein] N

6

-
lipoyl-L-lysine

DMNT synthase:
CYP82G1

laurate hydroxylase:
AT1G74110.1

asparaginyl-
tRNA synthase
(glutamine-
hydrolysing):
AT4G32915.1

Ins(3)P

N-carbamolyputrescine
amidohydrolase: NLP1

[+ 7 isozymes]

4-hydroxyphenylpyruvate

UDP-glucosyl
transferase:
UGT73B4

phosphopyruvate hydratase: AT2G29560.1

[+ 5 isozymes]

folylpolyglutamate
synthetase: AT5G05980.1

linoleate

glutamine-
tRNA ligase:
AT1G25350.2

citrate synthase: AT2G44350.2

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

a tetrahydrofolate

glyceraldehyde-3-phosphate
dehydrogenase (phosphorylating): GapC-2

ribulose bisphosphate
oxygenase:
ATCG00490.1 rbcS1A

indole-3-acetonitrile
nitrilase: NIT4

β-amyrin synthase: LUP2

[+ 4 isozymes]

salicylate
glucosides

biosynthesis III

[+ 20 isozymes]

gln

arginase: ARGAH1

flavonoid 3-
hydroxylase:
CYP75B1

thymidylate
synthase (FAD)
: AT3G55870.1

indole-3-glycerol-
phosphate
lyase: TSBType2

NADP-malic
enzyme: NADP-ME1

4-amino-2-methyl-5-
hydroxymethylpyrimidine
phosphate synthase: ThiC

alkylthiohydroximate C-
S lyase: AT2G20610.1

3-isopropylmalate
dehydrogenase: AtIMD2

1-phosphatidylinositol
4-kinase: AT5G64070.1

24-alkyl sterol 1

OPC4-3-ketoacyl-
CoA thiolase: KAT2

D-galactopyranuronate

caffeoyl-CoA

3-(2’-methylthio)
ethylmalic-acid

homocysteine S-
methyltransferase:
AT3G22740.1

(R)-lipoate

phytol

sterol
methyltransferase: SMT1

α,α-trehalose

GDP-4-keto-6-
deoxymannose-
3,5-epimerase-4-
reductase: GER1

indole-3-
acetohydroximoyl-

glutathione

serine O-
acetyltransferase: SAT3

avenasterol

trans-zeatin-9-N-glucoside

aconitase: ACO3

an arabinoxylan

a carboxy-
adenylated

small subunit of
molybdopterin

synthase

glutathione
transferase:
AT1G75270.1

cys

[+ 2 isozymes]

AT2G36750.1: UGT73C1

4α-hydroxymethyl-
4β-methyl-5α-
cholesta-8,24-

dien-3β-ol

primary fluorescent
chlorophyll catabolite

S-adenosyl-L-methionine:benzoic
acid-salicylic acid

carboxymethyltransferase: AtBSMT1

N,N-dihydroxy-L-tryptophan
decarboxylase: CYP79B2

isopentenyl diphosphate
isomerase: IPP2

glucose-6-
phosphate 1-
dehydrogenase:
G6PD3

nitric-oxide
synthase:

AT3G47450.1

cytidine deaminase:
AT2G19570.1

(2E,6E)-farnesyl
diphosphate
synthase: GGPS1

sphingoid
base kinase:
AT4G21540.1

gibberellin biosynthesis III
(early C-13 hydroxylation)

1-aminocyclopropane-1-
carboxylate synthase: ACS8

3-phytase:
AT1G09870.1

nonaprenyl
diphosphate

biosynthesis II

[+ 2 isozymes]

3-methyl-2-butenal

myrosinase: TGG4

branched-chain-
amino-acid
transaminase:
Atbact-5

precorrin-2

thymidine

cyanidin 3-O-[2"-
O-(xylosyl)-6"-O
-(p-coumaroyl)
glucoside] 5-O-
glucosyltransferase:
AT4G14090.1

flavonol-3-O-
rhamnosyltransferase:
UGT78D1

photosystem II: PsbE

β-alanine

gibberellin53 2-
oxidase: GA2ox7

phloroglucinol O-
methyltransferase:
AT1G77520.1

7,8-dihydroneopterin

sulfite
oxidation IV

FATTY ACID AND LIPIDS DEGRADATION

(3R,6E)-nerolidol

22-oxo-docosanoate

isochorismate
synthase: ICS1

hydrogen carbonate

glucose-6-
phosphate
isomerase:
AT5G42740.1

RESPIRATION

6-phosphofructokinase:
AT5G56630.1

methylglyoxal

1D-myo-inositol
3-diphosphate

1,2,4,5,6-
pentakisphosphate

triose-phosphate
isomerase:

AT3G55440.1

[+ 10 isozymes]

HMP-P

ornithine-δ-
aminotransferase:
δ-OAT

UDP glycosyltransferase:
UGT76C2

[+ 7 isozymes]

a xenobiotic

molybderin
biosynthesis
protein: Cnx3

a sphingoid
1-phosphate

2-oxo-5-
methylthiopentanoate

diacylglycerol
cholinephosphotransferase: AT3G25585.1

4α-methyl-δ7-sterol-
4α-methyl oxidase:
AT2G29390.1

trihomomethionine

2-methyl-6-
geranylgeranyl-
1,4-benzoquinol

pantothenate kinase:
AT4G32180.1

aldehyde dehydrogenase
(NAD

+

): AT3G48000.1

(E,E)-α-farnesene

phosphoribosylformylglycinamidine
synthase: AT1G74260.1

a 3-oxo-
palmitoyl-[acp]

KDO transfer
to lipid IV A  I

4-coumaryl-CoA

(9Z)-12,13-
dihydroxyoctadeca-

9-enoate

primary fluorescent
chlorophyll catabolite

branched-chain keto-
acid dehydrogenase
complex: AT3G13450.1
AT5G09300.1 BCE2 LPD2

phosphatidylethanolamine
N-methyltransferase:
AT1G69523.1

acetolactate
synthase:
AT3G48560.1

protoporphyrinogen IX

Fe
2+

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

4-coumaroylshikimate

4-methylthiobutyldesulfoglucosinolate
sulfotransferase: AtSOT18

indole-3-acetate

malate dehydrogenase (NAD)

glycerol-3-phosphate O-
acyltransferase: ATS1

gibberellin 44

(open lactone form)

(2E,6E)-farnesyl
diphosphate

[+ 5 isozymes]

AT5G05920:
AT5G05920.1

lys

β-D-glucose
6-phosphate

N-hydroxyl-tryptamine

NAD biosynthesis
I (from aspartate)

(gibberellin-19), 2-
oxoglutarate:oxygen
oxidoreductase:
AT3G19010.1

gln

15-cis-phytoene

phenylacetaldehyde

fatty-acyl-CoA
synthase:
AT5G10160.1

an epithionitrile

putrescine

4-hydroxyphenylpyruvate
dioxygenase: PDS1

carbamoylphosphate
synthase: AT1G29900.1
AT3G27740.1

superpathway of choline biosynthesis

UDP glycosyltransferase:
UGT76C2

chlorophyllide a

4-methylthiobutylhydroximate

[+ 5 isozymes]

linolenate Δ
15

desaturase: fad8

isofucosterol

a 1,4-β-D-glucan

molybdopterin
adenine dinucleotide

a 1-monoglyceride

[+ 3 isozymes]

4-coumarate

malate dehydrogenase:
mMDH1

thiazole synthase: THI1

L-galactose-
1-phosphate
phosphatase: VTC4

phosphatidylinositol 3-
kinase: AT2G32760.1

AT3G62300.2:
AT3G62300.2

isoamylase: ISA3

α,ω-9Z-
octadecenedioate

chalcone
isomerase:
AT5G66220.1

thiamin
salvage III

a phosphatidyl-N-
methylethanolamine

uracil
phosphoribosyltransferase:
AT3G53900.2

xyloglucan
biosynthesis

phosphoribosylglycinamide
formyltransferase:
AT1G31220.1

lipoate-protein
ligase: AT3G29010.1

branched-chain
amino acid
aminotransferase:
Atbcat-1

cyanin

D-myo-inositol (1,3,4)
-trisphosphate
biosynthesis

thymine
degradation

NAD+-dependent isocitrate
dehydrogenase catalytic subunit: IDH-V

thiol S-
methyltransferase:
AT2G43910.2

β-D-glucopyranosyl
abscisate

aspartate
transaminase: ASP5

4-coumaryl-CoA

(2E,6E)-farnesyl
diphosphate
synthase: GGPS2

[+ 5 isozymes]

cys

phospholipase A1: AT2G30550.2

ω-3 fatty acid
desaturase: fad7

fructose 1,6-bisphosphatase: HCEF1

a thalian-diol

flavonol 7-O-
glucosyltransferase:
UGT73B2

4α-formyl-5α-
cholesta-8,24-

dien-3β-ol

3-oxo-behenyl-CoA
synthase: KCS1

pheophytinase
a: AT5G13800.2

ala

ammonium
transporter: AMT1.1

indole glucosinolate breakdown
(active in intact plant cell)

spermine
synthase: ACL5

cysteine
desulfurase: NFS2

carbamoyl-
phosphate

pyridoxal 5’-phosphate
synthase complex:
PDX2 AT2G38230.1

oleoyl-[acyl-carrier-
protein] hydrolase:
AT4G13050.1

starch synthase: SSII

AT4G26460.1:
AT4G26460.1

4-methoxy-3-indolylmethyl-
glucosinolate

uridine kinase/uracil
phosphoribosyltransferase: AT5G40870.1

[+ 2 isozymes]

ceramide
glucosyltransferase:

AT2G19880.2

[+ 3 isozymes]

a tRNA
trp

α-tocopherol

AT2G39800.1:
P5CS1

DHAP

flavonol
synthase: FLS

6’-hydroxyferuloyl-
CoA

glucuronokinase:
AT5G14470.1

glycerol-3-phosphate O-
acyltransferase: GPAT4

meso-
diaminopimelate

[+ 11 isozymes]

trans-caffeate O-
methyltransferase:
AT4G26220.1

glucosinolate
biosynthesis from

hexahomomethionine

phosphoenolpyruvate

(2S)-dihydrotricetin

4-coumarate-
CoA ligase: 4CL3

glycerol-3-
phosphate
dehydrogenase:
SDP6

TMTT

NADH repair

SeMet

UDP-glucosyl
transferase:
UGT73B4

gibberellin A 25

(2E,6E)-farnesyl
diphosphate

resveratrol biosynthesis

acetate

cerotoyl-CoA

very long
chain fatty acid
biosynthesis II

CDP-N-methylethanolamine

L-ascorbate
biosynthesis II (L-
gulose pathway)

D-2-hydroxyglutarate
dehydrogenase:
AT4G36400.1

superoxide
radicals

degradation

pheophorbide a

factor-independent
urate hydroxylase:
AT2G26230.1

S-methyl-5’-
thioadenosine

transaminase:
AT4G23590.1

dCMP

indole-3-acetyl-
valine synthetase:
AT2G23170.1

ribulose bisphosphate
carboxylase: ATCG00490.1 rbcS2B

superoxide
dismutase
(Fe): FSD3

linoleate 13S-
lipoxygenase: LOX6

3-oxoacyl-[acyl-
carrier protein]
reductase:
AT1G24360.1

phosphatidyl-N-
dimethylethanolamine
N-methyltransferase:
AT1G80860.2

[+ 2 isozymes]

[+ 51 isozymes]

crocetin dialdehyde

cytidine

linolenate 13S-
lipoxygenase: LOX6

glutamate-
cysteine ligase:
AT4G23100.1

squalene epoxidase: SQE1

(S)-2-aceto-2-
hydroxybutanoate

tocopherol O-
methyltransferase:
AT3G23300.1

3,8-divinyl
protochlorophyllide 8-
vinyl reductase: DVR

glutamate
biosynthesis IV

a [pyruvate dehydrogenase
E2 protein] N

6

-lipoyl-L-lysine

[+ 6 isozymes]

[+ 7 isozymes]

arg

quercetin 3-O-
glucosyltransferase:
UGT78D2

AROMATIC COMPOUNDS BIOSYNTHESIS

hamamelose

cyclopropane
fatty acid (CFA)

biosynthesis

SAM

9,10-epoxystearate

(22S)-22-hydroxy-
campesterol C-
23 hydroxylase:
CYP90D1

β-alanine

3-methylthiopropylglucosinolate
S-oxygenase: GS-OX2

phosphopantothenate-
cysteine ligase:
AT5G02080.1

phosphatidylserine
decarboxylase:
AT4G16700.1

flavanone 3β-
hydroxylase:
AT3G51240.1

gibberellin A 1

Δ
7

-sterol-C5-
desaturase: DWF7

oxaloacetate

trans-zeatin riboside
monophosphate
phosphoribohydrolase:
AT5G06300.1

triacylglycerol
lipase: AT2G15230.1

a trans-2-enoyl-CoA

7-methylthioheptyldesulfoglucosinolate
sulfotransferase: AtSOT17

cinnamyl-alcohol
dehydrogenase:
AT2G21730.1

indole-3-acetyl-CoA

asparaginase:
AT4G00590.1

oleoyl-[acyl-carrier-
protein] hydrolase:
AT1G66550.1

gibberellin 9 2-
oxidase: GA2ox3

a brassinolide sulfate

3-isopropylmalate
dehydrogenase:
AtIMD2

a 10-
formyltetrahydrofolate-

4a-carbinolamine

UDP-D-apiose
synthase: AXS1

[+ 3 isozymes]

AT5G18280.2:
AT5G18280.2

polyphosphate
2-kinase: IPK1

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

UDP
glycosyltransferase:

UGT73C5

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

raffinose synthase: SIP1

linolenate
epoxidase:
AT5G04660.1

β-ring hydroxylase:
β-OHase 1

steviol UDP
glucosyltransferase:
AT2G30150.1

gamma-glutamyl
hydrolase: GGH1

leucodelphinidin

pyridoxal

aconitate hydratase:
AT5G54950.1

choline-phosphate
cytidylyltransferase:
AT2G32260.1

diphosphoinositol-
pentakisphosphate
kinase: AT5G15070.2

an N
10

-formyl-
tetrahydrofolate

asparagine
synthase (glutamine-
hydrolyzing): ASN1

phytyl diphosphate

GAR

[+ 2 isozymes]

quercetin

alanine transaminase: AOAT2

squalene
synthase: SQS2

(E)-β-farnesene

CTP synthase:
AT4G20320.1

homoserine
dehydrogenase:
AK-HSDH1

dihydrosanguinarine

methylthioadenosine
nucleosidase: AT4G28940.1

(E)-glutaconyl-CoA

pyruvate

3-isopropylmalate
dehydratase:
AT3G58990.1

spermine

[+ 5 isozymes]

dihydromyricetin

a tetrahydrofolate

aromatic-amino-acid
transaminase: ACS12

an isothiocyanate

D-arabinose
5-phosphate

indole-3-acetaldehyde
oxidase: AO1

Δ
5-3

-ketosteroid
isomerase

a poly-[γ-
glutamylcysteine]-

glycine

red chlorophyll
catabolite

[+ 2 isozymes]

putrescine

gibberellin 20-
oxidase: GA20ox2

sulfate
adenylyltransferase:
APS3

trans-zeatin-O-glucoside

superpathway
of ammonia

assimilation (plants)

[+ 8 isozymes]

L-ornithine

pyruvate kinase:
PKp1 PKp2

glutamine
synthetase: GLN1;3

AT3G25810.1:
AT3G25810.1

sucrose-phosphate
phosphatase:
AT1G51420.1

arg

(E,E)-4,8,12-
trimethyltrideca-
1,3,7,11-tetraene

biosynthesis

an L-1-
phosphatidyl-inositol

pyruvate

dihydrolipoyl dehydrogenase: AT1G48030.1

[+ 3 isozymes]

a 1-acyl-sn-glycerol
3-phosphate

phospholipase A2: AT4G29460.1

aspartate
semialdehyde
dehydrogenase:
AT1G14810.1

polyphosphate
6-kinase: IPK2α

umbelliferone

fatty acyl-CoA
synthetase: ACOS5

5-(methylthio)-2,3-
dioxopentyl 1-phosphate

anthranilate
synthase:
AT2G29690.1

phospholipid remodeling
(phosphatidylcholine, yeast)

UDP-
glucose:thiohydroximate
S-glucosyltransferase:
AT1G24100.1

ω-6 fatty acid
desaturase: fad6

cyanidin

an L-glutamyl-[tRNA
Glu

]

24-methyldesmosterol

D-mannose
degradation

7,8-dihydroneopterin
3’-phosphate

flavonol-3-O-
glycoside-7-O-
glucosyltransferase:
UGT73C6

hydroxymethyldihydropterin
pyrophosphokinase/
dihydropteroate
synthase: HPPK/DHPS2

6-phosphofructokinase:
AT4G26270.1

2-phospho-
D-glycerate

glutamine-
tRNA ligase:
AT5G19720.1

a 5,10-methylene-
tetrahydrofolate

D-lactate
dehydrogenase:
GDH

[+ 2 isozymes]

delta3, delta2-enoyl-
CoA isomerase:
AT4G14440.1

hexokinase: HXK1

indole-3-acetonitrile
nitrilase: NIT3

beta-amyrin synthase:
AT1G78955.1

α-D-galactose

sinapate-1-
glucosyltransferase:

SGT1

5-MTR-1-P

phenylalanine
degradation III

phosphatidylglycerolphosphate
synthase: pgps2

(E)-cinnamoyl-CoA

asp

an (γ-L-glutamyl)
-L-amino acid

[+ 4 isozymes]

2-iminobutanoate

indole-3-
carboxaldehyde

6-methylthiohexylglucosinolate
S-oxygenase: GS-OX1

benzoate

L-N
δ

-acetylornithine

O-methyltransferase:
AT3G53140.1

acrolein reductase: AOR

arogenate
dehydrogenase:
AT5G34930.1

ethanol
degradation II

flavonol synthase:
AT3G55970.1

galactose
degradation III

beta-amyrin
synthase:
AT1G78955.1

asparagine
synthase (glutamine-
hydrolyzing): ASN1

[+ 3 isozymes]

H
+

superpathway of fatty
acid biosynthesis II (plant)

[+ 9 isozymes]

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT2G43980.1

glucokinase:
AT4G37840.1

folate transformations II

fructose-1,6-
bisphosphatase:
FINS1

4-hydroxyphenylpyruvate
dioxygenase: PDS1

L-gulono-1,4-lactone

succinate

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

coumarin
biosynthesis

(via 2-
coumarate)

4α-formyl-5α-cholesta-
7,24-dien-3β-ol

acyl-[acyl-carrier-
protein]-UDP-N-
acetylglucosamine
O-acyltransferase:
AT4G29540.2

(5α)-campestan-
3-one

[+ 16 isozymes]

FAD synthetase:
AT5G03430.1

5-methylthiopentyldesulfoglucosinolate
sulfotransferase: AtSOT18

pheophorbide a
oxygenase: PAO

sterol 24C
methyltransferase: SMT2

[+ 6 isozymes]

cytidine deaminase:
AT2G19570.1

[+ 2 isozymes]

coproporphyrinogen
oxidase: AT4G03205.2

L-aspartate-
semialdehyde

octaprenyl
diphosphate
biosynthesis

a tetrahydrofolate

sucrose 6
F

-phosphate

3-aminopropanal

xanthine
dehydrogenase:
AT4G34890.1

[+ 8 isozymes]

typhasterol C-
23 hydroxylase:
CYP90C1

isobutanoyl-CoA

S-hydroxymethylglutathione

ribose-phosphate
diphosphokinase:
AT2G35390.2

NADP
+

AT2G19110

trans-2-enoyl-CoA
reductase (NADPH)
: AT3G45770.1

phosphoribulokinase: PRK

serine
hydroxymethyltransferase:
AT4G37930.1

1-18:2-2-18:3-
monogalactosyldiacylglycerol

fructose 1,6-
bisphosphatase:
HCEF1

(R)-3-
hydroxydecanoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

diphosphate-fructose-6-phosphate
1-phosphotransferase: AT4G08876.1

cinnamate 4-
hydroxylase: ATC4H

(Z)-3-hexen-1-ol
acetyltransferase:
AT5G17540.1

homogalacturonan
degradation

a 1,2-diacyl-
sn-glycerol

cytidine

Piperitol synthase:
AT5G10600.1

N-acetyl-L-
glutamate 5-

semialdehyde

malonyl-CoA

OPC4-CoA

CYP81F1
monooxygenase:
AT4G37430.1

3-isopropylmalate
dehydrogenase: AtIMD3

hydroxycinnamoyl-
CoA: shikimate/quinate
hydroxycinnamoyltransferase:
AT5G48930.1

pyridoxamine-
phosphate oxidase:
AT5G49970.1

L-2-aminoadipate

γ-L-glutamyl-
L-cysteine

aspartate
degradation I

AT5G20980.1:
AT5G20980.1

α-D-glucose

7
1

-hydroxychlorophyllide a

homoserine
kinase: HSK

sulfate
reduction II

(assimilatory)

PRPP

gln

UDP-glucose 4-
epimerase: UGE2

UDP-glucosyl
transferase:
UGT73B5

D-ribulose-1,5-bisphosphate

trans-5-O-
caffeoyl-D-quinate

aconitase: ACO2

ω-3 fatty acid
desaturase: fad8

AT3G26780.1:
AT3G26780.1

[+ 2 isozymes]

abscisic acid
glucosyltransferase:
UGT73B1

6-deoxoteasterone

campest-4-en-3-one

glycine betaine
biosynthesis
III (plants)

acetaldehyde

L-tryptophan N-
monooxygenase: CYP79B3

[+ 2 isozymes]

aldehydo-D-
glucuronate

[+ 5 isozymes]

[+ 4 isozymes]

diacylglycerol
diphosphate
phosphatase: LPP1

sucrose-phosphate
phosphatase:
AT1G51420.1

dUDP

prephenate
aminotransferase:
AT2G22250.2

alpha-
galactosidase:
AT5G08380.1

dimethylallyltrans
transferase: GGPS6

fatty acid α-oxidation I

7-oxateasterone

Ins(3)P

methylthioalkylmalate
isomerase: AT2G43100.1

3-oxoacyl-[acyl-carrier protein]
synthase: AT1G74960.2

asn

UDP-
glycosyltransferase/
/coniferyl-alcohol
glucosyltransferase:
AT5G26310.1

cyanidin 3-O-glucoside-
p-coumaroyltransferase:
AT1G03495.1

[+ 6 isozymes]

isoleucine
biosynthesis I

pyruvate

L-cysteine
degradation II

glutamate synthase
(ferredoxin)<p: AT2G41220.1

phosphoryl-
ethanolamine

4-aminobutanoate

2-dehydropantoate

delta3, delta2-enoyl-
CoA isomerase:
AT4G14440.1

cis-zeatin O-beta-D-
glucosyltransferase:

UGT73C1

xyloglucan 6-
xylosyltransferase:
XT1

benzyldesulfoglucosinolate
sulfotransferase: AtSOT17

trans-cinnamoyl-
β-D-glucoside

aromatic-amino-
acid transaminase:
ACS12

gln

pro

nucleoside-
diphosphate kinase:
AT5G63310.1

thr

GA15

UDP glycosyltransferase:
UGT76C1

branched-chain
amino acid
aminotransferase:
Atbcat-2

1-phosphatidylinositol-
4-phosphate 5-
kinase: AT2G26420.1

UDP-α-D-glucose

long-chain-fatty-
acid-CoA ligase:
AT4G11030.1

decanoate

ferulate

very-long-chain 3-oxoacyl-
CoA reductase: KCR1

nicotinamide amidase: AT1G08980.1

8-methylsulfinyloctyl glucosinolate

solanesyl
pyrophosphate
synthase: SPS1

α-D-glucose
1-phosphate

a [lipoyl-carrier
protein] N

6

-
octanoyl-L-lysine

anthocyanin
biosynthesis (cyanidin

3-O-glucoside)

acetolactate
synthase:
AT3G48560.1

9’-cis-neoxanthin

histidinol
dehydrogenase: HISN8

L-citrulline

AIR

α-D-glucose
6-phosphate

alcohol O-
acetyltransferase:
AT5G16410.1

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G07440.1

malate
dehydrogenase
(NAD): cMDH

[+ 2 isozymes]

xylosyltransferase: AT2G37090.1

phosphatidate
cytidylyltransferase: CDS3

NAD-dependent malate dehydrogenase
(decarboxylating): NAD-ME1

esculetin

(2S)-naringenin

[+ 2 isozymes]

[+ 7 isozymes]

δ1-pyrroline-
5-carboxylate
synthetase: P5CS1

cysteine
desulfurase: NFS1

H
+

AT2G36800.1:
UGT73C5

phytate degradation I

AT5G24910:
AT5G24910.1

shikimate

acetyl-CoA
carboxylase:
ATCG00500.1
AT2G38040.1
AT5G35360.3
AT5G16390.1

ser

hydroxyethylthiazole
kinase: AT3G24030.1

8-oxo-GTP

GDP-D-mannose
pyrophosphorylase:
VTC1

13
1

-hydroxy-
magnesium-

protoporphyrin IX
13-monomethyl ester

dihydroneopterin
aldolase: AT5G62980.1

[+ 6 isozymes]

carbamoyl-
phosphate

[+ 3 isozymes]

aconitate hydratase: AT5G54950.1

coumarate 3-
hydroxylase: REF8

3-hydroxyacyl-CoA
dehydrogenase:
AT3G06860.1

benzylbenzoate

trans-cinnamate

superoxide
dismutase
(Fe): FSD2

sulfite

triose-phosphate
isomerase: AT2G21170.1

AT3G57050.1:
AT3G57050.1

acyl-CoA
oxidase: ACX5

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT1G64400.1

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.1

indolylmethyl-
desulfoglucosinolate

6-phosophogluco-
starch
phosphatase: SEX4

α-D-glucose
6-phosphate

nucleoside-diphosphate
kinase: AT5G63310.1

glycinamide ribonucleotide
synthetase: AT1G09830.1

succinate dehydrogenase (ubiquinone): SDH8

CYP79F1 pentahomomethionine
monooxygenase: AT1G16410.1

abscisic aldehyde
oxidase: AAO3

glutathione
S-conjugate
carboxypeptidase:
AT5G44070.1

pyridoxine
5’-phosphate

GDP

trans-4-hexen-3-
one reductase: AOR

3,5-bisdiphosphoinositol-
1D-myo-inositol 2,3,4,6-

tetrakisphosphate

a long-chain fatty acid

tryptamine
monooxygenase: YUC1

dimethylallyltrans
transferase: AT3G29430.1

ornithine
de novo 

biosynthesis

N
6

-dimethylallyladenine

ferroheme b

wogonin 7-O-β-
D-glucuronate

phosphorylase:
AT3G46970.1

glutathione

benzoate biosynthesis I
(CoA-dependent, β-oxidative)

[+ 11 isozymes]

salvigenin
biosynthesis

citrate synthase:
AT3G58750.1

umbelliferone

14-oxolanosterol

[+ 11 isozymes]

phosphoglycerate kinase: AT3G12780.1

cyanidin 3-O-[2"-O
-(2"’-O-(sinapoyl)
xylosyl) 6"-O-
(p-coumaroyl)
glucoside] 5-O-[6""-O
-(malonyl) glucoside]
sinapoyltransferase:
AT2G23000.1

flavonol 7-O-
glucosyltransferase:
UGT73B1

AT5G52100:
AT5G52100.1

a trans-3-enoyl-CoA

KDO

1-methoxy-3-
indolylmethyl-
glucosinolate

nucleotide
rhamnose
synthase: NRS/ER

[+ 2 isozymes]

6-methylthiohexanonitrile oxide

methylthioalkylmalate
synthase: MAM3

lipid IV A

GDP-α-D-mannose

(+)-
dihydrokaempferol

[+ 4 isozymes]

glucose-1-phosphate
adenylyltransferase:
ApL4

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G18170.1

gibberellin A 38

glutathione gamma-
glutamylcysteinyltransferase:
AT1G03980.1

porphobilinogen
synthase: AT1G44318.1

nicotinate adenine
dinucleotide

acetate-CoA ligase:
AT3G16910.1

5-oxoproline

benzoyl-CoA

thiocyanate

aldehydo-D-
galacturonate

methyl indole-
3-acetate
methylesterase:
AT5G58310.1

gibberellin 20-
oxidase: GA20ox2

phospholipase
C: AtPLC2

(+)-7-iso-jasmonate

phosphatidic acid phosphatase: LPPε2

4-coumarate

a di-trans, poly-
cis-polyisoprenyl

diphosphate

nucleoside-triphosphate
diphosphatase: AT4G13720.1

β-alanine
biosynthesis I

indole-3-acetyl-aspartate
synthetase: AT2G23170.1

a tRNA
his

phosphoribosylaminoimidazole
carboxylase: AT2G37690.1

fructose-bisphosphate aldolase: AT2G36460.1

campest-5-en-3-one

methylcrotonoyl-CoA
carboxylase: AT1G03090.2

alanine transaminase: AOAT4

aminomethyltransferase:
AT1G60990.1

1-18:1-2-18:2-
phosphatidylcholine

alanine transaminase: AOAT4

isoamylase:
AT2G39930.1

SeMet

lupeol
synthase: LUP2

sucrose synthase: SUS5

4-methylthiobutylglucosinolate
S-oxygenase: GS-OX3

long-chain-fatty-
acid-CoA ligase:

AT5G27600.1

ethanol
degradation I

phytol

caffeate O-
methyltransferase:
OMT1

trans-5-O-
caffeoyl-D-quinate

phospholipase
A1: AT1G06800.1

acetyl-CoA

gibberellin 3-
oxidase: GA3ox1

glucosamine
6-phosphate N-
acetyltransferase:
GNA1

GDP-D-mannose-
5"-epimerase: GME

molybdopterin

NAD/NADH
phosphorylation and
dephosphorylation

adenylate kinase:
AT2G37250.1

cys

Mg chelatase:
GUN5 CHLD
AT5G45930.1

dihydrolipoyllysine-residue
succinyltransferase: AT4G26910.1

isopentenyl
diphosphate

isomerase: IPP2

gln

β-carotene
dioxygenase: CCD1

4α,14α-dimethyl-5α-
cholesta-8,24-dien-3β-ol

protoporphyrin IX

CTP

campest-4-en-3-
one hydroxylase:
AT5G14400.1

tRNA
Glu

UDP-glucose:thiohydroximate S-
glucosyltransferase: AT1G24100.1

caffeoyl-CoA O-
methyltransferase:
AT4G26220.1

anthocyanidin
reductase:
AT1G61720.1

pectinesterase:
AT5G55590.1

choline-phosphate
cytidylyltransferase:
AT2G32260.1

dihydrokaempferol
synthase: FLS

ile

galactokinase: AGK1

adenine

dATP

glutamate 5-kinase:
AT3G55610.1

a (mannosyl) 3 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

gibberellin A 36

coumaryl alcohol
dehydrogenase:
AtCAD4

chlorophyllide a

[+ 7 isozymes]

benzyldesulfoglucosinolate
sulfotransferase: AtSOT18

(R)-3-
hydroxypalmitoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

(2S)-dihydrotricetin

[+ 5 isozymes]

proline biosynthesis III

L-ornithine

2-oxindole-3-
acetyl-L-aspartate

10-hydroxydihydrosanguinarine

[+ 6 isozymes]

(deoxy)nucleoside-
phosphate kinase:
AT5G60340.1

a trans oct-
2-enoyl-[acp]

UDP-glucuronate
decarboxylase: AXS1

UDP-glucose 4-
epimerase: AGK1

GDP

polyphosphate
3-kinase: IPK2α

F6P

phospholipase C: AT1G07230.1

reactive oxygen species
degradation (mammalian)

glutamine
synthetase: GLN2

6-deoxotyphasterol

a 1-phosphatidyl-
1D-myo-inositol
3,4-bisphosphate

acireductone dioxygenase
[iron(II)-requiring]: AT4G14710.5

5,6-dihydroxyindole

CDP-N-
dimethylethanolamine

10,16-
dihydroxypalmitate

adenylate
dimethylallyltransferase: IPT7

histidinal

N-carbamolyputrescine
amidohydrolase: NLP1

dUMP

5-hydroxy-
coniferaldehyde

8-oxo-7,8-dihydro-
deoxyguanosine-
triphosphate
pyrophosphohydrolase:
AT1G68760.1

aspartate
transaminase:
ACS10

a triacyl-sn-glycerol

sphingolipid very
long chain fatty
acid α-hydroxylase:
AT2G34770.1

2-isopropylmalate
synthase: IPMS2

asparagine
synthase (glutamine-
hydrolyzing): ASN2

porphobilinogen
synthase:
AT1G44318.1

a holo-[acyl-
carrier protein]

Mn
2+

ent-kaurenoate
oxidase: KAO2

thiosulfate

[+ 5 isozymes]

Ins(1,4,5)P 3

flavonoid 3-
hydroxylase:
CYP75B1

glucosinolate biosynthesis from homomethionine

antheraxanthin
epoxidase: ABA1

inosine
nucleosidase: NSH2

putrescine

NUCLEOSIDES AND NUCLEOTIDES BIOSYNTHESIS

S-methyl-5’-
thioadenosine

5,6-dihydrothymine

thymidylate
synthase:

AT2G21550.1

trans-lignocer-
2-enoyl-CoA

4-methylthiobutylhydroximoyl-glutathione

dihydropyrimidine
dehydrogenase:
AT3G17810.1

[+ 2 isozymes]

[+ 3 isozymes]

allantoate

UMP kinase:
AT5G26667.1

(-)-(1S,5S)-β-pinene
synthase: TPS-Cin

gibberellin A 12

[+ 3 isozymes]

butyryl-
[acp]:malonyl-[acyl-
carrier protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

tryptamine

glutamate decarboxylase:
AT5G17330.1

N-hydroxy-
L-tryptophan
monooxygenase:
CYP79B3

monolignol glucosides
biosynthesis

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G23850.1

phosphoenolpyruvate

a tetrahydrofolate

transketolase: AT3G60750.1

UDP-glucose 6-
dehydrogenase:
AT3G29360.1

glutamate dehydrogenase
[NAD(P)

+

]: AT5G18170.1

dUTP
diphosphatase:
AT3G46940.1

[+ 2 isozymes]

glutathione
dehydrogenase
(ascorbate):

AT1G19570.1

a trans-2-enoyl-
[acyl-carrier protein]

NADH:ubiquinone
reductase (H

+

-translocating)
: AT3G47930.1

phosphoribosylanthranilate
isomerase: AT1G07780.3

[+ 5 isozymes]

colanic acid building blocks biosynthesis

OPC8-trans-
2-enoyl-CoA
hydratase: AIM1

UDP-glucose:1,4-β-D-glucan 4-
β-D-glucosyltransferase: CesA4

PENTOSE
PHOSPHATE
PATHWAYS

indole-3-acetate
activation I

DHAP

nucleoside-
diphosphate kinase:
AT5G63310.1

α-D-galacturonate
1-phosphate

[+ 3 isozymes]

9-methylthiononylhydroximoyl-
cysteinylglycine

glyceraldehyde-
3-phosphate
dehydrogenase
(phosphorylating)
: CP12-2

a folylpolyglutamate (n)

all-trans-nonaprenyl
diphosphate synthase
[geranylgeranyl-
diphosphate
specific]: GPPS

acyl-CoA oxidase:
AT3G51840.1

2,5-dihydroxybenzoate
5-O-β-D-glucoside

carotenoid cleavage
dioxygenase: CCD1

UDP-glucose 4-
epimerase: UGE2

hydrolase: AT5G53850.2

protoporphyrin IX

neutral/alkaline
invertase: CINV2

malonyl-CoA

13-DPG

acryloyl-CoA

aromatic-amino-
acid transaminase:
ACS12

heptaprenyl
diphosphate
biosynthesis

1-18:3-2-18:3-
monogalactosyldiacylglycerol

malate dehydrogenase: mMDH1

3-epi-6-
deoxocathasterone
C-23 hydroxylase:
CYP90C1

phosphatidyl-N-
dimethylethanolamine
N-methyltransferase:
AT1G80860.2

trp

enolase: AT2G36530.1

caffeoyl-CoA

ethanolamine
kinase: AT1G71697.1

polyphosphate
5-kinase: IPK2β

indole-3-acetate degradation IV

[+ 8 isozymes]

aspartate transaminase: ACS12

scopoletin

7-methylthioheptylglucosinolate
S-oxygenase: GS-OX2

inositol-polyphosphate 5-
phosphatase: 5PTase13

[+ 4 isozymes]

[+ 2 isozymes]

C19 gibberellin 2-
oxidase: GA2ox3

cathasterone

tetrahydrofolate
folylpolyglutamate
synthase: AT3G55630.3

heme oxygenase
(decyclizing): AT1G58300.1

trans-5-O-
caffeoyl-D-quinate

UDP-glucose 4-
epimerase: UGE2

abscisic acid
glucosyltransferase:
UGT75B1

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT2G43980.1

coumarinate

UDP
glycosyltransferase:

UGT85A1

folylpolyglutamate
synthase: AT3G55630.3

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

tryptamine
monooxygenase: YUC1

alanine-glyoxylate
transaminase: AOAT2

2-oxo-3-phenylpropanoate

trans-caffeate O-
methyltransferase:
AT4G26220.1

indole-3-acetyl-aspatate
synthetase: AT1G59500.1

DEGRADATION/
UTILIZATION/
ASSIMILATION

- OTHER

diacylglycerol
cholinephosphotransferase:
AT3G25585.1

glycine
biosynthesis I

acyl-CoA
thioesterase:
AT1G01710.1

diacylglycerol
cholinephosphotransferase:
AT3G25585.1

long-chain-fatty-
acid-CoA ligase:
AT2G47240.1

nucleoside-
diphosphate kinase:
AT5G63310.1

glycolysis II (from
fructose 6-phosphate)

IPP

F6P

phytosphingosine

[+ 4 isozymes]

[+ 2 isozymes]

Dol-P-Man:Man 6

GlcNAc 2 -PP-Dol α-1,2-
mannosyltransferase:
AT1G16900.1

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

SAM

[+ 4 isozymes]

AICAR

aspbranched-chain-
amino-acid
transaminase:
Atbact-5

1-18:2-2-18:2-
sn-glycerol-3-
phosphocholine

protoporphyrinogen
oxidase: PPOX

β-D-glucose
6-phosphate

malate dehydrogenase (NAD): cMDH

homogentisate 1,2-
dioxygenase: AT5G54080.1

nucleoside-
diphosphate kinase:
AT5G63310.1

nicotinate adenine dinucleotide

ammonium

2-cis-abscisate

o-succinylbenzoate-
CoA ligase:
AT1G30520.1

cellulose
biosynthesis

enoyl-CoA
hydratase: AIM1

3,5-dimethoxyphenol

[+ 5 isozymes]

cys

scoparone

[+ 6 isozymes]

prephytoene
synthase: PSY

2-oxo-indole-3-acetate

acetylglutamate
kinase: AT3G57560.1

dCDP

inositol-polyphosphate 5-
phosphatase: AT1G47510.1

oleate

2,5-diamino-6-(5-
phospho-D-ribosylamino)

pyrimidin-4(3H)-one

quinolinate
phosphoribosyltransferase:
AT2G01350.1

β-D-glucose
6-phosphate

glyceraldehyde-
3-phosphate
dehydrogenase: GapCp-2

desulfoglucosinolate
sulfotransferase:
AtSOT17

13-DPG

cinnamyl-alcohol
dehydrogenase:
AT2G21890.1

IAA-Asp

arginine/citrulline
exchanger:
AT1G79900.1

homoserine
kinase: HSK

aspartate kinase:
AT3G02020.1

[+ 3 isozymes]

choline

glyceraldehyde 3-phosphate
dehydrogenase: NP-GAPDH

NaMN

hydroxycinnamoyl-
CoA: shikimate/quinate
hydroxycinnamoyltransferase:
AT5G48930.1

UDP

[+ 2 isozymes]

[+ 6 isozymes]

4-(cytidine 5’-diphospho)
-2-C-methyl-D-erythritol

D-gluconate
6-phosphate

thioredoxin-disulfide
reductase: NTRA

ammonium
transport

3-cyano-L-alanine
nitrilase: NIT4

L-tryptophan:pyruvate
aminotransferase: TAA1

soyasaponin III
rhamnosyltransferase:
AT2G22590.1

3,5-dihydroxyanisole

dimethylallyltrans
transferase: GGPS4

transaldolase:
AT2G45290.1

sinapoylglucose:malate
sinapoyltransferase:

AT2G22990.3

hydrogen cyanide

[+ 2 isozymes]

ADP-α-D-glucose

mevalonate diphosphate
decarboxylase: MVD1

tryptophan
synthase: TSBType2

2-oxo-8-methylthiooctanoate

catechol

ferric-chelate
reductase:
AT5G49740.1

methylthioalkylmalate
isomerase: AT2G43100.1

CYP83A1 7-methylthioheptanaldoxime
monooxygenase: AT4G13770.1

dCTP

spermidine synthase: SPDS1

all-trans-octaprenyl
diphosphate

baruol synthase:
BARS1

flavonoid 3’,5’-
hydroxylase:
AT4G12334.1

alanine transaminase: AOAT2

[+ 24 isozymes]

dihydrolipoyl
dehydrogenase:
AT1G48030.1

AT2G36790.1: UGT73C6

squalene synthase: SQS2

a phosphatidyl-N-
dimethylethanolamine

glt

homogentisate
solanesyltransferase:
PDS2

a long-chain alcohol

fructose-
bisphosphate
aldolase:
AT2G36460.1

prephenate dehydratase: AT1G08250.1

caffeoyl-CoA O-
methyltransferase:
AT1G67990.1

glycine biosynthesis

phosphocholine

phosphatidylinositol
4,5-bisphosphate
lipase C

geranylgeranyl
pyrophosphate
synthase: GGPS2

nitrile-specifier
protein: AtNSP2

C1 COMPOUNDS UTILIZATION AND ASSIMILATION

(R)-2,3-dihydroxy-
3-methylpentanoate

[+ 2 isozymes]

gly

[+ 11 isozymes]

ethanol

[+ 8 isozymes]

adenylo-succinate

13-DPG

benzoate
degradation II
(aerobic and
anaerobic)

[+ 4 isozymes]

(+)-taxifolin

ω-3 fatty acid
desaturase: fad7

methylglyoxal
degradation III

glutathione gamma-
glutamylcysteinyltransferase:
AT5G44070.1

glycerol-3-
phosphate
dehydrogenase:
SDP6

4α-formyl,4β,14α-
dimethyl-9β,19-cyclo-

5α-cholest-24-en-3β-ol

fatty acid ω-
hydroxylase:
CYP94C1

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G38570.1

arabidiol
biosynthesis

geranylgeranyl
reductase:
AT1G74470.1

6-methylsulfinylhexyl glucosinolate

5,6-epoxy-3-
hydroxy-9-apo-

β-caroten-9-one

(22R,23R)-22,23-
dihydroxy-campest-

4-en-3-one

quercetin 7-O-
glucosyltransferase:
UGT76E1

arginine decarboxylase:
AT2G16500.1

an L-phenylalanyl-
[tRNA

phe

]

succinate

folylpolyglutamate
synthetase: AT3G10160.1

a mannosyl-(N-
acetylglucosaminyl)
2 -diphosphodolichol

trans-cinnamate

L-ornithine

bis-noryangonin

glutathione

8-methylthiooctyldesulfoglucosinolate
sulfotransferase: AtSOT18

[+ 9 isozymes]

[+ 3 isozymes]

2-hydroxy-5-(methylthio)-3-oxopent-1-enyl 1-phosphate

[+ 6 isozymes]

[+ 2 isozymes]

6-deoxocastasterone
C6-oxidase: CYP85A1

pyridoxal
kinase: SOS4

4-methylthiobutylglucosinolate
S-oxygenase: GS-OX4

caffeoyl-CoA O-
methyltransferase:
AT1G67990.1

an [2Fe-2S]
cluster protein

indole-3-carboxylate

glutamate
biosynthesis III

glutamine
biosynthesis I

apigenin-7,4’-
dimethyl ether

AT4G34840.1:
AT4G34840.1

trans-2-hexenal

GDP-mannose
4,6-dehydratase

1-18:3-2-18:1-
phosphatidylcholine

D-glyceraldehyde
3-phosphate

citrate synthase: AT2G44350.2

a 5,10-methylene-
tetrahydrofolate

2,3-dimethyl-
6-phytyl-1,4-
benzoquinone
cyclase: VTE1 vte1

AT5G09300.1: AT5G09300.1

N-hydroxy-L-tryptophan
monooxygenase: CYP79B2

4-(cytidine 5’-diphospho)
-2-C-methyl-D-erythritol
kinase: AT2G26930.1

AT3G21240.1: 4CL2

UDP-β-L-
arabinopyranose

dGTP

4-coumaroyl-CoA
2’-hydroxylase:
AT3G12900.1

UDP-arabinose 4-
epimerase: UGE3

ajugose

glutamine
synthetase: GLN1;4

UTP:galactose-
1-phosphate
uridylyltransferase:
AT5G18200.1

phosphatidylinositol 4,5-
bisphosphate lipase C

hexokinase: HXK1

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

Ins(3)P1 synthase:
AT2G22240.1

arogenate
dehydratase:
AT5G22630.1

mannose-6-
phosphate
isomerase:
AT1G67070.1

gln

3-isopropylmalate
dehydrogenase: AtIMD2

4α-carboxy-4β-
methyl-cholest-
8,24-dien-3β-ol
dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D2

2-oxo-4-
methylthiobutanoate

gphosphatidylinositol-
4,5-bisphosphate
5-phosphatase:
AT1G47510.1

methyl gibberellin A 9

nicotianamine
biosynthesis

flavonol 3-O-
glucosyltransferase:
UGT73B2

Fe
2+

L,L-diaminopimelate
aminotransferase:
AT4G33680.1

homoserine
kinase: HSK

acid phosphatase:
PAP26

gibberellin12 2-
oxidase: GA2ox7

Cu
2+

cytokinin trans-
hydroxylase: CYP735A2

sinapaldehyde

[+ 6 isozymes]

salicylate
glucosyltransferase
(ester-forming)
: UGT74F2

methylthioalkylmalate
synthase: MAM3

FMN

tetrahydrofolate
biosynthesis

malate dehydrogenase: cyMDH

spermidine:caffeoyl-
CoA N-
acyltransferase:
AT2G19070.1

trans-cinnamate

1-(o-
carboxyphenylamino)

-1’-deoxyribulose
5’-phosphate

α-amyrin

FGAM

geranylgeranyl
pyrophosphate
synthase: GGPS3

salicylate
glucosides

biosynthesis IV

2,3-dimethyl-6-
geranylgeranyl-
1,4-benzoquinol

alcohol dehydrogenase:
AT5G43940.2

a 1,3-β-D-glucan

caffeoyl-CoA:quinate
O-(hydroxycinnamoyl)
transferase: AT5G48930.1

UDP glycosyltransferase:
UGT76C2

(gibberellin-15), 2-
oxoglutarate:oxygen
oxidoreductase:
AT3G19010.1

indole-3-acetamide

epoxide hydrolase

15-cis-phytoene
desaturase:
AT3G09580.1

a [co-chaperone]-
[scaffold protein-

(2Fe-2S)] complex

d1-pyrroline-
5-carboxylate
synthase B:
AT3G55610.1

trp

[+ 3 isozymes]

geranyl diphosphate

[+ 6 isozymes]

an ω-oxo fatty acid

ribulose-bisphosphate carboxylase: rbcS1B

[+ 3 isozymes]

branched-chain amino
acid aminotransferase:
Atbcat-3

DMAPP

2,5-DHBA UDP-
glucosyltransferase:
UGT89B1

fructokinase:
AT3G20040.1

branched-chain-
amino-acid
transaminase:
Atbact-5

[+ 6 isozymes]

histidinol-phosphate
transaminase: HISN6B

delphinidin

GA4 carboxyl
methyltransferase:
GAMT2

ATCG00730.1:
ATCG00730.1

4-nitroso-2,6-
dinitrotoluene

malate dehydrogenase: mMDH1

CYP86A8
monooxygenase:
CYP86A8

4a-hydroxytetrahydrobiopterin
dehydratase: AT5G51110.1

2-iminobutanoate

DETOXIFICATION

[+ 4 isozymes]

long-chain-fatty-acid-
CoA ligase: AT2G47240.1

L-ascorbate
degradation V

AT5G51810.1:
GA20ox2

flavonol 3-O-
glucosyltransferase:
UGT73B5

sinapoyl-(S)-malate

[+ 5 isozymes]

coenzyme A

[+ 11 isozymes]

thiamin monophosphate
pyrophosphorylase: TH1

UDP glycosyltransferase:
UGT76C1

(3S,6E)-nerolidol

HORMONES BIOSYNTHESIS

acetate-CoA ligase:
AT5G36880.2

trans-caffeate

ser

GDP-α-D-mannose

flavanone 3-
dioxygenase:
AT3G51240.1

diphosphomevalonate
decarboxylase:
AT3G54250.1

(S)-corytuberine

catalase: CAT1

superpathway of
plastoquinol biosynthesis

fructokinase: AT4G37840.1

transketolase: AT2G45290.1

castasterone

[+ 2 isozymes]

methyl (indol-
3-yl)acetate

a (3S)-3-
hydroxyacyl-CoA

prephytoene
diphosphate

4-fumaryl-acetoacetate

phosphoribosylanthranilate
isomerase: AT1G29410.2

UDP-glucose 6-
dehydrogenase:
AT3G29360.1

wax esters
biosynthesis I

phosphoribosylformylglycinamidine
cyclo-ligase: AT3G55010.1

N
6

-dimethylallyladenine

CDP-choline

γ-L-glutamyl
5-phosphate

β-alanine

plastoquinol-9

(+)-pinoresinol
reductase:
AT1G32100.1

D-glucopyranose
6-phosphate

L-homoserine

a [glycine-cleavage
complex H protein]
N

6

-dihydrolipoyl-
L-lysine

trans-2-pentenal
reductase: AKR4C9

gly

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

gibberellin 20 2-
oxidase: GA2ox1

a cardiolipin

quercetin
3-O-methyl
transferase: OMT1

4-methoxy-3-
indolylmethylglucosinolate
glucohydrolase: PEN2

an N-malonyl-
L-cysteine-
S-conjugate

superpathway of acetyl-CoA biosynthesis

[+ 13 isozymes]

indole-3-acetyl-
ala hydrolase: ill2

[+ 2 isozymes]

ω-3 fatty acid
desaturase: fad8

soybean saponin
I biosynthesis

chlorogenic acid biosynthesis II

NAD+-dependent
isocitrate
dehydrogenase
regulatory
subunit: IDH-I

a phosphatidylcholine

[+ 5 isozymes]

5-methylthioribose-1-phosphate
isomerase: AT2G05830.1

coniferaldehyde

(2Z)-2-aminobut-
2-enoate

DMAPP:ATP/ADP
isopentenyltransferase: IPT1

an L-cysteine-
S-conjugate

(-)-lariciresinol

DMAPP

H 2 O

(E)-β-caryophyllene
synthase:
AT5G23960.1

glutamine synthetase: GLN2

alpha,alpha-
trehalose-phosphate
synthase (UDP-
forming): TPS6

N
6

-dimethylallyladenine

a jasmonoyl-1-
aminocyclopropane-

1 carboxylate

ser
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(+)-abscisic acid
8’-hydroxylase:
AT1G19630.1

uridine nucleosidase: URH1

dUTP

branched-chain
amino acid
aminotransferase:
Atbcat-3

palmitate

quinoprotein
glucose
dehydrogenase:
AT1G74790.1

glutathione
peroxidase: GSTF9

ent-kaurene
synthase: KS1

AT5G20980.1: AT5G20980.1

[+ 4 isozymes]

trehalose
biosynthesis I

OPC6-3-
ketoacyl-CoA

myo-inositol
oxygenase: MIOX2

UDP

[+ 6 isozymes]

[+ 3 isozymes]

glycine
decarboxylase:
AT2G35370.1

superoxide dismutase (Cu-Zn): CSD2

a ceramide

indole glucosinolate breakdown (insect chewing induced)

D-myo-inositol (1,3,4,5)
-tetrakisphosphate

β-D-glucose
6-phosphate

nucleoside-
diphosphate kinase:
AT5G63310.1

a [2-oxoglutarate dehydrogenase
E2 protein] N

6

-lipoyl-L-lysine

7-methylthioheptyldesulfoglucosinolate

3-dehydroshikimate

2-iminopropanoate

lycopene ε-
cyclase: LUT2

gibberellin
A 12 -aldehyde

glutamate dehydrogenase
[NAD(P)

+

]: AT5G07440.1

acetyl-CoA

a trans
hexadecenoyl-[acp]

carbamoyl-
phosphate

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

[+ 6 isozymes]

inositol-
hexakisphosphate
kinase: AT5G15070.2

4-hydroxy-3-indolylmethyl-
glucosinolate

extended VTC2 cycle

indole-3-acetyl-
phenylalanine
synthetase:
AT4G27260.1

glycolate
oxidase: GDH

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

uroporphyrin-III C-
methyltransferase:
AT5G40850.1

[+ 3 isozymes]

ATP sulfurylase: APS3

NAD kinase: NADK1

2-phospho-D-glycerate

AMP

ALDEHYDE DEGRADATION

[+ 3 isozymes]

indole-3-
acetate carboxyl
methyltransferase:
AT5G55250.1

IMP dehydrogenase:
AT1G79470.1

UDP-glucosyl
transferase:
UGT73C6

α-D-glucose
6-phosphate

a butyryl-[acp]

terpinolene

gibberellin A 34

PAPS

[+ 8 isozymes]

an XXLG xylogulcan

lipoic acid synthase:
AT2G20860.1

a glycyl-[tRNA
gly

]

linolenate 13S-
lipoxygenase: LOX2

(22S)-22-hydroxy-
5alpha-campestan-
3-one C-23
hydroxylase:
CYP90C1

3-methylthiopropyl desulfoglucosinolate
sulfotransferase: AtSOT16

[+ 3 isozymes]

4-coumarate

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G33770.1

diacylglycerol
cholinephosphotransferase:
AT3G25585.1

ser

oxidoreductase:
AT1G25460.1

phosphopantothenoylcysteine
decarboxylase: AtCoaC

gibberellin12 2-
oxidase: GA2ox8

D-threo-isocitrate

7,9,9’-cis-
neurosporene

3-aminomethylindole

a jasmonoyl-
glutamine

ornithine-δ-
aminotransferase:
δ-OAT

3-methylthiopropyl-glucosinolate

α-D-glucose
1-phosphate

DHAP

2-(4’-methylthio)butylmalate

luteolin biosynthesis

13-DPG

4α-hydroxymethyl-
5α-cholesta-7,24-
dien-3β-ol-4α-methyl
oxidase: AT1G07420.1

β-D-galactose

[+ 4 isozymes]

AT5G05920:
AT5G05920.1

gibberellin 2β-
dioxygenase: GA2ox7

AT5G58270.1

quercetin-3-
glucoside 7-O-
glucosyltransferase:
UGT73B3

dihydrofolate reductase:
AT2G16370.1

24-methylenelophenol

very long chain fatty acid biosynthesis I

[+ 5 isozymes]

aldehyde
dehydrogenase
(NAD

+

): ALDH2C4

galactokinase: AGK1

polyphosphate
6-kinase: IPK2β

a jasmonoyl-
phenylalanine

glt

magnesium-
protoporphyrin-IX
13-monomethyl
ester,NADPH:oxygen
monooxygenase:
AT5G58250.1

coproporphyrinogen III

GTP cyclohydrolase
I: AT3G07270.1

1-18:2-2-18:3-
digalactosyldiacylglycerol

thioredoxin-disulfide
reductase: NTRB

hexokinase: HXK1

γ-glutamyltransferase:
AT4G29210.1

3β-hydroxylsteroid
dehydrogenase

D-xylulose 5-phosphate

4-coumaryl-CoA

GSSH

[+ 7 isozymes]

agmatine

dTMP kinase:
AT5G59440.3

UDP-L-rhamnose

D-xylulose
5-phosphate

fatty aldehyde
decarbonylase:
CER1

C-22 sterol
desaturase: CYP710A1

DMAPP:AMP
isopentenyltransferase: IPT1

7,8-dihydroneopterin
3’-triphosphate

geranyl
diphosphate
biosynthesis

a non glucosylated
D-glucose acceptor

GDP-Man:Man 2

GlcNAc 2 -PP-Dol α-1,6-
mannosyltransferase:
AT1G19710.1

Mn
2+

[+ 12 isozymes]

a long-chain
acyl-CoA

an inositolphosphodihydroceramide

arogenate
dehydratase:
AT2G27820.1

2-phospho-D-glycerate

F6P

a (1,6)-α-D-
glucosyl-(1,4)

-α-glucan

asparagine
synthase (glutamine-
hydrolyzing): ASN3

AT2G43090.1:
AT2G43090.1

polyphosphate
5-kinase: IPK2α

1-pentan-3-one

[+ 5 isozymes]

2-phytyl-1,4-
naphthoquinone
methyltransferase:
AT1G23360.1

serine
hydroxymethyltransferase

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.1

gly

2-methyl-3-
hydroxybutyryl-CoA

3-hydroxy-
arachidoyl-CoA
dehydratase: PAS2

methyl iodide

3β-hydroxysteroid
dehydrogenase /
C4-decarboxylase:
AT3BETAHSD/D1

GTP cyclohydrolase
II/3,4 dihydroxy-2-
butanone-4-phosphate
synthase: AT5G64300.1

oleoyl-[acyl-carrier-
protein] hydrolase:
AT1G08510.1

a methyl thioether

5-methylthiopentylglucosinolate
S-oxygenase: GS-OX4

[+ 7 isozymes]

sabinene synthase:
AT3G25810.1

arachidoyl-CoA

campestanol

serine
acetyltransferase: SAT3

sucrose-phosphate
synthase: SPSC

ammonium

[+ 5 isozymes]

(3R)-3-hydroxy-
behenoyl-CoA

argininosuccinate
lyase: AT5G10920.1

lactucaxanthin

4-coumaroyl-
CoA:quinate O-
(hydroxycinnamoyl)
transferase:
AT5G48930.1

pyridoxal 5’-
phosphate synthase:
AT2G46580.1

(S)-scoulerine

[+ 3 isozymes]

a 3-oxo-
hexanoyl-[acp]

methionine-oxo-
acid transaminase:
AT3G19710.1

aminobutyraldehyde
dehydrogenase:
AT1G74920.1

NADPH

1-18:3-2-18:2-
phosphatidylcholine

cinnamoyl-CoA
reductase: CCR1

holo-[acyl-carrier-
protein] synthase:
AT3G11470.1

Ins(1,4,5)P 3

N-acetyl-α-D-
glucosamine
1-phosphate

glutamate-5-
semialdehyde
dehydrogenase:
AT3G55610.1

sanguinarine

urate

sinapate

gibberellin9 3-
oxidase: GA3ox2

UDP-glucosyl
transferase:
UGT73C6

indolylmethyl-
glucosinolate

D-glucopyranose
6-phosphate

coumarate 3-
hydroxylase: REF8

amidohydrolase-
IAR3: iar3

[+ 5 isozymes]

HMP-PP

L-selenocystathionine

[+ 2 isozymes]

polygalacturonate 4-α-
galacturonosyltransferase:
GAUT1

transaminase: AT1G77670.1

UDP-glucose
pyrophosphorylase:
AT3G03250.1

sorbitol
biosynthesis II

a tetrahydrofolate

hydroxyacylglutathione
hydrolase: GLX2-1

delta3,5-delta2,4-
dienoyl-CoA
isomerase:
AT5G43280.1

[+ 15 isozymes]

triose-phosphate isomerase: AT3G55440.1

caffeate coenzyme
A ligase: 4CL1

[+ 15 isozymes]

dCTP

trans-hexenal
reductase: SDR1

glutaminase: PDX2
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dihydroorotate
dehydrogenase:
AT5G23300.1

2-oxo-9-
methylthiononanoate

indole-3-acetonitrile
nitrilase: NIT3

tryptophan synthase,
alpha subunit:
AT4G02610.1

acyl-CoA
thioesterase:
AT1G01710.1

CYP83B1
monooxygenase:
AT4G31500.1

[+ 2 isozymes]

ω-3 fatty acid
desaturase: fad7

6-methylthiohexyldesulfoglucosinolate
sulfotransferase: AtSOT17

3-(4’-methylthio)butylmalate

a (3S)-3-
hydroxyacyl-CoA

(22S,24R)-
22-hydroxy-5α-
ergostan-3-one

methylglyoxal
reductase: AKR4C9

a hydroxylated
tetraketide α-pyrone

cycloartenol
synthase: CAS1

a 2(R)-hydroperoxy
fatty acid

an α,β-digalactosyldiacylglycerol

palmitate
trans-delta3
desaturase: fad4

(3Z)-hex-3-
en-1-yl acetate

[+ 2 isozymes]

S-formylglutathione
hydrolase:
AT2G41530.1

cycloartenol
synthase: CAS1

CDP

S-adenosyl-L-methionine:benzoic
acid-salicylic acid

carboxymethyltransferase: AtBSMT1

2,3-dimethyl-
6-phytyl-1,4-
benzoquinol

AT1G58265.1:
AT1G58265.1

hexadecanedioate

aromatic-amino-acid
transaminase: ACS10

indole-3-carbinol

[+ 4 isozymes]

alkylthiohydroximate C-
S lyase: AT2G20610.1

acyl-CoA
thioesterase:
AT1G01710.1

phospholipase
D: PLD beta

(2E,6E)-farnesyl
diphosphate synthase:
AT3G29430.1

[+ 2 isozymes]

inositol-phosphate
phosphatase:
AT1G31190.1

cyanidin 3-O-[2"-
O-(xylosyl)-6"-O
-(p-coumaroyl)
glucoside] 5-
O-glucoside

D-glyceraldehyde 3-phosphate

β-D-glucose

Dol-P-Man:Man 8

GlcNAc 2 -PP-Dol α-1,2-
mannosyltransferase:
AT1G16900.1

cyanidin 3-O-
glucoside-(2"-O
-xyloside) 6"-O-
acyltransferase:
AT1G03495.1

UDP-glucose 4-
epimerase: UGE3

kaempferol glycoside biosynthesis (Arabidopsis)

5-methylthiopentylglucosinolate

(3S)-2,3-epoxy-2,3-
dihydrosqualene

phospholipid biosynthesis II

2-propenyl-glucosinolate

5-oxoproline

[+ 2 isozymes]

6-phosphofructokinase:
AT4G32840.1

UDP
glycosyltransferase:

UGT73C5

serine
biosynthesis

1-18:2-2-16:1-
monogalactosyldiacylglycerol

an L-isoleucyl-
[tRNA

ile

]

phosphopyruvate
hydratase:
AT2G29560.1

indole-3-acetonitrile-
γ-glutamylcysteine

conjugate

aconitase: ACO3

acetaldehyde

arginase: ARGAH2

quercetin 7-
O-glucoside

[+ 2 isozymes]

N-feruloyltyramine

a [cysteine
desulfurase]-
(S-sulfanyl) 2

-[disordered-
form scaffold

protein] complex

3-hydroxy-
cerotoyl-CoA
dehydratase: PAS2

[+ 36 isozymes]

4α-methyl-δ7-sterol-
4α-methyl oxidase:
AT2G29390.1

tyrosine
decarboxylase:
AT2G20340.1

1-18:3-2-16:2-
monogalactosyldiacylglycerol

cyanidin-3-O-
β-D-glucoside

(2E,6E)-farnesyl
diphosphate
synthase: GGPS1

isoleucine
degradation I

amino-acid N-
acetyltransferase:

AT4G37670.2

a tRNA
cys

branched-chain
amino acid
aminotransferase:
Atbcat-3

a (3R)-3-
hydroxymyristoyl-[acp]

glycine
biosynthesis III

aspartate transaminase: ASP2

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

phosphoglycerate
kinase: AT3G12780.1

biotin carboxylase:
AT5G35360.3

triacylglycerol
lipase: AT2G30550.2

[+ 2 isozymes]

4α,14α-dimethyl-
9β,19-cyclo-5α-

cholest-24-en-3-one

ferulate

tyramine

L-homocysteine

a long-chain ester

pyocyanin
hydroxylase:
AT4G15765.1

glucosinolate
biosynthesis from

tetrahomomethionine

trans-cinnamate

UDP-glucosyl
transferase:
AT1G05680.1

kaempferol 3-O
-β-D-glucosyl-

(1->2)-glucoside

acyl-lipid
thioesterase:
AT1G35250

malate dehydrogenase

ornithine
carbamoyltransferase:
OTC

3-nonaprenyl-4-
hydroxybenzoate

putrescine
biosynthesis IV

serine
hydroxymethyltransferase

CELL STRUCTURES BIOSYNTHESIS

1-18:2-2-16:0-
phosphatidylglycerol

linolenate Δ
15

desaturase: fad3

N,N-dihydroxy-
L-tryptophan
decarboxylase:
CYP79B3

2-(7’-methylthio)
heptylmalate

oleate ω-
hydroxylase:
CYP86A2

AT2G39800.1:
P5CS1

UDP-glucose 4,6-
dehydratase: RHM1

coniferyl alcohol

pseudouridine
kinase: AT1G49350.1

glutamine synthetase: GLN1;1

chorismate mutase:
AT1G69370.1

tRNA
isopentenyltransferase:
IPT2

NAD-dependent
malate dehydrogenase

(decarboxylating):
NAD-ME2 NAD-ME1

GDP-α-D-mannose

superpathway of
geranylgeranyldiphosphate

biosynthesis I (via mevalonate)

N,N-dihydroxy-
L-tryptophan
decarboxylase:
CYP79B2

9,10,18-
trihydroxystearate

3-isopropylmalate
dehydrogenase: AtIMD3

squalene
epoxidase: SQE3

1-phosphatidylinositol-
4-phosphate 5-
kinase: AT2G26420.1

α,α-trehalose

sucrose-phosphate
synthase: SPSC

nucleoside-
diphosphate kinase:
AT5G63310.1

L-galactose
dehydrogenase:
AT4G33670.1

homoserine
dehydrogenase:
AK-HSDH1

aspartate kinase:
AT3G02020.1

cytokinins 9-N-
glucoside biosynthesis

chlorophyll
synthetase: G4

UMP kinase: AT5G26667.1

adenosylmethionine
decarboxylase: SAMDC

steviolbioside

all-trans-octaprenyl
diphosphate
synthase: SPS1

lipid IV A 3-deoxy-D-
manno-octulosonic
acid transferase:
AT5G03770.1

glucosinolate breakdown

carbonate
dehydratase: CA1

NAD+-dependent isocitrate
dehydrogenase catalytic subunit: IDH-VI

9-cis-
epoxycarotenoid
dioxygenase:
NCED2

cysteine-S-
conjugate C-S lyase

eriodictyol

an in-chain
hydroxy fatty acid

F6P

[+ 2 isozymes]

NAD
+

5-methylthiopentylhydroximoyl-
cysteinylglycine

alkane
oxidation

[+ 9 isozymes]

salicylate 2-O-
β-D-glucoside

[+ 2 isozymes]

cis-vaccenate

[+ 2 isozymes]

[+ 5 isozymes]

myo-inositol

crinosterol

4-coumaryl-CoA

trehalose
degradation
II (trehalase)

phospholipase A1: AT4G16820.1

a jasmonoyl-
isoleucine

NAD+-dependent
isocitrate
dehydrogenase
regulatory
subunit: IDH-III

epithiospecifier
protein:
AT1G54040.2

branched-chain-
amino-acid
transaminase:
Atbact-5

3-ketoacyl-CoA synthase: AT5G43760.1

AT2G36800.1:
UGT73C5

a trans-octadec-
2-enoyl-[acp]

3-oxo-arachidoyl-
CoA synthase: FAE1

salvigenin

pheophorbide a
oxygenase: PAO

N-dimethylethanolamine

[+ 2 isozymes]

salicylate β-D-
glucose ester

lupeol
synthase: LUP1

sugar-terminal-
phosphatase: PAP26

long-chain fatty
acid ω-hydroxylase:
CYP704B1

glutamyl-tRNA
reductase: HEMA1

NAD+-dependent isocitrate
dehydrogenase catalytic subunit: IDH-V

UDP glycosyltransferase:
UGT76C1

4-coumaryl-CoA

α-iminosuccinate

diacylglycerol O-
acyltransferase: AT5G37300.1

[+ 4 isozymes]

hexokinase: HXK2

homogentisate

glycerol-3-
phosphate
dehydrogenase
(NAD+): SFD1

gibberellin 20-
oxidase: GA20ox2

nitric oxide

3-phospho-D-glycerate

adenylosuccinate
lyase: AT1G36280.1

coumarin

AT4G11640.1:
AT4G11640.1

[+ 5 isozymes]

selenate
reduction

isovaleryl-CoA
dehydrogenase:
AT3G45300.1

UTP

heptaprenyl
diphosphate
synthase:
AT5G58780.1

aldehyde reductase
(cytosolic): SDR1

tetraacyldisaccharide
4’-kinase: AT3G20480.1

[+ 5 isozymes]

ATP-phosphoribosyl
transferase: AtATP-PRT1

N,N-dihydroxy-
L-tyrosine

1-aminocyclopropane-1-carboxylate synthase: ACS8

[+ 2 isozymes]

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

[+ 5 isozymes]

indole-3-acetyl-
phenylalanine
synthetase:
AT1G28130.1

AT5G28030.1:
AT5G28030.1

protoporphyrin IX

3-butenylglucosinolate 2-
hydroxylase: AT2G25450.1

linoleate 13S-
lipoxygenase: LOX3

asn

glycerol-3-phosphate
O-acyltransferase:
AT5G06090.1

starch

NAD
+

 kinase:
AT3G21080.1

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

pyridoxamine
5’-phosphate

benzyl-desulfoglucosinolate

D-glyceraldehyde 3-phosphate

(2E,6E)-farnesyl
diphosphate

indole-3-butyrate

rosmarinate
synthase:
AT5G02890.1

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

acetylornithine
deacetylase:
AT4G17830.2

2-methyl-6-phytyl-
1,4-benzoquinone
cyclase: VTE1 vte1

chorismate
synthase:
AT1G48850.1

UDP glycosyltransferase:
UGT76C1

lipoyl-adenylate

adenine

2-oxoisovalerate dehydrogenase
(acylating): AT1G48030.1

but-1-en-3-one
reductase: AOR

[+ 2 isozymes]

myo-inositol

L-ornithine

9-cis-10’-apo-β-
carotenal cleavage
dioxygenase:
AT4G32810.1

(E)-cinnamoyl-CoA

4-coumarate-
CoA ligase: 4CL2

S-methyl-5-thio-D-ribose

magnesium
chelatase:
AT5G45930.1

O 2

AIR

Δ
24-25

-sitosterol

2-oxo-7-
methylthioheptanoate

dihydrokaempferol
synthase: FLS

indole-3-acetonitrile

3,4-dihydroxy-5-all-trans
-nonaprenylbenzoate

cinnamyl-alcohol
dehydrogenase:
AT4G39330.1

[+ 2 isozymes]

red chlorophyll
catabolite
reductase: RCCR

naringenin 3’-
hydroxylase:
AT3G61880.2

isochorismate

N
6

-(dimethylallyl)
adenosine 5’-phosphate-
hydroxylase: AT5G52400.1

branched-
chain keto-acid
dehydrogenase
complex:
AT3G13450.1
AT5G09300.1
BCE2 LPD2

[+ 4 isozymes]

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

a (1->4)-β-D-xylan

linoleate
desaturase: fad3

an L-glutamyl-
[tRNA

Gln

]

FAD

L-fucokinase:
AT1G01220.1

a tRNA
phe

histidine-
tRNA ligase:
AT5G03406.1

3-cyano-L-alanine
nitrilase: NIT4

tricoumaroylspermidine
meta-hydroxylase:
CYP98A9

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

trans-resveratrol

indole-3-acetate

pelargonidin-3-
O-β-D-glucoside

4-coumaroylshikimate

glucokinase//
fructokinase:
AT1G47840.1

2-methyl-1,5-dinitro-
3-nitrosobenzene

L-aspartate-
semialdehyde

aldehyde dehydrogenase
(NAD

+

): AT1G44170.1

nucleoside-
diphosphate kinase:
AT5G63310.1

GMP

glt

[+ 2 isozymes]

AT3G04080.1:
AT3G04080.1

quercetin-3-O
-glucoside-7-
O-rhamnoside

sulfate
adenylyltransferase: APS1

galactinol synthase: GolS3

linolenate
epoxidase:
AT5G04660.1

β-ring hydroxylase:
β-OHase 1

phenylalanine
ammonia
lyase: PAL1

AT4G28630.1

[+ 2 isozymes]

aconitase: ACO1

4α-carboxy-stigmasta-
7,24(24

1

)-dien-3β-ol

inositol-
hexakisphosphate
kinase: AT3G01310.1

hydroxymethylpyrimidine

flavonol 3-O-
glucosyltransferase:
UGT73B2

5-(methylthio)-2,3-dioxopentyl 1-phosphate

benzoate

3-methoxy-4-hydroxy-5-all-
trans-nonaprenylbenzoate

DMAPP:AMP
isopentenyltransferase: IPT7

hydrogen carbonate

VTC2 cycle

PSI-D subunit: PsaD-2

myrcene synthase: TPS10

N-acetyl-D-
glucosamine

glycine
transaminase:
AOAT1

cytokinins 7-N-
glucoside biosynthesis

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

a (3R)-3-
hydroxyoctanoyl-[acp]

3-epi-6-
deoxocathasterone

myo-inositol

biliverdin-IX-α

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

ornithine/ornithine
exchanger:

AT1G79900.1

GDP-L-fucose
biosynthesis II

(from L-fucose)

apigenin

1-naphthol

uroporphyrinogen
decarboxylase:
AT3G14930.1

(2-amino-4-hydroxy-
7,8-dihydropteridin-6-
yl)methyl diphosphate

inositol-tetrakisphosphate
1-kinase: AT2G43980.1

2-sinapoyloxy-3-
butenylglucosinolate

[+ 3 isozymes]

quercetin 3-O
-rhamnoside

caffeate o-
methyltransferase: OMT1

solanesyl
diphosphate
synthase: SPS1

acyl-lipid
thioesterase:
AT1G68260

adenylosuccinate
lyase: AT4G18440.1

(Z)-indol-3-ylacetaldoxime

[+ 4 isozymes]

4-(cytidine 5’-
diphospho)-2-
C-methyl-D-
erythritol kinase:
AT2G26930.1

succinyl-CoA

2-hydroxyferulate

[+ 2 isozymes]

beta-carotene
9,10-cleavage
dioxygenase:
AT2G44990.1

4-aminobutyrate:pyruvate
transaminase: POP2

NAD
+

 diphosphatase: AT2G04450.1

dihydrolipoyllysine-residue
acetyltransferase: AT3G25860.1

a 1,3-β-D-glucan

3-methylthiopropyl-desulfoglucosinolate

(E)-indol-3-
ylacetaldoxime

UDP-glucose
pyrophosphorylase:
AT3G03250.1

[+ 2 isozymes]

methyl
gibberellin A 34

[+ 2 isozymes]

[+ 5 isozymes]

3-hydroxypropanoate

gibberellin 4 2-
oxidase: GA2ox1

RX

26-hydroxybrassinolide

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G18170.1

ω-3 fatty acid
desaturase: fad7

OPC8-3-
hydroxyacyl-CoA
dehydrogenase:
AIM1

gln

superpathway of jasmonoyl-amino acid conjugates biosynthesis

cyanidin

4α-hydroxymethyl,4β,14α-
dimethyl-9β,19-cyclo-
5α-cholest-24-en-
3β-ol-4α-methyl
oxidase: AT4G12110.1

[+ 5 isozymes]

glycine decarboxylase:
AT2G35370.1

flavonol-3-O-
rhamnosyltransferase:
UGT78D1

3’-dephospho-CoA

ribonucleoside-
phosphate
reductase:
AT3G27060.1

cyanidin-3-O-
β-D-glucoside

hydroxymethyldihydropterin
pyrophosphokinase/
dihydropteroate
synthase: HPPK/DHPS2

4-aminobutyrate:pyruvate
transaminase: POP2

CYP81F2 monooxygenase:
AT5G57220.1

superpathway of
gibberellin GA 12

biosynthesis

(2S)-naringenin

coproporphyrinogen
oxidase: AT4G03205.2

glucose-6-
phosphate
isomerase:
AT5G42740.1

nicotianamine
synthase:
AT1G56430.1

maltose

a desaturated
thalian-diol

THF-L-glutamate

O-phospho-
L-homoserine

pyrimidine
deoxyribonucleotides

de novo biosynthesis III

long-chain-fatty-
acid-CoA ligase:
AT1G77590.1

N-acetyl-D-
glucosamine
6-phosphate

7-oxatyphasterol
synthase: CYP85A2

alkylthiohydroximate C-
S lyase: AT2G20610.1

8-methylthiooctylglucosinolate
S-oxygenase: GS-OX3

ethanolaminephosphotransferase:
AT3G25585.1

anthocyanidin 3-O-
glucosyltransferase:
UGT78D2

(Z)-phenylacetaldehyde oxime

pentahomomethionine

leucoanthocyanidin
dioxygenase:
AT4G22880.1

CDP

8-methylthiooctanaldoxime

3-phosphoglycerate
dehydrogenase:
AT1G17745.2

myo-inositol

6-methylthiohexyldesulfoglucosinolate
sulfotransferase: AtSOT18

[+ 3 isozymes]

gibberellin A 29

histidinol
dehydrogenase: HISN8

dGDP

ω-6 oleate
desaturase: fad2

malate dehydrogenase: cyMDH

D-glucosamine
6-phosphate

PRPP

trehalose-
phosphatase: TPPA

methylglyoxal
reductase: ChlADR

UDP-glucose:thiohydroximate
S-glucosyltransferase:
AT1G24100.1

flavonol
synthase: FLS

fatty acid β-
oxidation III

(unsaturated,
odd number)

3-isopropylmalate
dehydratase:
AT4G13430.1

4-coumaroyl-
CoA:quinate O-
(hydroxycinnamoyl)
transferase:
AT5G48930.1

uroporphyrinogen
III synthase:
AT2G26540.1

ent-kaurene
oxidase: GA3

a 1,2-diacyl-sn-glycerol

(R)-2,3-dihydroxy-
3-methylbutanoate

oxaloacetate

Ins(1,3,4)P 3

6-kinase:
AT5G16760.1

phosphopyruvate
hydratase:
AT1G74030.1

violaxanthin
deepoxidase: NPQ1

cyanin

glt

cichoriin
transglucosylase (6-O
-glucosyltransferase
activity): AT3G09260.1

serine
hydroxymethyltransferase

lipoate
salvage I

5,10-
methylenetetrahydrofolate
reductase: AT2G44160.1

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

tocopherol O-
methyltransferase:
AT3G23300.1

aldehyde
dehydrogenase
(NAD

+

): ALDH2C4

phenylacetohydroximoyl-
cysteinylglycine

DHAP

[+ 4 isozymes]

squalene synthase: SQS2

(-)-secoisolariciresinol

inositol-1(or 4)-
monophosphatase: VTC4

(E,E)-α-farnesene
synthase: TPS03

riboflavin kinase:
AT3G48420.1

(S)-2,3,4,5-
tetrahydrodipicolinate

α-D-glucose
1-phosphate

terpinolene
synthase: TPS-Cin

alcohol
dehydrogenase: ADH

24C methyltransferase: SMT3

[+ 5 isozymes]

ζ-carotene
desaturase: ZDS

1-(β-D ribofuranosyl)nicotinamide

superpathway of pyrimidine deoxyribonucleotides
de novo biosynthesis (E. coli)

uroporphyrinogen
decarboxylase:
AT3G14930.1

succinate

a butyryl-[acp]

7-methylthioheptylhydroximoyl-glutathione

dUTP
diphosphatase:
AT3G46940.1

chlorophyllide b
reductase: AT5G04900.1

cathasterone
23α-hydroxylase:
CYP90A1

digalactosyldiacylglycerol
synthase: DGD1

cis-hydroxy-
prenyl-tRNA

S-ureidoglycine
aminohydrolase:
AT4G17050.1

indole-5,6-quinone-
2-carboxylate

UTP

Cu
2+

adenine

Cd
2+

gibberellin 20-
oxidase: GA20ox1

N-acetyl-L-ornithine

UDP-glucosyl
transferase:
UGT73C1

phosphoglycerate
kinase: AT3G12780.1

phaseic acid
biosynthesis

laurate

malate synthase: MLS

fructose-
bisphosphate
aldolase:
AT2G36460.1

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

4-hydroxy-3-
indolylmethyl-
glucosinolate

malonate
semialdehyde

D-glyceraldehyde
3-phosphate

6-phosphofructokinase: AT5G56630.1

[+ 3 isozymes]

starch biosynthesis

inositol pyrophosphates biosynthesis

hydroperoxide
lyase: CYP74B2

threonine
biosynthesis

guanine

pyruvate kinase: PKp1 PKp2

diaminopimelate
decarboxylase:
AT5G11880.1

putrescine
biosynthesis II

3-methylglutaconyl-CoA

α-D-glucose
1-phosphate

cellulose synthase: AT4G39350.1

[+ 6 isozymes]

methylthioalkylmalate
dehydrogenase: AtIMD1

Ins(1,4)P 2

cystathionine
γ-synthase:
AT3G01120.1

6-methylthiohexyldesulfoglucosinolate

aminodeoxychorismate
lyase: AT3G54970.1

methyl bromide

ω-6 fatty acid
desaturase: fad6

fructose-
bisphosphatase:
AT5G64380.1

[+ 2 isozymes]

[+ 6 isozymes]

a [chaperone-
ADP]-[disordered-

form scaffold
protein] complex

UDP-glucose 6-
dehydrogenase:
AT3G29360.1

cis-zeatin

gibberellin 20-
oxidase: GA20ox1

a phosphatidylcholine

cis-aconitate

callose synthase:
AT1G06490.1

L-tryptophan:pyruvate
aminotransferase: TAA1

1-deoxy-D-xylulose
5-phosphate
reductoisomerase: DXR

indole-3-acetonitrile
nitrile hydratase: NIT2

a [phospholipid]
cyclopropane

fatty acid

transketolase:
AT3G60750.1

α-D-glucose
6-phosphate

quercetin-3-
gentiobioside

sinapoylglucose-
sinapoylglucose O-
sinapoyltransferase:

AT2G22990.3

3-hydroxy-3-
phenylpropionate

3-demethylubiquinol-9

cyanidin 3-O
-sophoroside

phospholipase
D: PLD epsilon

fatty acid biosynthesis
(plant mitochondria)

diacylglycerol kinase

3-methyl-4-cis-
hydroxy-2-butenal

ε-ring
hydroxylase: LUT1

[+ 7 isozymes]

9-cis-β-carotene

GDP-Man:Man 3

GlcNAc 2 -PP-Dol α-1,2-
mannosyltransferase:
AT2G40190.1

[+ 10 isozymes]

AT1G75960: AT1G75960.1

leucopelargonidin and leucocyanidin biosynthesis

ammonium

ATP

[+ 3 isozymes]

pyridoxamine

all-trans phytofluene

[+ 3 isozymes]

selenodiglutathione

superpathway of anthocyanin
biosynthesis (from cyanidin
and cyanidin 3-O-glucoside)

[+ 18 isozymes]

polyphosphate
2-kinase: IPK1

quercetin-
3,3’-bissulfate

7,8-dihydroneopterin
3’-triphosphate

CTP

glucosamine:fructose-
6-phosphate
aminotransferase: GFAT

aconitase: ACO2

2-succinyl-6-
hydroxy-2,4-
cyclohexadiene-
1-carboxylate
synthase:
AT1G68890.1

(2Z)-2-aminobut-
2-enoate

branched-chain-
amino-acid
transaminase:
Atbact-5

homogentisate

an N
10

-formyl-
tetrahydrofolate

4α-formyl-ergosta-7,24(24
1

)-dien-3β-ol-methyl
oxidase: AT1G07420.1

diaminohydroxyphosphoribosylaminopyrimidine
deaminase: AT4G20960.1

α-D-glucose

UDP-D-glucose/
UDP-D-galactose
4-epimerase: UGE1

alkylthiohydroximate C-
S lyase: AT2G20610.1

3-ketoacyl-CoA synthase: AT1G25450.1

brassinolide

[+ 7 isozymes]

α-D-glucose
1-phosphate

D-erythro-imidazole-
glycerol-phosphate

lys

acetylornithine
transaminase:
AT1G80600.1

ketol-acid
reductoisomerase:
AT3G58610.1

O-acetyl-L-serinean L-asparaginyl-
[tRNA

asn

]

arginine
decarboxylase:
AT2G16500.1

[+ 7 isozymes]

anthocyanidin 3-O-
glucosyltransferase:
UGT78D3

4-methylthiobutyldesulfoglucosinolate

magnesium-
protoporphyrin IX

13-monomethyl ester

geranylgeranyl
pyrophosphate
synthase: GGPS1

glyoxylate

adenylosuccinate
lyase: AT4G18440.1

4-methyl-5-(β-
hydroxyethyl)thiazole

1-18:1-2-18:3-
phosphatidylcholine

AT5G45900.1:
AT5G45900.1

gibberellin 8 2-
oxidase: GA2ox3

laurate in-chain
hydroxylase:
CYP703A2

benzoate
glucosyltransferase:
UGT74F1

a malonyl-[acp]

(gibberellin-53), 2-
oxoglutarate:oxygen
oxidoreductase:
AT3G19010.1

glt

thiamin
monophosphate
pyrophosphorylase:
TH1

D-glucopyranose
6-phosphate

10-formyl-THF
folylpolyglutamate
synthetase: AT3G10160.1

brassinosteroid biosynthesis III

UDP-α-D-
sulfoquinovopyranose

aconitase: ACO1

(S)-1-pyrroline-
5-carboxylate

phosphoglucomutase:
PGM

[+ 2 isozymes]

ribulose-bisphosphate
carboxylase: rbcS1A

L-3-cyanoalanine
synthase: AT3G61440.1

dimethylallyltrans
transferase:
AT3G29430.1

4-methoxy-3-
indolylmethylisothiocyanate-

glutathione

caffeoyl-CoA O-
methyltransferase:
AT1G67990.1

a 1,2-diacyl-sn-glycerol

inositol-phosphate
phosphatase: VTC4

3R-hydroxyacyl-
CoA dehydratase:
AT1G76150.1

ethanol

ornithine-δ-
aminotransferase:
δ-OAT

(+)-taxifolin 5’-
hydroxylase:
AT4G12334.1

glutathione

dTMP kinase:
AT5G59440.3

indole-3-glycerol-
phosphate lyase:
AT5G54810.1

NADP-malic
enzyme: NADP-ME3

cellulose

ferric-chelate
reductase:
AT5G23980.1

OPC8 acyl-CoA
oxidase: ACX5

L-tryptophan N-
monooxygenase:
CYP79B3

CDP-diacylglycerol:myo-
inositol
phosphatidyltransferase:
AtPIS1

adenine

2-C-methyl-D-
erythritol-2,4-

cyclodiphosphate

1-O-sinapoyl-
β-D-glucose

phosphoglucan,
water dikinase:
AT5G01260.2

caffeate O-
methyltransferase:
OMT1

a polyhydroxylated
tetraketide α-pyrone

cystathionine beta-
lyase: AT4G23600.1

[+ 3 isozymes]

(3Z)-hex-3-en-ol

α-linolenate

aspartate
transaminase:
AT2G22250.2

[+ 3 isozymes]

shikimate 3-
phosphate

uvaol

6-hydroxyprotopine

N-hydroxy-
L-tryptophan

[+ 4 isozymes]

homogentisate

glutathione
transferase:
AT2G02390.3

SAM

superpathway of proto-
and siroheme biosynthesis

[+ 2 isozymes]

[+ 8 isozymes]

3-oxo-
lignoceroyl-CoA

isopentenyl-diphosphate Δ-
isomerase: AT1G79690.1

D-myo-inositol (1,4,5)
-trisphosphate

biosynthesis

an L-arginyl-
[tRNA

arg

]

dTTP

long-chain fatty
acid ω-hydroxylase:
CYP704B1

OPC6-3-
hydroxyacyl-CoA

CA1P biosynthesis

glucose-6-
phosphate 1-
dehydrogenase:
G6PD6

[+ 4 isozymes]

phospholipase D: PLD alpha

1-aminocyclopropane-1-
carboxylate synthase: ACS4

thioglucosidase:
AT1G51490.1

branched-chain
amino acid
aminotransferase:
Atbcat-2

AT1G75960:
AT1G75960.1

cyanidin 3-O-[2"-O
-(xylosyl)-6"-O-(p-
coumaroyl) glucoside]
5-O-glucoside
malonyltransferase:
AT3G29590.1

flavonol 7-O-
rhamnosyltransferase:
UGT89C1

syringetin

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G33770.1

butanal

[+ 2 isozymes]

pyridoxal
kinase: SOS4

4α-carboxy-4β-
methyl-5α-cholesta-

8,24-dien-3β-ol

nucleoside-
diphosphate kinase:
AT5G63310.1

a tRNA
pro

benzoate

phosphoglucomutase:
PGM

phosphopantothenate
biosynthesis I

4α-carboxy-5α-
cholesta-7,24-dien-
3β-ol dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D1

1-O-methylsalicylate

L-homomethionine

myricetin
gentiobioside
biosynthesis

pyruvate
carboxylase:
AT3G56130.1

1,4-dihydroxy-
2-naphthoate

glucokinase:
AT1G50460.1

succinate dehydrogenase (ubiquinone): SDH8

1-pyrroline-
5-carboxylate
dehydrogenase:
AT5G62530.1

[+ 6 isozymes]

methyl indole-
3-acetate
methylesterase:
AT2G23610.1

3-sn-phosphatidate
phosphohydrolase: PAH2

phosphatidylcholine:diacylglycerol
cholinephosphotransferase: AT3G15820.1

(R)-3-
hydroxybutanoyl-CoA

a jasmonoyl-leucine

4-methylumbelliferone
6’-O-malonylglucoside

L-2-aminoadipate

AT5G09300.1:
AT5G09300.1

4-methyl-5-(2-
phosphonooxyethyl)thiazole

cytidylate kinase:
AT5G26667.1

glycine
dehydrogenase

(decarboxylating)
: AT2G26080.1

traumatin

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.2

threonine
deaminase:
AT3G10050.1

aspartate
carbamoyltransferase:
AT3G20330.1

imidazoleglycerolphosphate
synthase: AT4G26900.1

ω-3 fatty acid
desaturase: fad7

[+ 6 isozymes]

stachyose
biosynthesis

purine nucleotides degradation I (plants)

[+ 9 isozymes]

ω-hydroxy fatty
acid ω-alcohol
dehydrogenase:
AT1G72970.1

mannose-6-
phosphate
isomerase:
AT1G67070.1

indole-3-acetate

[+ 4 isozymes]

caffeoyl-CoA

glutaconate

(R)-4’-
phosphopantothenate

lipid X

quercetin 3-
sophoroside 7-O-
rhamnosyltransferase:
UGT89C1

urea

[+ 4 isozymes]

cuticular wax
biosynthesis

polyprenyldihydroxybenzoate
methyltransferase: AT1G66680.1

oxaloacetate

homogentisate
phytyltransferase:
HPT1

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

[+ 4 isozymes]

α,ω-9Z-
octadecenedioate

[+ 6 isozymes]

uroporphyrinogen
decarboxylase:
AT2G40490.1

glycine
transaminase: AOAT1

D-xylulose 5-phosphate

GTP cyclohydrolase
I: AT3G07270.1

all-trans-lycopene

oxoglutarate dehydrogenase
(succinyl-transferring)

: AT5G65750.1

linolenate Δ15
desaturase: fad3

3-methyl-2-oxobutanoate
dehydrogenase (2-

methylpropanoyl-transferring)
<p: AT5G09300.1

fructose 1,6-bisphosphate

IAA-Phe

malate dehydrogenase:
cyMDH

[+ 4 isozymes]

3-oxo-5α-steroid
4-dehydrogenase:
DET2

CYP79F1 homomethionine
monooxygenase: AT1G16410.1

a demethylated methyl donor

indolylmethyl
glucosinolate

aglycone

raffinose

[+ 4 isozymes]

1,4-α-D-glucan
maltohydrolase:
BAM3

[+ 5 isozymes]

sucrose

volatile benzenoid
biosynthesis I (ester formation)

(R)-2-
hydroxyglutarate

gibberellin A 4

cytokinin trans-
hydroxylase: CYP735A2

lipoate-protein
ligase: AT3G29010.1

branched-chain
amino acid
aminotransferase:
Atbcat-3

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

cinnamoyl-CoA
reductase: CCR2

16-hydroxypalmitate

phenylalanine-
tRNA ligase:
AT3G58140.1

aspartate
transaminase: ACS10

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

D-glucono-
1,5-lactone

4-aminobutanal

dTDP

(2E,6E)-farnesyl
diphosphate
synthase: GGPS4

castasterone

[+ 11 isozymes]

an [eIF5A-
precursor]-N-(4-
aminobutylidene)

-lysine

caffeate coenzyme
A ligase: 4CL1

linoleate epoxidase:
AT5G04660.1

glutamate synthase
(ferredoxin-
dependent):
AT5G04140.2

myricetin

L-glutamate-5-
semialdehyde

kaempferol-
3-glucoside-
glucosyltransferase:
UGT73B3

ala

3-oxo-cerotoyl-CoA
synthase: CER6

indole-3-acetate
degradation V

24-methylenecholesterol
isomerase: DWF1

pheophorbide a

[+ 2 isozymes]

a trans-2-enoyl-CoA

asp

oleoyl-[acyl-carrier-
protein] hydrolase:
AT1G08510.1

[+ 6 isozymes]

a trans2,cis-
5-dienoyl-CoA

GA 9  carboxyl
methyltransferase:
GAMT1

oxaloacetate

[+ 4 isozymes]

[+ 2 isozymes]

3-isopropylmalate
dehydratase:
AT2G43100.1

glutamate-tRNA
ligase: AT5G64050.1

glutathione-disulfide
reductase: GR2

myricetin 3’-O-
methyltransferase:
OMT1

violaxanthin
de-epoxidase:
AT2G21860.1

glucuronate-
1-phosphate
uridylyltransferase:
AT5G52560.1

phospholipase
A2: AT4G29460.1

glycerol-3-phosphate O-
acyltransferase: GPAT6

sucrose biosynthesis I
(from photosynthesis)

ferulate 5-
hydroxylase: FAH1

arg

4-coumarate coenzyme
A ligase: 4CL5

ammonium

(2E,6E)-farnesol

scopoletin

GTP

UDP-glucosyl
transferase:
AT1G05680.1

arg

phe

spermidine
oxidase: PAO3

a β,β digalactosyldiacylglycerol

CTP synthase:
AT4G20320.1

a thiol

(R)-3-
hydroxyhexanoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

serine
racemization

β-elemene

γ-linolenate
biosynthesis

I (plants)

AT2G14960.1:
AT2G14960.1

ribulose-bisphosphate
carboxylase: rbcS2B

hydroperoxide
lyase: CYP74B2

dAdoMet

fatty-acyl-CoA
synthase:
AT5G10160.1

gibberellin A 53

NADH:ubiquinone
reductase (H

+

-translocating)
: AT5G67590.1

indole-3-glycerol-
phosphate synthase:
AT5G48220.1

palmitate desaturase: fad5

α-Kdo-(2->4)-α-
Kdo-(2->6)-lipid IV A

serine
acetyltransferase: SAT1

[+ 7 isozymes]

glutathione
synthetase:

AT5G27380.1

UTP

[+ 4 isozymes]

dihydromyricetin

2-oxoglutarate

8-methylthiooctyl glucosinolate

guanylate kinase:
AT2G41880.1

(2S)-2-isopropyl-
3-oxosuccinate

phosphatidylserine
decarboxylase:
AT4G16700.1

squalene epoxidase: SQE3

pyridoxal 5’-phosphate
salvage II (plants)

UDP glycosyltransferase:
UGT76C2

stachyose

quercetin 3-O-
glucosyltransferase:
UGT76E2

protochlorophyllide
oxidoreductase:
AT1G03630.1

succinate
semialdehyde

UDP-
sulfoquinovose
synthase: SQD1

purine deoxyribonucleosides
salvage

[+ 10 isozymes]

(S)-malate

(22S)-22-hydroxy-
campest-4-en-
3-one C-23
hydroxylase:
CYP90C1

pyruvate kinase: PKp1 PKp3

glucosinolate S-oxygenase: GS-OX4

4α-methyl-
zymosterol

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT2G43980.1

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

phosphatidylserine
decarboxylase:
AT5G57190.1

[+ 7 isozymes]

pantoate:β-alanine
ligase: PANC

chlorophyll cycle

aspartate transaminase: ASP5

[+ 2 isozymes]

ubiquinol-9

umbelliferone
biosynthesis

(3S)-2,3-epoxy-2,3-
dihydrosqualene

trans-2-hexenal
reducatase: ChlADR

[+ 2 isozymes]

uridine

betulinate
biosynthesis

gibberellin 9 2-
beta-dioxygenase:
GA2ox6

succinate dehydrogenase
(ubiquinone): SDH7A

a reduced ferredoxin

spermidine

S-formylglutathione

phosphoribulosylformimino-
AICAR-P

an octanoyl-[acp]

Ins(1,3,4)P 3

5-kinase:
AT5G16760.1

kaempferol 3-
O-rhamnoside-
7-O-glucoside

trans-zeatin O-beta-D-
glucosyltransferase:

UGT76C1

γ-glutamyl hydrolase:
AT1G78670.1

APS reductase: APR3

[+ 3 isozymes]

trans-2-hexenol

choline

UDP-Galf

ω-3 fatty acid
desaturase: fad8

aconitase: ACO3

serine
hydroxymethyltransferase:

AT4G37930.1

γ-glutamyltransferase:
AT4G39640.1

trp

δ-tocotrienol
cyclase: VTE1 vte1

fatty acid
activation

8-methylthiooctylhydroximoyl-
cysteinylglycine

24-methylenecholesterol

nucleoside-
diphosphate kinase:
AT5G63310.1

fumarase: FUM2

4-hydroxylamino-
2,6-dinitrotoluene

3C-glucoside

4α-carboxy-ergosta-
7,24(24

1

)-dien-3β-ol

C-22 sterol
desaturase: CYP710A2

stearoyl-CoA

KDO

[+ 2 isozymes]

a long-chain
acyl-CoA

lathosterol oxidase:
AT3G02590.1

(E)-β-ocimene: TPS10

[+ 4 isozymes]

4-coumarate

homoserine
dehydrogenase:
AT5G21060.2

4-(cytidine 5’-
diphospho)-2-C-

methyl-D-erythritol

dihydroxyacid
dehydrogenase:
AT3G23940.1

glutamate-
tRNA ligase:
AT5G64050.1

UDP-glucuronate
4-epimerase: GAE1

a 2,3,4-saturated fatty acid

phosphatidylglycerolphosphate
synthase: pgps2

inositol-tetrakisphosphate
1-kinase: AT4G33770.1

indole-3-acetaldehyde
oxidase: AT3G43600.1

4α-formyl,4β,14α-
dimethyl-9β,19-cyclo-5α-
ergost-24(24

1

)-en-3β-ol

[+ 6 isozymes]

D-myo-inositol
(1,3,4,5)-

tetrakisphosphate

3-cyano-L-alanine

F6P

pyocyanin

an anthocyanidin

chlorophyll a

glutamine
synthetase: GLN1;1

GTP

(R)-3-
hydroxyoctanoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

[+ 2 isozymes]

GDP-L-galactose
phosphorylase:
VTC2

[+ 8 isozymes]

1-phosphatidylinositol-
3-phosphate 5-
kinase: AT1G71010.1

caffeoylshikimate

inositol-polyphosphate 5-
phosphatase: AT4G18010.1

p-aminobenzoate-β-D-
glucopyranosyl ester

dihydrodipicolinate
synthase:
AT2G45440.1

long-chain fatty
acid ω-hydroxylase:
CYP704B1

an acetoacetyl-[acp]

L-ascorbate
biosynthesis IV

rebaudioside A

cycloeucalenol

dGDP

coniferaldehyde

5-MTR-1-P

steviol

UDP-glucosyl
transferase:
UGT73C6

3-hydroxypropyl-glucosinolate

6-phosphofructokinase:
AT4G29220.1

glutamate-
tRNA ligase:
AT5G26710.1

L-dehydro-ascorbate

acetoacetate

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

2-oxoglutarate

[+ 6 isozymes]

xylogalacturonan
biosynthesis

D-glucopyranose

FATTY ACID AND LIPID BIOSYNTHESIS

indole-3-acetonitrile
nitrilase: NIT2

beta-amyrin synthase:
AT1G78950.1

ATP-dependent
NAD(P)H-hydrate
dehydratase:
AT5G19150.1

L-tryptophan N-
monooxygenase:
CYP79B3

3β-hydroxysteroid
dehydrogenase

maltotriose

spermidine

sinapoylglucose:choline-
O-sinapoyltransferase:

AT5G09640.1

glutamate-
cysteine ligase:
AT4G23100.1

oxygenic photosynthesis

Cd
2+

[+ 2 isozymes]

dihydrozeatin

lycopene β
cyclase: LYC

3-butenylglucosinolate

anthocyanidin 3-O-
glucosyltransferase:
UGT78D2

[+ 3 isozymes]

OHCU
decarboxylase:
AT5G58220.1

glucosinolate S-oxygenase: GS-OX4

hexokinase: HXK1

L-glutamate-5-
semialdehyde

a 1,4-α-D-glucan

benzoyl-CoA
hydrolase: DHNAT2

[+ 4 isozymes]

[+ 3 isozymes]

arg

a very-long-chain oxoacyl-CoA

D-myo-inositol
(1,3,4,5)-

tetrakisphosphate

dihydrolipoyllysine-
residue acetyltransferase:

AT3G25860.1

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase: AT1G09780.1

1,4-β-D-glucan
xylosyltransferase:
XT2

polyphosphate
6-kinase: IPK2α

fructose-
bisphosphatase:
AT5G64380.1

prephenate dehydratase: AT3G07630.1

ferulate

a jasmonoyl-valine

GDP-L-
galactose:hexose-
1-phosphate
guanylyltransferase:
VTC2

a myristoyl-[acp]

2-oxoglutarate

myo-inositol
1-phosphate
monophosphatase:
AT1G31190.1

riboflavin synthase:
AT2G20690.1

gibberellin biosynthesis I (non
C-3, non C-13 hydroxylation)

[+ 8 isozymes]

7,8-dihydroneopterin

lys

pheophorbidase:
AT4G09900.1

MoO 2 -
molybdopterin

cofactor

formate
dehydrogenase:
AT5G14780.1

[+ 2 isozymes]

baruol

L-aspartyl-
4-phosphate

adenosylhomocysteinase:
AT3G23810.1

UDP-α-D-galactose

fructose 1,6-
bisphosphatase:
HCEF1

all-trans-hexaprenyl
diphosphate
synthase: SPS1

mannose-6-
phosphate
isomerase:
AT3G02570.1

1D-myo-inositol
1-diphosphate

2,3,4,5,6-
pentakisphosphate

gibberellin A 19

nucleoside-
diphosphate kinase:
AT5G63310.1

xanthine
dehydrogenase:
AT4G34890.1

zeaxanthin

brassinolide
synthase: CYP85A2

molybdopterin
synthase: Cnx7

flavonol 3’-O-
methyltransferase:
OMT1

4α-carboxy-stigmasta-
7,24(24

1

)-dien-3β-
ol dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D2

19-O-β-glucopyranosyl
steviol 13-O-
glucosyltransferase:
AT2G30150.1

pseudouridine
degradation

aconitase: ACO2

pro

L-cysteinyl-glycine

oleate

[+ 4 isozymes]

gibberellin A 14

OPC6-trans-
2-enoyl-CoA

[+ 2 isozymes]

chlorogenic acid biosynthesis I

enolase: AT2G36530.1

[+ 6 isozymes]

salvage pathways of pyrimidine ribonucleotides

methionine
synthase:
AT3G03780.1

dGTP

tricoumaroyl
spermidine

phosphatidylcholine
biosynthesis V

S-(2E,6E)-
farnesyl-L-cysteine

cis-zeatin riboside
monophosphate

UDP-glucose 4-
epimerase: AGK1

a 1,4-α-D-glucan

UDP-glucosyl
transferase:
UGT73C6

aconitate hydratase: AT5G54950.1

dUDP

gln

[+ 2 isozymes]

AT3G24290.1

luteolin 7-O
-glucoside

AT1G58265.1:
AT1G58265.1

4-hydroxyphenylacetaldehyde
oxime monooxygenase:
AT5G25140.1

(5α)-campestan-
3-one

ferulate coenzyme
A ligase: 4CL3

an L-tryptophanyl-
[tRNA

trp

]

hydrogen selenide

UDP-arabinose 4-
epimerase: UGE4

2-carboxy-L-
xylonolactone

IAA-Ala

cytokinin
oxidase: CKX1

[+ 11 isozymes]

arogenate
dehydrogenase:
AT5G34930.1

[+ 6 isozymes]

palmitate ω-9
desaturase: fad5

nucleoside-
diphosphate kinase:
AT5G63310.1

α-D-glucose
1-phosphate

bisnoryangonin
synthase: PKSB

a trans3,cis-
5-dienoyl-CoA

a trans-3-enoyl-CoA

ammonium

flavonol 3-O-
glucosyltransferase:
UGT73B4

2-methyl-6-all-
trans-nonaprenyl-
1,4-benzoquinol

gibberellin 34 2-
oxidase: GA2ox2

[+ 3 isozymes]

a [disordered-form
[Fe-S] cluster

scaffold protein]

cis-zeatin O-β-D-
glucosyltransferase:

UGT73C6

xyloglucan 6-
xylosyltransferase:
AT1G74380.1

4α-carboxy,4β,14α-
dimethyl-9β,19-cyclo-
5α-cholest-24-en-3β-
ol dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D2

dTDP

[+ 3 isozymes]

AT3G26780.1:
AT3G26780.1

3-methyl-4-trans-
hydroxy-2-butenal

F6P

thymidine kinase:
AT3G07800.1

(2S,4S)-4-
hydroxy-2,3,4,5-

tetrahydrodipicolinate

pyruvate

gibberellin 20-
oxidase: GA20ox1

[+ 15 isozymes]

L-ascorbate
biosynthesis I (L-

galactose pathway)

AT4G21534:
AT4G21534.1

D-sorbitol
degradation I

pantoate:β-alanine
ligase: PANC

gibberellin
A 51 -catabolite

2-oxoglutarate

trans-2-enoyl-CoA reductase
(NADPH): AT3G45770.1

UMP

UDP-α-D-xylose

[+ 5 isozymes]

CTP synthase:
AT4G20320.1

hexokinase: HXK1

superpathway of
asparagine biosynthesis

dihydroxyacid
dehydratase:
AT3G23940.1

gibberellin A 17

gluconeogenesis I

ω-3 fatty acid
desaturase: fad8

biotin-[acetyl-CoA-
carboxylase] ligase:
AT2G25710.1

GGPP

[+ 4 isozymes]

γ-L-glutamyl-
L-cysteine

malate
dehydrogenase

ω-hydroxy fatty
acid ω-alcohol
dehydrogenase:
AT1G72970.1

(9Z)-12-oxo-
dodec-9-enoate

CYP79F2: AT1G16400.1

violaxanthin

CDP-diacylglycerol
synthase: CDS1

D-myo-inositol
1,3,4,5,6-

pentakisphosphate

glt

a fatty aldehyde

asparaginase:
AT3G16150.1

NAD-dependent malate dehydrogenase
(decarboxylating): NAD-ME2 NAD-ME1

cysteine
desulfurase:
AT1G51310.1

an L-1-phosphatidylserine

[+ 3 isozymes]

UDP-α-D-
glucuronate

H
+

gibberellin 20-
oxidase: GA20ox3

4-coumaroylshikimate

a phosphatidylcholine

[acyl-carrier-protein]
S-malonyltransferase:
AT2G30200.1

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

[+ 8 isozymes]

benzoate

UDP glycosyltransferase:
UGT76C2

phosphoglycolate
phosphatase

[+ 4 isozymes]

selenomethionine Se-
methyltransferase:
AT5G49810.1

lupeol
biosynthesis

methylthioadenosine nucleosidase: AT4G28940.1

UMP

steviol glucoside biosynthesis
(rebaudioside A biosynthesis)

asp

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G07440.1

(S)-methylmalonate-
semialdehyde

fructokinase: AT1G47840.1

[+ 3 isozymes]

UDP-sugars interconversion

squalene

[+ 4 isozymes]

[+ 5 isozymes]

[+ 2 isozymes]

UMP

ile

[+ 4 isozymes]

phosphoribosylformylglycinamidine
synthase: AT1G74260.1

linoleate

phytol

mannose-6-
phosphate
isomerase:
AT3G02570.1

luteolin-7-O-
gentiobioside

sulfate

CDP-N-
methylethanolamine

[+ 2 isozymes]

4-coumarate-
CoA ligase: 4CL3

cysteine-S-
conjugate N-
malonyl transferase

L-aspartyl-
4-phosphate

[+ 3 isozymes]

N-acetyl-L-
glutamate 5-
semialdehyde

(R)-3-
hydroxymyristoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

shikimate
kinase: SK1

brassinolide

kinetin-7-N-glucoside

a [2-oxoglutarate
dehydrogenase E2 protein]
N

6

-dihydrolipoyl-L-lysine

DHNA phytyl
transferase: ABC4

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.1

phospholipase A2: AT4G29460.1

phosphoglucose
isomerase: PGI1

D-gluconate
6-phosphate

ω-3 fatty acid
desaturase: fad8

HORMONES DEGRADATION

KDO-8P

pheophorbidase:
AT1G33990.1

L-galactono-
1,4-lactone

pyridoxal 5’-
phosphate synthase
(glutamine
hydrolyzing):
AT2G38230.1

4-hydroxy-
tetrahydrodipicolinate
reductase: AT2G44040.1

branched-chain
amino acid
aminotransferase:
Atbcat-2

a nitrile

a crotonyl-[acp]

cycloartenol

N
6

-(Δ
2

-isopentenyl)
-adenosine 5’-
monophosphate
phosphoribohydrolase:
AT5G06300.1

indole-3-
acetate

biosynthesis I

5-dehydroepisterol
Δ

7

 reductase: DWF5

arg

spermidine
synthase: SPDS1

methylthioalkylmalate
synthase: MAM3

ω-6-oleate
desaturase: fad2

2-oxo-5-
methylthiopentanoate
aminotransferase:
Atbcat-3

a 3-oxo-cis-vacc-
11-enoyl-[acp]

pyridoxal 5’-
phosphate synthase:
AT2G46580.1

ADP-glucose
pyrophosphorylase:
ApL1 ApS1

hydrogen carbonate

quercetin

[+ 6 isozymes]

abscisic acid
8’-hydroxylase:
CYP707A3

serine C-
palmitoyltransferase:
AT3G48780.1

[+ 4 isozymes]

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

a palmitoleoyl-[acp]

UDP glycosyltransferase:
UGT76C1

gibberellin 20-
oxidase: GA20ox1

ser

violaxanthin de-
epoxidase: NPQ1

superpathay of
heme biosynthesis

from glutamate

aconitase: ACO2

serine
hydroxymethyltransferase

fructose 1,6-
bisphosphate

fructose-1,6-bisphosphatase: FINS1

glutaminase: PDX2

phe

uridine kinase/uracil
phosphoribosyltransferase:
AT5G40870.1

methylglutaconyl-CoA
hydratase: AT4G16800.1

L-alanine:2-oxoglutarate
aminotransferase: TAA1

uroporphyrinogen-III

[+ 4 isozymes]

dTMP

L-alanine:2-oxoglutarate
aminotransferase: TAA1

D-glucono-
1,5-lactone

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

indole-3-acetyl-
phenylalanine
synthetase:
AT4G37390.1

succinate

α-tocotrienol

kaempferol 3-O
-rhamnosyl(1->
2)glucoside-7-
O-rhamnoside

(-)-pinoresinol

a 7,8-dihydrofolate

[+ 3 isozymes]

24-hydroxy-β-amyrin

agmatine

(S)-1-pyrroline-
5-carboxylate

a [glycerolipid]-
linoleate

sinapaldehyde
dehydrogenase:
ALDH2C4

ornithine
carbamoyltransferase

phospholipase
A1: AT1G51440.1

12-oxophytodienoate
reductase: OPR3

chlorophyll synthetase: G4

[+ 23 isozymes]

gibberellin 3-
oxidase: GA3ox1

phosphoacetylglucosamine
mutase: AT5G18070.1

sugar-phosphatase:
AT2G25870.1

[+ 26 isozymes]

indole-3-
acetohydroximoyl-
cysteinylglycine

[+ 2 isozymes]

isopentenyl-
diphosphate

Δ-isomerase:
AT1G79690.1

UDP glycosyltransferase:
UGT76C1

(-)-dihydrokaempferol

4-amino-4-
deoxychorismate

adenine
phosphoribosyltransferase:
AT1G80050.1

CYP83A1 9-
methylthiononanaldoxime
monooxygenase: AT4G13770.1

cys

lutein dioxygenase:
CCD1

chitin
degradation II

dimethylallyltrans
transferase: GGPS4

[+ 3 isozymes]

α-D-mannose
6-phosphate

proline
dehydrogenase:
AT3G30775.1

AT1G63440.1

(5α)-campestan-
3-one 22α-
hydroxylase:
CYP90B1

raffinose

[+ 55 isozymes]

[+ 3 isozymes]

L-N
δ
-acetylornithine biosynthesis

a (3R)-3-hydroxyacyl-
[acyl-carrier protein]

kaempferol
synthase: FLS

tetrahomomethionine

S-adenosyl-L-methionine cycle II

(+)-sesamolinol

asp

IPP

CYP83B1 monooxygenase:
AT4G31500.1

fatty-acyl-CoA
synthase:
AT5G10160.1

[2Fe-2S] iron-sulfur
cluster biosynthesis

gibberellin 1 2-
oxidase: GA2ox4

L-ornithine

indole glucosinolate
methyltransferase:
AT1G21120.1

[+ 5 isozymes]

hydrogen sulfide

[+ 4 isozymes]

phenylalanine
ammonia
lyase: PAL1

nucleoside-
diphosphate kinase:
AT5G63310.1

tyr

inositol-
polyphosphate
multikinase:
AT5G07370.1

a [glycerolipid]-
linoleate

10-formyltetrahydrofolate
synthetase: AT1G50480.1

a 7,8-dihydrofolate

2-oxoglutarate

a 7,8-dihydrofolate

GDP-D-
mannose-3",5"-
epimerase: GME

13
1

-hydroxy-
magnesium-
protoporphyrin IX
13-monomethyl
ester 13-
dehydrogenase:
AT5G58250.1

3-isopropylmalate
dehydrogenase:
AT1G80555.1

glucose-6-
phosphate 1-
epimerase:

AT5G66530.1

glutamate
degradation I

acetoacetyl-CoA
thiolase: AACT2

choline-phosphate
cytidylyltransferase:
AT2G32260.1

phosphatidylglycerophosphatase:
AT5G56610.1

midchain alkane
hydroxylase:
AT1G57750.1

transaminase: AT1G77670.1

glutathione

adenylate
dimethylallyltransferase: IPT3

1-18:3-2-16:0-
monogalactosyldiacylglycerol

chitobiosyldiphosphodolichol
β-mannosyltransferase:
AT1G16570.2

thr

pinene synthase:
AT3G25810.1

jasmonyl-isoleucine
synthetase:
AT4G03400.1

folylpolyglutamate
gamma-glutamyl
hydrolase: GGH2

aspartate
transaminase:
AT2G22250.2

arg

3-methyl-2-butenal

2-isopropylmalate
synthase: MAM1

(3E)-4,8-
dimethylnona-
1,3,7-triene

succinate dehydrogenase
(ubiquinone): SDH7B

1-18:3-2-trans-16:1-
phosphatidylglycerol

palmitoleate

1-18:2-2-16:0-
monogalactosyldiacylglycerol

(3S)-2,3-epoxy-2,3-
dihydrosqualene

5-formyltetrahydrofolate
cyclo-ligase:
AT5G13050.1

glutathione peroxidase: GSTF9

5,6-dihydrouracil
dihydropyrimidinase:
PYD2

acyl-lipid thioesterase:
AT1G35290

spermine
oxidase: PAO1

5-methylthiopentylglucosinolate
S-oxygenase: GS-OX1

triose-phosphate isomerase: AT2G21170.1

threonine
aldolase: THA2

AT3G25830.1:
AT3G25830.1

oxaloacetate

1-18:3-2-16:1-
monogalactosyldiacylglycerol

sterol 24C
methyltransferase: SMT2

serine O-
acetyltransferase: SAT5

acetoacetyl-
[acyl-carrier-
protein]:NADPH+
oxidoreductase:
AT1G24360.1

L-galactono-
1,4-lactone
dehydrogenase:
AT3G47930.1

[+ 6 isozymes]

argininosuccinate
synthase:
AT4G24830.1

lupeol 28-
monooxygenase:
AT5G36130.1

[+ 12 isozymes]

β-ketoacyl-
ACP synthase:
AT2G04540.1

dihydrokaempferol
4-reductase: TT3

glutamate dehydrogenase:
AT3G03910.1

CTP

putrescine
oxidase: ATAO1

GTP

AT1G04620.1: AT1G04620.1

L-dihomomethionine

UDP

OPC6-trans-
2-enoyl-CoA
hydratase: AIM1

(-)-β-caryophyllene

3-(methylthio)
propanoate

gibberellin
A 34 -catabolite

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

UDP-glucosyl
transferase:
UGT73B5

12-hydroxyjasmonate
sulfotransferase:
AT5G07000.1

betaine
aldehyde hydrate

casbene

GDP-β-L-gulose

arginine-
tRNA ligase:
AT1G66530.1

lactoylglutathione
lyase: AT2G28420.1

acyl-CoA oxidase:
AT5G65110.1

UDP-glucose 4-
epimerase: AGK1

[+ 3 isozymes]

β-D-glucose
6-phosphate

chitin

triose-phosphate
isomerase:
AT2G21170.1

fructose-bisphosphate aldolase: AT2G36460.1

[+ 2 isozymes]

[+ 20 isozymes]

trans-2-hexenal
reductase:
AT1G54870.1

β-alanine
betaine

biosynthesis

asparagine
synthase (glutamine-
hydrolyzing): ASN1

dUDP

methylglyoxal
reductase: AKR4C8

leucopelargonidin
dioxygenase:
AT4G22870.2

ketopantoate
hydroxymethyltransferase:
PANB1

methyl indole-
3-carboxylate

acetoacetyl-CoA
thiolase: AACT2

indol-3-
ylmethylglucosinolate
glucohydrolase: PEN2phosphoserine

aminotransferase:
AT4G35630.1

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

γ-glutamyl cycle

a trans hex-
2-enoyl-[acp]

UDP-α-D-glucose

fumarate

inositol-polyphosphate 5-
phosphatase: AT1G47510.1

cis-3-hexenal
reducatase: ChlADR

γ-carotene

glucosinolate biosynthesis from dihomomethionine

leucopelargonidin

superpathway of pantothenate and coenzymeA biosynthesis

a palmitoyl-[acp]

[+ 2 isozymes]

pelargonidin-3-
O-β-D-glucoside

gibberellin 4 2-
oxidase: GA2ox3

folylpolyglutamate
synthetase: AT5G05980.1

fumarate

trans-zeatin-
O-glucoside

a [biotin-carboxyl-
carrier protein

monomer]

palmitate
trans-delta3
desaturase: fad4

flavonoid biosynthesis (in equisetum)

UDP-glucose 4-
epimerase: AGK1

[+ 11 isozymes]

UDP-glucose
pyrophosphorylase:
AT3G03250.1

caffeoylshikimate

indole-3-acetate

1-18:1-2-18:1-
sn-glycerol-3-
phosphocholine

AT5G53970.1: AT5G53970.1

cys

long-chain fatty
acid ω-hydroxylase:
CYP704B1

an acyl-[acyl-
carrier protein]

L-glutamate-5-
semialdehyde

[+ 8 isozymes]

long-chain-fatty-
acid-CoA ligase:
AT4G23850.1

prephytoene
synthase: PSY

12-oxo-cis-10,15-
phytodienoate

quercetin 3-sulfate

squalene epoxidase: SQE2

flavin biosynthesis I (bacteria and plants)

all-trans-hexaprenyl
diphosphate

an alkane

beta-glucosidase:
AT1G61810.3

aldehyde
dehydrogenase
(NAD

+

):
AT3G48000.1

phosphoribosyl-
AMP cyclohydrolase:
AT1G31860.1

apigenin

pelargonidin

siroheme

caffeoylshikimate

CTP

3-hydroxyisobutyryl-
CoA hydrolase:
AT5G65940.1

branched-chain
amino acid
aminotransferase:
Atbcat-3

ferrochelatase:
AT2G30390.2

N-methyl-β-alanine

all-trans-β-carotene

β-caryophyllene biosynthesis

maleylacetoacetate
isomerase: AT2G02390.3

[+ 5 isozymes]

2-succinylbenzoate

phytol
salvage
pathway

UDP-galactose:DAG
galactosyltransferase: MGD2

uroporphyrinogen-III

N-dimethylethanolamine
phosphate

a very-long-chain (3R
)-3-hydroxyacyl-CoA

a 6-phosphogluco-
3-phosphogluco-

amylopectin

2-succinyl-6-
hydroxy-2,4-
cyclohexadiene-
1-carboxylate
synthase:
AT1G68890.1

L-3-cyanoalanine
synthase:
AT3G61440.1

4-coumarate

(S)-3-methyl-2-
oxopentanoate
dehydrogenase
(acylating):
AT1G48030.1

3-phospho-D-glycerate

D-myo-inositol
(1,2,4,5,6)-

pentakisphosphate

4α-methyl-δ7-sterol-
4α-methyl oxidase:
AT2G29390.1

(2E,6E)-farnesyl
diphosphate

salicylate

3-dehydroquinate

transferase,
transferring
glycosyl groups:
AT5G14860.1

feruloyl-CoA

fatty acid α-
dioxygenase: DOX2

lipid A disaccharide

(2E,6E)-farnesyl
diphosphate

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-1

UDP-2,3-
bis[O-(3R)-3-

hydroxymyristoyl]-
α-D-glucosamine

phytoene
desaturase: PDS

(2E,6E)-farnesyl
diphosphate
synthase:
AT3G29430.1

superoxide

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

glutamate N-
acetyltransferase:

AT2G37500.1

[+ 7 isozymes]

inositol-phosphate
phosphatase: HISN7

24-alkyl sterol 2

(9R,10S)-
dihydroxystearate

glyceraldehyde-
3-phosphate
dehydrogenase: GapA-1

8-oxo-7,8-dihydro-
guanosine-triphosphate
pyrophosphohydrolase:
AT1G68760.1

indol-3-
ylmethylglucosinolate
glucohydrolase: PEN2

7-oxatyphasterol

cinnamyl-alcohol
dehydrogenase:
AT4G37990.1

ornithine
carbamoyltransferase

a sulfoquinovosyldiacylglycerol

(R)-pantoate

4-methylthiobutanonitrile oxide

(+)-taxifolin 5’-
hydroxylase:
AT4G12334.1

3-keto-indole-
3-butyryl-CoA

2-oxoglutaramate

UDP-glucosyl
transferase:
UGT73B5

fumarase: FUM2

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

glucose-6-
phosphate
isomerase:
AT5G42740.1

[+ 5 isozymes]

a dolichyl phosphate

malate dehydrogenase: mMDH1

1,3,5-
trimethoxybenzene

biosynthesis

[+ 2 isozymes]

CYP86A8
monooxygenase:
CYP86A8

N-hydroxy-
L-tryptophan
monooxygenase:
CYP79B2

AT2G39800.1:
P5CS1

[+ 2 isozymes]

cytokinin
oxidase: CKX1

a 2,3,4-saturated
fatty acyl CoA

phosphoglucomutase:
PGM

dUTP
diphosphatase:
AT3G46940.1

tryptophan synthase
(indole-salvaging)
: AT3G54640.1

glutamine synthetase: GLN1;4

iron regulated
transporter:
AT4G19690.2

OPC6 acyl-CoA
oxidase: ACX5

methylthioalkylmalate
dehydrogenase: AtIMD1

AT1G58265.1:
AT1G58265.1

chlorophyll a

photosystem II: PsbO-1

[+ 4 isozymes]

UDP-α-D-
galacturonate

aspartate kinase:
AT3G02020.1

quercetin 3-O-
rhamnosyl(1->
2)glucoside-7-
O-rhamnoside

(S)-malate

spermidine synthase: AT5G04610.1

[+ 4 isozymes]

O-acetylserine
(thiol) lyase: oasB

obtusifoliol

a plant soluble
heteroglycan

alanine transaminase: AOAT1

IMP

S-ureidoglycolate

[+ 2 isozymes]

lysine
degradation I

AT2G03210:
AT2G03210.1

sterol 14-demethylase:
CYP51G1

all-trans-10’-
apo-β-carotenal

CDP

dimethylallyltrans
transferase: GGPS1

nucleoside-
diphosphate kinase:
AT5G63310.1

phosphogluconate
dehydrogenase
(decarboxylating)
: AT5G41670.1

2’,4,4’,6’-
tetrahydroxychalcone

gibberellin A 4

1-16:0-2-18:1-
phosphatidylcholine

a [lipoyl-carrier
protein] N

6

-
lipoyl-L-lysine

sulfur volatiles
biosynthesis

farnesyltranstransferase: FTA

kaempferol

nitrile-specifier
protein: AtNSP4

1-phosphatidyl-
1D-myo-inositol
3,5-bisphosphate

dolichol phosphate
mannose synthase:
DPMS3 DPMS2
AT1G20575.1

3-ketoacyl-CoA synthase: CER6

UMP

cyanidin 3-O-[2"-O
-(2"’-O-(sinapoyl)
xylosyl) 6"-O-(p-
O-(glucosyl)-p-
coumaroyl) glucoside]
5-O-[6""-O-(malonyl)
glucoside] acylglucose
glucosyltransferase:
AT4G27830.1

NAD
+

 diphosphatase: AT4G25434.2

4-aminobutanoate

linoleate
biosynthesis

I (plants)

thymidylate
synthase:
AT2G21550.1

pyruvate

[acyl-carrier-protein]
S-malonyltransferase:
AT2G30200.1

glucose-1-phosphate
adenylyltransferase:
ApS2

1-18:1-2-16:0-
digalactosyldiacylglycerol

nucleotidase:
AT5G63980.1

dimethyl selenide

glutathione gamma-
glutamylcysteinyltransferase:
AT4G39640.1

glucose-6-
phosphate
isomerase: PGI1

[+ 4 isozymes]

glutamate-1-semialdehyde
2,1-aminomutase: GSA1

glt

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT1G64400.1

[+ 10 isozymes]

[+ 24 isozymes]

NAD+-dependent isocitrate
dehydrogenase catalytic subunit: IDH-VI

UDP glycosyltransferase:
UGT76C2

D-ribose 5-phosphate

arginase: ARGAH1

trans-cerot-
2-enoyl-CoA
reductase: CER10

polyphosphate
5-kinase: IPK2α

flavonol 7-O-β-
glucosyltransferase:
UGT73B3

agmatine
iminohydrolase: AIH

trehalase: TRE1

indole-3-acetyl-aspartate
synthetase: AT1G28130.1

phosphoribosylaminoimidazolesuccinocarboxamide
synthase: AT3G21110.1

met

β-ionone

[+ 3 isozymes]

myricetin 3-
O-glucoside

pyruvate

Cu
2+

4-methylumbelliferyl
glucoside 6’-O-
malonyltransferase:
AT3G29670.1

campesterol

N,N-dihydroxy-L-phenylalanine

UDP-glucose
pyrophosphorylase:
AT3G03250.1

4-amino-2-methyl-5-
hydroxymethylpyrimidine
phosphate kinase: TH1

palmitate

NADH

sucrose synthase: SUS4

D-ribulose-1,5-
bisphosphate

pyridoxal
kinase: SOS4

4-methylsulfinylbutylglucosinolate
dioxygenase: AOP2

ω-hydroxylaurate

adenylo-succinate

brassicasterol

glycerol-3-phosphate O-
acyltransferase: GPAT4

4-hydroxylamino-
2,6-dinitrotoluene-

O-glucoside

AT2G18960.1

dTMP

chitinase:
AT3G12500.1

[+ 56 isozymes]

folate
polyglutamylation II

gamma-tocopherol
methyltransferase:
G-TMT G-TMT

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

3-methyl-2-
oxobutanoate

salicylate
glucosyltransferase
(glucoside-
forming): UGT74F2

3-deoxy-7-
phosphoheptulonate
synthase: DHS2

UDP glycosyltransferase:
UGT76C2

ubiquinol-9
biosynthesis
(eukaryotic)

dihydrolipoyllysine-residue
(2-methylpropanoyl)

transferase: AT1G48030.1

L-ascorbate

[+ 5 isozymes]

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

[+ 8 isozymes]

[+ 5 isozymes]

N
6

-(Δ
2

-isopentenyl)-
adenosine 5’-diphosphate

[+ 7 isozymes]

(R)-3-hydroxy-cis-
vacc-11-enoyl-[acp]

glucokinase//
fructokinase:
AT1G47840.1

[+ 5 isozymes]

ω-3 fatty acid
desaturase: fad8

arogenate
dehydratase:
AT3G07630.1

(R)-3- (3,4-
dihydroxyphenyl)

lactate

guanosine

pyruvate,
orthophosphate
dikinase:
AT4G15530.5

[+ 3 isozymes]

a 5,10-methylene-
tetrahydrofolate

chlorophyllide a

laurate

rose
anthocyanin
biosynthesis
I (via cyanidin

5-O-β-D-
glucoside)

flavonol synthase:
AT3G55970.1

4-coumaroylshikimate

4-hydroxybenzoate

chlorophyllase:
CLH1

trans-β-D-glucosyl-
2-hydroxycinnamate

obtusifoliol 14α-
demethylase: CYP51G1

salidroside
biosynthesis

D-glucopyranose

GDP-D-mannose-
5"-epimerase: GME

F6P

3-deoxy-8-
phosphooctulonate
synthase: kdsA1

thalianol

malate dehydrogenase (NAD)

lysine-tRNA ligase:
AT3G11710.1

asparagine
synthase (glutamine-
hydrolyzing): ASN2

spermidine:feruloyl-
CoA N-
acyltransferase:
AT2G19070.1

UDP-α-D-
glucuronate

adenosylmethionine-8-
amino-7-oxononanoate
transaminase: POP3

glutamate
decarboxylase:
AT1G65960.2

scutellarein
7-methyl ether

[+ 5 isozymes]

geranylgeranyl
pyrophosphate
synthase: GGPS1

nucleoside-
diphosphate kinase:
AT5G63310.1

chlorogenate-glucarate O-
hydroxycinnamoyltransferase:
AT5G03980.1

N-acetyl-L-
glutamate

[+ 2 isozymes]

phytol kinase: VTE5

[+ 5 isozymes]

epoxide hydrolase

15,9’-di-cis-
phytofluene
desaturase: PDS

an L-1-
phosphatidylethanolamine

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G38570.1

(+)-taxifolin

an S-sulfanyl-
[cysteine

desulfurase]-S-
sulfanyl-[disordered-

form scaffold
protein] complex

glutamine
synthetase: GLN1;2

ketopantoate
hydroxymethyltransferase:
PANB1

flavonol 3-O-
glucosyltransferase:
UGT73B4

(3S)-2,3-epoxy-2,3-
dihydrosqualene

β-amyrin synthase: LUP2

GDP-L-fucose

allantoin
degradation

to glyoxylate II

(+)-lariciresinol

AT3G25830.1:
AT3G25830.1

nucleoside-
triphosphatase:
AT5G66005.3

serine
hydroxymethyltransferase

AT4G30120.1

(R)-3-
hydroxystearoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

a very-long-chain trans
-2,3-dehydroacyl-CoA

1,4-alpha-glucan
branching enzyme:

AT5G03650.1

chorismate

[+ 12 isozymes]

sphingolipid long-
chain base delta
8 desaturase:
AT3G61580.1

ferrochelatase:
AT5G26030.1

oleate ω-
hydroxylase:
CYP86A2

threonine
synthase: MTO2

malate dehydrogenase: cyMDH

UDP-α-D-galactose

homoserine
dehydrogenase:
AK-HSDH1

a reduced plastocyanin

a phosphatidylcholine

aminodeoxychorismate
synthase: ADCS

4α-hydroxymethyl-5α-
cholesta-7,24-dien-3β-ol

ala

methionine
degradation II

long-chain-fatty-acid-
CoA ligase: AT4G23850.1

1-acylglycerol-3-phosphate O-
acyltransferase: AT3G57650.1

oxaloacetate

salicylate
glucosides

biosynthesis II

superpathway of lysine, threonine and methionine biosynthesis II

4-methylthiobutyl glucosinolate

OPC6-CoA

phospholipase
C: AtPLC2

a xenobiotic

spermine
oxidase: PAO3

nitrate
reductase: NIA2

3-oxo-2-(cis-
2’-pentenyl)-
cyclopentane-
1-octanoate

4-hydroxyphenylpyruvate

glutamate synthase
(ferredoxin)<p:
AT2G41220.1

campesterol,NADPH:oxygen
oxidoreductase: AT5G14400.1

[+ 2 isozymes]

DHAP

transketolase: AT3G60750.1

chorismate

zeaxanthin

phenylacetohydroximoyl-
glutathione

NADH kinase:
NADK1

dUTP

phosphoribosylglycinamide
formyltransferase:
AT1G31220.1

5-hydroxy-CTP

scopolin

Ins(1,2,3,4,5,6)P 6

a D-xylopyranose

magnoflorine

2’-deoxyuridine

(-)-pinoresinol
reductase:
AT4G13660.1

CO 2

[+ 5 isozymes]

[+ 3 isozymes]

UDP-α-D-
glucuronate

gibberellin 20 2-
oxidase: GA2ox3

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

hydroxypyruvate
reductase: AT1G68010.2

dihydroneopterin
aldolase: AT5G62980.1

indol-3-
ylmethylglucosinolate
glucohydrolase: PEN2

glt

CO 2

protochlorophyllide
oxidoreductase:
AT5G54190.1

invertase: cwINV4

2-oxoglutarate

7-oxateasterone
synthase: CYP85A2

CYP83A1 4-methylthiobutanaldoxime
monooxygenase: AT4G13770.1

(2-amino-4-hydroxy-
7,8-dihydropteridin-6-
yl)methyl diphosphate

[+ 11 isozymes]

luteolin 7-O-
neohesperidoside

a dihydroquercetin

methylthioribulose 1-phosphate
dehydratase: AT5G53850.2

C-5 sterol desaturase:
AT3G02590.1

adenylate
dimethylallyltransferase: IPT7

adenosylmethionine
decarboxylase:
SAMDC

CMP-KDO
biosynthesis
II (from D-

arabinose 5-
phosphate)

superpathway of purine
nucleotides de novo biosynthesis I

a 1-phosphatidyl-
1D-myo-inositol
4,5-bisphosphate

OPC8-CoA

α-humulene
synthase:
AT5G23960.1

N-methylethanolamine
phosphate

[+ 15 isozymes]

thr

TCA CYCLE

a [deoxyhypusine
synthase]-N-(4-
aminobutylidene)

-lysine

a very-long-chain 2,3,4-
saturated fatty acyl CoA

(+)-
dihydrokaempferol

[+ 4 isozymes]

hydroxycinnamoyl-
CoA: shikimate/quinate
hydroxycinnamoyltransferase:
AT5G48930.1

a fatty aldehyde

aconitase: ACO1

[+ 3 isozymes]

methionine synthase:
AT3G03780.1

zeaxanthin
epoxidase: ABA1

nucleotidase:
AT5G63980.1

dUMP

a [glycine-cleavage
complex H protein] N

6

-
aminomethyldihydrolipoyl-

L-lysine

AT2G29750.1:
UGT71C1

NADP+-dependent
isocitrate
dehydrogenase:
cICDH

[+ 3 isozymes]

superoxide dismutase (Fe): FSD3

5-hydroxyisourate

methionine salvage cycle I (bacteria and plants)

glutamine
synthetase: GLN1;2

[+ 8 isozymes]

squalene epoxidase: SQE3

arg

acetyl-CoA

glutamate dehydrogenase
(NADH-dependent)
: AT5G18170.1

ribulose bisphosphate
carboxylase: ATCG00490.1 rbcS3B

4α-carboxy-5α-cholesta-
7,24-dien-3β-ol

limonene synthase: TPS10

ferroheme b

selenate

fatty-acyl-CoA
synthase:
AT5G10160.1

diphosphoinositol-
pentakisphosphate
kinase: AT3G01310.1

[+ 5 isozymes]

a crotonyl-[acp]

1-phosphatidylinositol
4-kinase: AT1G49340.2

heme o biosynthesis:
AT2G44520.1

3-hydroxyacyl-CoA
dehydrogenase:

AIM1

aspartate
transaminase: ASP2

sulfate
adenylyltransferase: APS1

maleylacetoacetate
isomerase: AT2G02380.1

inositol-3-phosphate
synthase: AT5G10170.1

(2S)-naringenin

an L-1-phosphatidyl-
glycerol

nucleoside-
diphosphate kinase:
AT5G63310.1

1-18:1-2-16:1-
monogalactosyldiacylglycerol

esculetin

linolenate 13S-
lipoxygenase: LOX3

6-oxocampestanol
22α-hydroxylase:
CYP90B1

homocysteine S-
methyltransferase:
AT3G25900.1

stachyose

val

dATP

alcohol-forming
fatty acyl-CoA
reductase:
AT5G22500.1

methylesterified 1,4-
α-D-galacturonosyl

4-methyl-5-(β-
hydroxyethyl)thiazole

chlorophyllide-a
monooxygenase: AT5G04900.1

[+ 2 isozymes]

ureidoglycolate
amidohydrolase:
AT5G43600.1

castasterone-
23-O-glucoside

DHAP

[+ 3 isozymes]

cyclic pyranopterin
phosphate

arginine biosynthesis II (acetyl cycle)

photorespiration

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase: AT1G09780.1

cadmium/zinc-
transporting

ATPase

(2R)-naringenin

ornithine-δ-
aminotransferase:
δ-OAT

phospholipid desaturation

nucleoside-
triphosphatase:
AT5G66005.3

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

glyceraldehyde-
3-phosphate
dehydrogenase:
GapA-1

thiamin salvage II

sulfide oxidation
III (sulfur

dioxygenase)

6-phosphofructokinase: AT4G32840.1

methyl indole-
3-acetate

interconversion

asn

D-myo-inositol (1,4,5)
-trisphosphate

degradation

linolenate 13S-
lipoxygenase: LOX4

a trans-2-enoyl-CoA

phosphoribulokinase: CP12-2

gallate
biosynthesis

anthocyanidin
reductase:

AT1G61720.1

tetraketide α-pyrone
synthase: PKSA

cis-zeatin-
O-glucoside

ω-3 fatty acid
desaturase: fad8

3-deoxy-8-
phosphooctulonate
synthase:
AT1G16340.4

methylthioalkylmalate
isomerase: AT4G13430.1

S-adenosyl-L-
methionine:(S)-
corytuberine-N-
methyltransferase:
AT4G33110.1

arginase: ARGAH2

5-methylthioribulose 1-phosphate

UTP

cytidine

(Z)-2,4-
dihydroxycinnamate

4α-formyl-5α-cholesta-
7,24-dien-3β-ol-4α-methyl
oxidase: AT1G07420.1

kaempferol-3-
gentiobioside

spermidine

dTTP

a cis-vaccenoyl-[acp]

flavonol 7-O-
rhamnosyltransferase:
UGT89C1

an N
10

-formyl-
tetrahydrofolate

aminodeoxychorismate
synthase: ADCS

omega-3 fatty acid
desaturase: fad8

UDP-glucuronate
4-epimerase: GAE1

aldehyde
dehydrogenase
(NAD

+

):
AT1G44170.1

6-methylthiohexylhydroximoyl-
glutathione

phosphoglucomutase:
PGM

4-methyl-5-(2-
phosphonooxyethyl)

thiazole

fructokinase:
AT1G50460.1

ALCOHOLS DEGRADATION

β-amyrin

β-D-glucose
6-phosphate

γ-glutamyltransferase:
AT4G39650.1

3β-hydroxylsteroid
dehydrogenase/
Δ

5-4

-isomerase

sinapine esterase:
AT3G09930.1

transketolase:
AT3G60750.1

gly

phospholipase
D: PLD gamma

[+ 9 isozymes]

isopentenyl diphosphate
isomerase: IPP2

glyoxylate

α-carotene β-
ring hydroxlase:
β-OHase 2

alcohol-forming
fatty acyl-CoA
reductase: CER4

gly

butan-2-one

alkylthiohydroximate C-
S lyase: AT2G20610.1

GDP-Man:Man 1

GlcNAc 2 -PP-Dol α-1,3-
mannosyltransferase:
AT1G78800.1

a sphingoid base

imidazoleglycerol-
phosphate
dehydratase: HISN5B

1-18:3-2-18:2-
digalactosyldiacylglycerol

phenylalanine
ammonia lyase: PAL1

4’-phosphopantetheine

UDP-α-D-galactose

2-carboxylate-4-methyl-
5-beta-(ethyl adenosine
5-diphosphate) thiazole

arogenate
dehydratase:
AT1G08250.1

triacylglycerol
degradation

a phosphatidyl-N-
dimethylethanolamine

cytosine

malate dehydrogenase

a phosphatidyl-N-
methylethanolamine

[+ 2 isozymes]

glutamyl-tRNA
reductase: HEMA2

uracil

ent-kaurenoate
oxidase: KAO1

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-2

inositol-
tetrakisphosphate
5-kinase:
AT5G07370.1

oleate epoxidase:
AT5G04660.1

lysine
decarboxylase:
AT5G15950.1

CTP

met

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-2

succinate-CoA ligase (ADP-
forming): AT5G08300.1

isochorismate
synthase: ICS2

methionine
synthase:

AT5G20980.1

GABA shunt

4-amino-2-methyl-5-
hydroxymethylpyrimidine
kinase: TH1

[+ 3 isozymes]

4-coumaryl-CoA

N-methylethanolamine
phosphate

4-aminobenzoate

IAA-Leu

UDP-glucose 4-
epimerase: UGE2

CYP83A1 6-
methylthiohexanaldoxime
monooxygenase: AT4G13770.1

[+ 2 isozymes]

4-coumarate-
CoA ligase: 4CL3

[+ 4 isozymes]

4-aminobutanoate

[+ 5 isozymes]

ornithine
carbamoyltransferase:
OTC

glycerol and
glycerophosphodiester

degradation

(S)-3-amino-2-
methylpropanoate

β-alanine

Cu
2+

fructose 1,6-
bisphosphatase: HCEF1

(S)-2-acetolactate

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G23850.1

a triglyceride

pyruvate
fermentation
to ethanol II

(3S)-2,3-epoxy-2,3-
dihydrosqualene

a [glycerolipid]-
α-linolenate

long-chain fatty
acid ω-hydroxylase:
CYP704B1

[+ 2 isozymes]

[+ 3 isozymes]

[+ 2 isozymes]

enolase: AT2G36530.1

UDP

[+ 8 isozymes]

8-oxo-dGTP

folylpolyglutamate
synthetase: AT3G55630.3

XMP

hydroxyacylglutathione
hydrolase: AT1G06130.1

citrate synthase: AT3G58750.1

[+ 6 isozymes]

[+ 2 isozymes]

ribulose bisphosphate
oxygenase:
ATCG00490.1 rbcS3B

pheophytin a

β-amyrin synthase: LUP1

UDP-α-D-glucose

saccharopine
dehydrogenase:
AT4G33150.1

2-phosphoglycolate

arginase: ARGAH2

2-hydroxy-3-butenylglucosinolate

L-gulono-1,4-lactone

indole-3-acetonitrile
nitrilase: NIT2

indole-3-glycerol-
phosphate lyase:
AT5G28237.1

(S)-3-methyl-2-
oxopentanoate

[+ 3 isozymes]

3-isopropylmalate
dehydrogenase:
AT1G80555.1

2-cis-abscisate

2-oxo-4-hydroxy-
4-carboxy-5-

ureidoimidazoline

homocysteine S-
methyltransferase:
AT3G63250.1

heme b

[+ 3 isozymes]

[+ 2 isozymes]

10-formyltetrahydrofolate
synthetase: AT1G50480.1

(+)-
dihydrokaempferol

ω-6-oleate
desaturase: fad2

gibberellin A 37

coproporphyrinogen III

castasterone 23-O-
glucosyltransferase:

UGT73C5

cardiolipin synthase:
AT4G04870.1

fructose 1,6-
bisphosphate

[+ 7 isozymes]

N,N-dihydroxy-L-tryptophan
decarboxylase: CYP79B3

(9Z,15Z)-12,13-
dihydroxyoctadeca-

9,15-dienoate

L-glutamate-5-
semialdehyde

IMP dehydrogenase:
AT1G79470.1

glt

(Z)-indol-3-
ylacetaldoxime

cytidine deaminase:
AT2G19570.1

phospholipase
D: PLD epsilon

(2E,6E)-farnesyl
diphosphate
synthase: GGPS2

prolycopene
isomerase:
AT1G57770.1

1-aminocyclopropane-1-
carboxylate synthase: ACS7

nitrite

myrosinase: TGG2

Ins(1,4,5)P 3

thiamin diphosphate

phenylalanine
ammonia
lyase: PAL1

UDP-D-glucose/
UDP-D-galactose
4-epimerase: UGE1

photosystem II: PsbA

arg

indole-3-acetate biosynthesis II

5-deoxystrigol
biosynthesis

[+ 3 isozymes]

trp

trans-cerot-
2-enoyl-CoA

APS

UDP-α-D-glucose

nucleoside-
diphosphate kinase:
AT5G63310.1

AT1G60660.1:
AT1G60660.1

isochorismate
synthase: ICS2

1-18:1-2-16:2-
monogalactosyldiacylglycerol

phosphoglucose
isomerase: PGI1

α-D-mannose
6-phosphate

6-phosphofructokinase:
AT5G61580.1

3-dehydroshikimate

a tRNA
arg

dihydrozeatin-
9-N-glucoside

an N
10

-formyl-
tetrahydrofolate

sucrose

glutamate
decarboxylase:
AT5G17330.1

triose-phosphate
isomerase:

AT2G21170.1

(1S,2R)-1-C-
(indol-3-yl)glycerol

3-phosphate

1,4-dihydroxy-2-
naphthoyl-CoA
thioesterase:
DHNAT2

a plastoquinol

UDP glycosyltransferase:
UGT76C1

molybderin
biosynthesis
protein: Cnx2

[+ 2 isozymes]

N
6

-dimethylallyladenosine
37

in tRNA

a [pyruvate dehydrogenase
E2 protein] N

6

-S-
acetyldihydrolipoyl-L-lysine

4α-formyl-stigmasta-
7,24(24

1

)-dien-3β-
ol-methyl oxidase:
AT1G07420.1

aldehyde dehydrogenase
(NAD

+

): ALDH2C4

[+ 2 isozymes]

1-18:2-2-trans-16:1-
phosphatidylglycerol

NAD
+

 synthase (glutamine-
hydrolysing): AT1G55090.1

nucleoside-diphosphate
kinase: AT5G63310.1

benzoyl-β-D-
glucopyranose

carbamoylphosphate
synthase: AT1G29900.1
AT3G27740.1

4-amino-2-methyl-5-
hydroxymethylpyrimidine
kinase: TH1

SAM

luteolin
glycosides

biosynthesis

chlorophyll
synthetase: G4

(2E,6E)-farnesyl
diphosphate

[+ 3 isozymes]

pelargonidin

campestanol
hydroxylase:
AT5G14400.1

pyridoxal 5’-
phosphate synthase:

AT2G46580.1

4-methylthiobutyldesulfoglucosinolate
sulfotransferase: AtSOT17

XMP

cholesterol
biosynthesis I

oleate ω-
hydroxylase:
CYP86A4

an L-glutamyl-
[tRNA

Glu

]

(cis)-crotonaldehyde

gibberellin 9 2-
oxidase: GA2ox2

benzoyl-β-D-
glucopyranose
biosynthesis

pyruvate

esculetin

an Fe(III)-
siderophore

gibberellin 20-
oxidase: GA20ox3

esculetin
biosynthesis

3-demethylubiquinone-9
3-O-methyltransferase:
AT1G66680.1

benzyl acetate

gibberellin A 12

a 10-
formyldihydrofolate

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

UDP glycosyltransferase:
UGT76C1

chlorophyllide a

glycerate kinase:
AT1G80380.2

linolenate Δ
15

desaturase: fad8

GGPP

nucleotide
rhamnose
synthase: NRS/ER

a (mannosyl) 6 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

glutamate synthase
(NADH): AT5G53460.1

chorismate mutase:
AT3G29200.1

wogonin

[+ 8 isozymes]

a stearoyl-[acp]

sugar-phosphatase:
AT2G25870.1

indolylmethylisothiocyanate

met

squalene
synthase: SQS1

phosphatidylinositol 3-
kinase: AT1G60490.1

S-methyl-5’-thioadenosine

hydroxycinnamoyl-
CoA: shikimate/quinate
hydroxycinnamoyltransferase:
AT5G48930.1

[+ 5 isozymes]

geranylgeranyl
reductase:
AT1G74470.1

homoserine
dehydrogenase:
AT5G21060.2

[+ 4 isozymes]

[+ 3 isozymes]

branched-chain-
amino-acid
transaminase:
Atbact-5

GDP-D-mannose
pyrophosphorylase:
VTC1

NAD+-dependent isocitrate
dehydrogenase regulatory subunit: IDH-III

neoxanthin
synthase non-
catalytic putative
component: ABA4

thiol S-
methyltransferase

methyl thiocyanate

an N-
acetylglucosaminyl-
diphosphodolichol

lactucaxanthin
biosynthesis

AT1G44835.2:
AT1G44835.2

[+ 3 isozymes]

(2E,6E)-farnesyl
diphosphate
synthase: GGPS6

sirohydrochlorin

deoxycytidine kinase:
AT1G72040.1

a 6-phosphogluco-
amylopectin

dhurrin

a (4R)-4-
hydroxysphinganine

ceramide

glt

gibberellin 20-
oxidase: GA20ox1

1-phosphatidylinositol-
4-phosphate 5-
kinase: AT4G01190.1

vernolate
expoxidase:
AT5G04660.1

phospholipase A1: AT1G06800.1

tyr

NAD+-dependent
isocitrate
dehydrogenase:
IDH-V IDH-II

thr

branched-chain
amino acid
aminotransferase:
Atbcat-3

AICAR

[+ 6 isozymes]

ammonium
transporter: AMT1.3

brassinolide

cysteine
desulfurase: NFS1

arginine
degradation
I (arginase
pathway)

nucleoside-
diphosphate kinase:
AT5G63310.1

[+ 3 isozymes]

a 1,2-diglyceride

a 1-phosphatidyl-
1D-myo-inositol

3-phosphate

tyr

soluble starch
synthase IV: SSIV

D-myo-inositol
(1,2,6) trisphosphate

glutamate synthase (ferredoxin-
dependent): AT5G04140.2

4-methylthiobutylhydroximoyl-
cysteinylglycine

GA4 carboxyl
methyltransferase:
GAMT2

nitrobenzene

ile

XMP

glutamate 5-kinase:
AT3G55610.1

gly

[+ 8 isozymes]

quercetin 3,5-
O-diglucoside

trans-zeatin

glutamyl-tRNA
reductase: AT2G31250.1

phospholipid-
hydroperoxide
glutathione
peroxidase: GPX6

β-D-fructofuranose

citrate

dTMP

D-sorbitol

glucuronokinase:
GlcAK

[+ 7 isozymes]

caffeate o-
methyltransferase:
OMT1

glucokinase:
AT1G50460.1

4-coumarate-
CoA ligase: 4CL1

superoxide

1-pyrroline

L-phenylalanine:2-oxoglutarate
aminotransferase: TAA1

phosphoribosylaminoimidazolecarboxamide
formyltransferase: AT2G35040.1

AT3G20390.1:
AT3G20390.1

1-deoxy-D-xylulose
5-phosphate
synthase: CLA1

chlorophyllide a

[+ 2 isozymes]

UDP-3-O-(3-
hydroxymyristoyl)
glucosamine N-
acyltransferase:
AT4G05210.1

nucleoside-
diphosphate kinase:
AT5G63310.1

3-deoxy-8-
phosphooctulonate
synthase:
AT1G16340.4

chalcone
isomerase:
AT3G55120.1

(2E,6E)-farnesyl
diphosphate

3-hydroxyacyl-
ACP dehydratase:
AT2G22230.1

2-naphthol

4-aminobutyrate
degradation IV

phosphoglucomutase:
PGM

thalianol and
derivatives

biosynthesis

indole-3-acetyl-
valine synthetase:
AT5G54510.1

cystathionine beta-
lyase: AT4G23600.1

glucose-6-phosphate
isomerase: AT5G42740.1

6-deoxotyphasterol
6-oxidase: CYP85A2

β-myrcene

2-oxo-6-methylthiohexanoate
aminotransferase: Atbcat-3

linoleate 13S-
lipoxygenase: LOX2

3,4,6-trihydroxy-
cis-cinnamate

(S)-1-pyrroline-
5-carboxylate

UDP-3-O-[(3R)-3-
hydroxymyristoyl]-

N-acetyl-α-D-
glucosamine

ribulose bisphosphate
carboxylase: ATCG00490.1 rbcS3B

D-threo-isocitrate

carbamate

superoxide
dismutase (Cu-
Zn): CSD1

a tRNA
lys

amidophosphoribosyltransferase:
AT4G34740.1

linolenate 13S-
lipoxygenase: LOX4

(2S)-naringenin

phytyl diphosphate

F6P

Cd
2+

CARBOHYDRATES DEGRADATION

[+ 4 isozymes]

methyl indole-
3-acetate
methylesterase:
AT3G10870.1

GMP synthase
(glutamine-
hydrolysing):
AT1G63660.1

quercetin
3,3’,7-trissulfate

a dodecanoyl-
[acp]:malonyl-[acyl-
carrier protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

asp

delta-tocopherol
methyltransferase:
G-TMT G-TMT

6-phosphofructo-
2-kinase:
AT1G07110.1

quercetin 3-O-
glucosyltransferase:
UGT78D3

IMP dehydrogenase:
AT1G16350.1

branched-chain keto-
acid dehydrogenase

complex: AT3G13450.1
AT5G09300.1 BCE2 LPD2

adenosine
nucleosidase: NSH3

6-phospho D-
glucono-1,5-lactone

zeaxanthin 7,8-
dioxygenase:
AT4G19170.1

AMINES AND POLYAMINES DEGRADATION

magnesium
chelatase: GUN5

sucrose biosynthesis II

betulin

(22S)-22-hydroxy-
campesterol C-
23 hydroxylase:
CYP90C1

3-methylthiopropylglucosinolate
S-oxygenase: GS-OX1

a tRNA
tyr

cinnamyl-alcohol
dehydrogenase:
AT4G37980.1

CYP79F2 hexahomomethionine
monooxygenase: AT1G16400.1

aldehydo-L-
galactonate

[+ 9 isozymes]

naringenin 3’-
hydroxylase:
AT3G61880.2

phosphopantothenoylcysteine
synthetase: ATCoaB

[+ 8 isozymes]

triacylglycerol
lipase: AT5G04040.1

AT5G09300.1:
AT5G09300.1

N
6

-(Δ
2

-isopentenyl)-
adenosine 5’-triphosphate

7-methylthioheptyldesulfoglucosinolate
sulfotransferase: AtSOT16

ω-6-oleate
desaturase: fad2

cinnamyl-alcohol
dehydrogenase:
AT2G21890.1

an L-leucyl-
[tRNA

leu

]

GDP-L-fucose
pyrophosphorylase:
AT1G01220.1

a glucosyl-
(mannosyl) 9 -(N-

acetylglucosaminyl)
2 -diphosphodolichol

asparaginase:
AT5G08100.1

acyl-lipid
thioesterase:
AT1G35290

glutamate degradation IV

methionine
degradation I (to
homocysteine)

3-isopropylmalate
dehydrogenase:
AtIMD3

1,4-dihydroxy-2-
naphthoyl-CoA
thioesterase:
DHNAT1

acrolein

ammonium

GDP-β-L-galactose

[+ 5 isozymes]

[+ 5 isozymes]

O-phospho-
L-homoserine

trans-zeatin-O-β-D-
glycosyltransferase:

UGT85A1

[+ 6 isozymes]

[+ 3 isozymes]

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

cinnamate 4-
hydroxylase: ATC4H

ω-3 fatty acid
desaturase: fad8

sulfite reductase: SIR

aconitase: ACO3

dihydrofolate
reductase:

AT2G16370.1

L-ascorbate

cytidylate kinase:
AT5G26667.1

proline
dehydrogenase:
AT5G38710.1

pyridoxal 5’-
phosphate synthase
(glutamine
hydrolyzing):
AT2G38230.1

4α-carboxy,4β,14α-
dimethyl-9β,19-cyclo-

5α-cholest-24-en-3β-ol

sterol
methyltransferase: SMT2

adenylate
dimethylallyltransferase: IPT5

ser

methylthioalkylmalate
synthase: MAM3

β-D-glucose 6-phosphate

myrcene synthase/
/(E)-beta-ocimene
synthase: AT3G25830.1

[+ 2 isozymes]

N-hydroxy-
L-tryptophan

a CDP-diacylglycerol

[+ 4 isozymes]

cis-zeatin

sphinganine kinase:
AT4G21540.1

3-isopropylmalate
dehydratase:
AT2G43100.1

MEP

squalene

indolylmethyl
glucosinolate

aglycone

butyrate-
CoA ligase:

AT3G16910.1

a 2-monoglyceride

glyoxylate

polyisoprenoid biosynthesis

a 1,2-diacyl-sn-glycerol 3-phosphate

indole-tetrakisphosphate
1-kinase: AT4G33770.1

coniferyl aldehyde
5-hydroxylase:
AT5G04330.1

[+ 2 isozymes]

[+ 2 isozymes]

phospholipase
A1: AT4G16820.1

D-mannitol

a glutathione-
toxin conjugate

1-18:2-2-18:1-
phosphatidylcholine

CDP-choline

4-diphosphocytidyl-
2C-methyl-
D-erythritol
synthase: MCT

fatty acid beta-
oxidation V

(unsaturated,
odd number,
di-isomerase-
dependent)

selenate
adenylyltransferase:
APS1

[+ 11 isozymes]

glutamine
synthetase: GLN1;4

indole-3-acetonitrile

16-oxo-palmitate

3-hydroxybutyrate
dehydrogenase:
AT3G25530.1

[+ 3 isozymes]

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

[+ 2 isozymes]

betulinic aldehyde
28-monooxygenase:
AT5G36130.1

a thiol

flavanone 3β-
hydroxylase:
AT3G51240.1

glt

transaldolase: AT3G60750.1

phospholipase A2: AT2G06925.1

superpathway of phosphatidylcholine biosynthesis

butyrate-
CoA ligase:
AT3G16910.1

anthranilate
synthase:
AT1G25220.2

OPC6-3-
hydroxyacyl-CoA
dehydrogenase:
AIM1

ammonium

(Z)-[(4-
hydroxyphenyl)

acetaldehyde oxime]

dCDP

an L-histidyl-
[tRNA

his

]

benzyl-desulfoglucosinolate
sulfotransferase: AtSOT16

spermidine hydroxycinnamic
acid conjugates biosynthesis

serine:glyoxylate
aminotransferase: AGT1

[+ 3 isozymes]

DHAP

[+ 5 isozymes]

CYP81F1 monooxygenase:
AT4G37430.1

thiamin phosphate

delta3, delta2-
enoyl-CoA
isomerase: IBR10

L-glutamate-5-
semialdehyde

1-phosphatidylinositol-
4-phosphate 5-
kinase: AT3G56960.1

(S)-nandinine

hexokinase: HXK2

sporopollenin
precursor biosynthesis

isorhamnetin
3-sulfate

Δ
5

-Δ
4

-isomerase

N
6

-dimethylallyladenine

ile

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

CDP-diacylglycerol
glycerol-3-phosphate 3-
phosphatidyltransferase:
pgps1

8-methylthiooctylglucosinolate
S-oxygenase: GS-OX5

hydroxymethylglutaryl-
CoA reductase
(NADPH): HMG2

3-phosphoserine
phosphatase:
AT1G18640.2

malate dehydrogenase (NAD)

[+ 8 isozymes]

UDP-N-acetylglucosamine-
dolichyl-phosphate N-
acetylglucosaminephosphotransferase:
AT3G57220.1

hexanal

an L-methionyl-
[elongator tRNA

met

]

UDP-glucose:phenylacetothiohydroximate
glucosyltransferase

salicyloyl-CoA

kaempferol
synthase: FLS

α-amyrin
synthase: LUP2

asparagine
synthase (glutamine-
hydrolysing):
AT2G03667.1

4-hydroxylamino-
2,6-dinitrotoluene

hydroxymethylbilane
synthase: HEMC

Cu
2+

cirsimaritin

ent-kaurene
oxidase: GA3

Ins(3,4)P 2

nucleoside-
triphosphatase:
AT5G66005.3

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G33770.1

phosphopyruvate
hydratase:
AT2G29560.1

glucokinase:
AT3G20040.1

phosphoryl-
ethanolamine

isorhamnetin

CO 2  fixation into
oxaloacetate

(anapleurotic)

HMP-P

aldehyde
dehydrogenase
(NAD

+

):
AT1G44170.1

[+ 2 isozymes]

(2E,6E)-farnesyl
diphosphate

laurate hydroxylase:
AT1G74110.1

3-oxo-
lignoceroyl-CoA
reductase: KCR1

dADP

an L-1-phosphatidyl-
glycerol

4α-hydroxymethyl,4β,14α-
dimethyl-9β,19-cyclo-
5α-ergost-24(24

1

)-
en-3β-ol-4α-methyl
oxidase: AT4G12110.1

rosmarinic acid
biosynthesis II

[+ 2 isozymes]

5-methylthiopentyldesulfoglucosinolate
sulfotransferase: AtSOT17

Dol-P-Glc:Man 9

GlcNAc 2 -PP-Dol α-1,3-
glucosyltransferase:
AT5G38460.1

AT3G25830.1:
AT3G25830.1

xanthosine

cystathionine gamma-
synthase: AT1G33320.1

[+ 2 isozymes]

2-aminoprop-
2-enoate

[+ 8 isozymes]

cis-3-hexenal

1D-myo-inositol hexakisphosphate
biosynthesis V (from Ins(1,3,4)P3)

methionine
adenosyltransferase:
SAM-1

coproporphyrinogen
III oxidase: HEMF1

methylthioalkylmalate
synthase: MAM2

UDP-α-D-galactose

xanthine
dehydrogenase:
AT4G34890.1

an [L-cysteine
desulfurase] L-

cysteine persulfide

dTMP kinase:
AT5G59440.3

glutamate-glutamine shuttle

9-methylthiononanonitrile oxide

galactolipid:galactolipid
galactosyltransferase

typhasterol C-
23 hydroxylase:
CYP90D1

leucocyanidin

oxaloacetate

ribose-phosphate
diphosphokinase:
AT2G42910.1

allantoinase:
AT4G04955.1

hydrogen selenide

γ-L-glutamyl-
L-cysteine

UDP-glucosyl
transferase:
AT1G05680.1

bisdemalonylsalvianin

(3E)-phytochromobilin

laurate

benzoate-
CoA ligase:
AT1G65880.1

tryptophan
degradation VI

(via tryptamine)

[+ 6 isozymes]

D-ribulose-1,5-bisphosphate

(R)-pantoate

2-succinyl-5-
enolpyruvyl-
6-hydroxy-3-
cyclohexene-
1-carboxylate

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-2

fructose-1,6-
bisphosphatase:
FINS1

[+ 7 isozymes]

2’,4,4’,6’-
tetrahydroxychalcone

isocitrate lyase: AT3G21720.1

palmitate

[+ 4 isozymes]

scopoletin

acetoacetate

sulfite

a dodecanoyl-[acp]

(Z)-3-hexen-1-ol
acetyltransferase:
AT3G03480.1

an L-1-phosphatidyl-inositol

dTTP

aspartate transaminase:
AT2G22250.2

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase: AT1G09780.1

L-citrulline

CYP81F3
monooxygenase:
AT4G37400.1

3-isopropylmalate
dehydrogenase: AtIMD2

INORGANIC NUTRIENTS METABOLISM

UDP-glucose 4-
epimerase: UGE5

UDP-glucosyl
transferase:
UGT73B4

tetrahydrofolate
folylpolyglutamate
synthetase: AT3G10160.1

aconitase: ACO3

ω-3 fatty acid
desaturase: fad7

[+ 4 isozymes]

abscisic acid
glucosyltransferase:
UGT84B2

isochorismate

pro

γ-tocopherol

gibberellin A 4

an N
10

-formyl-
tetrahydrofolate

[+ 9 isozymes]

2C-methyl-D-erythritol
2,4-cyclodiphosphate
synthase: IspF

AT5G25140:
AT5G25140.1

chorismate

ethylene

an L-asparaginyl-
[tRNA

asn

]

proline
dehydrogenase:
AT3G30775.1

β-D-glucose
6-phosphate

cytokinin
oxidase: CKX1

[+ 3 isozymes]

dimethylallyltrans
transferase: AT3G29430.1

3-benzoyloxypropyl-glucosinolate

ζ-carotene
isomerase: Z-ISO

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

ser

an acetoacetyl-[acp]

indolylmethylisothiocyanate

PHOTOSYNTHESIS

AT5G03910.1

OPC4-3-
ketoacyl-CoA

homomethionine
biosynthesis

gibberellin 4 2-
beta-dioxygenase:
GA2ox6

α-amylose

oleoyl-CoA

an S-sulfanyl-
[cysteine

desulfurase]-
[disordered-
form scaffold

protein] complex

ATP citrate
synthase: ACLB-2

delta3, delta2-
enoyl-CoA
isomerase: IBR10

cyanate

cis-zeatin O-beta-D-
glucosyltransferase:

UGT73C5

xyloglucan 6-
xylosyltransferase:
CSLC4

4α-formyl,4β,14α-dimethyl-
9β,19-cyclo-5α-cholest-
24-en-3β-ol-4α-methyl
oxidase: AT4G12110.1

ladanein

triose-phosphate
isomerase:
AT3G55440.1

[+ 2 isozymes]

L-ornithine

phosphoglycerate
kinase: AT3G12780.1

aconitate hydratase: AT5G54950.1

7-methylsulfinylheptyl glucosinolate

deoxynucleoside
kinase: AT1G72040.1

[+ 6 isozymes]

branched-chain
amino acid
aminotransferase:
Atbcat-3

CMP-KDO

4α-carboxy-ergosta-
7,24(24

1

)-dien-3β-
ol hydroxysteroid
dehydrogenase /
C4-decarboxylase:
AT3BETAHSD/D1

pyruvate

long-chain-fatty-
acid-CoA ligase:
AT1G64400.1

GTP cyclohydrolase
II/3,4 dihydroxy-2-
butanone-4-phosphate
synthase: AT5G64300.1

14-demethyllanosterol

[+ 9 isozymes]

nicotinamidase: AT5G23220.1

a xenobiotic

solanesyl
diphosphate
synthase: SPS2

nucleoside-diphosphate
kinase: AT5G63310.1

L-iditol 2-
dehydrogenase:
AT5G51970.1

[+ 2 isozymes]

cysteine
desulfurase: NFS1

F6P

ent-7α-hydroxykaur-
16-en-19-oate

a [pyruvate dehydrogenase E2 protein]
N

6

-S-acetyldihydrolipoyl-L-lysine

glycine betaine

gly

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G18170.1

malate
dehydrogenase:
mMDH1

long-chain fatty
acid ω-hydroxylase:
CYP704B1

xylosyltransferase: AT4G36890.1

phosphatidate
cytidylyltransferase: CDS5

[+ 2 isozymes]

(-)-α-pinene

superpathway of
adenosine nucleotides
de novo biosynthesis I

camalexin

gallate

AT2G43840.1:
AT2G43840.1

AT5G24900:
AT5G24900.1

ent-kaurene

trans-arachido-
2-enoyl-CoA

D-arabinose
5-phosphate

[+ 5 isozymes]

folylpolyglutamate
synthetase: AT5G05980.1

[+ 4 isozymes]

gln

phosphoglucose
isomerase: PGI1

aconitase: ACO3

(S)-cis-N-
methylstylopine

dimethylallyltrans
transferase: GGPS2

CDP

a 5,10-
methenyltetrahydrofolate

(S)-3-hydroxy-
isobutanoyl-CoA

epiafzelechin

1-aminocyclopropane-1-carboxylate synthase: ACS2

salicylate

[+ 2 isozymes]

a secondary alcohol

eugenol and
isoeugenol

biosynthesis

thiamine-phosphate
diphosphorylase: AT1G21065.1

dAMP

sulfolipid
biosynthesis

AT1G58265.1:
AT1G58265.1

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G11030.1

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

a (glucosyl) 2

(mannosyl) 9 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

pyridoxal
phosphatase:
AT3G62040.1

[+ 2 isozymes]

lysine
degradation II

glt

AT3G57050.1:
AT3G57050.1

ferric-chelate
reductase:
AT1G01580.1

β-D-fructofuranose

gibberellin A 34

[+ 5 isozymes]

phe

hexan-3-one

7,8-dihydropteroate

glucose-6-
phosphate
isomerase:
AT5G42740.1

succinate dehydrogenase (ubiquinone): SDH5

[+ 2 isozymes]

acyl-CoA
hydrolysis

tryptophan-
tRNA ligase:
AT2G25840.2

fatty-acyl-CoA
synthase:
AT1G74960.2

AT5G09300.1: AT5G09300.1

3-phosphoshikimate 1-
carboxyvinyltransferase:
AT1G48860.1

cyanide
degradation

tryptamine
monooxygenase: YUC2

[+ 10 isozymes]

fatty acid ω-
hydroxylase:
CYP94C1

thiosulfate
sulfurtransferase:
AT4G35770.1

zymosterol

glutathione-disulfide
reductase: GR2

glucose-6-
phosphate 1-
dehydrogenase:
G6PD1

ferulate and sinapate
biosynthesis

glutathione

L-cysteinyl-glycine

(+)-sesamolin

phospholipase
C: AtPLC1

ω-3 fatty acid
desaturase: fad8

[+ 2 isozymes]

a (4R)-4-
hydroxysphing-8-
enine ceramide

citrate synthase:
AT2G42790.1

xylose
degradation I

acetolactate
synthase:
AT3G48560.1

[+ 2 isozymes]

flavonol 7-O-β-
glucosyltransferase:
UGT73B5

citrate

pyridoxal
kinase: SOS4

[+ 4 isozymes]

methylthioalkylmalate
synthase: MAM1

(3R)-3-hydroxy-
lignoceroyl-CoA

glucose-1-phosphate
adenylyltransferase:
ApL2

tricaffeoyl
spermidine O-
methyltransferase:
AT1G67990.1

glycine-tRNA
ligase: AT1G29870.1

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G07440.1

3-ketodihydrosphinganine
(C18) reductase: TSC10A

glucokinase:
AT4G37840.1

acetate-CoA ligase:
AT5G36880.2

a phosphatidylcholine

a [glycine-cleavage
complex H protein]
N

6

-lipoyl-L-lysine

UDP glycosyltransferase:
UGT76C2

methyl indole-
3-acetate
methylesterase:
AT4G16690.1

gibberellin 3-
oxidase: GA3ox1

phospholipase
C: AtPLC1

phosphatidic acid phosphatase: LPPγ

ω-1 laurate

arabidiol synthase:
AT4G15340.1

guanine

indole-3-acetyl-asparate
synthetase: AT4G37390.1

cardiolipin
biosynthesis II

O 2

3-methylsulfinylpropyl-glucosinolate

glutathione
redox

reactions II

cycloartenol
synthase: LUP1

3-methylcrotonyl-CoA
carboxylase: AT1G03090.2
AT4G34030.1

alanine transaminase: AOAT2

L-dopachrome

5-methylthiopentanaldoxime

[+ 3 isozymes]

dihydroorotase:
AT4G22930.1

4-coumarate-
CoA ligase: 4CL1

phosphoribosyl-formimino-
5-aminoimidazole-
4-carboxamide
ribonucleotide
isomerase: AT2G36230.1

isoamylase:
AT1G03310.1

phe

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

thymidylate
synthase:
AT2G21550.1

lupeol synthase:
AT1G78500.1

1-18:2-2-16:2-
monogalactosyldiacylglycerol

lipid IV A

biosynthesis

6-deoxotyphasterol
C-23 hydroxylase:
CYP90C1

sucrose synthase: SUS6

4-methylthiobutylglucosinolate
S-oxygenase: GS-OX2

coproporphyrinogen
oxidase: AT4G03205.2

a xenobiotic

GA15

1-acylglycerol-
3-phosphate O-
acyltransferase:
AT3G57650.1

pyridoxal 5’-
phosphate

biosynthesis II

cyanidin 3-O-[2"-
O-(xylosyl)-6"-O
-(p-coumaroyl)
glucoside] 5-O-

malonylglucoside

O-phospho-
L-homoserine

4,4-dimethylzymosterol

met

acyl-CoA
synthetase:

AT3G05970.1

sabinene

phospholipase
A1: AT2G31690.1

allene oxide cyclase:
AT3G25770.1

quercetin 3-
gentiobioside 7-O-
rhamnosyltransferase:
UGT89C1

gibberellin
3-oxidase:
AT1G80330.1

[+ 2 isozymes]

pyruvate

L-ornithine

5-methylsulfinylpentyl
glucosinolate

[+ 7 isozymes]

arginase: ARGAH1

(9Z,12Z)-15,16-
epoxyoctadeca-
9,12-dienoate

2-methyl-6-solanyl-
1,4-benzoquinone
methyltransferase:
VTE3 VTE3

phenylalanine
degradation V

UDP glycosyltransferase:
UGT76C2

dihydrolipoyllysine-residue
succinyltransferase: AT5G55070.1

glucose-fructose
oxidoreductase:
AT3G20790.1

dihydroneopterin
triphosphate
pyrophosphohydrolase:
AT1G68760.1

NADH

octanoyl-ACP
biosynthesis

(mitochondria,
yeast)

butyrate-
CoA ligase:
AT3G16910.1

protoporphyrinogen
oxidase: PPOX

L-arogenate

verbascose
synthase: SIP1

malate
dehydrogenase (NAD)

caffeoyl-CoA O-
methyltransferase:
AT1G67990.1

campest-4-en-3-
one hydroxylase:
CYP90B1

pectinesterase:
AT1G69940.1

(3S)-2,3-epoxy-2,3-
dihydrosqualene

1-16:0-2-18:3-
digalactosyldiacylglycerol

maltotriose α-1,4-
glucanotransferase:

DPE1

superpathway of pyrimidine
deoxyribonucleotides
de novo biosynthesis

naringenin 3-
dioxygenase:
AT3G51240.1

acid phosphatase:
AT5G24770.1

pelargonidin-3,5-
di-O-β-D-glucoside

5-dehydroavenasterol

1-hydroxy-2-methyl-
2-(E)-butenyl
4-diphosphate

6-hydroxy-indole-
3-acetyl-valine

(9Z)-12,13,17-
trihydroxyoctadeca-

9-enoate

[+ 2 isozymes]

pyridoxamine
5’-phosphate

4α-formyl-4β-
methyl-5α-cholesta-

8,24-dien-3β-ol

(R)-lactate

cis-zeatin-7-N-glucoside

aspartate transaminase:
AT2G22250.2

[+ 7 isozymes]

UDP-glucuronate
decarboxylase//
dTDP-glucose
4,6-dehydratase:
AT3G62830.1

CTP synthase:
AT4G20320.1

UDP-glucose 4-
epimerase: UGE3

Cd
2+

Cd
2+

epoxide hydrolase

neurosporene
biosynthesis

non-specific phospholipase
C4: AT3G03530.1

FGAM

ω-3 fatty acid
desaturase: fad8

methylthioalkylmalate
isomerase: AT4G13430.1

palmitoleate
biosynthesis II

[+ 2 isozymes]

benzoate

polyphosphate
2-kinase: IPK1

dihydrocamalexate

acetolactate
synthase:
AT3G48560.1

D-myo-inositol
1,3,4,5,6-

pentakisphosphate

isopentenyladenine-
7-N-glucoside

nicotinate

[+ 3 isozymes]

isofucosterol
isomerase: DWF1

7-methylthioheptylhydroximoyl-
cysteinylglycine

DMAPP:ATP/ADP
isopentenyltransferase: IPT5

photosystem II: PsbB

9-methylthiononylhydroximate

Δ
24

-sterol
reductase: DWF1

AT4G03400.1:
AT4G03400.1

aspartate
transaminase: ASP2

AT4G26460.1:
AT4G26460.1

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

N-carbamoylputrescine

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

ent-kaurenal

SAM

[+ 2 isozymes]

[+ 3 isozymes]

inosine
nucleosidase: URH1

glycerol-3-phosphate O-
acyltransferase: ATS1

1-16:0-2-lysophosphatidylcholine

[+ 2 isozymes]

dTTP

[+ 4 isozymes]

cyanidin

a tetrahydrofolate

2-methoxy-6-(all-trans
-nonaprenyl)phenol

catalase: CAT1

inositol or
phosphatidylinositol
phosphatase:
AT5G04540.1

α-D-galactose

CTP

non-specific
polyamine
oxidase: PAO4

hydrogen peroxide

[+ 5 isozymes]

glutamate decarboxylase:
AT1G65960.2

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.2

a (1->4)-β-D-xylan

dihydroflavonol
4-reductase: TT3

indole-3-acetic acid
amido synthetase:
AT1G59500.1

glutathione
dehydrogenase
(ascorbate):

AT1G75270.1

nucleoside-
triphosphate
diphosphatase:
AT4G13720.1

2-oxo-6-methylthiohexanoate

NADH:ubiquinone
reductase (H

+

-translocating)
: AT5G08530.1

[+ 2 isozymes]

ω-6 fatty acid
desaturase: fad6

a [phospholipid]
olefinic fatty acid

[+ 20 isozymes]

ser

baicalin-β-D-
glucuronidase:
AT5G34940.2

gluconeogenesis III

chlorophyll b reductase:
AT4G13250.1

seleno-L-homocysteine

γ-glutamylcysteine
γ-glutamyl

cyclotransferase

stevioside

a phosphatidylcholine

an acetoacetyl-[acp]

phosphatidylserine
decarboxylase:
AT5G57190.1

[+ 5 isozymes]

[+ 29 isozymes]

cis-coumarinic
acid-β-D-glucoside

4-amino-4-deoxychorismate

urate

adenosine
kinase: ADK1

UDP-sulfoquinovose:DAG
sulfoquinovosyltransferase:
SQD2

geranylgeranyl-
diphosphate all-trans-
nonaprenyl diphosphate
synthase: SPS1

1-deoxy-D-xylulose
5-phosphate

[+ 2 isozymes]

UDP-glucose 4-
epimerase: UGE5

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-1

FAICAR

neutral invertase:
A/N-InvA

L-fucopyranose

IPP

aromatic-amino-
acid transaminase:
ACS10

D-myo-inositol (3,4,5,6)
-tetrakisphosphate

KDO-8P

[+ 8 isozymes]

phosphopyruvate
hydratase: AT1G74030.1

3-methylsulfinylpropylglucosinolate
dioxygenase: AOP2

polyphosphate
5-kinase: IPK2α

[+ 3 isozymes]

ethanolamine
kinase: AT1G71697.1

2-dehydropantoate
2-reductase:
AT5G34780.1

acetyl-CoA

(R)-3-amino-2-
methylpropanoate

7,8-dihydrofolate
monoglutamate

a diphospho-
1D-myo-inositol
tetrakisphosphate

dolichyl-diphosphooligosaccharide biosynthesis

acylglycerol lipase:
AT1G06250.1

aspartate transaminase: ACS10

CYP79F2: AT1G16400.1

hydrogen sulfide

7-methylthioheptylglucosinolate
S-oxygenase: GS-OX1

chorismate

inositol-polyphosphate 5-
phosphatase: AT4G18010.1

gibberellin 51 2-
oxidase: GA2ox2

4-pentenylglucosinolate

porphobilinogen

phospholipases

tetrahydrofolate
folylpolyglutamate
synthase: AT5G05980.1

sinapate

heme oxygenase
(decyclizing): AT2G26670.1

heme o

UDP-glucose 4-
epimerase: UGE5

2-oxoglutarate

adenosylhomocysteinase:
AT3G23810.1

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G33770.1

lupeol

[+ 9 isozymes]

folylpolyglutamate
synthase: AT5G05980.1

[+ 2 isozymes]

tryptamine
monooxygenase: YUC2

alanine-glyoxylate
transaminase: AOAT1

a (mannosyl) 8 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

caffeate o-
methyltransferase:
OMT1

benzyladenine-
7-N-glucoside

acetol

geranyl diphosphate

γ-glutamyltransferase:
AT4G29210.1

CDP-choline:1,2-diacylglycerol
cholinephosphotransferase:
AT3G25585.2

[+ 8 isozymes]

CDP-choline:1,2-diacylglycerol
cholinephosphotransferase:
AT3G25585.2

[+ 10 isozymes]

[+ 5 isozymes]

hydroxypyruvate

benzoyl-CoA

F6P

1-naphthol glucoside
glucoside 6’-O
malonyltransferase:
AT3G29670.1

14-hydroxylanosterol

a tetrahydrofolate

aspartate
semialdehyde
dehydrogenase:
AT1G14810.1

all-trans-β-carotene

stachyose degradation

[+ 2 isozymes]

[+ 3 isozymes]

isobutyryl-CoA
dehydrogenase:
AT3G45300.1

malate dehydrogenase: mMDH1

kaempferol-3-
rhamnoside-
7-rhamnoside

luteolin

flavonol biosynthesis

Ins(1,2)P 2

inositol-tetrakisphosphate
1-kinase: AT5G16760.1

UDP-D-
galacturonate
biosynthesis

II (from D-
galacturonate)

[+ 5 isozymes]

D-sedoheptulose
7-phosphate

triacylglycerol biosynthesis

3β-hydroxysteroid
dehydrogenase

methenyltetrahydrofolate
cyclohydrolase:
AT2G38660.1

β-L-galactose
1-phosphate

eriodictyol

3-hydroxy-
lignoceroyl-CoA
dehydratase: PAS2

PRPP

13-apo-β-carotenone

3β-hydroxysteroid
dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D2

superpathway of
phylloquinol biosynthesis

GTP cyclohydrolase
II: AT5G59750.2

biotin-carboxyl
carrier protein

assembly

glt

transketolase: AT2G45290.1

prephytoene
diphosphate

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

pyruvate dehydrogenase (acetyl-
transferring): AT1G59900.1

D-ribulose 5-phosphate

2’-deoxycytidine

[+ 6 isozymes]

Ins(1,4,5)P 3  5-
phosphatase: 5PTase14

1-acylglycerophosphocholine O-
acyltransferase: AT3G05510.1

2-hydroxycaffeate

APS kinase: AT4G39940.1

leucodelphinidin
biosynthesis

(+)-vernolate

[+ 6 isozymes]

tetraketide α-pyrone
reductase: TKPR1

SECONDARY METABOLITES
DEGRADATION

indolylmethyldesulfoglucosinolate
sulfotransferase: AtSOT18

indole-3-acetonitrile-
cysteine conjugate

trans-zeatin

adenosine

PRPP

carbamoyl-
phosphate

aspartate kinase:
AK-HSDH1

AT1G30400.1

L-cysteinyl-glycine

5-hydroxyferulate

protoporphyrinogen IX

trans-5-O-(4-
coumaroyl)
-D-quinate

4-guanidinobutyrate

palmitate
trans-delta3
desaturase: fad4

[+ 12 isozymes]

apigenin

AT1G64660.1:
AT1G64660.1

6-phosphofructokinase:
AT5G56630.1

luteolin

glucose-6-
phosphate
isomerase:
AT5G42740.1

[+ 25 isozymes]

dimethylallyltrans
transferase: GGPS1

[+ 2 isozymes]

2-iminobutanoate

superpathway of phenylalanine
and tyrosine biosynthesis

[+ 2 isozymes]

AT1G58265.1:
AT1G58265.1

(24R)-24-
methylcholest-
4-en-3-one 5α-
reductase: DET2

[+ 2 isozymes]

2-amino-4,6-
dinitrotoluene

ornithine
carbamoyltransferase

adenosine 5’-
phosphoselenate

[+ 2 isozymes]

cytokinin
oxidase: CKX1

NAD(P)H-hydrate
epimerase:

AT5G49970.1

SAICAR

nucleoside-
diphosphate kinase:
AT5G63310.1

lycopene ε
cyclase: LUT2

tryptophan synthase
beta subunit:
AT5G54810.1

hypusine
biosynthesis

citrulline
degradation

ferric-chelate
reductase:
AT5G50160.1

methylthioalkylmalate
isomerase: AT4G13430.1

acetaldehyde
biosynthesis I

a (1,6)-α-D-
glucosyl-(1,4)

-α-glucan

hydroxyisourate
hydrolase:
AT5G58220.1

2-oxoglutarate

L-dopachrome
isomerase:
AT5G57170.2

salicylate
biosynthesis I

acetyl-CoA

spermidine synthase: SPDS2

arogenate
dehydratase:
AT1G11790.1

methyl
gibberellin A 20

acrolein

sucrose

[+ 2 isozymes]

[+ 2 isozymes]

2-hydroxylamino-
4,6-dinitrotoluene-

C3-glucoside

(+)-pinoresinol

AT2G36750.1: UGT73C1

[+ 2 isozymes]

xyloglucan 6-
xylosyltransferase:
AT1G74380.1

poly-hydroxy fatty acids biosynthesis

squalene synthase: SQS1

3-(2-propenoic acid)
-o-benzoquinone

[+ 7 isozymes]

L-arginino-succinate

L-ascorbate

guanylate kinase:
AT2G41880.1

prephenate dehydratase: AT2G27820.1

caffeoyl-CoA O-
methyltransferase:
AT4G34050.1

avenastenone

chlorophyll a

F6P

superpathway of phenylalanine,
tyrosine and tryptophan biosynthesis

GDP-D-
mannose-3",5"-
epimerase: GME

methylhalides
biosynthesis (plants)

phospholipase
C: AtPLC2

geranylgeranyl
pyrophosphate
synthase: GGPS3

indolylmethyl-glucosinolate

glucose-6-
phosphate
dehydrogenase:
AT1G09420.2

2-oxoglutarate

nitrile-specifier
protein: AtNSP1

tetrahydrofolate
salvage from 5,10-

methenyltetrahydrofolate

UDP-D-galactose
pyrophosphorylase:
AT5G52560.1

[+ 9 isozymes]

an α
hydroxydihydroceramide

dihydropteroate
synthase: AT4G30000.2

9,10-epoxy-18-
hydroxystearate

(3Z)-hex-3-en-ol

thiamin
pyrophosphokinase:
TPK1

UDP-α-D-glucose

4-aminobenzoate

methyl chloride

xanthine
dehydrogenase:
AT4G34900.1

phosphoenol
pyruvate
carboxykinase
(GTP): PCK1

CYP86A8
monooxygenase:
CYP86A8

L-citrulline

3-phospho-
D-glycerate

CDP-diacylglycerol:myo-
inositol
phosphatidyltransferase:
AtPIS1

succinate:ubiquinone oxidoreductase:
SDH1-1 SDH2-2 SDH3-2 SDH4
SDH5 SDH6 SDH7A SDH8 SDH7B

trans-lignocero-
2-enoyl-CoA
reductase: CER10

molybdopterin
adenylyltransferase:
cnx1

quercetin 7-O-
glucosyltransferase:
UGT76E11

arginine decarboxylase:
AT4G34710.1

8-oxo-dGMP

1,2-dihydroxy-5-(methylthio)pent-1-en-3-one

gly

β-cryptoxanthin

nicotinamide

3-phospho-D-glycerate

L-glutamate-5-
semialdehyde

thiamin diphosphate

chlorophyll a
degradation II

folylpolyglutamate
synthetase: AT3G55630.3

aconitate hydratase: AT5G54950.1

superpathway of flavones
and derivatives biosynthesis

2-oxoisovalerate decarboxylation
to isobutanoyl-CoA

trans-caffeate O-
methyltransferase:
AT4G26220.1

8-methylthiooctyldesulfoglucosinolate
sulfotransferase: AtSOT17

asn

caffeoyl-CoA

L-xylo-hex-3-
ulono-1,4-lactone

Sesamin synthase:
AT5G10610.1

acetyl-CoA

indole glucosinolate
methyltransferase:
AT1G21120.1

uracil

caffeoyl-CoA O-
methyltransferase:
AT4G34050.1

1-acylglycerol-
3-phosphate O-
acyltransferase:
AT1G51260.1

naringenin-
chalcone synthase:
AT5G13930.1

lysine
degradation III

laurate hydroxylase:
AT3G52970.2

folate polyglutamylation

asp

2-oxoglutarate

[+ 3 isozymes]

asparagine-
tRNA ligase:
AT1G70980.1

free
phenylpropanoid
acid biosynthesis

(R)-3-
hydroxydodecanoyl-
[acyl-carrier-
protein]:NADP+
oxidoreductase:
AT1G24360.1

acetylglutamate
kinase: AT3G57560.1

Ins(1,4,5)P 3

3-dehydroquinate
synthase:
AT5G66120.2

superpathway of
geranylgeranyl diphosphate

biosynthesis II (via MEP)

L-homocysteine

N-hydroxy-L-tryptophan
monooxygenase: CYP79B3

trans-feruloyl-CoA
synthase: 4CL5

chlorophyllide b

4-coumaroyl-CoA
2’-hydroxylase:
AT5G12270.1

amidophosphoribosyltransferase:
AT4G34740.1

argininosuccinate
lyase: AT5G10920.1

UDP-arabinose 4-
epimerase: UGE5

glutamine
synthetase: GLN2

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

phospholipase C: AtPLC2

L-arabinokinase:
AT3G42850.1

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

ω-6 fatty acid
desaturase: fad6

inositol-1-phosphate
synthase: AT4G39800.1

electron transporter, transferring
electrons from cytochrome b6/f complex
of photosystem II: AT4G03280.1

gtransferase,
transferring
groups other than
amino-acyl groups:
AT4G00040.1

3-isopropylmalate
dehydrogenase:
AT1G80555.1

4α-carboxy-4β-
methyl-cholest-
8,24-dien-3β-ol
dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D1

a fatty acid

cyanidin 3-O-p-
coumaroylglucoside 2-
O"-xylosyltransferase:
AT1G64910.1

flavonol 3-O-
glucosyltransferase:
UGT73B5

lysine-ketoglutarate
reductase:
AT4G33150.1

acid phosphatase:
AT4G13700.1

myricetin

[+ 3 isozymes]

a tRNA
gly

cyclopropane-fatty-
acyl-phospholipid
synthase:
AT3G23510.1

cytokinin trans-
hydroxylase: CYP735A1

isoscopoletin

trans-zeatin riboside

protoporphyrinogen IX

methionine-
tRNA ligase:
AT3G55400.1

biotin
synthase: NFS1

enoyl-CoA
hydratase: AIM1

N
6

-(Δ
2

-isopentenyl)
-adenosine 5’-
monophosphate

4α-methyl-5α-cholesta-
7,24-dien-3β-ol-4α-methyl
oxidase: AT1G07420.1

[+ 9 isozymes]

4-aminobutyrate
transaminase: POP2

sugar-phosphatase:
AT2G25870.1

alcohol
dehydrogenase: ADH

geranylgeranyl
pyrophosphate
synthase: GGPS4

6-deoxocastasterone

1D-myoinositol
5-diphosphate

1,2,3,4,6-
pentakisphosphate

AMINES AND POLYAMINES BIOSYNTHESIS

S-stylopine

an L-1-
phosphatidylethanolamine

deoxycytidine kinase:
AT1G72040.1

UDP glycosyltransferase:
UGT76C1

gibberellin 20-
oxidase: GA20ox3

cyanidin

1-phosphatidylinositol
4-kinase: AT5G64070.1

sphingoid 1-
phosphate lyase:
AT1G27980.1

3-phospho-
D-glycerate

omega-6-oleate
desaturase: fad6

2-dehydropantoate
2-reductase:
AT5G34780.1

δ1-pyrroline-
5-carboxylate
synthetase: P5CS1

13(S)-HPOTE

anthocyanin 5-O-
glucoside 6’’’-O-
malonyltransferase:
AT3G29590.1

nicotinate phosphoribosyltransferase:
AT2G23420.1

ribulose-bisphosphate carboxylase: rbcS2B

gln

UDP-D-apiose

branched-chain amino
acid aminotransferase:
Atbcat-2

OPC8-3-
hydroxyacyl-CoA

[+ 2 isozymes]

fructokinase:
AT1G50460.1

[+ 2 isozymes]

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

CMP

β-ketoacyl-acyl-
carrier-protein
synthase I:
AT1G74960.1

phosphorylase:
AT3G46970.1

UDP-glucose:thiohydroximate
S-glucosyltransferase:
AT1G24100.1

long-chain fatty
acid ω-hydroxylase:
CYP704B1

protoporphyrinogen
oxidase: PPOX

an ω-hydroxy
fatty acid

asparaginase:
AT4G00590.1

4a-hydroxytetrahydrobiopterin
dehydratase: AT1G29810.1

[+ 6 isozymes]

CDP

proline
dehydrogenase:
AT3G30775.1

inositol-
polyphosphate
multikinase:
AT5G07370.1

[+ 10 isozymes]

glt

(R)-NADHX

gibberellin-44
dioxygenase:
AT3G19010.1

3-methyl-2-
oxobutanoate

1-18:3-2-18:2-
monogalactosyldiacylglycerol

NaMN

chorismate
biosynthesis I

val

4-hydroxy-3-
methylbut-2-en-
1-yl diphosphate
synthase: GcpE

[+ 5 isozymes]

H
+

melanochrome

[+ 3 isozymes]

L,L-diaminopimelate

D-glyceraldehyde
3-phosphate

PRPP

5-amino-6-(5-phospho-
D-ribosylamino)uracil

S-methyl-5-thioribose kinase: AT1G49820.1

eumelanin

D-gluconate

catalase: CAT2

NAD-dependent
malate dehydrogenase

(decarboxylating)
: NAD-ME1

an L-1-
phosphatidylethanolamine

his

3-dehydro-6-
oxoteasterone 6-
oxidase: CYP85A2

fructokinase: AT3G20040.1

xylulokinase:
AT5G49650.1

carlactone
carboxylate

wogonin 7-O-
β-D-glucoside

[+ 4 isozymes]

4-tyrosol

α-amyrin

4-coumarate
coenzyme A
ligase: 4CL5

γ-glutamyl
transpeptidase:
AT4G29210.1

Ins(1,2,3,4,5,6)P 6

phosphoglycerate
kinase: AT3G12780.1

trans-2-pentenal
reducatase: ChlADR

γ-tocotrienol

fatty-acyl-CoA
synthase:
AT5G10160.1

15,9’-di-cis
-phytofluene

shikimate
dehydrogenase:
AT3G06350.1

9-cis-10’-apo-
β-carotenal

plant sterol biosynthesis

an [Fe-S cluster
biosynthesis

chaperone]-ATP

phosphatidyl-N-
dimethylethanolamine
N-methyltransferase:
AT1G80860.2

vitamin E biosynthesis
(tocotrienols)

7-dehydrocholesterol

2-isopropylmaleate

indole-3-acetyl-
ala hydrolase: iar3

monoterpene biosynthesis

ω-3 fatty acid
desaturase: fad7

MoO 2 -
molybdopterin

cofactor

NAD+-dependent
isocitrate
dehydrogenase
catalytic
subunit: IDH-VI

CTP

trans-caffeate

D-glyceraldehyde
3-phosphate

acetolactate
synthase:
AT3G48560.1

24-methylenecholesterol
reductase: DWF1

indolylmethyl
glucosinolate aglycone

β-D-glucose

[+ 2 isozymes]

pyridoxamine-
phosphate oxidase:
AT5G49970.1

spermidine
synthase:

AT5G04610.1

linoleate
desaturase: fad3

[+ 2 isozymes]

alpha,alpha-
trehalose-phosphate
synthase (UDP-
forming): TPS1

lys

trihydroxyferuloyl
spermidine O-
methyltransferase:
AT1G67990.1

S-sulfanylglutathione
dioxygenase: GLY2-3

abscisic acid
8’-hydroxylase:
CYP707A2

serine C-
palmitoyltransferase:
AT4G36480.1

branched-chain
amino acid
aminotransferase:
Atbcat-2

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

[+ 2 isozymes]

indol-3-
ylmethylisothiocyanate-

glutathione

UMP

[+ 5 isozymes]

a jasmonic acid

DHAP

gibberellin 3-
oxidase: GA3ox1

violaxanthin
de-epoxidase:
AT2G21860.1

myo-inositol
oxygenase: MIOX1

IMP dehydrogenase:
AT1G16350.1

aconitate hydratase:
AT5G54950.1

glycine
decarboxylase:
AT2G35120.1

[+ 5 isozymes]

δ-tocotrienol
methyltransferase:
G-TMT G-TMT

[+ 5 isozymes]

a cis-3-enoyl-CoA

dihydrolipoyl
dehydrogenase:

LPD2

GGPP

glutamate dehydrogenase
[NAD(P)

+

]: AT5G18170.1

gibberellin A 20

(E)-β-ocimene
synthase: AT3G25810.1

L-homoserine

a homogalacturonan

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

inositol-
hexakisphosphate
kinase: AT3G01310.1

indole-3-acetyl-
phenylalanine
synthetase:
AT1G59500.1

gibberellin
A 29 -catabolite

phenazine-
1-carboxylate

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

3-methylcrotonyl-CoA

mannitol
biosynthesis

phosphatidylglycerophosphatase:
AT5G56610.1

homocysteine S-
methyltransferase:
AT3G63250.1

enoyl-CoA
hydratase: AIM1

ATP sulfurylase: APS4

NAD kinase: NADK2

glt

phosphoenolpyruvate

4-sinapoyloxybutylglucosinolate

cellulose

casbene
biosynthesis

allene oxide
synthase: CYP74A1

chlorophyll synthetase: G4

(E)-2-
methylcrotonoyl-CoA

L-gulono-
1,4-lactone
dehydrogenase:
AT3G47930.1

ursolic aldehyde

dihydrolipoyl
dehydrogenase: LPD2

UDP-glucosyl
transferase:
UGT73C1

trans-4-hexen-3-one

pyruvate
decarboxylase:
AT4G33070.1

N,N-dihydroxy-
L-tryptophan

phosphopyruvate
hydratase:
AT2G29560.1

zeaxanthin
dioxygenase: CCD1

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2

a tRNA
met

3-hydroxy-indole-
3-butyryl 3-
hydroxyacyl-CoA
dehydrogenase: IBR1

O-methyltransferase:
AT4G35150.1

6-hydroxymethyl-
dihydropterin
diphosphate
biosynthesis I

α-D-glucose
1-phosphate

an [eIF5A-
precursor]-

deoxyhypusine

campesterol

3-methylthiopropyl-desulfoglucosinolate
sulfotransferase: AtSOT17

thiamin diphosphate

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G08170.2

CDP-choline:1,2-diacylglycerol
cholinephosphotransferase:
AT3G25585.2

UDP-glucose 4-
epimerase: UGE2

tetraketide α-pyrone
reductase: TKPR2

ribulose-phosphate 3-
epimerase: AT1G63290.1

AT2G39800.1:
P5CS1

UDP-α-D-galactose

ω-6 fatty acid
desaturase: fad6

D-serine

gln

H
+

-transporting
two-sector ATPase:
AT4G25950.1

dUMP

gibberellin 2β-
dioxygenase: GA2ox8

GGPP

quercetin-3-glucoside-
glucosyltransferase:
UGT73B5

[+ 2 isozymes]

α-Kdo-(2->6)
-lipid IV A

ceramide
degradation

[+ 6 isozymes]

a (mannosyl) 2 -(N-
acetylglucosaminyl)
2 -diphosphodolichol

polyphosphate
6-kinase: IPK2α

magnesium
protoporphyrin IX
monomethyl ester
cyclase: CHL27

[+ 10 isozymes]

thioredoxin
pathway

benzoyl-CoA

3-(3’-methylthio)
propylmalate

tyrosine
degradation I

3-isopropylmalate
dehydrogenase: AtIMD3

L-citrulline

methylglyoxal

OPC4-3-
hydroxyacyl-CoA

5-enolpyruvyl-
shikimate 3-
phosphate

[+ 3 isozymes]

cys

C-22 sterol
desaturase: CYP710A2

leucocyanidin
oxygenase:
AT4G22880.1

Ins(1,4,5)P 3

DMAPP:AMP
isopentenyltransferase: IPT3

GDP-Man:Man 2

GlcNAc 2 -PP-Dol α-1,6-
mannosyltransferase:
AT1G78800.1

superpathway of scopolin
and esculin biosynthesis

1-(5-phospho-β-
D-ribosyl)-ATP

benzoate-CoA
ligase: AT1G65880.1

isorhamnetin
3, 4’-bisulfate

16-hydroxypalmitate

arogenate
dehydratase:
AT3G07630.1

[+ 2 isozymes]

pyrimidine
deoxyribonucleotides

dephosphorylation

GDP-β-L-galactose

AT5G21930.1

quercetin 3,
4’, 7-trisulfate

3-oxo-3-
phenylpropanoyl-CoA

asparagine
synthase (glutamine-
hydrolyzing): ASN2

glutamate-1-
semialdehyde
aminotransferase:
AT3G48730.1

ent-kaurenoate
oxidase: KAO2

seleno-amino
acid detoxification
and volatilization I

cytidylate kinase:
AT5G26667.1

(R)-lactate

linolenate
epoxidase:
AT5G04660.1

polyphosphate
2-kinase: IPK1

syringin

pyruvate

geranyl diphosphate

(S)-reticuline

[+ 2 isozymes]

CTP

3R-hydroxyacyl-
CoA dehydratase:
AT1G76150.1

β-ureidopropionase:
PYD3

uvaol
dehydrogenase:
AT5G36130.1

1-(5-phospho-β-
D-ribosyl)-AMP

β-glucosidase:
AT1G61820.1

3β-hydroxysteroid
dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D2

acyl-lipid thioesterase:
AT1G68280

tetrahydrogeranylgeranyl-
chlorophyll a

5-methylthiopentylglucosinolate
S-oxygenase: GS-OX3

2-(3’-methylthio)
propylmalate

(2E,6E)-farnesyl
diphosphate

(-)-(1S)-sabinene
synthase: TPS-Cin

serine:glyoxylate
aminotransferase:
AGT1

serine
acetyltransferase: SAT1

[+ 2 isozymes]

luteolin O-
methyltransferase:
AT4G26220.1

argininosuccinate
lyase

luteolin

[+ 4 isozymes]

[acyl-carrier-protein]
S-malonyltransferase:

AT2G30200.1

[+ 2 isozymes]

chlorophyll a

(+)-camphene

glutamate dehydrogenase
(NADH-dependent)
: AT5G07440.1

4-aminobutyraldehyde
dehydrogenase:
ALDH10A9

L-ascorbate
peroxidase: APX1

magnoflorine
biosynthesis

glucose-6-phosphate
isomerase: AT5G42740.1

pseudouridine
5’-phosphate

kaempferol-3-O-
gentiobioside-

7-O-rhamnoside

α-D-glucose
6-phosphate

coniferyl alcohol

IPP

UDP-glucosyl
transferase:
UGT73C1

2,3-bisphosphoglycerate-independent
phosphoglycerate mutase: AT1G09780.1

AIR

cardiolipin and phosphatidylethanolamine
biosynthesis (Xanthomonas)

gibberellin A 53

[+ 2 isozymes]

dUTP diphosphatase: AT3G46940.1

hydroxyacylglutathione
hydrolase: GLX2-5

[+ 24 isozymes]

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

triose-phosphate isomerase: AT2G21170.1

nicotianamine
synthase:
AT5G04950.1

Cu
2+

UDP-α-D-glucose

a linear malto-
oligosaccharide

1-aminocyclopropane-
1-carboxylate

trans-2-hexenal
reductase: SDR2

asparagine
synthase (glutamine-
hydrolyzing): ASN3

methylglyoxal
reductase: ChlADR

2,3-bisphosphoglycerate-
independent phosphoglycerate
mutase: AT1G09780.1

[+ 4 isozymes]

indole-3-acetonitrile
nitrilase: NIT4

5-methylthiopentanonitrile oxide

[+ 8 isozymes]

26,27-dehydrozymosterol

a 1-phosphatidyl-
1D-myo-inositol
4,5-bisphosphate

methylthioalkylmalate
isomerase: AT2G43100.1

AT3G24300.1

6-methylthiohexyldesulfoglucosinolate
sulfotransferase: AtSOT16

[+ 8 isozymes]

N,N-dihydroxy-L-phenylalanine
decarboxylase: AT5G05260.1

a glucan

2-(6’-methylthio)hexylmalate

folylpolyglutamate
synthetase: AT3G10160.1

[+ 2 isozymes]

met

pyruvate

brassinolide C-26
hydroxylase: CYP734A1

oleate

a 5,10-
methenyltetrahydrofolate

glutarate

allantoin
degradation to

ureidoglycolate I
(urea producing)

tyrosine transaminase: AT5G53970.1

trans-zeatin biosynthesis

[+ 3 isozymes]

[+ 8 isozymes]

all-trans-ζ-carotene

acyl-CoA
synthase: ACOS5

phospholipase
D: PLD gamma

[+ 9 isozymes]

3-oxo-cerotoyl-CoA

phytoene
synthase: PSY

thr

inositol-phosphate
phosphatase: HISN7

malonylshisonin

(+)-cis-abscisic
aldehyde

benzaldehyde
dehydrogenase:
AAO4

ATP-phosphoribosyl
transferase: AtATP-PRT2

AT4G13510.1

campest-4-en-3β-ol

β-D-glucose
6-phosphate

tyr

pyruvate

superpathway of leucine, valine,
and isoleucine biosynthesis

a 2,3,4-saturated
fatty acyl CoA

abscisic acid
biosynthesis

6-phosphofructokinase:
AT4G26270.1

UDP
glycosyltransferase:

UGT85A1

xyloglucan
glycosyltransferase:
CSLC4

a trigalactosyldiacylglycerol

an ω-hydroxy
fatty acid

3-ureidopropionate

salidroside

enolase:
AT2G36530.1

aconitase: ACO2

cyanidin 3-O-[2"-O
-(xylosyl) glucoside

sinapaldehyde

1,4-dihydroxy-
2-naphthoyl-
CoA synthase:
AT1G60550.1

dCTP

3R-hydroxyacyl-
CoA dehydratase:
AT1G76150.1

D-myo-inositol
(1,2,3) trisphosphate

betaine-aldehyde
dehydrogenase:
AT1G74920.1

4α-hydroxymethyl-
stigmasta-7,24(24

1

)-dien-3β-ol-methyl
oxidase: AT1G07420.1

fatty acid α-
dioxygenase: DOX1

tyrosine
decarboxylase:
AT4G28680.2

a [Glu-Cys]-
S-conjugate

diphosphoinositol-
pentakisphosphate
kinase: AT5G15070.2

(2E,6E)-farnesyl
diphosphate
synthase: GGPS2

phytoene
desaturase: PDS

naringenin 3-
dioxygenase:
AT3G51240.1

UMP kinase: AT5G26667.1

[+ 4 isozymes]

UDP-α-D-
galacturonate

GDP-4-dehydro-
α-D-rhamnose

6-hydroxymethyl-
7,8-dihydropterin

chorismate

ascorbigen

aspartate transaminase: ASP5

HMG-CoA

[+ 2 isozymes]

[+ 2 isozymes]

[+ 88 isozymes]

α-humulene

brassinolide
synthase: CYP85A1

4-guanidinobutyramide

indole-3-pyruvate

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

4α-hydroxymethyl-
stigmasta-7,24(24

1

)-dien-3β-ol

an [apo BCAA
dehydrogenase E2 protein]
N

6

-dihydrolipoyl-L-lysine

glycerol-3-phosphate
dehydrogenase
(NAD(P)+): GPDHp

AT1G76030

superpathway of C28 brassinosteroid biosynthesis

pro

UDP-glucosyl
transferase:
UGT73C6

4-hydroxybenzoate
polyprenyl diphosphate
transferase: PPT1

ajugose
biosynthesis
II (galactinol-
independent)

ent-kaurenol

GDP-α-D-mannose

fatty-acyl-CoA
synthase:
AT1G74960.1

acyl-lipid
thioesterase:
AT1G35290

13-DPG

leucine-tRNA
ligase: AT1G09620.1

18-oxo-oleate

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT5G64250.2
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2-methylbutanoyl-
CoA

fructose-1,6-
bisphosphatase:
FINS1

malate dehydrogenase: cyMDH

serine
hydroxymethyltransferase:
AT4G37930.1

glutaminyl-tRNA
synthase (glutamine-
hydrolysing):
AT4G05400.1

PRPP

1-deoxy-D-xylulose 5-
phosphate synthase: CLA1

oleate ω-
hydroxylase:
CYP86A1

a xenobiotic

cyanase:
AT3G23490.1

δ-carotene

AT4G33520.2

glutamate-5-
semialdehyde
dehydrogenase:
AT3G55610.1

eriodictyol

sucrose degradation
II (sucrose synthase)

glutamine synthetase: GLN1;2

[+ 2 isozymes]

[+ 5 isozymes]

NAD-dependent
malate dehydrogenase

(decarboxylating)
: NAD-ME2

thiamin pyrophosphokinase: TPK1

L-galactose
dehydrogenase

N,N-dihydroxy-
L-tryptophan
decarboxylase:
CYP79B3

3-isopropylmalate
dehydrogenase: AtIMD2

squalene
epoxidase: SQE2

1-phosphatidylinositol-
4-phosphate 5-
kinase: AT3G56960.1

DMAPP

lipoate
biosynthesis and
incorporation I

1,4-a-D-glucan
maltohydrolase:
BAM3

anthocyanidin 3-O-
glucosyltransferase:
UGT78D2

[+ 6 isozymes]

3-(6’-methylthio)hexylmalate

aspartate kinase:
AK-HSDH1

[+ 5 isozymes]

[+ 3 isozymes]

dihydrozeatin-
O-glucoside

phosphomannomutase:
AT2G45790.1

cysteine synthase:
AT3G61440.1

[+ 2 isozymes]

9-cis-
epoxycarotenoid
dioxygenase:
NCED6

Rubisco shunt

homogentisate

serine-tRNA ligase:
AT1G11870.2

PRPP

2-oxo-6-methylthiohexanoate

feruloyl-CoA

malonyl-CoA

5α-cholesta-
8,24-dien-3-one

alanine
degradation III

an N
10

-formyl-
tetrahydrofolate

4-amino-2,6-
dinitrotoluene

glucoside

epoxide hydrolase

putrescine

(S)-2-aceto-2-
hydroxybutanoate

[+ 2 isozymes]

xylogalacturonan
xylosyltransferase:
XGD1

3-ketoacyl-CoA synthase: AT1G04220.1

flavonol-3-O-
glycoside-7-O-
glucosyltransferase:
UGT73C6

oleate

[+ 2 isozymes]

ferredoxin-NADP
+

 reductase: AT1G20020.1

formate

glt

(S)-malate

dTMP kinase:
AT5G59440.3

D-glyceraldehyde
3-phosphate

β-ketoacyl-acyl-
carrier-protein
synthase III:
AT1G62640.1

19-O-β-
glucopyranosyl-

steviol

(S)-1-pyrroline-
5-carboxylate

a 1-phosphatidyl-
1D-myo-inositol

5-phosphate

a ketone

AT4G26460.1:
AT4G26460.1

glycerol-3-
phosphate

shuttle

[+ 3 isozymes]

[+ 4 isozymes]

(+)-taxifolin

NAD+-dependent isocitrate
dehydrogenase regulatory subunit: IDH-III

phosphate
acquisition

β-D-glucose
6-phosphate

ARP

(R)-2,3-dihydroxy-
3-methylbutanoate

[+ 6 isozymes]

UDP-α-D-
galacturonate

ornithine N
δ

-
acetyltransferase:
AT2G39030.1

AT5G45900.1:
AT5G45900.1

diacylglycerol O-
acyltransferase: AT5G13640.1

hexokinase: HXK1

glycerol-3-
phosphate
dehydrogenase
(NAD+):
AT2G41540.1

gibberellin 20-
oxidase: GA20ox1

keto-D-fructose

acetyl-CoA

GTP

sulfate

adenylosuccinate
lyase: AT4G18440.1

GMP

all-trans-
heptaprenyl
diphosphate
synthase: SPS2

phe

Ins(1,2,3,4,5,6)P 6

methylglyoxal
reductase:
AT1G54870.1

CMP-KDO
synthetase:
AT1G53000.1

cis-vaccenate
biosynthesis

3-hydroxy-3-
methylglutaryl coenzyme
A synthase: BAP1

1-aminocyclopropane-1-carboxylate synthase: ACS7

lysine-ketoglutarate
reductase:
AT4G33150.1

[+ 6 isozymes]

phytochelatins
biosynthesis

steviolmonoside

phosphoglucomutase: PGM

castasterone
synthase: CYP85A2

[+ 3 isozymes]

[+ 15 isozymes]

geranyl diphosphate

a 1,2-diacyl-sn-
glycerol 3-phosphate

glycerol-3-phosphate O-
acyltransferase: GPAT6

a 2,3,4-saturated
fatty acid

AT5G44790.1

4-hydroxyphenylpyruvate

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

propanoyl-CoA

UDP-3-O-(3-
hydroxymyristoyl)-
α-D-glucosamine

glutathione
γ-glutamyl
cyclotransferase

β-L-galactose
1-phosphate

a [pyruvate dehydrogenase
E2 protein] N

6

-
dihydrolipoyl-L-lysine

rosmarinate
synthase:
AT4G29250.1

2-naphthol 6’-O-
malonylglucoside

propane-1,3-diamine

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

[+ 2 isozymes]

[+ 6 isozymes]

fructose-2,6-
bisphosphate
2-phosphatase:
AT1G07110.1

5α-cholesta-7,24-dien-3β-ol

GGPP

very long chain fatty
acid ω-hydroxylase:
CYP86B1

4-coumarate-
CoA ligase: 4CL3

UDP-glucuronate
decarboxylase

pyrimidine salvage pathway

pelargonidin 3-O-β-
D-caffeoylglucoside

hydrogen sulfide

phospholipase D: PLD gamma

arogenate
dehydratase:
AT3G44720.1

glucokinase:
AT3G20040.1

inositol-1(or 4)-
monophosphatase:
AT1G31190.1

ω-3 fatty acid
desaturase: fad7

(Z)-6’-
hydroxyferulate

[+ 4 isozymes]

adenosine

cinnamyl-alcohol
dehydrogenase:
AT2G21730.1

phosphomannomutase:
AT2G45790.1

spermidine

copper-
transporting

ATPase

flavonoid 3’-
monooxygenase:
CYP75B1

flavonoid 3’-
monooxygenase:
CYP75B1

diaminopimelate
epimerase:
AT2G16520.1

Δ14-sterol reductase: FK

a biotinylated
[BCCP dimer]

cytokinin trans-
hydroxylase: CYP735A2

GDP-D-
mannose-3",5"-
epimerase: GME

CO 2

9,15,9’-tri-cis
-ζ-carotene

a very-long-chain 2,3,4-
saturated fatty acyl CoA

AROMATIC
COMPOUNDS

DEGRADATION

[+ 2 isozymes]

tricoumaroyl
spermidine
hydroxylase:
AT1G74540.1

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

hexokinase: HXK2

acetaldehyde
dehydrogenase:
AT3G48000.1

β-D-xylopyranose

[+ 5 isozymes]

a (2-trans-11-cis)-
vaccen-2-enoyl-[acp]

AT5G18280.2:
AT5G18280.2

sulfate
adenylyltransferase: APS2

phytyl-P kinase

[+ 6 isozymes]

galactinol synthase: GolS2

[+ 3 isozymes]

ω-3 fatty acid
desaturase: fad8

prephenate

flavonol 3-O-
glucosyltransferase:
UGT73B5

lupeol synthase:
AT1G78500.1

fatty acid β-oxidation II (peroxisome)

fatty-acyl-CoA
synthase: AT5G10160.1

myrcene synthase: TPS-Cin

glycine
transaminase:
AOAT2

N-monomethylethanolamine

fatty-acyl-CoA
synthase:
AT5G10160.1

1,4-α-glucan
branching enzyme:
AT5G03650.1

cutin biosynthesis

UDP-glucose:1,4-β-D-glucan 4-
β-D-glucosyltransferase: CesA1

a phosphatidyl-N-
dimethylethanolamine

ceramide kinase:
AT5G51290.1

uroporphyrinogen
decarboxylase:
AT2G40490.1

mannose-6-
phosphate 6-
reductase:
AT2G21260.1

p-coumaroyltriacetate

homoserine
dehydrogenase:
AT5G21060.2

coniferyl aldehyde
dehydrogenase:
ALDH2C4

ethanol

acyl-CoA synthase: ACOS5

4-coumaryl-CoA

[+ 2 isozymes]

N-acetylglucosamine-
1-phosphate
uridylyltransferase:
AT2G35020.1

tricaffeoyl
spermidine

caffeate

feruloyl-CoA
6’-hydroxylase:
AT3G13610.1

arginine
decarboxylase:
AT4G34710.1

a 1-acyl 2-lyso-
phosphatidylcholine

24-ethylidenelophenol

GSSG

β-carotene
dioxygenase: CCD1

OPC8-trans-
2-enoyl-CoA

3-hydroxyacyl-[acyl-
carrier-protein]
dehydratase:
AT2G22230.1

NAD
+

 diphosphatase: NUDT7

galactose degradation
I (Leloir pathway)

Cu
2+

betulin
dehydrogenase:
AT5G36130.1

L-ascorbate

uridine

flavonoid 3-
hydroxylase:
CYP75B1

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

SAX1: SAX1

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.1

gibberellin 4 2-
oxidase: GA2ox2

fatty acyl-CoA
synthetase: ACOS5

2-oxobutanoate

glutamate
dehydrogenase
[NAD(P)

+

]:
AT5G07440.1

anthranilate
phosphoribosyltransferase:
AT1G70570.2

S-methyl-5-thio-D-ribose

decanoyl-CoA

CDP

dTMP

L-cystein
desulfurase

geranyl diphosphate

propanoyl-CoA

adenylosuccinate
synthase:
AT3G57610.1

13
1

-oxo-
magnesium-
protoporphyrin IX 13-
monomethyl ester
dehydrogenase:
AT5G58250.1

gibberellin 20 2-
beta-dioxygenase:
GA2ox6

homogalacturonan biosynthesis

a fatty acid

glycine decarboxylase:
AT2G35120.1

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

[+ 6 isozymes]

L-glutamate-5-
semialdehyde

coproporphyrinogen
III oxidase: HEMF1

phosphoglucose
isomerase: PGI1

nicotianamine
synthase:
AT5G56080.1

dihydroxyferuloyl-
sinapoyl spermidine

[+ 8 isozymes]

dGTP

pyropheophorbide a

[+ 3 isozymes]

1-deoxy-D-xylulose
5-phosphate

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

ethanolaminephosphotransferase:
AT1G13560.1

8-methylthiooctylglucosinolate
S-oxygenase: GS-OX2

SAM

anthocyanidin 3-O-
glucosyltransferase:
UGT78D3

dTDP

hydrolase: AT5G53850.2

2-oxo-10-methylthiodecanoate

5-dehydroavenasterol
Δ

7

 reductase: DWF5

adenylate
dimethylallyltransferase: IPT3

β-alanine
biosynthesis II

an L-1-
phosphatidyl-inositol

pantothenate
kinase 1: AtCoaA

castasterone

thiamin salvage IV (yeast)

coniferyl aldehyde
5-hydroxylase:
AT5G04330.1

(R)-pantothenate

β-elemene synthase:
AT5G23960.1

(S)-1-pyrroline-
5-carboxylate

trehalose-
phosphatase: TPPB

malate dehydrogenase
(NAD): cMDH

chorismate mutase:
AT3G29200.1

[+ 7 isozymes]

tRNA
asn

β-D-fructose
2,6-bisphosphate

isopropylmalate
isomerase:
AT2G43090.1
AT4G13430.1

[+ 4 isozymes]

L-homocysteine

nucleoside-
triphosphatase:
AT5G66005.3

violaxanthin de-
epoxidase: NPQ1

[+ 6 isozymes]

acetoacetyl-CoA

[+ 3 isozymes]

serine
hydroxymethyltransferase:
AT4G37930.1

allantoinase:
AT4G04955.1

superoxide dismutase (Fe): FSD1

[+ 4 isozymes]

O-acetyl-L-serine

trans-5-O-(4-
coumaroyl)
-D-quinate

trans-5-O-
caffeoyl-D-quinate

2-benzoyloxy-3-
butenylglucosinolate

gln

a [glycerolipid]-
linoleate

3-oxo-behenoyl-CoA
reductase: KCR1

vitamin E biosynthesis
(tocopherols)

4-aminobenzoate

squalene synthase: SQS1

UDP-glucose 4-
epimerase: UGE5

purine nucleosides salvage II (plant)

riboflavin kinase/FMN
hydrolase: AT4G21470.1

a glycerophosphodiester

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

(R)-4’-
phosphopantothenate

ribulose-bisphosphate carboxylase: rbcS1A

lanosterol
synthase: LUP1

oxaloacetate

farnesol kinase:
AT5G58560.1

[+ 8 isozymes]

18-oxo-oleate

24C methyltransferase: SMT2

superpathway of 5-aminoimidazole
ribonucleotide biosynthesis

threonine synthase:
AT1G72810.1

a trans-2,trans-
4-dienoyl-CoA

4-aminobutanoate

uroporphyrinogen
decarboxylase:
AT2G40490.1

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

[+ 2 isozymes]

fumarylacetoacetase:
AT1G12050.1

inositol 3-kinase:
AT5G58730.1

nucleoside-
triphosphate
diphosphatase:
AT4G13720.1

chlorophyllide a oxygenase: CAO

digalactosyldiacylglycerol
synthase: DGD2

4-hydroxybutanoate

homocysteine S-
methyltransferase:
AT3G22740.1

ureidoglycine
aminohydrolase:
UGlyAH

quinolinate

thiol S-methyltransferase:
AT2G43910.2

glucosinolate
biosynthesis from

pentahomomethionine

a 12-
hydroxyjasmonate

sulfate

gibberellin 20-
oxidase: GA20ox2

N,N’-
diacetylchitobiose

5α-cholesta-
7,24-dien-3β-ol

phenylpropanoid biosynthesis

UDP-glucosyl
transferase:
UGT73B5

benzyl alcohol

[+ 2 isozymes]

AMINO ACIDS DEGRADATION

quercetin 3,7-
O-diglucoside

macarpine

pyrroline-5-
carboxylate
reductase: P5C1

[+ 7 isozymes]

octanoyl-
[acp]:malonyl-[acyl-
carrier protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

α-linolenate

ω-3 fatty acid
desaturase: fad8

6-phosphofructokinase: AT5G61580.1

ammonium

gibberellin A 4

PRPP
biosynthesis I

glt

L-gulopyranose

GDP-β-L-galactose

7
1

-hydroxychlorophyll a

[+ 11 isozymes]

carbamoylphosphate
synthase: AT1G29900.1
AT3G27740.1

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT4G08170.2

pelargonidin
reductase:

AT1G61720.1

OPC4-trans-
2-enoyl-CoA

gtransferase,
transferring
groups other than
amino-acyl groups:
AT4G00040.1

1-18:3-2-18:3-
phosphatidylcholine

AT4G19680.2

ω-6 fatty acid
desaturase: fad6

trans-zeatin-7-N-glucoside

CMP-KDO
synthetase:
AT1G53000.1

5-hydroxy-CMP

proline
biosynthesis I

formaldehyde

1,3,5-
trimethoxybenzene

indolylmethylthiohydroximate

aminodeoxychorismate
lyase: ADCL

15-cis-phytoene

24-epi-campesterol

flavonol 7-O-
rhamnosyltransferase:
UGT89C1

aminodeoxychorismate
lyase: ADCL

4-methoxy-3-indolylmethyl
glucosinolate aglycone

fructose 1,6-
bisphosphatase:
HCEF1

dTDP-β-L-rhamnose

[+ 4 isozymes]

acetyl-CoA

fructokinase:
AT4G37840.1

oxaloacetate

[+ 13 isozymes]

indole-3-acetonitrile
nitrile hydratase: NIT1

[+ 2 isozymes]

5-oxoprolinase:
AT5G37830.1

[+ 16 isozymes]

glycolysis I (from
glucose 6-phosphate)

phospholipase
D: PLD alpha

protopine

diacylglycerol
kinase: AT4G30340.1

isopentenyl-diphosphate Δ-
isomerase: AT1G79690.1

3-phospho-
hydroxypyruvate

[+ 4 isozymes]

cytokinin oxidase/
dehydrogenase:

CKX4

9,9’-di-cis-
ζ-carotene

lathosterol

[+ 7 isozymes]

(S)-1-pyrroline-
5-carboxylate

(+)-sesamin

6-methoxy-3-methyl-2-
all-trans-nonaprenyl-

1,4-benzoquinol

flavonol
synthase: FLS

arg

all-trans-nonaprenyl
diphosphate

glyceraldehyde-
3-phosphate
dehydrogenase:
GapA-1

palmitoyl-CoA

xyloglucan
galactosyltransferase:
KAM1

[+ 5 isozymes]

uracil

behenate

glycolate and
glyoxylate

degradation II

glyceraldehyde-
3-phosphate
dehydrogenase:
GapA-1

aconitase: ACO3

cytidine deaminase:
AT2G19570.1

[+ 2 isozymes]

4α-carboxy-4β,14α-
dimethyl-9β,19-cyclo-5α-
ergost-24(24

1

)-en-3β-ol

3-hydroxy-
behenoyl-CoA
dehydratase: PAS2

4-amino-2-methyl-5-
hydroxymethylpyrimidine
phosphate kinase: TH1

(-)-epicatechin

α-linolenate
biosynthesis

L-citrulline

oxaloacetate

kaempferol

[+ 3 isozymes]

UDP-glucose 4-
epimerase: AGK1

eumelanin
biosynthesis

(-)-ent-copalyl
diphosphate

uridine kinase/uracil
phosphoribosyltransferase:
AT5G40870.1

ferulate

arginine
decarboxylase:
AT4G34710.1

glyoxylate

guanine deaminase:
AT3G05300.1

UDP-α-D-glucose

4α-methyl-5α-cholesta-
7,24-dien-3β-ol

[+ 4 isozymes]

cinnamoyl-CoA
reductase: CCR1

CDP-diacylglycerol-serine
O-phosphatidyltransferase:
AT1G15110.2

geranylgeranyl
pyrophosphate
synthase: GGPS2

FGAR

N-acetyltransferase:
AT2G39020.1

δ-tocotrienol

hexaprenyl
diphosphate
biosynthesis

a fatty acid

UDP-glucosyl
transferase:
UGT73B5

xylan biosynthesis

(-)-β-pinene

AT3G20390.1:
AT3G20390.1

GA44

indole-3-pyruvate

hexahomomethionine

UDP-α-D-glucose

ribulose bisphosphate
oxygenase:
ATCG00490.1 rbcS1B

[+ 2 isozymes]

[+ 10 isozymes]

dihydrogeranylgeranyl-PP

caffeoyl-CoA O-
methyltransferase:
AT4G34050.1

inositol-phosphate
phosphatase: AT1G31190.1

dihydrocamalexate
synthase: CYP71B15

1-phosphatidyl-
1D-myo-inositol

3,4,5-trisphosphate

brassinolide

[+ 2 isozymes]

Fe
2+

indole-3-glycerol-
phosphate lyase:
AT4G27070.1

gibberellin A 9

NADP-malic
enzyme: NADP-ME2

phosphomethylpyrimidine
synthase: AT2G29630.1

[+ 3 isozymes]

fructose 1,6-
bisphosphate

3-isopropylmalate
dehydrogenase: AtIMD3

pyridoxal
reductase: PLR1

asp

6-phosphoglucan
starch, water
dikinase: PWD

2-carboxy-
D-arabinitol
1-phosphate

1-18:3-2-16:0-
digalactosyldiacylglycerol

aspartate
transaminase:
ACS12

a wax ester

UDP

sterol
methyltransferase: SMT2

kaempferol-
3-rhamnoside

sphingolipid biosynthesis (plants)

GDP-4-keto-6-
deoxymannose-
3,5-epimerase-4-
reductase: GER2

serine O-
acetyltransferase: SAT5

aconitate hydratase: AT5G54950.1

glutathione
transferase: GSTF9

linoleate
desaturase: fad3

phosphoryl-
ethanolamine

acyl-ACP
thioesterase

pathway

an L-glutamyl-
[tRNA

Glu

]

tyrosine-
tRNA ligase:
AT1G28350.1

AT2G36790.1: UGT73C6

CDP-diacylglycerol-serine
O-phosphatidyltransferase:
AT1G15110.2

4-methyl-2-oxopentanoate

(22α)-hydroxy-
campest-4-en-3-one

N,N-dihydroxy-L-
tryptophan carboxy-
lyase: AT1G58265.1

isopentenyl diphosphate
isomerase: IPP1

3-methyl-2-
oxobutanoate

acetoacetyl-CoA

glucose and glucose-1-
phosphate degradation

gln

glucose-6-
phosphate 1-
dehydrogenase:
G6PD5

sinapate ester biosynthesis

dADP

phosphatidate kinase

glucokinase:
AT4G37840.1

7,9,9’-cis-
neurosporene
desaturase: ZDS

arogenate
dehydratase:
AT1G08250.1

(2E,6E)-farnesyl
diphosphate
synthase: GGPS4

1-aminocyclopropane-1-
carboxylate synthase: ACS5

phosphoenolpyruvate
carboxylase: PPC3

13-DPG

lipoyl(octanoyl)
transferase:
AT1G04640.1

phospholipase D: PLD beta

myrosinase: TGG5

branched-chain
amino acid
aminotransferase:
Atbcat-3

[+ 7 isozymes]

coniferyl alcohol

photosystem II: PsbD

4-methyl-2-
oxopentanoate

gibberellin53 2-
oxidase: GA2ox8

an exposed
unphosphorylated,

(α-1,6)-
branched malto-
oligosaccharide

tail on amylopectin

pseudouridine

3-oxo-
arachidoyl-CoA

coniferyl acetate

a trans-2-enoyl-CoA

UDP-α-D-glucose

[+ 5 isozymes]

β-amyrin

D-gluconate

salicylate

umbelliferone

4α-carboxy-5α-
cholesta-7,24-dien-
3β-ol dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D2

succinic
semialdehyde
dehydrogenase:
AT1G79440.1

alkylthiohydroximate C-
S lyase: AT2G20610.1

ursolate

uroporphyrinogen III
synthase: AT2G26540.1

a dihydroceramide
1-phosphate

fructose 1,6-
bisphosphate

ε-carotene

succinate dehydrogenase (ubiquinone): SDH5

geranyl diphosphate

methyl indole-
3-acetate
methylesterase:
AT2G23600.1

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G23850.1

[+ 8 isozymes]

malonate

aldehyde dehydrogenase
(NAD

+

): AT1G44170.1

pantothenate
kinase 1: AtCoaA

phe

α-D-glucose
6-phosphate

phosphoribosylformylglycinamidine
synthase: AT2G46308.1

gly

beta-amyrin synthase:
AT1G78950.1

a tetrahydrofolate

4-methyl-2-oxopentanoate
dehydrogenase
(acylating): AT1G48030.1

[+ 3 isozymes]

[+ 3 isozymes]

dCTP

gibberellin A 24

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

6-deoxocathasterone
hydroxylase: CYP90A1

[+ 5 isozymes]

2,4-dihydroxycinnamate

6-hydroxy-indole-3-
acetyl-phenylalanine

16-feruloyloxypalmitate

nucleoside-
diphosphate kinase:
AT5G63310.1

D-glucopyranose

coumaraldehyde

hydroxymethylpyrimidine

polyprenyldihydroxybenzoate
methyltransferase: COQ3

hydrogen cyanide

3-hydroxyacyl-[acyl-
carrier-protein]
dehydratase:
AT2G22230.1

a phosphatidylcholine

a homogalacturonan

cyanide detoxification I

decanoyl-
[acp]:malonyl-[acyl-
carrier protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

arginine
decarboxylase:
AT2G16500.1

acetaldehyde

oxoglutarate dehydrogenase
(succinyl-transferring)

: AT3G55410.1

[+ 3 isozymes]

glycine
transaminase: AOAT2

an [apo BCAA dehydrogenase
E2 protein] N

6

-S-[2-
methylpropanoyl]dihydrolipoyl-

L-lysine

ω-hydroxy fatty
acid ω-alcohol
dehydrogenase:
AT1G72970.1

linolenate Δ15
desaturase: fad7

a 2,3,4-saturated
fatty acyl CoA

wax ester synthase:
AT5G37300.1

salicylate

gentisate

4-coumarate
coenzyme A
ligase: 4CL5

malate dehydrogenase
(NAD): cMDH

L-galactose-
1-phosphate
phosphatase: HISN7

indol-3-ylmethyl-
glutathione

geranylgeranyl
reductase:
AT1G74470.1

chalcone
isomerase:
AT3G55120.1

tetrahydropteroyl
mono-L-glutamate

uridine kinase/uracil
phosphoribosyltransferase:
AT5G40870.1

cytokinin trans-
hydroxylase: CYP735A1

myo-inositol

[+ 2 isozymes]

branched-chain
amino acid
aminotransferase:
Atbcat-2

NAD+-dependent isocitrate
dehydrogenase: IDH-V IDH-II

lutein

an L-lysyl-[tRNA
lys

]

[+ 2 isozymes]

aspartate
transaminase: ASP2

myristoyl-
[acyl-carrier
protein]:malonyl-
[acyl-carrier
protein] C-
acyltransferase
(decarboxylating)
: AT5G46290.3

F6P

dihydrochelirubine

dethiobiotin
synthase: BIO1

2-phospho-D-glycerate

sulfate
activation for
sulfonation

(2E,6E)-farnesyl
diphosphate
synthase: GGPS1

succinate

deoxycytidine kinase:
AT1G72040.1

gln

nucleoside-
diphosphate kinase:

AT5G63310.1

[+ 6 isozymes]

an octanoyl-[acp]

phospholipase A1: AT1G51440.1

ω-3 fatty acid
desaturase: fad8

fructose-bisphosphatase: AT5G64380.1

glutamate synthase
(ferredoxin)<p:
AT2G41220.1

1,8-cineole

squalene

diphosphoinositol-
pentakisphosphate
kinase: AT5G15070.2

ketol-acid
reductoisomerase:
AT3G58610.1

kaempferol-
3-glucoside-
glucosyltransferase:
UGT73B5

a trans tetradec-
2-enoyl-[acp]

ammonium
transporter:
AT3G24290.1

spermine
synthase: SPDS3

(R)-2,3-dihydroxy-
3-methylpentanoate

cysteine
desulfurase:
AT1G51310.1

pyridoxal 5’-phosphate
synthase (glutamine
hydrolyzing): AT2G38230.1

UDP-α-D-glucose

oleoyl-[acyl-carrier-
protein] hydrolase:
AT3G25110.1

gibberellin inactivation I (2β-hydroxylation)

alanine degradation
II (to D-lactate)

dUTP

D-glyceraldehyde
3-phosphate

glutamine
synthetase: GLN2

ethanolamine

superpathway of cytosolic glycolysis (plants), pyruvate dehydrogenase and TCA cycle

glutamate-tRNA
ligase: AT5G26710.1

carbamoyl-
phosphate

[+ 3 isozymes]

all-trans-nonaprenyl
diphosphate

a tetrahydrofolate

N,N-dimethyl-
β-alanine

nucleotidase:
AT5G63980.1

glycerol-3-phosphate O-
acyltransferase: GPAT1

phospholipase
A: AtPLA IVA

oxaloacetate

24-alkyl sterol 3

(2Z)-2-aminobut-
2-enoate

4-coumarate-
CoA ligase: 4CL2

4α-hydroxymethyl-ergosta-
7,24(24

1

)-dien-3β-ol

H
+

quercetin

ferulate

chlorophyll a

IMP cyclohydrolase:
AT2G35040.1

β-tocopherol

D-myo-inositol
(1,2,3,5,6)

pentakisphosphate

(S)-malate

1-deoxy-D-xylulose
5-phosphate
reductoisomerase:
DXR

transketolase: AT2G45290.1

diacylglycerol biosynthesis
(PUFA enrichment in oilseed)

UDP-glucosyl
transferase:
UGT73B5

2,4,6-trinitrotoluene degradation

3-hydroxy-indole-
3-butyryl-CoA

[+ 6 isozymes]

[+ 4 isozymes]

arabinose-
5-phosphate
isomerase:
AT3G54690.1

met

[+ 7 isozymes]

AT1G72640.1:
AT1G72640.1

D-glyceraldehyde
3-phosphate

gibberellin A 9

indole-3-acetyl-
valine synthetase:
AT4G27260.1

[+ 10 isozymes]

6-deoxoteasterone
6-oxidase: CYP85A1

GDP-α-D-mannose

CYP83A1 5-
methylthiopentanaldoxime
monooxygenase: AT4G13770.1

ribulose-bisphosphate
carboxylase: rbcS1A

22-hydroxydocosanoate

3-ketoacyl-CoA
thiolase: KAT2

NADH:ubiquinone
reductase (H

+

-translocating)
: AT1G49140.1

indole-3-glycerol-
phosphate synthase:
AT2G04400.1

[+ 8 isozymes]

serine
acetyltransferase: SAT5

3-deoxy-D-arabino-
heptulosonate-
7-phosphate

α,α-trehalose
6-phosphate

quercetin 3-O-
gentiobioside-

7-O-rhamnoside

glyoxylate

squalene epoxidase: SQE2

2’-deoxyadenosine
[+ 2 isozymes]

1-18:3-2-16:0-
phosphatidylglycerol

UDP glycosyltransferase:
UGT76C1

quercetin 3-
sulfotransferase:
AT3G45070.1

GMP synthase
(glutamine-
hydrolysing):
AT1G63660.1

quercetin 3-O-
glucosyltransferase:
UGT76E1

an L-alanyl-
[tRNA

ala

]

guanine
phosphoribosyltransferase:
HGPT

(-)-matairesinol

met

carotenoid cleavage
dioxygenase: CCD1

cyanidin 3-O-p-
coumaroylglucoside

methylthioribulose 1-phosphate
dehydratase: AT5G53850.2

magnesium
protoporphyrin IX
methyltransferase:
CHLM

a homogalacturonan

(S)-3-methyl-2-
oxopentanoate

SECONDARY METABOLITES BIOSYNTHESIS

a xenobiotic

kaempferol-
3-glucoside-
7-rhamnoside

3-methylthiopropylglucosinolate: GS-OX3

a xenobiotic

serine
decarboxylase:
AT1G43710.1

phosphatidylserine
decarboxylase:
AT4G25970.1

a dolichyl β-D-
glucosyl phosphate

UDP-glucose:thiohydroximate
S-glucosyltransferase:
AT1G24100.1

asp

a cis-5-enoyl-CoA

C-5 sterol desaturase:
AT3G02590.1

triacylglycerol
lipase: AT4G16820.1

[+ 3 isozymes]

7-methylthioheptyldesulfoglucosinolate
sulfotransferase: AtSOT18

(S)-malate

linoleate
desaturase: fad3

cinnamyl-alcohol
dehydrogenase:
AT4G37990.1

fructose-1,6-
bisphosphatase:
FINS1

trans-2-hexenal
reductase: AT1G54870.1

5-MTR-1-P

hamamelose-2
1

,5-bisphosphate

gibberellin 9 2-
oxidase: GA2ox4

3-isopropylmalate
dehydrogenase:
AtIMD1

5-methyl-phenazine-
1-carboxylate

(13S)-HPODE

UDP-glucuronate
decarboxylase:
AT1G08200.1

methionine
adenosyltransferase: SAM-1

AT3G04080.1:
AT3G04080.1

a D-glucosyl-N-
acylsphingosine

UDP-glucose
pyrophosphorylase:
AT3G03250.1

UDP
glycosyltransferase:

UGT73C1

UDP-glucose
pyrophosphorylase:
AT3G03250.1

galactinol-sucrose
galactosyltransferase: SIP2

β-ring hydroxylase:
β-OHase 2

benzoyl-CoA

rosmarinate

ω-3 fatty acid
desaturase: fad7

coumarate 3-
hydroxylase: REF8

glt

hydroxymethylbilane

folylpolyglutamate gamma-
glutamyl hydrolase: GGH2

choline-phosphate
cytidylyltransferase:
AT4G15130.1

[+ 6 isozymes]

leu

APS reductase: APR2

alanine
biosynthesis II

[+ 5 isozymes]

asparagine
synthase (glutamine-
hydrolyzing): ASN2

[+ 2 isozymes]

gibberellin
A 8 -catabolite

(E)-phenylacetaldehyde oxime

(E)-β-ocimene
synthase: TPS-Cin

a (3R)-3-
hydroxystearoyl-[acp]

(R)-mevalonate
diphosphate

homoserine
dehydrogenase:
AK-HSDH2

a trans dodec-
2-enoyl-[acp]

cadaverine

gibberellin
biosynthesis II (early
C-3 hydroxylation)

sphingolipid
δ4 desaturase:
AT4G04930.1

6-oxocampestanol

glutamate-
tRNA ligase:
AT5G26710.1

a 1,2-diacyl-3-β-D-
galactosyl-sn-glycerol

UDP-D-
glucuronate
4-epimerase

CDP-diacylglycerol
glycerol-3-phosphate 3-
phosphatidyltransferase:
pgps1

dethiobiotin

a phosphatidylcholine

arginine
decarboxylase:
AT4G34710.1

inositol-tetrakisphosphate
1-kinase: AT4G08170.2

sinapyl-alcohol

UDP-L-arabinose
biosynthesis
II (from L-
arabinose)

L-tyrosine:2-oxoglutarate
aminotransferase: TAA1

(indol-3-yl)
acetaldehyde:oxygen
oxidoreductase: AAO3

anthocyanin
biosynthesis
(pelargonidin

3-O-glucoside)

Δ
5

-Δ
4

-isomerase

tryptamine

pyruvate

a xenobiotic

10-formyltetrahydrofolate
synthetase: AT1G50480.1

gibberellin 20-
oxidase: GA20ox3

PLP

(-)-lactol

indole-3-acetate

alcohol
dehydrogenase: ADH

pyruvate kinase:
PKp1 PKp3

glutamine
synthetase: GLN1;2

AT3G25830.1:
AT3G25830.1

N-carbamoyl-
L-aspartate

2-hydroxylamino-
4,6-dinitrotoluene

[+ 7 isozymes]

D-sedoheptulose 7-phosphate

[+ 8 isozymes]

dihydrolipoyl dehydrogenase: LPD2

[+ 4 isozymes]

Ins(1,4,5)P 3  5-
phosphatase: 5PTase12

UDP-α-D-glucose

[+ 4 isozymes]

phospholipase A: AtPLA IVA

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

dihydrozeatin-
9-N-glucoside

nicotinate-nucleotide
adenylyltransferase:
AT5G55810.2

anthranilate
synthase:
AT5G05730.2

a dolichyl β-D-
mannosyl phosphate

N-hydroxythioamide S-
β-glucosyltransferase:
UGT74F1

OPC4-3-
hydroxyacyl-CoA
dehydrogenase:
AIM1

putrescine
biosynthesis I

stigmasterol

an L-valyl-[tRNA
val

]

UDP-glucosyl
transferase:
UGT73C1

dihydropteroate
synthase: AT4G30000.2

6-phosphofructokinase:
AT4G32840.1

N-hydroxy-L-phenylalanine

UTP:glucose-
1-phosphate
uridylyltransferase:
AT5G52560.1

indole-3-acetonitrile
nitrilase: NIT1

lupeol synthase:
AT1G78500.1

4α-hydroxymethyl,4β,14α-
dimethyl-9β,19-cyclo-5α-
ergost-24(24

1

)-en-3β-ol

3β-hydroxylsteroid
dehydrogenase

cis-zeatin

L-ascorbate

violaxanthin

phosphoethanolamine/
phosphocholine
phosphatase:
AT1G17710.1

proline
degradation

mevalonate kinase: MVK

anthocyanidin 3-O-
glucosyltransferase:
UGT78D3

2-amino-4,6-
dinitrotoluene

glucoside

dATP

6-methylthiohexylglucosinolate
S-oxygenase: GS-OX3

N-acetylglucosaminyldiphosphodolichol
N-acetylglucosaminyltransferase:
AT4G16710.1

methyl (indol-
3-yl)acetate

8-methylthiooctanonitrile oxide

phe

D-ribose 5-
phosphate

carbamoyl-
phosphate

arogenate
dehydrogenase:
AT1G15710.1

avenacin biosynthesis,
initial reactions

GTP

α-amyrin synthase:
AT1G78500.1

methenyltetrahydrofolate
cyclohydrolase:
AT2G38660.1

CMP

succinyl-CoA

glutamate
synthase (NADH)
: AT5G53460.1

[+ 5 isozymes]

[+ 3 isozymes]

N-acetylglutamyl-
phosphate

a 3-oxo-
decanoyl-[acp]

sanguinarine and
macarpine biosynthesis

α-xylosyltransferase:
XT1

COFACTORS, PROSTHETIC GROUPS,
ELECTRON CARRIERS DEGRADATION

fructose 1,6-
bisphosphatase:
HCEF1

starch

long-chain fatty
acid ω-hydroxylase:
CYP704B1

[+ 9 isozymes]

myo-inositol
1-phosphate
monophosphatase:
HISN7

24-methylenecycloartanol
4α-methyl oxidase:
AT4G12110.1

3-phospho-D-glycerate

4α-carboxy-
5α-cholesta-

8,24-dien-3β-ol

(E)-β-farnesene
synthase:
AT5G44630.1

caffeoyl-CoA

galactokinase: AGK1

Dol-P-Glc:Glc 1

Man 9 GlcNAc 2

-PP-Dol α-1,3-
glucosyltransferase:
AT2G44660.1

7-methylthioheptyl glucosinolate

N-hydroxy-L-tryptophan

GMP

sterol 24C
methyltransferase: SMT3

nucleotidase:
AT5G63980.1

cytidine deaminase:
AT2G19570.1

branched-chain-
amino-acid
transaminase:
Atbact-5

glycolate

4-methyl-5(β-
hydroxyethyl)

thiazole
salvage (yeast)

methylmalonate-
semialdehyde
dehydrogenase
(acylating):
AT2G14170.1

adenosylhomocysteinase:
AT4G13940.1

lys

D-glucopyranuronate

a (3R)-3-
hydroxyhexanoyl-[acp]

7,8-diaminopelargonate

mannose-6-
phosphate
isomerase:
AT1G67070.1

[+ 5 isozymes]

GDP-β-L-galactose

(Z,E)-α-farnesene

galactolipid:galactolipid
galactosyltransferase

UDP-
glucose:coniferaldehyde 4-
β-D-glucosyltransferase:

AT3G50740.1

geranylgeranyl
reductase:
AT1G74470.1

ribose-phosphate
diphosphokinase:
AT1G10700.1

trans-docosan-
2-enoyl-CoA
reductase: CER10

molybdopterin
synthase: Cnx6 Cnx7

4α-carboxy-stigmasta-
7,24(24

1

)-dien-3β-
ol dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D1

4-methoxy-3-
indolylmethylamine

protochlorophyllide a

serine
hydroxymethyltransferase

phosphoribulokinase: CP12-2

indole-3-acetate

aconitase: ACO3

(S)-3-methyl-2-
oxopentanoate

fructose-
bisphosphatase:
AT5G64380.1

uracil

[+ 13 isozymes]

Piperitol synthase:
AT5G10610.1

phytyl diphosphate

2-oxoglutarate

phosphopyruvate
hydratase: AT1G74030.1

indolylmethyl-
glucosinolate

pyridoxal 5’-
phosphate synthase:
AT2G46580.1

AT3G62300.2:
AT3G62300.2

cinnamyl-alcohol
dehydrogenase:
AT4G37980.1

trans-zeatin-O-
glucoside-7-N-glucoside

5-methyltetrahydropteroyltriglutamate:homocysteine
S-methyltransferase: AT5G17920.1

(E,E)-
geranyllinalool
synthase:
AT1G61120.1

GGPP

homoserine kinase:
AT4G35295.1

α-D-glucose
6-phosphate

UDP-glucose 4-
epimerase: UGE3

UDP-glucosyl
transferase:
UGT73C1

aconitase: ACO1

(2E,6E)-farnesyl
diphosphate

alanine-tRNA
ligase: AT3G16565.2

[+ 4 isozymes]

L-tryptophan N-
monooxygenase: CYP79B2

1-hydroxy-2-methyl-2-(E)
-butenyl 4-diphosphate
reductase: IspH

[+ 8 isozymes]

L-ornithine

ribulose-phosphate
3-epimerase:
AT1G63290.1

a linear malto-
oligosaccharide

D-myo-inositol
1,3,4,5,6-

pentakisphosphate

argininosuccinate
synthase:

AT4G24830.1

UDP-arabinose 4-
epimerase: UGE2

uracil
phosphoribosyltransferase:
AT3G53900.2

[+ 2 isozymes]

UDP-L-arabinose
pyrophosphorylase:
AT5G52560.1

dimethylallyltrans
transferase: GGPS2

[+ 5 isozymes]

9,9’-di-cis-
ζ-carotene
desaturase: ZDS

diacylglycerol
diphosphate
phosphatase

glutamate synthase (ferredoxin-
dependent): AT5G04140.2

methylthioalkylmalate
isomerase: AT4G13430.1

gln

2,3,4-saturated fatty acyl-
[acp]:malonyl-[acyl-carrier
protein] C-acyltransferase

(decarboxylating): AT5G46290.3

coniferyl-alcohol
glucosyltransferase:
AT5G66690.1

brassinolide-
23-O-glucoside

coniferaldehyde

D-myo-inositol
(3,4,6)-trisphosphate

phloroglucinol

cyanidin 3-O-glucoside-
p-coumaroyltransferase:
AT1G03940.1

polyphosphate
6-kinase: IPK2β

flavonol 3-O-
glucosyltransferase:
UGT71C4

gibberellin 34 2-
oxidase: GA2ox3

ammonium

lanosterol

1-phosphatidyl-
1D-myo-inositol
3,5-bisphosphate

3-phospho-
D-glycerate

D-galactopyranuronate

APS

trans-2-hexenal

cis-zeatin O-beta-D-
glucosyltransferase:

UGT76C1

4α-carboxy,4β,14α-
dimethyl-9β,19-cyclo-
5α-cholest-24-en-3β-
ol dehydrogenase/
C4-decarboxylase:
AT3BETAHSD/D1

xyloglucan 6-
xylosyltransferase:
XT2

5α-cholesta-
7,24-dien-3-one

L-tyrosine:2-
oxoglutarate
aminotransferase:
TAA1

[+ 4 isozymes]

[+ 3 isozymes]

an α,ω-dicarboxylate

thymidine kinase:
AT5G23070.1

β-D-glucose
6-phosphate

UDP glycosyltransferase:
UGT76C2

kaempferol 7-
O-glucoside

long-chain-fatty-
acid-CoA ligase:
AT4G23850.1

acetate
conversion

to acetyl-CoA

4-coumarate

nicotinamidase: AT5G23230.1

red chlorophyll
catabolite
reductase: RCCR

a 3-oxoacyl-CoA

(S)-3-methyl-2-
oxopentanoate

[+ 4 isozymes]

pyrimidine ribonucleotides interconversion

[+ 10 isozymes]

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

Histidinol dehydrogenase:
AT5G52490.1

a 1-phosphatidyl-
1D-myo-inositol
4,5-bisphosphate

ω-3 fatty acid
desaturase: fad7

orotate

herniarin

indole-3-
acetonitrile oxide

carbamoyl-
phosphate

a xenobiotic

CYP79F1 dihomomethionine
monooxygenase: AT1G16410.1

malate
dehydrogenase:
cyMDH

[+ 5 isozymes]

spermine

phosphatidate
cytidylyltransferase: CDS2

3-cyano-L-alanine
nitrilase: NIT4

NAD-dependent malate dehydrogenase
(decarboxylating): NAD-ME2

O 2

adenylate kinase:
AT2G37250.1

deoxyhypusine
monooxygenase:
AT3G43260.1

d1-pyrroline-
5-carboxylate
synthase B:
AT3G55610.1

cysteine
desulfurase: NFS2

AMP

jasmonoyl-CoA

AT2G36750.1:
UGT73C1

1-deoxy-L-glycero-
tetrulose 4-phosphate

TNT

[+ 2 isozymes]

a decanoyl-[acp]

argininosuccinate
synthase:
AT4G24830.1

3,5-didehydroshikimate

UDP glycosyltransferase:
UGT76C1

(2E,6E)-farnesyl
diphosphate

4-coumarate

dihydroneopterin
aldolase: AT3G21730.1

phosphoglycolate
phosphatase: AT5G36700.1

2-oxo-5-
methylthiopentanoate

6-methylthiohexylhydroximoyl-
cysteinylglycine

Cu
2+

[+ 3 isozymes]

ile

[+ 13 isozymes]

superoxide
dismutase
(Fe): FSD1

thiamine monophosphate
phosphatase

triose-phosphate
isomerase: AT3G55440.1

glutamate
dehydrogenase
[NAD(P)

+

]:
AT3G03910.1

2-methyl-6-phytyl-
1,4-benzoquinol

acyl-CoA
oxidase: ACX1

6-deoxoteasterone
6-oxidase: CYP85A2

2-oxobutanoate

camalexin
biosynthesis

dehydroascorbate
(bicyclic form)

an XLFG xylogulcan

glt

mannose-6-
phosphate
isomerase:
AT1G67070.1

4-coumarate-
CoA ligase: 4CL1

CYP79F2 pentahomomethionine
monooxygenase: AT1G16400.1

CDP-N-
dimethylethanolamine

succinate dehydrogenase
(ubiquinone): SDH7A

allantoate
amidohydrolase:
AtAAH

glycine cleavage

[+ 3 isozymes]

[+ 7 isozymes]

shikimate
kinase: SK2

a (3R)-3-
hydroxydodecanoyl-

[acp]

a 1,2-diacyl-
sn-glycerol

3-diphosphate

D-myo-inositol
(1,4,5,6)-

tetrakisphosphate

dimethylallyltrans
transferase: GGPS6

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.2

β-alanine

superpathway of pyrimidine ribonucleosides salvage

phospholipase A: AtPLA IVA

dCDP

α-linolenate

1-aminocyclopropane-1-
carboxylate oxidase: ACO

ω-3 fatty acid
desaturase: fad7

pyruvate

citrate synthase:
AT2G44350.2

1-18:2-2-18:2-
digalactosyldiacylglycerol

cyanidin 3-O-[2"-O
-(2"’-O-(sinapoyl)

xylosyl) 6"-O-
(p-O-(glucosyl)
-p-coumaroyl)

glucoside] 5-O-
[6""-O-(malonyl)

glucoside

anthocyanidin
modification (Arabidopsis)

threonine
deaminase:
AT3G10050.1

flavonol 7-O-
glucosyltransferase:
UGT73B2

4-hydroxy-
tetrahydrodipicolinate
reductase: AT3G59890.1

branched-chain
amino acid
aminotransferase:
Atbcat-3

3,5-dimethoxyphenol
O-methyltransferase:
AT5G57740.1

[+ 8 isozymes]

pyridoxamine-
phosphate oxidase:
AT5G49970.1

METABOLIC REGULATORS
BIOSYNTHESIS

spermidine
synthase: SPDS2

phosphocholine

α-D-glucose
1-phosphate

3-phospho-L-serine

acetyl-CoA
carboxylase:
ATCG00500.1
AT2G38040.1
AT5G35360.3
AT5G16390.1

glucose-1-phosphate
adenylyltransferase:
ApL3

triferuloyl
spermidine
hydroxylase:
AT1G74540.1

abscisic acid
8’-hydroxylase:
CYP707A1

simple coumarins biosynthesis

[+ 2 isozymes]

sn-glycerol 3-phosphate

quercetin 3-O
-sophoroside

O-sinapoylcholine

porphobilinogen
synthase: HEMB1

[+ 6 isozymes]

[+ 6 isozymes]

gibberellin 20-
oxidase: GA20ox3

gibberellin 20-
oxidase: GA20ox1

phosphatidylinositol
4,5-bisphosphate
lipase C

phosphatidate phosphatase: LPP1

AMP deaminase:
AT2G38280.1

dCTP diphosphatase: AT3G25400.1

phosphoribosylaminoimidazole
carboxylase: AT2G05140.1

asparagine
synthase (glutamine-
hydrolyzing): ASN3

alanine transaminase: AOAT1

δ-tocopherol

4-methylthiobutanaldoxime

alanine transaminase: AOAT1

UMP synthase (orotate
phosphoribosyltransferase)
: AT3G54470.1

dihydrogeranylgeranyl-
chlorophyll a

phosphoribosyl-ATP
pyrophosphohydrolase:
AT1G31860.1

enoyl-[acyl-
carrier-protein]
reductase (NADH)
: AT2G05990.1

[+ 5 isozymes]

[+ 7 isozymes]

thiocyanate

24-methylenecycloartanol

sirohydrochlorin
ferrochelatase: AtSirB

ornithine
carbamoyltransferase:
OTC

1-18:2-2-18:3-
phosphatidylcholine

arginine
decarboxylase:
AT2G16500.1

α-D-glucose
6-phosphate

2-oxobutanoate

phospholipase
A1: AT2G30550.2

[+ 5 isozymes]

Cd
2+

asp

myricetin 3-O
-gentiobioside

castasterone C-26
hydroxylase: CYP734A1

Mg chelatase:
GUN5 CHLD
AT4G18480.1

thiamin

isopentenyl
diphosphate

isomerase: IPP1

[+ 6 isozymes]

alcohol
dehydrogenase:
AT5G43940.2

quercetin 3, 3’,
4’, 7-tetrasulfate

gluconokinase:
AT2G16790.1

[+ 2 isozymes]

all-trans-nonaprenyl
diphosphate

β-alanine
aminotransferase:
AT3G08860.1

[+ 2 isozymes]

dimethylallyltrans
transferase: GGPS1

(+)-
dihydrokaempferol

homogentisate

(12Z,15Z)-9,10-
dihydroxyoctadeca-

12,15-dienoate

proline
dehydrogenase:
AT5G38710.1

26,27-dehydrozymosterol metabolism

ribose-5-phosphate
isomerase: AT2G01290.1

N-hydroxythioamide S-β-
glucosyltransferase: UGT74F1

inositol-
polyphosphate
multikinase:
AT5G07370.1

choline-phosphate
cytidylyltransferase:
AT4G15130.1

4’-phosphopantetheine
adenylyltransferase:
AtCoaD

a trans-Δ
2

-
decenoyl-[acp]

urease:
AT1G67550.1

a 1,2-diacyl-sn-glycerol

AT2G39800.1:
P5CS1

benzoate
biosynthesis

II (CoA-
independent,

non-β-oxidative)

asparagine synthase
(glutamine-hydrolysing)
: AT2G03667.1

gibberellin 1 2-
oxidase: GA2ox3

citrate synthase: AT2G44350.2

guanine and
guanosine
salvage III

indole glucosinolate
methyltransferase:
AT1G21100.1

keto-D-fructose

fatty acid elongation -- saturated

[+ 3 isozymes]

allantoate

[+ 5 isozymes]

polyphosphate
3-kinase: IPK2β

UDP-D-glucose/
UDP-D-galactose
4-epimerase: UGE1

trans-zeatin

UDP

a lipid oleoyl-group

formate

pro

L-aspartyl-tRNA
asp

methylthioalkylmalate
dehydrogenase: AtIMD1

kinetin-9-N-glucoside

glutamine
synthetase: GLN1;4

ω-3 fatty acid
desaturase: fad7

6-hydroxymethyl-
7,8-dihydropterin

succinate semialdehyde

2-phospho-4-
(cytidine 5’-

diphospho)-2-C-
methyl-D-erythritol

a di-trans, poly-
cis-polyisoprenyl

diphosphate

4-maleyl-acetoacetate

L-arogenate

glutaryl-CoA

OTHER BIOSYNTHESIS

Δ
24-25

-sitosterol
reductase: DWF1

coniferin

adenylate
dimethylallyltransferase: IPT8

1-16:0-2-18:3-
phosphatidylcholine

uracil
degradation
I (reductive)

detoxification of reactive
carbonyls in chloroplasts

7-dehydrocholesterol
reductase: DWF5

α-pinene
synthase: TPS-Cin

O-methyltransferase:
AT3G53140.1

jasmonyl-isoleucine
synthetase:
AT2G46370.4

3-dehydroshikimate
dehydrogenase:
AT3G06350.1

gamma-glutamyl
hydrolase: GGH1

AT1G71500.1:
AT1G71500.1

superpathway of pyrimidine
deoxyribonucleoside salvage

aspartate
transaminase:
ACS12

benzylbenzoate

UTP

sphingolipid
fatty acid alpha-
hydroxylase:
AT4G20870.1

2-isopropylmalate
synthase: IPMS1

asparagine
synthase (glutamine-
hydrolyzing): ASN3

porphobilinogen
synthase: HEMB1

K
+

ent-kaurenoate
oxidase: KAO1

UMP kinase:
AT5G26667.1

a 12-
hydroxyjasmonate

propanal

glucosinolate biosynthesis
from tryptophan

trans-cinnamate

4α-methyl-5α-ergosta-
8,24-dien-3β-ol

inosine
nucleosidase: NSH3

1-18:1-2-16:0-
phosphatidylglycerol

[+ 5 isozymes]

chlorophyll a
biosynthesis II

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

3-oxo-cerotoyl-CoA
reductase: KCR1

α-amyrin 28-
monooxygenase:
AT5G36130.1

D-glyceraldehyde 3-phosphate

cytidylate kinase:
AT5G26667.1

[+ 6 isozymes]

threonine
aldolase: THA1

pinene synthase:
AT3G25810.1

2-oxoglutarate decarboxylation
to succinyl-CoA

gibberellin A 13

6-methylthiohexylhydroximate

serine O-
acetyltransferase: SAT3

HMP-PP

cis-aconitate

[+ 2 isozymes]

L-aspartate-
semialdehyde

dihydrokaempferol
4-reductase:
AT4G27250.1

met

S-methylmethionine
cycle

β-D-glucose

glutamate dehydrogenase
[NAD(P)

+

]: AT5G07440.1

aspartate kinase:
AK-HSDH1

glutathione
dehydrogenase
(ascorbate):

AT5G16710.1

feruloyl-CoA

O-acetylserine
(thiol) lyase: oasC

UDP-glucose:1,4-β-D-glucan 4-
β-D-glucosyltransferase: CesA6

7
1

-hydroxychlorophyll
a reductase: HCAR

phe

proanthocyanidin
biosynthesis

from flavanols

UDP-glucosyl
transferase:
UGT73B4

leucocyanidin

α-D-mannose
1-phosphate

hydroxyl radical

12-hydroxyjasmonate
sulfotransferase:
AT5G07010.1

acyl-CoA oxidase:
AT1G06290.1

[+ 5 isozymes]

methylacrylyl-CoA

UDP-glucose 4-
epimerase: UGE3

trans-2-hexenol

alkaline/neutral
invertase: A/N-InvE

L-phenylalanine:2-
oxoglutarate
aminotransferase:
TAA1

an acyl-CoA

cinnamate β-D-
glucosyltransferase:
UGT84B1

CMP-KDO

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
AT1G80860.1

3-epi-6-
deoxocathasterone
C-23 hydroxylase:
CYP90D1

3-methylsulfinylpropylglucosinolate
dioxygenase (hydroxylation): AOP3

[+ 3 isozymes]

[+ 9 isozymes]

inositol-
tetrakisphosphate
5-kinase:
AT5G07370.1

anthocyanidin
synthase:
AT4G22880.1

ketopantoate
hydroxymethyltransferase:
PANB2

phosphopyruvate
hydratase: AT2G29560.1

an all-trans-
polyisoprenyl
diphosphate

IMP

palmitate ω-9
desaturase: fad5

R-4’-
phosphopantothenoyl-

L-cysteine

aspartate transaminase:
AT2G22250.2

glucosinolate
biosynthesis from

phenylalanine

UDP-glucose:thiohydroximate S-
glucosyltransferase: AT1G24100.1

7-methylthioheptylglucosinolate
S-oxygenase: GS-OX3

sucrose synthase: SUS3

teasterone

inositol-polyphosphate 5-
phosphatase: 5PTase14

cis-3-hexenal
reductase: AT1G54870.1

glt

gibberellin A 51

N-hydroxy-L-phenylalanine
monooxygenase: AT5G05260.1

phosphocholine

raffinose

cytokinins degradation

heme oxygenase: AT2G26550.1

UDP-glucose 4-
epimerase: UGE3

verbascose

abscisic acid
glucosyltransferase:
UGT75B2

trans-caffeate

7,8-dihydropteroate

UDP
glycosyltransferase:

UGT73C5

glucose-1-phosphate
uridylyltransferase:
AT2G35020.1

indole-3-acetyl-aspartate
synthetase: AT4G27260.1

urate
degradation
to allantoin I

(+)-taxifolin

long-chain-fatty-
acid-CoA ligase:
AT4G11030.1

alpha-
galactosidase:
AT5G08380.1

squalene epoxidase: SQE1

D-myo-inositol
(1,2,5,6)

tetrakisphosphate

uracil

β-D-glucose
6-phosphate

3-oxo-behenoyl-CoA

Dol-P-Man:Man 6
GlcNAc 2 -PP-Dol α-1,2-
mannosyltransferase:
AT5G14850.1

aldehyde
dehydrogenase
(NAD

+

): ALDH2C4

CYP79F1 trihomomethionine
monooxygenase: AT1G16410.1

5-O-(4-coumaroyl)
-D-quinate 3’-
monooxygenase:
AT5G09970.1

a 5,10-
methenyltetrahydrofolate

gibberellin A 12

L-cystathionine

D-myo-inositol
(1,3,4,6)-

tetrakisphosphate

pyridoxine

nucleoside-
diphosphatase:
AT1G14240.1

a thiohydroximate-
O-sulfate without
a terminal alkene

[+ 7 isozymes]

branched-chain
amino acid
aminotransferase:
Atbcat-2

thio-
molybdenum

cofactor
biosynthesis

α-D-galactose
1-phosphate

a methyl thioether

fructose-
bisphosphate
aldolase:
AT2G36460.1

AT1G10130.1

inositol-1-phosphate
synthase: AT4G39800.1

3-ureido-isobutyrate

benzoate

UDP-galactose:DAG
galactosyltransferase: MGD1

(24R)-24-
methylcholest-
4-en-3-one 5α-
reductase: DET2

cyanidin-3-O-
β-D-glucoside

[+ 2 isozymes]

oleate

glt

branched-
chain keto-acid
dehydrogenase
complex:
AT3G13450.1
AT5G09300.1
BCE2 LPD2

enoyl-CoA
hydratase:
AT3G06860.1

(2E,6E)-farnesyl
diphosphate

choline
monooxygenase:
AT4G29890.1

24-ethylidenelophenol
4α-methyl oxidase:
AT1G07420.1

ser

UDP-
glycosyltransferase:
AT2G16890.2

anthranilate

arginine biosynthesis
I (via L-ornithine)

transketolase: AT3G60750.1

adenosine

inositol-
hexakisphosphate
kinase: AT5G15070.2

glyceraldehyde-
3-phosphate
dehydrogenase:
GapCp-2

coproporphyrinogen III

[+ 9 isozymes]

[+ 5 isozymes]

p-coumaroyl
shikimate/quinate 3’-
hydroxylase: REF8

SAM

2-oxoglutaramate

F6P

glyceraldehyde-
3-phosphate
dehydrogenase: GapCp-1

a thiocarboxylated
small subunit of
molybdopterin

synthase

marneral
synthase: MRN1

pro

betulinic aldehyde

cinnamyl-alcohol
dehydrogenase:
AT2G21730.1

crotonyl-CoA

GDP-α-D-glucose

homoserine kinase:
AT4G35295.1

aspartate kinase:
AK-HSDH2

UDP-glucosyl
transferase:
UGT73B4

omega-6 fatty acid
desaturase: fad6

quercetin-
3-glucoside

phosphoglucose
isomerase: PGI1

isoleucine-
tRNA ligase:
AT3G23145.1

traumatin and (Z)-3-hexen-
1-yl acetate biosynthesis

an oxidized
thioredoxin

aspartate
degradation II

ω-3 fatty acid
desaturase: fad8

long-chain fatty
acid ω-hydroxylase:
CYP704B1

N-hydroxy-
L-tryptophan
monooxygenase:
CYP79B3

L-ornithine

transaldolase:
AT3G60750.1

D-myo-inositol
(1,3,4,6)-

tetrakisphosphate

glutamate 5-kinase:
AT3G55610.1

α-amyrin
biosynthesis

a tetrahydrofolate

[+ 2 isozymes]

Se-methyl-Se-
L-methionine

tryptophan synthase
(indole-salvaging)
: AT4G27070.1

nucleoside-
triphosphate
diphosphatase:
AT4G13720.1

β-ring
hydroxylase: LUT5

glutamine synthetase: GLN2

N-hydroxy-
L-tryptophan
monooxygenase:
CYP79B2

4-hydroxybutylglucosinolate

a 2,3,4-saturated fatty acyl-[acp]

spermidine synthase: SPDS3

ammonium

(R)-pantothenate

alanine transaminase: AOAT4

thalian-diol
desaturase: THAD

threonine-
tRNA ligase:
AT5G26830.1

dihydrolipoyl
dehydrogenase: LPD2

trans-cinnamate

cis-aconitate

α-1,2-
fucosyltransferase:
FUT1

a [cysteine
desulfurase]-

[scaffold protein-
(2Fe-2S)] complex

dimethylallyltrans
transferase: GGPS2

fumarate

[+ 5 isozymes]

1D-myo-inositol
(1,2,3,4,6)-

pentakisphosphate

caffeoyl-CoA O-
methyltransferase:
AT4G26220.1

13
1

-oxo-
magnesium-

protoporphyrin IX
13-monomethyl ester

2,3-cis-flavanols
biosynthesis

[+ 2 isozymes]

geranylgeranyl
pyrophosphate
synthase: GGPS1

thiamin phosphate

nitrile-specifier
protein: AtNSP3

a 2(R)-hydroxy fatty acid

asparagine
degradation I

[+ 3 isozymes]

dolichyl-phosphate β-D
-mannosyltransferase:
AT1G20575.1

[+ 20 isozymes]

[+ 3 isozymes]

flavonol 7-O-β-
glucosyltransferase:
UGT73B3

HMP-P

dihydrofolate
synthetase: DFA

NAD
+

 diphosphatase: AT5G47650.1

GDP-L-
galactose:hexose-

1-phosphate
guanylyltransferase:

VTC2

nitrobenzene
degradation II

uridine kinase:
AT5G40870.1

4-aminobutyrate
transaminase: POP2

fructose 1,6-bisphosphate

[+ 2 isozymes]

dihydromacarpine

N,N-dihydroxy-
L-tryptophan

UDP-galacturonate
pyrophosphorylase:
AT5G52560.1

AT3G26780.1:
AT3G26780.1

ω-3 fatty acid
desaturase: fad8

[+ 6 isozymes]

selenite

glutathione gamma-
glutamylcysteinyltransferase:
AT4G29210.1

glucose-6-
phosphate
isomerase:
AT5G42740.1

[+ 2 isozymes]

CMP-KDO

D-threo-isocitrate

CDP-diacylglycerol-inositol
3-phosphatidyltransferase:
AT4G11030.1

L-ascorbate
biosynthesis V

pyridoxal

arginase: ARGAH2

trans-2-enoyl-CoA
reductase (NADPH)
: AT3G45770.1

1,2-di-O-sinapoyl-
β-D-glucose

quercetin 7-O-
glucosyltransferase:
UGT76E2

molybdopterin
hydrolase: cnx1

13(S)-HPOTE

myo-inositol

(2E,6E)-farnesal

[+ 3 isozymes]

ω- hydroxylation of laurate

flavanone 3-
dioxygenase:
AT3G51240.1

[+ 2 isozymes]

methionine adenosyltransferase: SAM-1

a tetrahydrofolate

nucleoside-
triphosphatase:
AT5G66005.3

phosphoenolpyruvate
carboxykinase: PCK1

acetaldehyde

sucrose synthase: SUS2

6-deoxocastasterone
6-oxidase: CYP85A2

α-D-glucose
1-phosphate

caffeoyl-CoA O-
methyltransferase:
AT4G26220.1

2-cis,4-trans
-xanthoxin

hormone-sensitive
lipase: AT1G06250.1

NADPH

[+ 7 isozymes]

CARBOXYLATES DEGRADATION

a (3R)-3-
hydroxymyristoyl-[acp]

a GXGG xylogulcan

Fe
2+

AT4G38800.1:
AT4G38800.1

cholesterol

GDP-mannose
4,6-dehydratase:
AT3G51160.1

[+ 14 isozymes]

a small subunit
of molybdopterin

synthase

DHAP

methionine S-
methyltransferase:
AT5G49810.1

riboflavin

sitosterol

GSSG

scopoletin
biosynthesis

dihydrolipoamide branched
chain acyltransferase: BCE2

fatty-acyl-CoA
synthase:
AT5G10160.1

N-acetyl-γ-
glutamyl-phosphate
reductase:
AT2G19940.1

salicylate
glucosyltransferase
(glucoside-
forming): UGT74F1

3-deoxy-7-
phosphoheptulonate
synthase: DHS1

ent-kaur-16-
en-19-oate

(2-amino-4-hydroxy-
7,8-dihydropteridin-6-
yl)methyl diphosphate

4-amino-2,6-
dinitrotoluene

monodehydroascorbate
radical

[+ 5 isozymes]

3-dehydroquinate

β-carotene
isomerase:
AT1G03055.1

glycinamide
ribonucleotide
synthetase:
AT1G09830.1

carbamoyl-
phosphate
synthase, ammonia-
dependent:
AT1G29900.1
AT3G27740.1

glutamine
synthetase: GLN1;3

ADP

UDP-D-galactose
pyrophosphorylase:
AT5G52560.1

arogenate
dehydratase:
AT1G11790.1

hexokinase: HXK2

inositol-3-phosphate
synthase: AT5G10170.1

ω-3 fatty acid
desaturase: fad7

mannose-6-
phosphate
isomerase:
AT3G02570.1

isovaleryl-CoA

3-isopropylmalate
dehydrogenase: AtIMD3

3β-hydroxy-4α-
methylcholestenecarboxylate
3-dehydrogenase
(decarboxylating): AT2G33630.1

dihydroxyacid
dehydratase:
AT3G23940.1

seleno-amino
acid biosynthesis

LL-diaminopimelate
aminotransferase:
AT2G13810.1

homoserine kinase:
AT4G35295.1

acid phosphatase:
PAP12

[+ 4 isozymes]

7-methylthioheptanaldoxime

isopentenyladenosine-5’-
diphosphate-hydroxylase:
AT5G52400.1

uridine

2,3-dioxo-L-gulonate

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

L-arginino-succinate

methylthioalkylmalate
synthase: MAM1

linoleate
desaturase: fad3

AT2G43840.1:
AT2G43840.1

glt

malate dehydrogenase

[+ 2 isozymes]

asparagine
synthase (glutamine-
hydrolyzing): ASN1

adenosylmethionine-8-
amino-7-oxononanoate
transaminase: BIO1

[+ 4 isozymes]

phosphate

phosphoglucomutase:
PGM

geranylgeranyl
pyrophosphate
synthase: GGPS2

soyasapogenol B-
3-O-β-glucuronide

glucose-6-
phosphate 1-
epimerase:
AT5G66530.1

CDP-diacylglycerol:myo-
inositol
phosphatidyltransferase:
AtPIS1

phosphoenolpyruvate

D-xylulose

uridine

glutamine
synthetase: GLN1;3

soyasaponin I

ketopantoate
hydroxymethyltransferase:
PANB2

(S)-malate

3R-hydroxyacyl-CoA
dehydratase: AT1G76150.1

flavonol 3-O-
glucosyltransferase:
UGT71C4

β-amyrin synthase: LUP1

L-leucine:2-oxoglutarate
aminotransferase: TAA1

L-ornithine

2,5-DHBA UDP-
glucosyltransferase:
UGT71B1

epigallocatechin

fructokinase:
AT4G37840.1

ayapin

(1R,6R)-6-hydroxy-
2-succinylcyclohexa-

2,4-diene-1-
carboxylate

[+ 5 isozymes]

thiaminase<p:
AT5G32470.1

serine
hydroxymethyltransferase:
AT4G37930.1

imidazole acetol-phosphate

histidinol-phosphate
transaminase: HISN6A

1,4-alpha-glucan
branching enzyme:

AT2G36390.1

[+ 7 isozymes]

glycolate

urea
degradation II

salvianin

ferrochelatase:
AT2G30390.2

fatty acid ω-
hydroxylase:
CYP94C1

malate dehydrogenase (NAD): cMDH

oxaloacetate

β-D-glucose
6-phosphate

(Z)-β-ocimene

L-aspartyl-
4-phosphate

9-methylthiononanaldoxime

1-acylglycerol-3-phosphate
O-acyltransferase: ATS2

long-chain-fatty-acid-
CoA ligase: AT4G11030.1

demethylphylloquinol

AT3G11950.1:
AT3G11950.1

an [apo BCAA dehydrogenase
E2 protein] N

6

-lipoyl-L-lysine

flavonol 3-O-
glucosyltransferase:
UGT78D1

chorismate

glt

nucleoside-
diphosphate kinase:
AT5G63310.1

acetyl-CoA

phospholipase
C: AtPLC1

1-hydroxy-2-methyl-
2-(E)-butenyl
4-diphosphate
reductase: IspH

thiamine-phosphate
diphosphorylase: AT1G21065.1

methylerythritol
phosphate pathway II

acetate-CoA ligase:
AT3G16910.1

nitric oxide
biosynthesis

(plants)

a [glycerolipid]-
γ-linolenate

1-18:1-2-16:0-
monogalactosyldiacylglycerol

5-methylthioribose-1-phosphate
isomerase: AT2G05830.1

citrate

gibberellin A 36

campesterol
22α-hydroxylase:
CYP90B1

cis-aconitate

met

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

a [pyruvate
dehydrogenase E2

protein] N
6

-lipoyl-L-lysine

gln

NADH kinase:
NADK3

phosphoribosylanthranilate
isomerase: AT5G05590.1

Fe
2+

pyruvate

dADP

a folylpolyglutamate (n)

α-D-mannose
6-phosphate

glucosinolate
biosynthesis from

trihomomethionine

dUTP

1D-myo-inositol 1,5-
bis(diphosphate)

2,3,4,6-
tetrakisphosphate

gibberellin 20 2-
oxidase: GA2ox2

α-D-glucose
6-phosphate

dehydroquinate
dehydratase:
AT3G06350.1

[+ 6 isozymes]

iron
reduction

and
absorption

phytyl diphosphate

protochlorophyllide
oxidoreductase:
AT4G27440.1

lipid IV A

invertase:
AT3G13790.1

phe

tetrahydrofolate biosynthesis II

putrescine

phosphoethanolamine
N-methyltransferase:
AT3G18000.1

ethanolamine-phosphate
cytidylyltransferase:
AT2G38670.1

esterified
suberin

biosynthesis

Δ
7

-sterol-C5-
desaturase: DWF7

flavonoid biosynthesis

DMAPP:ATP/ADP
isopentenyltransferase: IPT5

phylloquinol

[+ 3 isozymes]

7-methylthioheptylglucosinolate
S-oxygenase: GS-OX4

α-D-mannose
1-phosphate

ω-6-oleate
desaturase: fad2

DMAPP

(E)-indol-3-ylacetaldoxime

pyocyanin
biosynthesis

2-methoxy-6-all trans-
nonaprenyl-2-methoxy-

1,4-benzoquinol

sphinganine
4-hydroxylase:
AT1G14290.1

leucine
transaminase:
AT3G19710.1

[+ 12 isozymes]

a [cysteine
desulfurase]-S-

sulfanyl-[disordered-
form scaffold

protein] complex

cis-zeatin
biosynthesis

sulfite oxidase: SOX

ent-kaurene
synthase: GA20ox5

5-methyltetrahydropteroyltriglutamate:homocysteine
S-methyltransferase: AT5G17920.1

nucleoside-
diphosphatase:
AT1G14240.1

superpathway of
citrulline metabolism

sinapaldehyde

[+ 3 isozymes]

inositol oxygenase:
AT5G56640.1

[+ 6 isozymes]

(S)-3-hydroxy-
isobutanoate

scopoletin
glucosyltransferase:
UGT71C3

glyceraldehyde-3-phosphate
dehydrogenase: GapA-1

[+ 2 isozymes]

L-homocysteine

superoxide dismutase (Cu-Zn): CSD1

2-methyl-6-
geranylgeranyl-
1,4-benzoquinol
methyltransferase:
VTE3 VTE3

wogonin
metabolism

α-D-glucose
1-phosphate

3-oxo-
arachidoyl-CoA
reductase: KCR1

trans-docos-
2-enoyl-CoA

CYP79F2: AT1G16400.1

[+ 3 isozymes]

glutamate dehydrogenase:
AT3G03910.1

limonene
synthase: TPS-Cin

Ins(1,2,3,4,5,6)P 6

glutamine
biosynthesis III

[+ 15 isozymes]

an L-1-
phosphatidylserine

superpathway of
isoleucine and

valine biosynthesis

UDP-glucose
pyrophosphorylase:
AT3G03250.1

cardiolipin synthase:
AT4G04870.1

dhurrin
biosynthesis

β-ketoacyl-acyl-
carrier-protein
synthase II:
AT1G74960.1

aspartate
transaminase: ASP5

3-hydroxyacyl-CoA
dehydrogenase:
AT3G06860.1

acireductone
dioxygenase
(Ni

2+

-requiring)
: AT4G14716.1

Ins(3)P1 synthase:
AT2G22240.1

ω-hydroxylaurate

leucopelargonidin

sulfate
adenylyltransferase: APS2

trans-2-pentenol

chlorophyllide a oxygenase: CAO

linolenate 13S-
lipoxygenase: LOX2

(3E)-4,8-
dimethylnona-1,3,7-
triene biosynthesis

alcohol-forming
fatty acyl-CoA
reductase: CER4

pyridoxine

4α-methyl-5α-cholesta-
8,14,24-trien-3β-ol

IMP dehydrogenase:
AT1G16350.1

pyridine nucleotide cycling (plants)

D-sedoheptulose 7-phosphate

PLP

3-(7’-methylthio)
heptylmalate

an L-tyrosyl-
[tRNA

tyr

]

[+ 3 isozymes]

baruol
biosynthesis

violaxanthin
dioxygenase: CCD1

a 1-acyl 2-lyso-
phosphatidylcholine

NAD
+

fatty-acyl-CoA
synthase:
AT5G10160.1

nicotinate-nucleotide
adenylyltransferase: AT5G55810.2

alcohol
dehydrogenase: ADH

6-phosphofructokinase: AT4G26270.1

3-phospho-
D-glycerate

isoeugenol

lipoyl synthase:
AT5G08415.1

IBA-CoA
oxidase: IBR3

AT2G25160:
AT2G25160.1

AT2G47000.1

(22S)-22-hydroxy-
5alpha-campestan-
3-one C-23
hydroxylase:
CYP90D1

linolenate 13S-
lipoxygenase: LOX3

phosphoribulokinase: PRK

phospholipid:diacylglycerol
acyltransferase: AT5G13640.1

quinolinate
synthase:
AT5G50210.1

inositol-1,3,4-
trisphosphate
5/6-kinase:
AT2G43980.1

phosphopantothenoylcysteine
decarboxylase: AT1G48605.1

biotin

D-ribulose 5-phosphate

ω-3 fatty acid
desaturase: fad7

S-adenosyl-L-
methionine:(S)-
corytuberine-N-
methyltransferase:
AT4G33120.1

β-D-glucose
1-phosphate

NMN

α-D-galactose
1-phosphate

ribonucleoside-
diphosphate
reductase:
AT3G23580.1
AT2G21790.1

phenylacetohydroximoyl-
glutathione gamma-glutamyl
peptidase: AT4G30530.1

3-methyl-4-trans-
hydroxy-2-butenal

a 3-oxo-
stearoyl-[acp]

suberin monomers biosynthesis

8-amino-7-
oxononanoate

UDP-D-
glucuronate
4-epimerase

aldehyde
dehydrogenase
(NAD

+

):
AT3G48000.1

dihydroconiferyl
alcohol glucoside

fructokinase:
AT1G47840.1

thioredoxin-disulfide
reductase: NTRC

γ-glutamyltransferase:
AT4G39640.1

(22α)-hydroxy-
campesterol

[+ 13 isozymes]

ala

(S)-(+)-allantoin

phospholipase
D: PLD delta

β-ring hydroxylase:
β-OHase 1

D-glyceraldehyde
3-phosphate

an alkane

[+ 3 isozymes]

prolycopene

hydroxycinnamoyl-
CoA: shikimate/quinate
hydroxycinnamoyltransferase:
AT5G48930.1

H
+

L-ornithine

[+ 3 isozymes]

xylose isomerase:
AT5G57655.2

arogenate
dehydratase:
AT3G44720.1

(+)-taxifolin 5’-
hydroxylase:

AT4G12334.1

aspartate-
ammonia ligase:
AT2G03667.1

isopropylmalate
isomerase:
AT2G43090.1
AT4G13430.1

L-ascorbate

quercetin-
3,4’-bissulfate

dGMP

glutamyl-tRNA
reductase: HEMA1

2-methylacetoacetyl-
CoA

ent-kaurenoate
oxidase: KAO2

pyruvate

[+ 6 isozymes]

polyphosphate
5-kinase: IPK2β

[+ 6 isozymes]

lysine
decarboxylase:
SAMDC

laricitrin

gibberellin A 9

[+ 6 isozymes]

glutamate-1-semialdehyde

cyanidin 3-O-[2"-O
-(2"’-O-(sinapoyl)

xylosyl) 6"-O-
(p-coumaroyl)

glucoside] 5-O-
[6""-O-(malonyl)

glucoside

methyl benzoate

pentose
phosphate pathway

asp

[+ 2 isozymes]

Cu
2+

acetyl-CoA

CMP

3β-hydroxysteroid
dehydrogenase/
C4-decarboxylase:
AT2G33630.1

3,4-dihydroxy-2-
butanone-4-phosphate
synthase: AT2G22450.1

UDP-glucose 4-
epimerase: UGE5

met

AT3G25830.1:
AT3G25830.1

sucrose-phosphate
synthase: SPSA1

threonine
deaminase:
AT3G10050.1

UNDECAPRENYL-
DIPHOSPHATE

asn

α-D-galactose

inositol-1,4-bisphosphate 1-
phosphatase: AT5G63980.1

D-sedoheptulose-1,7-bisphosphate

AT3G49680.1:
Atbcat-3

fructose-1,6-
bisphosphatase: FINS1

cinnamoyl-CoA
reductase: CCR2

dehydrospermidine

holo-[acyl-carrier-
protein] synthase:
AT2G02770.1

AT2G39800.1:
P5CS1

guanosine

D-glyceraldehyde
3-phosphate

lignoceroyl-CoA

9,10-12,13-
diepoxyoctadecanoate

sn-glycerol
3-phosphate

sn-glycerol 3-phosphate

phosphopyruvate hydratase: AT1G74030.1

fructose-
bisphosphate

aldolase:
AT4G38970.1

methylene-THF
folylpolyglutamate
synthetase: AT3G10160.1

cysteine-
tRNA ligase:
AT5G38830.1

hydroxyacylglutathione
hydrolase: GLX2-2

citrate synthase: AT2G42790.1

GAR

4α-methyl-5α-ergosta-
8,14,24(28)-trien-3β-ol

ω-6 fatty acid
desaturase: fad6

2-(5’-methylthio)
pentylmalate

indoleacetaldoxime
dehydratase: CYP71A13

[+ 3 isozymes]

caffeate coenzyme
A ligase: 4CL2

a 2-acyl 1-lyso-
phosphatidylcholine

indoleacetaldoxime
dehydratase:
CYP71A13

[+ 2 isozymes]

trans-2-hexenal
reductase: AKR4C9

a 5,10-methylene-
tetrahydrofolate

8-methylthiooctyldesulfoglucosinolate

F6P

fructose 1,6-bisphosphate

indole-3-acetonitrile
nitrilase: NIT1

tryptophan synthase,
alpha subunit:
AT3G54640.1

arabidiol

thiosulfate
disproportionation

III (rhodanese)

OPC6-3-ketoacyl-
CoA thiolase: KAT2

methylthioalkylmalate
dehydrogenase: AtIMD1

ω-3 fatty acid
desaturase: fad8

indole acetaldehyde

F6P

homocysteine S-
methyltransferase:
AT3G25900.1

cycloartenol
synthase: LUP1

trp

GDP-mannose
4,6-dehydratase:
AT5G66280.1

[+ 2 isozymes]

aspartate-
tRNA ligase:
AT4G26870.1

[+ 4 isozymes]

cycloartenol
synthase: LUP1

D-erythrose
4-phosphate

coniferin
metabolism

4-diphosphocytidyl-
2C-methyl-D-erythritol
synthase: MCT

superpathway of
thiamin diphosphate

biosynthesis III (eukaryotes)

choline

aromatic-amino-acid
transaminase: ACS12

UDP-α-D-glucose

a long-chain acyl-CoA

6-phosphogluconolactonase:
AT5G24410.1

a [Cys-Gly]-
S-conjugate

3-dehydro-4-
methylzymosterol

a dihydroceramide

phospholipase
D: PLD alpha

(2E,6E)-farnesyl
diphosphate
synthase: GGPS6

prolycopene
isomerase: CRTISO

a CDP-
diacylglycerol

[+ 4 isozymes]

dolichyl
diphosphooligosaccharide

ceramidase:
AT5G58980.1

myrosinase: TGG1

L-galactopyranose

inositol-phosphate
phosphatase: VTC4

Dol-P-Man:Man 8
GlcNAc 2 -PP-Dol α-1,2-
mannosyltransferase:
AT5G14850.1

[+ 3 isozymes]

cyanidin 3-O-
glucoside-(2"-O
-xyloside) 6"-O-
acyltransferase:
AT1G03940.1

flavonol 7-O-
rhamnosyltransferase:
UGT89C1

UDP-glucose 4-
epimerase: AGK1

a palmitoleoyl-[acp]

[+ 5 isozymes]

dihydromyricetin

3R-hydroxyacyl-
CoA dehydratase:

AT1G76150.1

cis-zeatin

UDP
glycosyltransferase:

UGT73C1

6-phosphofructokinase:
AT4G29220.1

aconitate hydratase: AT5G54950.1

L-citrulline

1,4-dihydroxy-2-
naphthoyl-CoA
thiolesterase:
AT1G68890.1

arginase: ARGAH1

GTP

thymidylate
synthase:
AT2G21550.1

[+ 6 isozymes]

indole-3-
acetate carboxyl
methyltransferase:
AT5G55250.1

CO 2

inositol-
polyphosphate
multikinase:
AT5G07370.1

quercetin 3-O-
glucosyltransferase:
UGT73B1

3-O-methylquercetin

a tRNA
ala

[+ 5 isozymes]

very-long-chain 3-hydroxyacyl-
CoA dehydratase: PAS2

phosphoribosylglycinamide
formyltransferase:
AT1G31220.1

(2E,6E)-farnesyl
diphosphate
synthase: GGPS4

phytoene
synthase: PSY

leucine transaminase:
AT3G19710.1

[+ 5 isozymes]

7,8-dihydroneopterin
3’-phosphate

branched-chain
amino acid
aminotransferase:
Atbcat-2

tyr

genkwanin

1,2-dihydroxy-
5-(methylthio)

pent-1-en-3-one

cysteine
biosynthesis I

docosanoyl-CoA

aspartate transaminase: ACS10

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

spermine and
spermidine

degradation III

a 3-oxo-
hexanoyl-[acp]

an L-glutaminyl-
[tRNA

gln

]

campestanol
22α-hydroxylase:
CYP90B1

pyridoxamine-
phosphate oxidase:

AT5G49970.1

4-methylthiobutyldesulfoglucosinolate
sulfotransferase: AtSOT16

betaine aldehyde

lysophosphatidate
acyltransferase: ATS2

(4-hydroxyphenyl)
acetaldehyde

ribonucleoside-
diphosphate
reductase:
AT5G40942.1

AT5G05920:
AT5G05920.1

gibberellin 9 2-
oxidase: GA2ox1

gibberellin 20-
oxidase: GA20ox1

AT2G30920.1: COQ3

acetoacetyl-
[acyl-carrier-
protein]:NADPH+
oxidoreductase:
AT1G24360.1

2’-deoxyguanosine

fatty-acyl-CoA
synthase:
AT5G10160.1

ornithine
carbamoyltransferase

a 2,3-trans
-flavan-3-ol

[+ 6 isozymes]

malate dehydrogenase (NAD)

oleate ω-
hydroxylase:
CYP86A4

choline kinase:
AT4G09760.1

N,N-dihydroxy-
L-tryptophan
decarboxylase:
CYP79B2

1-aminocyclopropane-1-carboxylate

fructose 1,6-
bisphosphate

linolenate Δ
15

desaturase: fad7

carbonate
dehydratase: CA1

Cd
2+

a malonyl-[acp]

sucrose-phosphate
synthase: SPSA1

chorismate mutase:
AT5G10870.1

tRNA
dimethylallyltransferase:
AT5G20040.3

thiazole synthase: THI1

an aldehyde

N,N-dihydroxy-L-
tryptophan carboxy-
lyase: AT1G58265.1

S-cheilanthifoline

1,4-α-D-glucan
maltohydrolase:
BAM3

cys

GDP-β-L-gulose

homoserine
dehydrogenase:
AK-HSDH2

aspartate kinase:
AK-HSDH2

9-methylthiononylhydroximoyl-
glutathione

all-trans-octaprenyl
diphosphate
synthase: SPS2

1-hydroxy-2-methyl-2-(E)
-butenyl 4-diphosphate

[+ 4 isozymes]

L-arginino-succinate

GDP-β-L-fucose

NAD+-dependent isocitrate
dehydrogenase regulatory subunit: IDH-I

[+ 3 isozymes]

histidine biosynthesis

CMP

5-phospho-β-
D-ribosylamine

castasterone
sulfotransferase:
AT2G14920.1

glt

L-citrulline

(2E,6E)-farnesyl
diphosphate synthase:
AT3G29430.1

methyl halide
transferase:
AT2G43910.2

F6P

ursolic aldehyde 28-
monooxygenase:
AT5G36130.1

(R)-mevalonate

[+ 3 isozymes]

D-myo-inositol 1,3,4,5,6-
pentakisphosphate

UDP-D-
glucuronate
4-epimerase

[+ 6 isozymes]

indole-3-acetyl-
leu hydrolase: ilr1

[+ 12 isozymes]

maltose

phospholipase A1: AT2G31690.1

NAD+-dependent
isocitrate
dehydrogenase
catalytic
subunit: IDH-V

α-D-glucose
1-phosphate

methionine salvage cycle II (plants)

2-phospho-4-(cytidine
5’-diphospho)-2-C-
methyl-D-erythritol

prephenate

branched-chain
amino acid
aminotransferase:
Atbcat-2

3-oxo-arachidoyl-
CoA synthase: KCS1

AT2G36750.1:
UGT73C1

5-amino-6-(5-phospho-
D-ribitylamino)uracil

ornithine-citrulline shuttle

pyridoxal
kinase: SOS4

[+ 5 isozymes]

glutamate synthase
(ferredoxin)<p: AT2G41220.1

F6P

acyl-[acyl-carrier-
protein] desaturase:
AT2G43710.2

soluble starch
synthase III: SSIII

GA 4  carboxyl
methyltransferase:
GAMT1

ADP

4-methyl-5-(2-
phosphonooxyethyl)thiazole

sphinganine
4-hydroxylase:
AT1G69640.1

carbamoylphosphate
synthase: AT1G29900.1
AT3G27740.1

glutamyl-tRNA
reductase: HEMA2

fatty acid ω-
hydroxylase:
CYP94C1

NAD+-dependent isocitrate
dehydrogenase: IDH-V IDH-II

acyl carrier
protein

metabolism I

UDP glycosyltransferase:
UGT76C2

dCMP

citrate

γ-L-glutamyl
5-phosphate

1-acylglycerophosphocholine
O-acyltransferase:
AT1G63050.1

N-acetyl-L-ornithine

CMP-KDO
biosynthesis I

glucokinase//
fructokinase:
AT1G47840.1

glycerol-3-
phosphate
dehydrogenase
(NAD

+

):
AT3G07690.1

zeinoxanthin

(4S)-limonene

[+ 2 isozymes]

UDP-α-D-glucose

[+ 5 isozymes]

3-dehydroteasterone
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