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Abstract  

Tomato cultivars show wide variation in nutraceutical folate in ripe fruits, yet the loci 

regulating folate levels in fruits remain unexplored. To decipher regulatory points, we 

compared two contrasting tomato cultivars: Periyakulam-1 (PKM-1) with high folate and Arka 

Vikas (AV) with low folate. The progression of ripening in PKM-1 was nearly similar to AV 

but had substantially lower ethylene emission. In parallel, the levels of phytohormones salicylic 

acid, ABA, and jasmonic acid were substantially lower than AV. The fruits of PKM-1 were 

also metabolically distinct from AV, with upregulation of several amino acids. Consistent with 

higher °Brix levels, the red ripe fruits also showed upregulation of sugars and sugar-derived 

metabolites. In parallel with higher folate, PKM-1 fruits also had higher carotenoid levels, 

especially lycopene and β-carotene. Transcript levels of genes encoding folate biosynthesis did 

not show a perceptible difference in relative expression. The proteome analysis showed 

upregulation of carotenoid sequestration and folate metabolism-related proteins in PKM-1. The 

deglutamylation pathway mediated by γ-glutamyl hydrolase (GGH) was substantially reduced 

in PKM-1 at the red-ripe stage. The red-ripe fruits had reduced transcript levels of GGHs and 

lower GGH activity than AV. Conversely, the percent polyglutamylation of folate was much 

higher in PKM-1. Our analysis indicates the regulation of GGH activity as a potential target to 

elevate folate levels in tomato fruits.  

Keywords: Folate, Carotenoids, Fruit ripening, THF, Tomato, Solanum lycopersicum, γ-

aminobutyric acid, γ-glutamyl hydrolase 
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Introduction  

Tomato is the sixth most important globally grown crop. Tomato is also a nutritionally 

important crop as it is a rich source of several nutraceuticals, particularly antioxidant lycopene 

and β-carotene, a precursor of vitamin A (Chaudhary et al., 2018). Though tomato leaves are 

enriched in vitamin B9, commonly called folate, the fruits have a moderate folate level (Tyagi 

et al., 2015). Folate is an essential vitamin for all organisms; however, animals cannot 

synthesize folate and obtain it from plant-derived food. The staple cereal crops, wheat and rice 

have low folate levels, necessitating the fortification of foods with folic acid to meet the RDA 

(recommended dietary allowance) (Blancquaert et al., 2014; Jiang et al., 2021). To obviate the 

folate fortification, efforts are directed to biofortify the important crops with folate (Gorelova 

et al., 2017a).  

The strategy to biofortify the folate in the edible portion of the crop plants has focused 

on two approaches, germplasm diversity and metabolic engineering. The studies on transgenic 

manipulation of folate biosynthesis in tomato revealed that upregulation of both GTP 

cyclohydrolase I (GCHI), and aminodeoxychorismate synthase (ADCS), the key enzymes 

synthesizing pterin and p-aminobenzoic acid (pABA), respectively, was essential for folate 

biofortification (de la Garza et al., 2007). Alike tomato, the transgenic upregulation of GCHI 

and ADCS in rice also led to folate enrichment (Storozhenko et al., 2007). Contrastingly, in 

potato tubers, the overexpression of GCHI and ADCS did not improve folate levels, 

highlighting species-specific regulation of folate biosynthesis (Blancquaert et al., 2013). The 

inclusion of two additional genes pyrophosphokinase/dihydropteroate synthase (HPPK/DHPS) 

and folylpolyglutamate synthetase (FPGS), enabled a 12-fold enrichment of folate in potato 

(De Lepeleire et al., 2018). The protection of folate polyglutamylation by lowering γ-glutamyl 

hydrolase (GGH) level moderately improved the folate levels in tomato fruits (Akhtar et al., 

2010).  

The analysis of folate levels in different crop species revealed a limited range of 

variation across the germplasm. An analysis of folate levels in 175 wheat genotypes revealed 

2.12- and 2.27-fold variation in winter wheat and spring wheat, respectively (Piironen et al., 

2008). An analysis of 67 accessions in spinach showed a 3.2-fold variation in folate levels 

(Shohag et al., 2011). In 125 accessions of tomato, the folate level in red-ripe fruits varied from 

13.8-45.8 μg/100 g FW (Fresh weight), while in mature-green fruits, it ranged from 12.5-70.9 
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μg/100 g FW. In most accessions, folate levels declined during fruit ripening (Upadhyaya et 

al., 2017). The decline in folate level may be causally associated with reduced expression of 

GCHI and ADCS with the progression of ripening in tomato fruits (Waller et al., 2010).  

The limited diversity in folate levels in germplasm may be associated with the absence 

of polymorphism in genes regulating folate biosynthesis. In tomato, analysis of 391 accessions 

revealed the paucity of SNPs in exons of GCHI, ADCS, and other folate 

biosynthesis/metabolism genes. Since folate is essential for plant metabolism, it was surmised 

that the genes related to folate biosynthesis and metabolism are least likely to harbor genic 

polymorphism (Upadhyaya et al., 2017). Thus, the FPGS and DHFS knockout mutants led to 

embryo lethal phenotype in Arabidopsis (Mehrshahi et al., 2010). Even after double 

mutagenesis of tomato, it was found that genes involved in folate biosynthesis/metabolism 

were recalcitrant to mutagenesis (Gupta et al., 2017). The above reports highlighted that the 

folate levels in tomato are subtly modulated by cellular homeostasis (Upadhyaya et al., 2017). 

Little is known about how the endogenous folate levels are determined by gene 

regulation, protein modifications, transport, and turnover. An analysis of QTLs in rice detected 

three QTLs upregulating folate levels in grains, but none was in folate biosynthesis genes (Wei 

et al., 2014). Likewise, two QTLs upregulated folate levels in maize, with a S-adenosyl-L-

methionine-dependent methyltransferase and a transferase with the folic acid-binding domain 

as putative candidate genes (Guo et al., 2019). In tomato, mutations in the MYB117 

transcription factor, namely the tf-5 allele, upregulates the folate levels in fruits, indicating the 

role of transcription factors in determining the folate levels in plants (Tyagi et al., 2022).  

 The folate levels in plants may also be determined as part of cellular homeostasis by 

interaction with other metabolites and vitamins. In folate biosynthesis, pyridoxal 5′-phosphate 

(PLP, VitB6) is required as a cofactor for aminodeoxychorismate lyase (ADCL); thus, folate 

biosynthesis, in turn, may be determined by the levels of PLP in the plastids (Basset et al., 

2004). Folate also controls redox homeostasis by assisting NADPH production, affecting 

cellular homeostasis (Gorelova et al., 2017b). Folate, a key constituent of one-carbon 

metabolism, provides C1 units to synthesize nucleic acid, pantothenate (vitamin B5), and 

amino acids in plants (Hanson and Roje, 2001). 

Adding or removing one-carbon units is an important part of regulating plant 

metabolites levels and, in turn, affects the primary metabolism of plants. This is manifested by 

the linkage of folate with photorespiration, nitrogen metabolism (Jiang et al., 2013), 
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biosynthesis of chlorophyll, betaine alkaloids, and lignin (Hanson and Roje, 2001), and the 

epigenetic regulation of flower transition in plants (Wang et al., 2017).  

To comprehend how folate level is regulated in tomato and influences primary 

metabolism, we compared two contrasting tomato cultivars, Periyakulam-1 (PKM-1) and Arka 

Vikas (AV), bearing high folate and low folate levels in fruits, respectively. We report that 

high folate levels alter cellular homeostasis by elevating most amino acids. The high folate 

level in PKM-1 was also associated with the high carotenoid levels in PKM-1 fruit. We also 

show that the reduced activity of GGH in fruits is linked to increased folate levels in PKM-1 

by higher folate polyglutamylation.  
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Material and methods 

Plant materials and growth conditions 

Tomato (Solanum lycopersicum) cultivar AV (Arka Vikas) and PKM-1 (Periyakulam-

1) were obtained from IIHR, Bangalore, India (www.iihr.res.in). The AV and PKM-1 were 

grown in the greenhouse as described in Bodanapu et al. (2016). The first two flowers from the 

first two trusses were tagged. The fruits were harvested at the mature green (MG), breaker 

(BR), and red-ripe (RR) stage. The fruits were homogenized in liquid nitrogen using a 

homogenizer (IKA, A11 basic, Germany), and the powder was stored at -80C till further use.  

Biochemical analysis  

The protocols used for different analyses were as follows: Gupta et al. (2014) for °Brix; 

Gupta et al. (2015) for carotenoids; Kilambi et al. (2013) for ethylene emission; Tyagi et al. 

(2015) for folate; GGH enzyme assay (Tyagi et al., 2022) and Bodanapu et al. (2016) for 

phytohormones and metabolites. Only metabolites with a ≥1.5-fold change (log2 ≥± 0.584) and 

P-value ≤0.05 were mapped on the metabolic pathway. Total RNA was extracted from the 

pericarp tissue of AV and PKM-1 fruits at different ripening stages using the hot phenol method 

(Verwoerd et al., 1989), and qRT-PCR was done as described previously by Kilambi et al. 

(2013). The qRT-PCR primers for folate and carotenoids biosynthesis pathway genes were 

designed using Primer 3 software (Table S1-2). 

Glutamylation, pABA, and pteridines extraction and quantifications 

For quantifying glutamylation, all steps were similar to the folate extraction (Tyagi et 

al., 2015), except the step of rat plasma treatment was omitted. The pABA was extracted 

following Navarrete et al. (2012) protocol. Briefly, 100 mg powdered tissue was homogenized 

in 1 mL methanol and centrifuged at 2600g for 15 min at 4°C, the supernatant was collected, 

and the residue was re-extracted. The supernatants were pooled and dried by centrifugal 

evaporation. The dried sample was suspended in 1 mL Milli-Q water, followed by 5 min 

sonication. To 400 µL of the sample, 50 µL 2N HCl was added, and the mixture was incubated 

at 80°C for two hrs. The sample was cooled, and 2N NaOH was added to neutralize the acid. 

Lastly, the sample solutions were ultra-filtrated at 12000g for 12 min before LC-MS analysis, 

and 7.5 µL of the sample was injected into the column.  

 The pABA was separated on a reverse-phase Luna C18 column (5 µm particle size, 150 

mm x 4.60 mm I.D.) (Phenomenex, CA, USA) using a gradient elution program. The gradient 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.502140doi: bioRxiv preprint 

file:///E:/thesis%20writing/data/PKM-1%20paper/www.iihr.res.in
https://doi.org/10.1101/2022.07.30.502140
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

7 
 

comprised of a binary solvent system consisting of 0.1% (v/v) of formic acid in water (solvent 

A) and methanol (solvent B) at a flow rate of 1 mL min-1. The injection volume was 7.5 µL, 

the run time was 15 min, and the column temperature was set at 24°C. The starting condition 

of the gradient was 92% of solvent A and 8% of solvent B. Subsequently, solvent B was linearly 

increased to 50% in 7 min, then to 100% in 10 min. After that, the mobile phase was reverted 

to the initial condition in 1 min and held for 4 min for re-equilibration of the column before the 

next injection. For all experiments, Exactive™Plus Orbitrap mass spectrometer (Thermo 

Fisher Scientific, MA, USA) was operated in the alternating full scan and equipped with 

positive heated electrospray ionization (ESI). The source parameters were optimized as 

follows: ion spray voltage, 4 kV; capillary temperature, 380°C; and heater temperature, 400°C. 

Sheath, auxiliary, and sweep gas flows were 75, 20, and 2 arbitrary units (au), respectively. For 

the full scan experiment, the mass scan was in the range of m/z 50-350. Instrument control and 

data processing were carried out by Xcalibur 3.0 software (Thermo Fisher Scientific). The 

pABA was detected in the positive mode with m/z 138.05 at the retention time of 5.0 min. 

 Pteridines were extracted following Martín-Tornero et al. (2016) protocol with some 

modifications. About 400 mg powdered tissue was homogenized in 1 mL methanol/water pH 

12.0 (1/1, v/v) mixture, sonicated for 15 min, and centrifuged at 5000g for 10 min. The 

supernatant was collected, and the sample was re-extracted. Both supernatants were combined 

and dried by centrifugal evaporation. The dried residue was dissolved in 400 µL Milli-Q water. 

Lastly, 100 µL of sample solutions were ultra-filtrated at 12000g for 12 min before LC-MS 

analysis. The 7.5 µL sample was injected into the column. 

 Pteridines were separated using a gradient elution program on a reverse-phase Hypersil 

Gold C18 column (1.9 µm particle size, 50 mm x 2.1 mm I.D.) (Thermo Fisher Scientific). The 

gradient consists of a binary solvent system consisting of 0.1% (v/v) of formic acid in water 

(solvent A) and acetonitrile (solvent B) at a flow rate of 300 µL min-1. The injection volume 

was 7.5 µL, the run time was 8 min, and the column temperature was set at 24°C. For all 

experiments, Exactive™Plus Orbitrap mass spectrometer (Thermo Fisher Scientific) was 

operated in the alternating full scan and equipped with positive heated electrospray ionization 

(ESI). The source parameters were optimized as follows: ion spray voltage, 4 kV; capillary 

temperature, 380°C; and heater temperature, 320°C. Sheath, auxiliary, and sweep gas flows 

were 60, 20, and 2 arbitrary units (au), respectively. For the full scan experiment, the mass scan 

was in the range of m/z 50-500. Pteridines were detected in the positive ion mode with m/z for 

Npt (254.08), Mpt (254.08), HMPt, (194.06), and P6C (208.04) at the retention time of 2.63, 
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3.33, 5.57, and 5.68 respectively. Instrument control and data processing were carried out by 

Xcalibur 3.0 software (Thermo Fisher Scientific). 

PCA and metabolic pathway in AV and PKM-1 

 Principal Component Analysis (PCA) of primary metabolites was performed using 

Metaboanalyst 4.0 (http://www.metaboanalyst.ca/) after the One-way ANOVA plot (P ≤ 0.05) 

identified 66 of the 69 metabolites having significant contributions. The metabolites were 

mapped on the general metabolic pathways described in the KEGG (Kyoto Encyclopedia of 

Genes and Genomes, http://www.genome.jp/kegg) and LycoCyc (Sol Genomic networks, 

http://www.solcyc.solgenomics.net). 

Proteome profiling 

Proteins (70 µg) were separated, identified, and quantified as described in Kilambi et 

al. (2016; 2021). Solanum lycopersicum iTAG4.1 proteome sequence 

(ftp://ftp.solgenomics.net/tomato_genome/annotation/ITAG4.1_release/ITAG4.1_proteins.fas

ta downloaded on August 28, 2020, 34430 sequences, and 11584472 residues) was used as the 

database against which the searches were done. The functional annotation and classification of 

the ITAG4.1 proteins was generated using the Mercator 4 tool 

(https://www.plabipd.de/portal/mercator4) on October 29, 2020 

(http://www.plabipd.de/projects/Mercator4_output/GFA-

62a085d6ce7e994eb0d871c612e7f528.zip) with the job id GFA-

62a085d6ce7e994eb0d871c612e7f528. The mass spectrometry proteomics data are available 

via ProteomeXchange (Vizcaíno et al., 2014) with the dataset identifier: Project Name: PKM-

1 proteome; Project accession: PXD027940. The proteins with ≥ 1.5-fold change (Log2 ± 0.58) 

and P-value ≤ 0.05 were considered as differentially expressed. For proteins detected only in 

PKM-1 or AV, the missing values were replaced with 1/10 of the lowest value in the dataset. 

Genome Sequencing 

Whole Genome Sequencing and data analysis of AV and PKM-1 were done as 

described in Gupta et al. (2022). Briefly, sequencing was performed on the HiSeqX sequencing 

system (Illumina) (GeneWiz Inc. NJ, USA) according to the manufacturer's protocol. A total 

of ~200 million reads (31.5 Gb) with Q30 > 29 Gb data was generated. The raw reads were 

filtered using fastp software (v0.19.5) using parameters -M 30 -3 -5. The 2X 150 bp reads were 

mapped on S. lycopersicum cv. Heinz version SL3.0 using BWA-MEM (0.7.17) (Li and 

Durbin, 2009). The data analysis and variant calling was performed as described in Gupta et 
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al. (2020). The resulting vcf (variant calling format) files were annotated using the SIFT4G 

algorithm. The effect of base substitutions on protein function was determined by SIFT4G 

(SIFT score ≤0.05 is considered deleterious) using the SIFT4G-ITAG3.2 genome reference 

database generated by Gupta et al. (2020). 

Statistical analysis 

A minimum of three independent biological replicates was used for all experiments. 

Statistical Analysis On Microsoft Excel 

(https://prime.psc.riken.jp/MetabolomicsSoftware/StatisticalAnalysisOn-MicrosoftExcel) was 

used to obtain significant differences between AV and PKM-1. A Student's t-test was also 

performed to determine significant differences (* for P ≤0.05). Heat maps 3D-PCA and graph 

plots were generated using Morpheus (https://software.broadinstitute.org/morpheus/) and 

MetaboAnalyst 4.0 (https://www.metaboanalyst.ca/), and SigmaPlot 11.0, respectively.  
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Results  

Folate levels in PKM-1 and AV fruits 

A large-scale screening of tomato accessions and cultivars revealed wide variation in 

folate levels of red-ripe fruits (Upadhyaya et al., 2017). To understand the molecular basis 

governing the variations in folate levels, we selected two tomato cultivars, Periyakulam-1 

(PKM-1) and Arka Vikas (AV), with widely different folate levels. Both the cultivars are 

popularly grown by farmers in Southern India under similar agroclimatic conditions. Of these, 

PKM-1 displayed high (49.0±0.45 μg/100 g FW), and AV displayed low (21.2±1.72 μg/100 g 

FW) folate levels in red-ripe fruits (Fig. 1A) grown in the open field. Considering that the 

seasonal variations (Iniesta et al., 2009; Upadhyaya et al., 2017) influence folate levels, we 

reexamined the folate levels in PKM-1 and AV fruits in the next season. Though the folate 

level in the PKM-1 was slightly lower than in the earlier season, it was significantly higher 

than AV (PKM-1 40.4±1.7 μg/100 g FW; 18.1±2.0 μg/100 g FW) (Fig. 1A). As PKM-1 fruits 

had ≥2-fold higher folate levels than AV, notwithstanding seasonal differences, we compared 

these two cultivars to decipher the underlying basis of variations in folate levels. To minimize 

the influence of environmental factors on plant and fruit growth, we grew both PKM-1 and AV 

in the greenhouse for all following experiments. 

Fruit ripening in AV and PKM-1 

The PKM-1 fruits were slightly smaller than AV; nonetheless, the on-vine growth of 

these fruits was nearly identical, reaching the near-final size 30 days after pollination (DAP) 

(Fig. 1B). Both AV and PKM-1 fruits reached the mature green (MG) stage at the same time 

(32 DAP) (Fig. 1C-D). However, post-MG stage PKM-1 fruits reached the breaker (BR) stage 

after seven days compared to 4 days for AV. Post-BR, both AV and PKM-1 fruits attained the 

red-ripe (RR) stage in 8-10 days (Fig. 1D). In tomato, ripening is also associated with increased 

sugar levels monitored as the °Brix value. The °Brix value in RR PKM-1 fruits was 

significantly higher than AV (Fig. 1E). 

A major difference in PKM-1 and AV fruits was substantially lower ethylene emission 

from PKM-1 fruits (Fig. 2A). Both at BR and RR stage, the ethylene levels in PKM-1 were 

nearly 40% of AV. We then examined whether PKM-1 differed from AV regarding other 

phytohormones (Fig. 2B-H). Like ethylene, abscisic acid (ABA) level was nearly half in PKM-

1 at all ripening stages. PKM-1 also had a lower level of other phytohormones in a stage-

specific fashion, jasmonic acid (JA) at MG, BR; salicylic acid (SA) at BR, RR; indole acetic 
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acid (IAA) at BR. While indole-butyric acid (IBA) and methyl jasmonate (MeJA) did not vary 

significantly, RR fruits of PKM-1 had a higher level of zeatin at RR than AV.  

Folate levels during ripening of fruits 

Though greenhouse-grown PKM-1 fruits had lower folate levels than the field-grown 

fruits (Fig. 1A), the folate level in PKM-1 was higher than AV at all ripening stages (Fig. 3A). 

During ripening, the folate level steadily declined, with the decline being higher in AV than in 

PKM-1, a pattern also seen in field-grown fruits. Among the four detected folate vitamers, viz. 

THF, 5-CH3-THF, 5,10-CH+THF, and 5-CHO-THF, THF were seen only at the MG at trace 

levels (Fig. S1 A-D). 5-CH3-THF was the major vitamer constituting 60-80% of folate, and 

5,10-CH+THF and 5-CHO-THF contributed to the rest. The ripening-associated decline in total 

folate was solely contributed by 5-CH3-THF. The other two vitamers showed a marginal 

increase, particularly from MG to BR stage, barring 5-CHO-THF in AV. The 5- CHO-THF 

content was significantly high in PKM-1 than in AV at all stages of ripening.  

We next examined whether the higher folate levels in PKM-1 are limited to fruits or 

seen in leaves. The PKM-1 leaves showed higher folate levels than AV (Fig. S2). The folate 

level in leaves was nearly 8-fold higher than in the RR fruits. In leaves too only four viz. THF, 

5-CH3-THF, 5,10-CH+THF, and 5-CHO-THF folate vitamers were detected. In contrast to 

fruits, leaves showed a substantially higher level of THF.  

pABA levels are higher in PKM-1 fruits 

We next examined whether higher folate levels in PKM-1 fruits arose due to increased 

precursors of folate biosynthesis, namely pABA and pterin. Parallel to higher folate levels, 

pABA was higher in PKM-1 fruits at all ripening stages. In AV and PKM-1, pABA levels 

increased from BR to RR stage (Fig. 3B). In contrast to pABA, we could not detect the pterins 

viz. 7-8-dihydroneopterin triphosphate and dihydroneopterin, the first and second 

intermediates of folate biosynthesis emanating from GTP. Presumably, their levels were lower 

than the detection limit.  

Contrarily, we detected 6-hydroxymethylpterin (HMPt), an intermediate in the folate 

biosynthesis pathway and part of the folate salvage pathway. The other detected pteridine was 

6-carboxypterin (p6C), a catabolite of pteridines and folates. Compared to AV, the level of 

HMPt was about 1/3rd in PKM-1 fruits at MG and BR (Fig. 3C). Remarkably, in both cultivars 

at the RR stage, the level of HMPt was below the detection limit. Contrasting to HMPt, the 
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levels of p6C were nearly similar in PKM-1 and AV MG fruits. (Fig. 3D). In AV, the levels of 

p6C declined from MG to RR, while in PKM-1, the decline was from BR to RR stage.  

RR fruits of PKM-1 show lower GGH enzyme activity and higher polyglutamylation 

Contrasting to higher folate levels, the transcript levels of most genes encoding for 

folate biosynthesis in PKM-1 were nearly similar to the AV (Fig. S3). The exceptions were 

DHNA at the BR stage, DPP, DHFR, and HPPK-DHPS at the RR stage, with lower transcript 

levels in PKM-1. The transcript levels of DHFR were high in PKM-1 at the MG stage (Fig. 

S3). Interestingly, the transcript levels of deglutamylation genes- GGH1, GGH2, and GGH3 in 

PKM-1 were significantly lower than AV at the RR stage (Fig. 3E-G). The in vitro assay of the 

GGH enzyme showed that both in PKM-1 and AV, the activity of GGH was highest at the MG 

and declined with ripening progression (Fig. 3H). While GGH activity did not significantly 

differ at MG, at BR, GGH activity was significantly high in PKM-1, whereas at RR, the GGH 

activity was significantly low in PKM-1 fruits. 

It is believed that polyglutamylated folate vitamers are less susceptible to catabolism 

than monoglutamylated forms. Also, folate-dependent enzymes prefer polyglutamylated 

folates over monoglutamate forms (Shane, 1989). The glutamylation status of folate vitamers 

was monitored with or without rat plasma conjugase at the RR stage to quantify the relative 

monoglutamate and polyglutamate levels. PKM-1 fruit has significantly higher 

polyglutamylation than the AV (Fig. 3I). 

RR fruits of PKM-1 show higher carotenoids levels  

Since PKM-1 has higher folate levels, we checked whether the carotenoid levels were 

also affected in its fruits. Interestingly, PKM-1 RR fruits also had higher carotenoid levels than 

AV. Lycopene and β-carotene were 1.4 and 1.7-fold higher in PKM-1 fruits (Fig. 4). During 

ripening, the carotenoid profiling revealed a stage-specific upregulation in PKM-1, neoxanthin 

at MG and BR, violaxanthin at BR, δ-carotene at RR, and phytoene at RR and lutein at BR and 

RR stages (Table S3). Interestingly, γ-carotene was detected solely in RR PKM-1 fruits. While 

lycopene levels were very low at the MG and BR stage, β-carotene levels increased during 

ripening. 

We next analyzed the transcript levels of major genes involved in carotenoid 

biosynthesis (Fig. S4). The transcript levels of most genes were nearly similar between AV and 

PKM-1 at the MG and BR stages. Surprisingly, most genes contributing to lycopene formation 
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at the RR stage showed lower transcript levels in PKM-1 than AV, including DXS, GGPPS2, 

PSY1, PDS, ZISO, ZDS, ZEP, NCED, and CYP97A genes. At the MG stage, CYCB and LCYB1 

transcripts were high, whereas PSY1, ZISO, NCED, and CYPC11 transcripts were low in PKM-

1. At the BR stage, transcript levels of PDS and LCYE were significantly low in PKM-1.  

Metabolic profiles of PKM-1 fruits considerably differ from AV 

Since AV and PKM-1 fruits markedly differed in folate level, a regulator of C1 

metabolism, we examined whether metabolic profiles manifested similar differences. Out of 

69 metabolites detected by GC-MS, most metabolite levels in PKM-1 substantially differed 

from AV. The metabolites included amino acids, amines, organic acids, fatty acids, sugars, and 

derivatives (Fig. 5A) (Dataset S1). The principal component analysis (PCA) displayed that at 

all stages of ripening, AV and PKM-1 metabolites were clustered separately (Fig. 5B). To 

delineate how changes in metabolite levels may alter cellular homeostasis, the significantly 

different metabolites of PKM-1 at different stages of ripening were mapped onto a general 

biochemical pathway (Fig. 5C). 

One distinct feature of the PKM-1 metabolome was elevated levels of most amino 

acids. Out of 20 L-amino acids, constituents of proteins, the levels of 13 amino acids were 

higher in PKM-1. In contrast to amino acids, sugars and sugar-derived metabolites showed a 

variable increase in PKM-1. In the glycolysis pathway, the glucose-6 phosphate (MG, BR) and 

fructose-6 phosphate (BR) were higher in PKM-1. Compared to sugars, TCA cycle 

intermediates- malate and succinate were lower at RR and BR stages, respectively.  

Proteome analysis in PKM-1 fruits 

Considering the broad-spectrum effect of PKM-1 on carotenoids, folate, and 

metabolome, we profiled the proteome of AV and PKM-1 fruits. The proteome profiling of the 

AV and the PKM-1 revealed around 3309 (MG), 2940 (BR), and 2485 (RR) proteins in AV 

and 2570 (MG), 2383 (BR), and 2785 (RR) proteins in the PKM-1 cultivar (Fig. S5). Label-

free quantification of proteins identified 493, 539, and 685 differentially expressed proteins 

(log2 fold ± 0.58, P-value ≤0.05) in PKM-1 at MG, BR, and RR, respectively. At MG and RR, 

most proteins were upregulated (270↑, 223↓, MG; 369↑, 316↓, RR), while in BR, most were 

downregulated (261↑, 278↓, BR) (Fig. 6A) (Dataset S2). The complement of up/down-

regulated proteins varied in a stage-specific fashion, and only a few proteins overlapped at two 

or more stages.  
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The GO classification and Mapman analysis of differentially expressed proteins are in 

conformity with the wide-ranging influence of PKM-1 on cellular homeostasis (Fig. 6B, Fig. 

S5-6, Dataset S3). The largest classes of differentially expressed proteins belonged to protein 

homeostasis and biosynthesis. The higher °Brix in PKM-1 RR fruits correlated with 

upregulation of sucrose phosphate synthase (solyc07g007790). In PKM-1 fruits, the levels of 

carotenoids sequestering proteins such as harpin binding protein 1 (Solyc09g090330), CHRC, 

and PAP3 (Solyc02g081170, Solyc08g076480) were upregulated (Fig. 6C). In contrast, no 

specific accumulation of proteins leading to carotenoids biosynthesis or metabolism was 

discernible, except for the upregulation of MEP-pathway enzyme 4-hydroxy-3-methylbut-2-

enyl diphosphate reductase (HDR) at RR.  

Several proteins contributing to the primary precursors for amino acid biosynthesis 

were upregulated in PKM-1. The higher activity of aconitase (Solyc07g052350, 

Solyc12g005860 BR, RR) may direct TCA cycle flux towards glutamate, GABA (γ-

aminobutyric acid), glutamine, and pyroglutamic acid. Likewise, flux through glycolysis is also 

directed towards higher amino acid levels. The high levels of phosphoglycerate kinase 

(Solyc07g066600 BR; Solyc07g066610 MG, BR, RR) may boost phosphoglyceric acid levels, 

the precursor for serine, glycine, and cysteine. The high levels of phoshopyruvate hydratase 

(Solyc09g009020, BR; Solyc10g085550 MG, BR, RR; Solyc03g114500 MG) may boost 

pyruvate levels leading to high levels of leucine, valine, and alanine. The level of 3-

isopropylmalate dehydratase (Solyc06g060790), a protein in the leucine biosynthesis pathway, 

was upregulated in MG Conversely, γ-aminobutyrate transaminase I protein (Solyc07g043310) 

was downregulated in PKM-1 MG fruit.  

The C1 metabolism was altered with ripening stage-specific expression of different 

components of methionine metabolism and folate transformations (Fig. 6D). Consistent with 

reduced ethylene emission from PKM-1 fruits, the levels of key ripening associated ethylene 

biosynthesis enzyme, 1-aminocyclopropane carboxylic acid synthase (ACO) 1 

(Solyc07g049530), ACO6 (Solyc02g036350), and also of ripening associated protein E8 

(Solyc09g089580) were downregulated (Fig. 6D). The reduced levels of S-adenosylmethionine 

synthase isoforms may have added to reduced ethylene emission.  

Genome Sequencing 

To decipher the differences between AV and PKM-1, we sequenced and compared the 

whole genome of both cultivars. On the whole genome scale, PKM-1 had 350,316 SNPs that 
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were not present in Arka Vikas, indicating that the PKM-1 genome differed by 0.0423% (Table 

S4). Notably, no polymorphic differences were found in genes encoding the folate and 

carotenoids biosynthesis pathways. The marking of deleterious mutations present in PKM-1 on 

tomato metabolic pathways revealed that only a few pathways were affected in PKM-1 (Fig. 

S7). Since most SNPs were localized in the noncoding regions of the PKM-1 genome, it is 

likely that the polymorphism in promoters of regulatory genes contributes to observed 

differences between Arka Vikas and PKM-1 (Meyer and Purugganan, 2013).  

.  
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Discussion 

Tomato cultivars considerably differ in their °Brix, carotenoids, and folate levels 

(Mohan et al., 2016; Upadhyaya et al., 2017). Compared to AV, the PKM-1 had higher °Brix, 

carotenoids, and folate levels in RR fruits. Considering that little polymorphism exists in genes 

regulating carotenoids and folate levels, it was suggested that variation in their levels manifests 

interaction between transcriptome, proteome, and metabolome at cellular homeostasis level 

(Mohan et al., 2016; Upadhyaya et al., 2017). The comparative analysis of AV and PKM-1 is 

in conformity with the above notion for the regulation of °Brix, carotenoids, and folate levels.  

Several proteins modulating amino acid levels are altered in PKM-1 

The paramount indicator of the alteration in cellular homeostasis is the levels of 

metabolites and proteins linked with glycolysis and the TCA cycle (Martínez-Reyes and 

Chandel, 2020; Skirycz et al., 2022). The higher °Brix and sucrose in PKM-1 fruits seem to be 

linked to increased sucrose synthase protein. While there were only a few stage-specific 

changes in levels of glycolysis and TCA cycle intermediates, a major change in PKM-1 was 

the elevation of a large number of amino acids barring those derived from the shikimate branch. 

In conformity with higher amino acid levels, two key proteins of the glycolysis pathway were 

upregulated in PKM-1. Among these, phosphoglycerate kinase provides precursor for serine, 

glycine, and cysteine, and phoshopyruvate hydratase provides a precursor for leucine, valine, 

and alanine.  

Higher levels of aconitase, a TCA cycle protein, may be related to the elevation of 

glutamate, GABA, glutamine, and pyroglutamic acid. Additionally, the increased levels of 

glutamine synthase and glutamate synthase proteins may contribute to the above pathway. The 

reduced level of GABA transaminase I in PKM-1 may contribute to higher GABA levels, as 

the silencing of the above gene increases GABA in tomato fruits (Koike et al., 2013). 

Considering that these amino acids are derived from common intermediates in glycolysis and 

the TCA cycle, it is logical to assume that their higher levels in PKM-1 may relate to the 

upregulation of these proteins.  

Reduced ACO levels likely contribute to lower ethylene emission 

One of the modulators of cellular homeostasis is hormones. The variations in hormonal 

levels have a cascading influence on plant metabolome and development (Fàbregas and Fernie, 

2021). The lower levels of ABA, SA, and MeJA indicate a major alteration in the hormonal 

profile of PKM-1 fruits. In tomato, ethylene is needed for fruit ripening, as the block in ethylene 
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perception or biosynthesis negatively affects ripening (Sharma et al., 2021). The PKM-1 fruits 

emitted substantially lower ethylene than AV, which seems to be related to lower amounts of 

ACO1 and ACO6, two key proteins contributing to ripening-specific ethylene synthesis 

(Houben and Van de Poel, 2019). The reduced ABA, SA, and JA levels seem to be related to 

reduced ethylene emission in PKM-1. A similar lowering of ABA, SA, and JA is seen in the 

acs2-2 mutant compromised in ethylene biosynthesis (Sharma et al., 2021).   

It can be construed that the alteration of the hormonal profile in PKM-1 may be 

responsible for the observed metabolic differences between PKM-1 and AV. Nonetheless, the 

linkage between a metabolite and hormones and developmental response is complex (Fàbregas 

and Fernie, 2021). In tomato, the RNAi-suppression of invertase (LIN5) reduces °Brix levels, 

leads to smaller fruits, and lowers sucrose synthase activity and levels of ABA and JA (Zanor 

et al., 2009). Contrarily, in PKM-1, higher °Brix is associated with increased sucrose synthase 

protein but reduced ABA and JA levels. Despite lower ethylene emission, the transition period 

of PKM-1 fruits from the MG to RR stage was only moderately longer. Probably, the ethylene 

emission from PKM-1 fruit was still sufficient; therefore, ripening duration remained 

unaffected.  

Increased sequestration may be responsible for the elevation of carotenoids levels 

The upregulation of carotenoids during tomato ripening is influenced by many 

causative factors with a complex web of interactions (Liu et al., 2015). Among these factors, 

ethylene is a major factor in modulating fruit-specific carotenogenesis. The transgenic 

suppression of ethylene biosynthesis or loss of ethylene perception in Nr mutant inhibits 

carotenoid accumulation (Theologis et al., 1993; Lanahan et al., 1994). Besides ethylene, ABA 

and JA also stimulate carotenoid accumulation in tomato (Liu et al., 2015). Considering that 

PKM-1 fruits, despite having reduced levels of ethylene, ABA, and JA, accumulate higher 

levels of carotenoids, the upregulation of carotenoids seems unrelated to the hormonal profile 

of fruits. Likewise, the tomato Nps1 mutant has higher carotenoid levels but reduced emission 

of ethylene and ABA levels (Kilambi et al., 2021).  

The upregulation of carotenoids level in tomato fruits has also been ascribed to 

increased expression of carotenoid biosynthesis pathway genes, particularly phytoene synthase 

1 (Fraser et al., 2007). The lower or nearly similar transcript level of most carotenoid 

biosynthesis genes in PKM-1 indicates that the stimulation of carotenogenesis is not related to 
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transcript levels. The possibility that reduced transformation of carotenoids to xanthophylls 

may boost lycopene levels is unlikely, as there was no reduction in xanthophylls in PKM-1.  

The enhanced level of carotenoids in PKM-1 fruits seems to be more related to efficient 

sequestration by carotenoids binding proteins (Vishnevetsky et al., 1999). Emerging evidences 

support that fibrillin family proteins enable a higher accumulation of carotenoids in 

chromoplasts. In tomato, high pigment mutants increase CHRC protein, which likely boosts 

carotenoid levels by sequestration (Kilambi et al., 2013). The overexpression of pepper fibrillin 

increases carotenoid levels in tomato fruits (Simkin et al., 2007). Contrarily, VIGS of fibrillins 

reduce lycopene accumulation in tomato fruits (Pourcq, 2014). In pepper, the harpin binding 

protein assists the formation of lycopene crystals (Deruère et al., 1994). The increased level of 

lycopene in PKM-1 may be related to increased levels of carotenoid sequestration proteins, 

viz., harpin binding protein 1, and CHRC and PAP3. Ostensibly, an increase in carotenoid 

sequestration proteins seems to be the causative factor for higher lycopene in PKM-1 fruits 

rather than modulation of carotenoid biosynthesis or degradation,  

Elevation of folate mildly affects C1 metabolism in PKM-1 fruits 

The interrelationship between folate levels and tomato ripening seems to be more 

complex. In PKM-1 and AV, post-MG THF was not detectable, perhaps due to lower folate 

biosynthesis or faster conversion of THF to other vitamers. In most tomato cultivars, folate 

levels decline during ripening, and only a few cultivars show increase during the ripening 

(Upadhyaya et al., 2017). In PKM-1 and AV, total folate levels declined during ripening, albeit 

in PKM-1, the decline was slower. Among three-folate vitamers detected in ripening fruits, the 

decline was confined to 5-methyl-THF, the major vitamers in leaf and fruit. The reduction in 

5-methyl-THF may be related to the increased levels of methionine synthase in PKM-1. 

Additionally, variable expressions of MTHFR, SHMT, and formate-tetrahydrofolate ligase 

were observed at different ripening stages. Taken together, the elevated folate levels in PKM-

1 only mildly influenced the C1 metabolism.  

Notwithstanding the above, the emerging evidence has brought forth a novel role for 5-

CHO-THF in plants. So far, the CHO-THF is considered an intermediate in the C1 metabolism, 

which does not serve as a C1 donor. Rather it binds to SHMT and other folate-dependent 

enzymes and inhibits their enzymic activity, at least in vitro (Stover and Schirch, 1993). Recent 

evidence indicated that 5-CHO-THF binds to many proteins and can modulate C/N metabolism 
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(Li et al., 2021). Considering that 5-CHO-THF levels are higher in PKM-1, it may influence 

C1 metabolism and the C/N metabolism, signified by elevated amino acid levels in PKM-1.  

Elevated folate levels in PKM-1 are not related to folate biosynthesis 

The higher folate level in PKM-1 may reflect a higher synthesis rate or reduced 

degradation of folate vitamers. Between the two precursors of folate biosynthesis, the pterin 

was below the detection limit. In contrast, the PABA level was higher in ripening PKM-1 fruit. 

The transgenic manipulation of pterin and PABA biosynthesis in tomato fruits indicated that a 

combined upregulation of both precursors is needed for increased folate levels. The transgenic 

upregulation of pterin led to a 2-fold increase in folate, while upregulation of PABA did not 

influence the total folate level (de la Garza et al., 2007). Since the pterin level was below 

detection limits, whether a higher PABA level in PKM-1 fruit elevated the total folate level 

remains ambiguous.  

In tomato, including PKM-1, the leaves have several-fold higher folate levels than fruits 

(Tyagi et al., 2015). It can be construed that folate biosynthesis is attenuated in fruits than 

leaves. Consistent with this, the transcript levels of key folate biosynthesis genes ADCS and 

GCHI decline during tomato ripening, and other genes show variable expression (Waller et al., 

2010). In PKM-1, like in maize (Lian et al., 2015), transcript levels of folate biosynthesis genes 

also show variable expression at different ripening stages and thus had little correlation with 

folate biosynthesis. Ostensibly, high folate level in PKM-1 seems to be mediated by a process 

different from the regulation of folate biosynthesis pathway genes.  

Reduced GGH activity likely contributes to higher folate levels in PKM-1 fruits 

In addition to biosynthesis, the endogenous folate level is also determined by 

degradation and the extent of polyglutamylation. In plants, the rate of folate breakdown is ca. 

10% per day (Strålsjö et al., 2003). The non-enzymatic cleavage of the C9-N10 bond in folate 

yields dihydropterin-6-aldehyde and pABA-Glutamate. As folate is important for metabolism, 

plants have a folate salvage pathway that regenerates pterin and pABA from these breakdown 

products. The reduced levels of 6-hydroxymethylpteridine (HMPt) in PKM-1 may be due to 

its faster conversion to folate precursor (Gorelova et al., 2017a). Alternately, the pterin 

aldehyde reductase (PTAR) in PKM-1 may be less efficient, as manifested by higher levels of 

pterin-6-carboxylate in ripening fruits. Together, the above two processes may determine the 

extent of recycling the pterin to the folate biosynthesis pathway. 
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The in vivo folate level can be altered by shortening or lengthening polyglutamyl tails. 

The relative activities of FPGS, which adds glutamate tail to folate, determine the extent of 

folate polyglutamylation. Conversely, the activities of GGHs that remove glutamate tail also 

influence the in vivo folate levels. In tomato, the overexpression of GGH resulted in extensive 

deglutamylation of folate and lowered the total folate by 40% (Akhtar et al. 2010). Considering 

that in PKM-1, the polyglutamate percentage in folate is significantly high, indicating reduced 

activity of GGH. In conformity with this, PKM-1 has lower GGH1, GGH2, and GGH3 

expressions and reduced GGH enzyme activity. Similarly, in tomato tf-5 mutant, the increased 

folate levels in fruits strongly correlated with the reduced GGH activity (Tyagi et al., 2022). 

Taken together, the high folate levels in PKM-1 seem to be related to lowering the 

deglutamylation process as it has lower GGH activity in fruits.  

While there were polymorphic differences between both cultivars' genome sequences, 

only 830 genes in PKM-1 bore SNPs, possibly leading to loss of function (Table S4, Dataset 

S4). Since most of above genes belong to large gene families, their loss may be offset by other 

members of family. The genome sequence comparison highlighted that observed differences 

in carotenoids and folate levels in these cultivars are not due to polymorphic differences in 

genes regulating folate and carotenoids biosynthesis. Since majority of SNPs resides in 

noncoding region, it is reasonable to assume that the diversity of metabolic changes in PKM-1 

compared to AV ensues from polymorphic differences in promoter regions. In potato, out of 

497 SNPs influencing folate level, a lone SNP was located within the 5-formyltetrahydrofolate 

cycloligase gene, and only 17 SNPs were in proximity of promoter/enhancer regions of folate 

metabolism genes (Bali et al., 2018). The SNPs in promoters can affect gene expression by 

modifying cis-regulatory elements and binding of transcription factors, as indicated for acs2-2 

mutant in tomato (Sharma et al., 2021). Broadly, polymorphic differences in promoters may 

influence transcriptional regulations of genes leading to alteration of cellular homeostasis 

including higher folate and carotenoid levels in fruits. 

To sum, our study shows that PKM-1 RR fruits have elevated levels of three 

nutraceuticals, carotenoids, GABA, and folate. The metabolome and proteome profiling also 

divulge the diversity in regulating these three nutraceuticals in PKM-1 fruits. The carotenoid 

sequestration proteins seem to be a key regulator for increased carotenoid levels. Conversely, 

lowering of degradation of GABA and reduced deglutamylation of folate seems to be key loci 

for higher GABA and folate, respectively, in tomato. In recent years, GABA has been promoted 

as a health-promoting nutraceutical as exemplified by approval for commercial cultivation of 
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a gene-edited tomato enriched in GABA in Japan (Waltz, 2022). In conclusion, this study 

provides the potential gene targets for improving carotenoids, GABA, and folate in tomato. 
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Legend to figures 

Fig. 1. Folate and fruit ripening parameters of AV and PKM-1 fruits. (A) Folate content 

in 1st and 2nd season in PKM-1 at RR stage. (B) Time course of the increase in fruit diameter 

from anthesis until RR stage, (C) Fruit phenotype at mature green (MG), breaker (BR), and 

red-ripe (RR) stages of ripening, (D) Attainment of different ripening stages in tomato fruits. 

Note that PKM-1 is delayed in attaining in the BR stage. (E) °Brix in RR fruit. In (A), (B), (D) 

and (E) data are means ± SE (n ≥ 3), * = P ≤ 0.05. An asterisk (*) shows a significant difference 

compared to AV. Days After Pollination. 

Fig. 2. The level of phytohormones in AV and PKM-1 fruits during ripening. (A) Ethylene, 

(B) zeatin, (C) IBA, (D) MeJA, (E) SA, (F) ABA, (G) JA, and (H) IAA level in PKM-1. The 

levels of phytohormones were measured by LC-MS, except ethylene, which was measured by 

gas-chromatography and expressed as nL/g/hr. Data are means ± SE (n ≥ 3), * = P ≤ 0.05. An 

asterisk (*) shows a significant difference compared to AV. Abbreviations: IAA, indole acetic 

acid; IBA, indole butyric acid; MeJA, methyl jasmonate; SA, salicylic acid; ABA, abscisic 

acid, and JA, jasmonic acid. 

Fig. 3. Folate, pABA, folate salvage pathway intermediates, γ‐glutamyl hydrolases 

(GGHs) transcript, activity, and level of glutamylation in PKM-1 fruit. (A) Folate, (B) p-

aminobenzoic acid (pABA), (C) 6-hydroxymethylpteridine (HMPt) and (D) pterin-6-

carboxylate (p6C) levels in AV and PKM-1 at MG, BR, and RR stage. The level of (E) GGH1, 

(F) GGH2, and (G) GGH3 transcripts in AV and PKM-1 fruits. (H) GGH enzyme activity in 

AV and PKM-1 fruits. (I) Percent polyglutamylation in AV and PKM-1 red ripe fruits. The 

reduced GGH activity is associated with higher polyglutamylation of folate. Data are means ± 

SE (n ≥ 3), * = P ≤ 0.05. An asterisk (*) shows a significant difference compared to AV. 

Fig. 4. The proportional amounts of different carotenoids in AV and PKM-1 fruits at 

different ripening stages. The values adjacent to the individual pie indicate the total 

carotenoid content (μg/g FW). Note that the total area of the pie is proportional to the total 

carotenoid amount. The carotenoid data are means ± SE (n ≥ 4). See Table S3 for individual 

carotenoid levels and significance. 

Fig. 5. The levels of primary metabolites in AV and PKM-1 fruits at different ripening 

stages. (A) Important features (solid red circle) selected by a one-way ANOVA plot (P≤0.05). 

One-way ANOVA showed that 66 of the 69 metabolites present at MG, BR, and RR differed 

in AV and PKM-1. (B) Principal component analysis (PCA) of AV and PKM-1 at MG, BR, 
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and RR stage. The PCA was plotted using MetaboAnalyst 4.0. (C) The metabolic shifts in 

PKM-1 fruits during ripening compared to AV. The relative changes in the metabolite levels 

at different ripening stages in PKM-1 fruits were determined by calculating the PKM-1/AV 

ratio at respective ripening phases. Only significantly changed metabolites are depicted on the 

metabolic pathway (log2 fold ≥ ± 0.584 and P-value ≤ 0.05). Bold black letters indicate the 

identified metabolites. Grey letters indicate metabolites below the detection limit. The white 

box indicates no significant change in metabolite level. Data are means ± SE (n ≥ 5), P ≤ 0.05. 

See Dataset S1 for detailed metabolites data. 

Fig. 6. Proteome profiling, GO classification, carotenoid sequestration, and C1 

metabolism and methionine pathway in PKM-1 and AV fruits at different ripening 

stages. (A) Differentially expressed upregulated and downregulated proteins in PKM-1 

compared to AV (log2 fold change ≥ ± 0.58 and P ≤ 0.05). Note that only a few proteins are 

common between different ripening stages. (B) Functional classification of differentially 

expressed proteins in PKM-1 and AV. The differentially expressed proteins in the PKM-1 fruits 

compared to AV were functionally classified using Go-MapMan. (C) The fold change in the 

levels of carotenoids sequestering proteins such as harpin binding protein 1 (Solyc09g090330), 

CHRC (Solyc02g081170), and PAP3 (Solyc08g076480) in PKM-1. (D) C1 metabolism-

related proteins in PKM-1 during ripening. Data are means ± SE (n=3), P ≤ 0.05. See Dataset 

S2. MG, Mature green; BR, Breaker; RR, Red-ripe. 

 

Supplementary information 

Additional Supporting Information may be found online in the Supporting Information tab for 

this article. 

Fig. S1. Folate profiling in AV and PKM-1 during ripening. (A) THF, (B) 5-CH3THF, (C) 

5,10-CH+THF, and (D) 5-CHO-THF at different ripening stages. Data are means ± SE (n ≥ 3), 

* = P ≤ 0.05. An asterisk (*) shows a significant difference compared to AV. Abbreviations: 

THF, tetrahydrofolate; 5-CH3THF, 5-methyltetrahydrofolate; 5,10-CH+THF, 5,10-

methenyltetrahydrofolate; 5-CHO-THF, 5-Formyltetrahydrofolate. 

Fig. S2. Total folate levels in AV and PKM-1 leaves. The leaves harvested from the 5th node 

of 7-week-old AV and PKM-1 plants were used for folate estimation using LC-MS. Data are 

means ± SE (n = 5), * = P ≤ 0.05. An asterisk (*) shows a significant difference compared to 
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AV Abbreviations: THF, tetrahydrofolate; 5-CH3THF, 5-methyltetrahydrofolate; 5,10-

CH+THF, 5,10-methenyltetrahydrofolate; 5-CHO-THF, 5-Formyltetrahydrofolate. 

Fig. S3. The expression of folate biosynthesis pathway genes in AV and PKM-1 fruits. 

Data are means ± SE (n = 3), * = P ≤ 0.05. An asterisk (*) shows a significant difference 

compared to AV Abbreviations: GCH1, GTP cyclohydrolase I; DPP, dihydroneopterin (DHN) 

triphosphate diphosphatase; DHNA, DHN aldolase; ADCS, aminodeoxychorismate (ADC) 

synthase; ADCL, aminodeoxychorismate lyase; HPPK-DHPS, 6-hydroxymethyl-7,8-

dihydropterin (HMDHP) pyrophosphokinase (HPPK) and dihydropteroate (DHP) synthase; 

DHFS, dihydrofolate (DHF) synthase; DHFR, DHF reductase; FPGS, folylpolyglutamate 

synthase (p-plastic, m-mitochondrial). 

Fig. S4. Carotenoid biosynthesis pathway gene expression in AV and PKM-1 fruit during 

ripening. Data are means ± SE (n = 3), * = P ≤ 0.05. Abbreviations: DXS, 1-deoxy-d-xylulose-

5-phosphate synthase; GGPPS2, geranylgeranyl diphosphate synthase; PSY1, phytoene 

synthase; PDS, phytoene desaturase; ZISO, ζ-carotene isomerase; ZDS, ζ-carotene desaturase; 

CRTISO, carotenoid isomerase; CYCB, lycopene β-cyclase (chromoplastic); LCYB1, lycopene 

β-cyclase; VDE, violaxanthin de-epoxidase, ZEP, zeaxanthin epoxidase; NCED, 9-cis-

epoxycarotenoid dioxygenase; LCYE, lycopene ε-cyclase, CYP97A, cytochrome P450 

carotenoid β-hydroxylase; CYPC11, cytochrome P450 carotenoid ε-hydroxylase. 

Fig. S5. Total protein identified in AV and PKM-1 and Mapman representations of 

proteome changes in PKM-1 fruits. (A) Proteins were identified in AV and PKM-1 at MG 

BR and RR stage through Sorcerer software version 1. (B-D) Mapman overview of metabolic 

processes affected in PKM-1 at different stages of fruit ripening. B-D shows processes affected 

by differentially expressed proteins at MG (B), BR (C), and RR (D) stages. Each square 

represents one protein. The red square indicates the upregulation of transcripts/proteins, and 

the blue square indicates the downregulation of transcripts/proteins. Only significantly different 

proteins (log2 fold ≥±0.58, P ≤0.05) are depicted in heat maps. Data are means ± SE (n = 3), P 

≤ 0.05. (For details, see Dataset 3). 

MG, Mature green; BR, Breaker; RR, Red-ripe. 

Fig. S6. Heat maps representation of differentially expressed proteins affecting metabolic 

pathways in PKM-1 during fruit ripening. The altered proteins are shown for (A) amino 

acid biosynthesis, (B) glycolysis, (C) sucrose metabolism, (D) amino acid degradation, and (E) 

TCA cycle. Only significantly different proteins (log2 fold ≥±0.58, P ≤ 0.05) are shown in heat 
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maps. The SOLYC prefix before each protein number is removed for convenience. Data are 

means ± SE (n = 3), P ≤ 0.05. See Dataset 3 for detailed proteome data and the abbreviations 

of the proteins. 

Fig. S7. The tomato metabolic pathway marked with deleterious genes predicted by SIFT in 

PKM-1. The genes are highlighted in yellow color on the pathway. (For details, see Dataset 

4). 

 

Table S1. List of primers used for qRT-PCR analysis for folate biosynthesis pathway. 

Table S2. List of primers used for qRT-PCR analysis for carotenoid biosynthesis pathway. 

Table S3. Carotenoids profiles of AV and PKM-1 fruits at MG, BR, and RR stages. 

Table S4. The relative proportions of different functional categories of mutations in genes and 

in noncoding regions, including promoters and introns. 

 

Dataset S1. Metabolites profile of PKM-1 and its WT during fruit ripening. 

Dataset S2. Proteome profile of PKM-1 and its WT during fruit ripening. 

Dataset S3. Differentially expressed proteins of tf-5 mentioned in text/Figures. 

Dataset S4. Single nucleotide polymorphism (SNPs) identified through Whole genome 

sequencing in PKM-1. 
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Fig. 1. Folate and fruit ripening parameters of AV and PKM-1 fruit. (A) Folate content in 1st

and 2nd season in PKM-1 at RR stage. (B) Time course of the increase in fruit diameter from anthesis

until RR stage, H-Horizontal diameter, V-Vertical diameter. (C) Fruit phenotype at mature green

(MG), breaker (BR), and red-ripe (RR) stages of ripening, (D) Attainment of different ripening stages

in tomato fruits. Note that PKM-1 is delayed in attaining in the BR stage. (E) °Brix in RR fruit. In

(A), (B), (D) and (E) data are means ± SE (n ≥ 3), * = P ≤ 0.05. An asterisk (*) shows a significant

difference compared to AV. DAP- Days After Pollination.
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Fig. 2. The level of phytohormones in AV and PKM-1 fruits during ripening. (A) Ethylene, (B)

zeatin, (C) IBA, (D) MeJA, (E) SA, (F) ABA, (G) JA, and (H) IAA level in PKM-1. The levels of

phytohormones were measured by LC-MS, except ethylene, which was measured by gas-

chromatography and expressed as nL/g/hr. Data are means ± SE (n ≥ 3), * = P ≤ 0.05. An asterisk (*)

shows a significant difference compared to AV. Abbreviations: IAA, indole acetic acid; IBA, indole

butyric acid; MeJA, methyl jasmonate; SA, salicylic acid; ABA, abscisic acid, and JA, jasmonic acid.
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Fig. 3. Folate, pABA, folate salvage pathway intermediates, γ‐glutamyl hydrolases

(GGHs) transcript, activity, and level of glutamylation in PKM-1 fruit. (A) Folate,

(B) p-aminobenzoic acid (pABA), (C) 6-hydroxymethylpteridine (HMPt) and (D)

pterin-6-carboxylate (p6C) levels in AV and PKM-1 at MG, BR, and RR stage. The

level of (E) ggh1, (F) ggh2, and (G) ggh3 transcripts in AV and PKM-1 fruits. (H)

GGH enzyme activity in AV and PKM-1 fruits. (I) Percent polyglutamylation in AV

and PKM-1 red ripe fruits. The reduced GGH activity is associated with higher

polyglutamylation of folate. Data are means ± SE (n ≥ 3), * = P ≤ 0.05. An asterisk (*)

shows a significant difference compared to AV.
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Fig. 4. The proportional amounts of different carotenoids in AV and PKM-1 fruits at

different ripening stages. The values adjacent to the individual pie indicate the total

carotenoid content (μg/g FW). Note that the total area of the pie is proportional to the total

carotenoid amount. The carotenoid data are means ± SE (n ≥ 4). See Table S3 for individual

carotenoid levels and significance.
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Fig. 5. The levels of primary metabolites in AV and PKM-1 fruits at different ripening stages. (A)

Important features (solid red circle) selected by a one-way ANOVA plot (P≤0.05). One-way ANOVA

showed that 66 of the 69 metabolites present at MG, BR, and RR differed in AV and PKM-1. (B)

Principal component analysis (PCA) of AV and PKM-1 at MG, BR, and RR stage. The PCA was plotted

using MetaboAnalyst 4.0. (C) The metabolic shifts in PKM-1 fruits during ripening compared to AV. The

relative changes in the metabolite levels at different ripening stages in PKM-1 fruits were determined by

calculating the PKM-1/AV ratio at respective ripening phases. Only significantly changed metabolites are

depicted on the metabolic pathway (log2 fold ≥ ± 0.584 and P-value ≤ 0.05). Bold black letters indicate

the identified metabolites. Grey letters indicate metabolites below the detection limit. The white box

indicates no significant change in metabolite level. Data are means ± SE (n ≥ 5), P ≤ 0.05. See Dataset S1

for detailed metabolites data.
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Fig. 6. Proteome profiling, GO classification, carotenoid sequestration, and C1 metabolism

and methionine pathway in PKM-1 and AV fruits at different ripening stages. (A)

Differentially expressed upregulated and downregulated proteins in PKM-1 compared to AV (log2

fold change ≥ ± 0.58 and P ≤ 0.05). Note that only a few proteins are common between different

ripening stages. (B) Functional classification of differentially expressed proteins in PKM-1 and

AV. The differentially expressed proteins in the PKM-1 fruits compared to AV were functionally

classified using Go-MapMan. (C) The fold change in the levels of carotenoids sequestering

proteins such as harpin binding protein 1 (Solyc09g090330), CHRC (Solyc02g081170), and PAP3

(Solyc08g076480) in PKM-1. (D) C1 metabolism-related proteins in PKM-1 during ripening.

Data are means ± SE (n=3), P ≤ 0.05. See Dataset S2. MG, Mature green; BR, Breaker; RR, Red-

ripe.
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Fig. S1. Folate profiling in AV and PKM-1 during ripening. (A) THF, (B) 5-CH3THF, (C) 5,10-

CH+THF, and (D) 5-CHO-THF at different ripening stages. Data are means ± SE (n ≥ 3), * = P ≤

0.05. An asterisk (*) shows a significant difference compared to AV. Abbreviations: THF,

tetrahydrofolate; 5-CH3THF, 5-methyltetrahydrofolate; 5,10-CH+THF, 5,10-

methenyltetrahydrofolate; 5-CHO-THF, 5-Formyltetrahydrofolate.
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Fig. S2. Total folate levels in AV and PKM-1 leaves. The leaves harvested from the 5th

node of 7-week-old AV and PKM-1 plants were used for folate estimation using LC-MS.

Data are means ± SE (n = 5), * = P ≤ 0.05. An asterisk (*) shows a significant difference

compared to AV Abbreviations: THF, tetrahydrofolate; 5-CH3THF, 5-methyltetrahydrofolate;

5,10-CH+THF, 5,10-methenyltetrahydrofolate; 5-CHO-THF, 5-Formyltetrahydrofolate.
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Fig. S3. The expression of folate biosynthesis pathway genes in AV and PKM-1 fruits.

Data are means ± SE (n = 3), * = P ≤ 0.05. An asterisk (*) shows a significant difference

compared to AV Abbreviations: GCH1, GTP cyclohydrolase I; DPP, dihydroneopterin

(DHN) triphosphate diphosphatase; DHNA, DHN aldolase; ADCS, aminodeoxychorismate

(ADC) synthase; ADCL, aminodeoxychorismate lyase; HPPK-DHPS, 6-hydroxymethyl-7,8-

dihydropterin (HMDHP) pyrophosphokinase (HPPK) and dihydropteroate (DHP) synthase;

DHFS, dihydrofolate (DHF) synthase; DHFR, DHF reductase; FPGS, folylpolyglutamate

synthase (p-plastic, m-mitochondrial).
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Fig. S4. Carotenoid biosynthesis pathway gene expression in AV and PKM-1 fruit during

ripening. Data are means ± SE (n = 3), * = P ≤ 0.05. Abbreviations: DXS, 1-deoxy-d-xylulose-5-

phosphate synthase; GGPPS2, geranylgeranyl diphosphate synthase; PSY1, phytoene synthase;

PDS, phytoene desaturase; ZISO, ζ-carotene isomerase; ZDS, ζ-carotene desaturase; CRTISO,

carotenoid isomerase; CYCB, lycopene β-cyclase (chromoplastic); LCYB1, lycopene β-cyclase;

VDE, violaxanthin de-epoxidase, ZEP, zeaxanthin epoxidase; NCED, 9-cis-epoxycarotenoid

dioxygenase; LCYE, lycopene ε-cyclase, CYP97A, cytochrome P450 carotenoid β-hydroxylase;

CYPC11, cytochrome P450 carotenoid ε-hydroxylase.
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Fig. S5. Total protein identified in AV and PKM-1 and Mapman representations of proteome

changes in PKM-1 fruits. (A) Proteins were identified in AV and PKM-1 at MG BR and RR stage

through Sorcerer software version 1. (B-D) Mapman overview of metabolic processes affected in

PKM-1 at different stages of fruit ripening. B-D shows processes affected by differentially

expressed proteins at MG (B), BR (C), and RR (D) stages. Each square represents one protein. The

red square indicates the upregulation of transcripts/proteins, and the blue square indicates the

downregulation of transcripts/proteins. Only significantly different proteins (log2 fold ≥±0.58, P

≤0.05) are depicted in heat maps. Data are means ± SE (n = 3), P ≤ 0.05. (For details, see Dataset

3).
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Fig. S6. Heat maps representation of differentially expressed proteins affecting metabolic pathways

in PKM-1 during fruit ripening. The altered proteins are shown for (A) amino acid biosynthesis, (B)

glycolysis, (C) sucrose metabolism, (D) amino acid degradation, and (E) TCA cycle. Only significantly

different proteins (log2 fold ≥±0.58, P ≤ 0.05) are shown in heat maps. The SOLYC prefix before each

protein number is removed for convenience. Data are means ± SE (n = 3), P ≤ 0.05. See Dataset 3 for

detailed proteome data and the abbreviations of the proteins.
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Fig. S7. The tomato metabolic pathway marked with deleterious genes predicted by SIFT in

PKM-1. The genes are highlighted in yellow color on the pathway. (For details, see Dataset

4).
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Solyc08g006400.1

4-coumarate

crocin

3-dehydrosphinganine
reductase:
Solyc06g054330.3

Non-specific
polyamine oxidase:
Solyc01g087590.3

H-antigen α-D-
galactosaminyltransferase:
Solyc01g088790.2

[+ 30 isozymes]

deoxycytidine deaminase:
Solyc07g021750.1

GDP

an anthocyanidin-
3-O-β-D-glucoside

N-acetyl-D-
glucosamine

[+ 13 isozymes]

[+ 7 isozymes]

flavonoid 3’-
monooxygenase:
Solyc11g030730.2

2-phenylethyl β-
primeverosidase:
Solyc01g074060.1

3-oxo-palmitate
decarboxylase:
Solyc09g014970.3

glutamate--cysteine
ligase:

Solyc08g081010.3

arg

H+

succinyl-CoA
synthetase:

Solyc01g007910.3

[+ 5 isozymes]

long-chain fatty
acid activation

[+ 3 isozymes]

α-D-Man-(1->2)-α-D-Man-(1->2)-α-D-Man-
(1->3)-[α-D-Man-(1->2)-α-D-Man-(1->3)-α-
D-Man-(1->6)]-β-D-Man-(1->4)-β-D-GlcNAc-

(1->4)-α-D-GlcNAc-diphosphodolichol

phosphatidylglycerophosphate
synthase: Solyc04g009580.3

Medium-chain
acyl-CoA ligase:
Solyc12g099360.2

a palmitoleoyl-[acp]

(S)-norreticuline

arogenate
dehydrogenase:
Solyc06g050630.3

1,4-α-glucan
branching enzyme:
Solyc04g082400.3

[+ 4 isozymes]

Solyc09g008670.3:
Solyc09g008670.3

5-(methylsulfanyl)
pentyl-

glucosinolate

[+ 4 isozymes]

Chlorophyllide
a oxygenase:
Solyc11g012850.2

(Z)-propanethial
S-oxide

methylsalicylate

anspartyl-tRNA(Asn)
amidotransferase:
Solyc09g090840.3

guanosine

inositol 1,3,4-
triphosphate
6 kinase:
Solyc03g097150.3

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

a nucleoside 3’,5’-
bisphosphate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

N-acetyl-D-
muramate 6-
phosphate

sphingoid
base kinase:
Solyc03g006630.3

myo-inositol
3-kinase:
Solyc06g076950.3

NAD de novo biosynthesis
I (from aspartate)

7,3’,5’-
trimethylmyricetin

β-tocotrienol

S-methyl-5’-
thioadenosine

degradation II

a malonyl-[acp]

indole-3-acetyl-
tryptophan
synthetase:
Solyc00g167300.2

lachrymatory-
factor synthase:
Solyc08g066420.1

α-linolenate

gly

[+ 3 isozymes]

pheophytinase a:
Solyc01g088090.3

[+ 4 isozymes]an oxidized
ferredoxin [iron-

sulfur] cluster

10-hydroxydecanoate

a protein with
a disulfide bond

(+)-secoisolariciresinol
monoglucoside
glucosyltransferase:
Solyc08g006410.3

phosphoglucomutase:
Solyc05g026490.3

CMP

(S)-lactaldehyde

pro

3β-hydroxy sterol
glucosyltransferase:
Solyc09g061860.3

quercetin-
3,4’-bissulfate

xanthine

H+

solavetivone

hydrogencarbonate

UDP-α-D-
glucuronate

(-)-β-pinene

GDP-β-L-
galactose

cyclic pyranopterin
monophosphate
synthase:
Solyc05g050570.3

a flavanone

solasod-4-
en-3-one

13 1 -oxo-magnesium-
protoporphyrin IX 13-
monomethyl ester
dehydrogenase:
Solyc10g077040.2

Anthocyanidin 3-
O-glucoside 5-O-
glucosyltransferase:
Solyc12g098600.1

an (S)-2-
hydroxyarboxylate

Alcohol
sulfotransferase:
Solyc00g226760.1

an exposed
unphosphorylated,
(α-1,6)-branched

malto-oligosaccharide
tail on amylopectin

codeine O-
demethylase:
Solyc01g067620.3

3-(methylsulfinyl)
propyl-glucosinolate
hydroxylase:
Solyc10g083980.1

brassinolide

fatty acid α-oxidation I

polyvinyl alcohol
degradation

nucleoside
diphosphate kinase:
Solyc12g049370.2

pyropheophorbide a

gln

[+ 3 isozymes]

N-acetylglutamyl-
phosphate

artemisinate

methionine
adenosyltransferase:
Solyc01g101060.3

undecaprenyl-
diphospho-N-

acetylmuramoyl-
L-alanyl-γ-D-

glutamyl-L-lysyl-
D-alanyl-D-alanine

(S)-ureidoglycolate

α-D-mannose
1-phosphate

2-cis-abscisate

(indol-3-yl)acetate

ATP

mannosyl-
oligosaccharide α-
1,2-glucosidase:
Solyc05g015220.3

phosphate

[+ 4 isozymes]

[+ 2 isozymes]

6-deoxoteasterone

25S rRNA
(cytosine 2278 -C 5 )-
methyltransferase:
Solyc08g062560.3

hydratedusnate

[+ 4 isozymes]

[+ 3 isozymes]

2-acetyl-3-decanoyl-3’,4-
di(3-methylbutanoyl)sucrose

[+ 3 isozymes]

inositol-3-phosphate
synthase:
Solyc04g050820.2

geranylgeranyl-
diphosphate all-
trans-nonaprenyl
diphosphate
synthase:
Solyc07g061990.3

Solyc02g078190.3

13-DPG

(S)-laudanosine

dehydrospermidine

glucoiberverin

sphinganine kinase:
Solyc03g006630.3

3-hydroxyisobutyryl-
CoA hydrolase:
Solyc01g080930.3

glucose-6-
phosphate
isomerase:
Solyc04g076090.3

(+)-secoisolariciresinol
glucosyltransferase:
Solyc08g006330.3

Ins(1,4,5)P
3

 5-
phosphatase:
Solyc02g087425.1

α-linolenate

UDP

neoxanthin
synthase:
NSY

[+ 10 isozymes]

chorismate mutase:
Solyc11g017240.2

L-galactono-
1,4-lactone

(indol-3-yl)acetate

HMS

N-methyl-β-alanine

polyphosphate
kinase:
Solyc01g100260.3

aldehydo-D-
arabinose 5-

phosphate

[+ 11 isozymes]

N-monomethylethanolamine

3-aminopropanal

L-cysteine:[protein
cysteine]
sulfurtransferase:
Solyc02g091900.3

L-arginine biosynthesis II (acetyl cycle)

an N 6 -
alkylaminopurine-

7-β-D-glucoside

spermidine

Xaa-Pro
dipeptidase:
Solyc07g026960.3

[+ 3 isozymes]

a malonyl-[acp]

D-gluconate

an unsaturated
pectate

oligosaccharide

(S)-5-
hydroxyisourate

PAPS

β-D-Galf-(1->5)-β-D-Galf-(1->6)-
α-D-Man-(1->6)-α-Man-[protein]

UDP-α-D-galactose

[+ 6 isozymes]

glutathione
S-conjugate
γ-glutamate
hydrolase:
Solyc12g008640.2

dihydroneopterin
aldolase:
Solyc10g079830.2

[+ 3 isozymes]

α-D-galactosyl-(1->3)-N-acetyl-
α-D-glucosaminyl-diphospho-

ditrans,octacis-undecaprenol

Aminoglycoside 6’-
N-acetyltransferase:
Solyc01g098010.3

a [protein]-
L-arginine

hypoxanthine

(2Z,4E)-2-hydroxy-6-
oxonona-2,4-diene-1,9-dioate

germacra-1(10)
,4,11(13)-

trien-12-oate

a ketone

chorismate mutase:
Solyc11g017240.2

2-(2-carboxy-4-
methylthiazol-5-

yl)ethyl phosphate

threonine synthase:
Solyc06g062845.1

pullulan

[+ 11 isozymes]

12-oxophytodienoate
reductase:
Solyc01g103390.3

gibberellin A
13

[+ 6 isozymes]

[+ 22 isozymes]

L-gulono-
1,4-lactone

dihydroneopterin
aldolase:
Solyc10g079830.2

8-(methylsulfanyl)octyl-
desulfoglucosinolate

D-galactose
detoxification

(9S,10S)-10-hydroxy-
9-(phosphooxy)
octadecanoate

isovaleryl-CoA

(R)-pantothenate

L-rhamnofuranose

(2Z)-2-hydroxypenta-
2,4-dienoate

α-amyrin synthase:
Solyc12g006510.2

a [procollagen]-
(5R)-5-hydroxy-

L-lysine

phosphatidylinositol
synthase:
Solyc08g005990.3

a cis,cis-delta19-
37-C56:2-[acp]

2-hydroxyformononetin

UDP

N-terminal
methionine N

α
-

acetyltransferase:
Solyc02g092490.3

fructose-1,6-
bisphosphatase:

Solyc01g098590.3

N6’-
acetylkanamycin-B

3-dehydroteasterone

glucose-6-
phosphate
isomerase:
Solyc12g014380.2

oleoyl-CoA

AMP

a 2-arylethylamine

cys

Polyprenyldihydroxybenzoate
methyltransferase:
Solyc07g055850.3

O-methyl-4-O-[2-O-methyl-α-
L-fucopyranosyl-(1->3)-α-L-

rhamnopyranosyl-(1->3)-2-O-methyl-α-
L-rhamnopyranosyl]-hydroxybenzoate

D-3-
phosphoglycerate
dehydrogenase:
Solyc03g112075.1

oxaloacetate

a 1,2-diacyl-sn-glycerol

Solyc03g113690.1

2,3-diphospho-
D-glycerate

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

tetrakisphosphate

L-ascorbate

1,3,7-
trimethylurate

an anthocyanidin
with a 3-

hydroxy group

UDP

α-D-galacturonate
1-phosphate

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

pyrimidin-
4(3H)-one

2-carboxy-1,4-
naphthoquinone

a 3-oxooctanoyl-
[acp]

(E)-4-
coumaroyl-CoA

4’-phosphopantetheine

H
2

O

sucrose

H+

a 3’-hydroxy-
flavonoid

[+ 6 isozymes]

Very long-chain acyl-
CoA synthetase:
Solyc12g009040.2

11-hydroxydodecanoate

gln

[+ 4 isozymes]

geranyl
diphosphate

2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
diphosphokinase:
Solyc05g012090.3

a cis,cis-
delta19,31-3-
hydroxyC50:2-

[acp]

superpathway of polyamine biosynthesis

GDP-L-fucose
pyrophosphorylase:
Solyc01g096160.3

Carboxylesterase:
Solyc02g065240.3

acyl-carrier protein

uracil
phosphoribosyltransferase:
Solyc02g067880.2

a malonyl-[acp]

2-methyl-6-solanyl-
1,4-benzoquinone
methyltransferase:
Solyc09g065730.3

[+ 7 isozymes]

a [protein]-
L-asparagine

betulinic aldehyde

/β-carotene 3-
hydroxylase:
Solyc06g036260.3

inositol-1,3,4,5,6-
pentakisphosphate
2-kinase:
Solyc03g097410.1

5-keto-D-gluconate
5-reductase:
Solyc12g100220.2

a 12-
hydroxyjasmonoyl-

L-amino acid

aldehydo-L-
galactonate

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

glycine
transaminase:
Solyc01g007940.3

Solyc01g018025.1:
Solyc01g018025.1

fatty acid elongation -- saturated

[+ 3 isozymes]

dihydroneopterin
triphosphate
diphosphatase:
Solyc00g128870.3

sn-1-lyso-2-16:0-
monogalactosyldiacylglycerol

Solyc07g005660.3

(+)-7-epi-12-
hydroxy-12-

oxojasmonoyl-
L-isoleucine

Solyc00g088210.2

N-acetyl-L-ornithine

Solyc10g006010.3

phosphatidylinositol
4-kinase:
Solyc01g095990.3

3’-O-demethyl-
staurosporine
methyltransferase:
Solyc01g091640.3

propyl benzoate

oxaloacetate

4-fumaryl-
acetoacetate

AMP

mannose-1-phosphate
guanylyltransferase:
Solyc09g011220.3

CTP

a ceramide

cyanidin 3-O-β-
D-sambubioside

pyruvate

UDP-N-
acetylgalactosamine
diphosphorylase:
Solyc02g068530.3

a ∆7-sterol

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

oxobutanoyl)-CoA

S-formylglutathione
hydrolase:
Solyc04g016360.3

a nucleoside 5’-
monophosphate

[+ 5 isozymes]

L-aspartate oxidase:
Solyc01g056580.3

(S)-(+)-allantoin

[+ 18 isozymes]

ala

(+)-trans-isoalliin

diacylglycerol
cholinephosphotransferase:
Solyc00g059500.2

3,5-dimethoxyphenol
O-methyltransferase:
Solyc01g006850.1

[+ 10 isozymes]

lysine degradation III

hydroxyethylthiazole
kinase:
Solyc05g053480.3

rhamnogalacturonan
endolyase:
Solyc04g014430.2

trans-2-hexenal
reductase:

Solyc01g098850.3

maltotriose

[+ 2 isozymes]

UMP

obtusifoliol

taurine

superpathway of thiamine diphosphate
biosynthesis III (eukaryotes)

a cis,cis-
delta19,37-
3-hydroxy-
C56:2-[acp]

guanine and
guanosine

salvage III

benzylbenzoate

phytol

acyl-CoA
thioesterase:
Solyc12g096860.2

L-ascorbate biosynthesis
I (L-galactose pathway)

malonyl-CoA

sesaminol-2-O
-glucoside 1,6-
glucosyltransferase:
Solyc01g067350.3

(9Z)-octadec-
9-ene-1,18-diol

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

[+ 5 isozymes]

Eugenol synthase:
Solyc04g080550.3

a terminal olefin

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

an ω-(methylsulfanyl)
-alkyl-glucosinolate

homogentisate
solanyltransferase:
Solyc03g051810.3

Solyc01g111070.3:
Solyc01g111070.3

UDP-N-
acetylglucosamine
acyltransferase:
Solyc12g008790.2

arabinose kinase:
Solyc00g011890.3

myo-inositol

a (2E)-oct-
2-enoyl-[acp]

GGPP

APS

[+ 3 isozymes]

an (8Z)-4-
hydroxy-sphing-
8-enine-ceramide

demethylphylloquinol

spermidine
putrescine

methyl ecgonone

sugar-phosphatase:
Solyc08g077350.3

Solyc03g113400.3

inositol-1,3,4,5,6-
pentakisphosphate
2-kinase:
Solyc03g097410.1

UDP

phosphatidylinositol
diacylglycerol-lyase:
Solyc01g111250.3

phosphatidylinositol-
3,4-bisphosphate
4-phosphatase:
Solyc00g007010.3

a homogalacturonan

a 1,3-α-D-glucan

gly

tRNA (N(6)-L-
threonylcarbamoyladenosine(37)
-C(2))-methylthiotransferase:
Solyc11g022390.2

MQH
2

quercetin

met

stearoyl-CoA

acetaldehyde

Germacrene
A hydroxylase:
Solyc08g041925.1

phosphomannomutase:
Solyc05g026490.3

anthocyanin biosynthesis

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

diphosphate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

carbamate

trans-zeatin

thr

13-HPODE lyase:
Solyc07g049690.3

UDP-β-L-
arabinofuranose

[+ 11 isozymes]

persulfide dioxygenase:
Solyc07g061960.3

(4S)-perillyl
alcohol

AMP

pectinesterase:
Solyc00g023470.1

[+ 3 isozymes]

cis-aconitate hydratase:
Solyc07g052350.3

1-linoleoyl-2-(3E)
-hexadecenoyl-

phosphatidylglycerol

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

L-methionine
degradation II

(S)-NADHX
dehydratase:
Solyc01g079860.3

D-cysteine
desulfhydrase,
PLP-dependent:
Solyc01g008900.3

a donor xyloglucan

GDP-4-dehydro-
α-D-rhamnose

acetylxylan esterase:
Solyc01g087010.3

4-deoxy-4,5-unsaturated α-
D-galactopyranosyluronate-

[rhamnogalacturonan
I oligosaccharide]

an all-trans-
polyisoprenyl

diphosphate

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

[+ 4 isozymes]

2-O-
caffeoylglucarate

gln

alkane hydroxylase:
Solyc01g097910.2

[+ 8 isozymes]

α,α-trehalose
6-phosphate

an octanoyl-[acp]

L-galactono-
1,4-lactone

AMP

glyceraldehyde-3-
phosphate dehydrogenase:
Solyc01g098950.2

D-ala

a dolichol

naringenin
chalcone

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

pentakisphosphate

UDP-3-O-acyl-N-
acetylglucosamine
deacetylase:
Solyc00g090110.1

acetoacetate

[+ 12 isozymes]

agmatine deaminase:
Solyc12g038970.2

L-tryptophan
decarboxylase:
Solyc07g054860.1

L-ornithine

L-galactono-
1,5-lactone

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

trisphosphate

[+ 5 isozymes]

pyruvate

D-glycerate
3-kinase:
Solyc03g120440.2

geranyl
monophosphate

flavonol 3-O-
glucosyltransferase:
Solyc12g019990.1

N-acylsphingosine
amidohydrolase:
Solyc01g014225.1

acyl-carrier protein

(E)-β-ocimene

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

[+ 3 isozymes]

[+ 49 isozymes]

1-deoxy-D-xylulose
5-phosphate

NADH

Cinnamoyl-
CoA reductase:
Solyc02g086770.3

[+ 9 isozymes]

an L-arginyl-
[tRNA Arg ]

L-alanyl-D-
glutamate

trans-resveratrol

isopentenyladenosine-
5’-triphosphate-
hydroxylase:
Solyc02g085880.2

nothofagin

a cis-delta15-3-
oxo-C34:1-[acp]

N-acetyl-D-
glucosamine
6-phosphate

hexan-3-one

[+ 14 isozymes]

acetate

fatty acid beta-oxidation V
(unsaturated, odd number,

di-isomerase-dependent)

2-alkyl-3-oxo-fatty
acid reductase:
Solyc06g073260.3

3’,4’,5’-
trimethylmyricetin 7-
O-methyltransferase:
Solyc01g068545.1

[+ 9 isozymes]

A(H2)

linoleate 13S-
lipoxygenase:
Solyc01g005750.1

UDP

7-(methylsulfanyl)heptyl-
desulfoglucosinolate

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

prochaetoglobosin I

UDP

a cis,cis-
delta9,27-3-

oxo-C46:2-[acp]

isopentenyl-diphosphate
∆-isomerase:

Solyc04g056390.3

N-hydroxythioamide S-
beta-glucosyltransferase:
Solyc05g006140.1

4-hydroxypentanoyl-
CoA

an [E1 NEDD8-
activating enzyme]-
S-[NEDD8 protein]-

yl-L-cysteine

an L-glutamyl-
[tRNA Glu ]

1,18-
octadecane-diol

GDP-L-galactose
phosphorylase:
Solyc02g091510.3

β-D-fructofuranose
1-phosphate

Zeaxanthin epoxidase:
Solyc02g090890.3

(R)-lactate

KDGP

α-D-glucopyranose
1-phosphate

9-cis-
epoxycarotenoid
dioxygenase:
Solyc05g053530.1

kaempferol 3-O-β-D-
galactosyltransferase:
Solyc07g006720.3

a 5,10-
methylenetetrahydrofolate

an N-acetyl-α-
neuraminyl-(2->3)
-β-D-galactosyl-R

benzaldehyde

phosphomethylpyrimidine
kinase: Solyc01g103950.3

ADP-α-D-glucose

taurine

gln

glucose-6-
phosphate
isomerase:
Solyc12g014380.2

TCA cycle II (plants and fungi)

4-hydroxyphenylpyruvate
dioxygenase:
Solyc07g045050.3

N-terminal
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

myricetin

spermine synthase:
Solyc03g007240.3

phosphopantothenate biosynthesis I

oleoyl-lipid 12-
desaturase:
Solyc01g006430.3

Carboxylesterase:
Solyc02g065240.3

Cu +

Cu 2+

antheraxanthin
epoxidase:
Solyc02g090890.3

nucleoside
diphosphate kinase:
Solyc12g049370.2

tetraketide α-
pyrone reductase:
Solyc01g068080.3

phenylacetonitrile-
specifier protein:
Solyc05g024415.1

NADHX epimerase:
Solyc03g113780.3

acetyl-CoA

dCDP

phosphoglycolate
phosphatase:
Solyc04g015150.3

fatty acyl reductase:
Solyc11g067190.2

NaMN

methanesulfonate

methylated
diphthine
methylhydrolase:
Solyc05g012320.1

NADP +

[+ 8 isozymes]

(R)-lactate

an α-limit dextrin

3-oxo-5-alpha-
steroid 4-
dehydrogenase
(acceptor):
Solyc03g118830.3

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

MEP

∆ 3 -cis-∆ 2 -trans-enoyl-
CoA isomerase:
Solyc01g066620.3

[+ 3 isozymes]

a UDP-sugar

8-oxo-GTP

norsolorinate
anthrone synthase:
Solyc12g088810.2

(-)-carveol
dehydrogenase:
Solyc03g083825.1

a 3-dehydrosphinganine

D-xylose
dehydrogenase:
Solyc11g011820.2

uridine

trans-feruloyl-CoA

glutinol

α-D-glucopyranose
1-phosphate

a cellodextrin

[+ 11 isozymes]

3-hydroxyacyl-CoA
dehydrogenase:
Solyc01g066620.3

glu

[+ 13 isozymes]

keto-D-psicose

a 3-hydroxyacyl
group of

bacterial toxin

[+ 2 isozymes]

UTP--glucose-
1-phosphate
uridylyltransferase:
Solyc01g081520.3

methylglyoxal

a cis,cis-
delta15,27-3-

oxo-C46:2-[acp]

2’’-O-acetyl-ADP-ribose

starch

[+ 17 isozymes]

trans-zeatin

S-adenosylmethionine
decarboxylase:
Solyc01g010050.3

1-palmitoyl-sn-
glycerol 3-phosphate

[+ 2 isozymes]

a 3-oxo-∆ 4 -steroid
5α-reductase:
Solyc09g013070.3

β-D-glucuronidase:
Solyc03g115500.3

violaxanthin
de-epoxidase:
Solyc04g050930.3

(7,8-dihydropterin-
6-yl)methyl
diphosphate

Glucan 1,3-alpha-
glucosidase:
Solyc04g049070.3

molybdopterin
adenine

dinucleotide

ATP-dependent NADH-
hydrate dehydratase:
Solyc01g079860.3

citrate hydro-lyase
(cis-aconitate-forming)

: Solyc12g005860.2

Omega-amidase:
Solyc07g041280.3

[+ 2 isozymes]

Cu 2+

Steroid Delta-
isomerase:
Solyc11g042620.2

5,6-
dihydroxyindole

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

5-O-malonylglucoside

cyanidin-3-O-
β-D-glucoside

sinapoylglucose:sinapoylglucose
O-sinapoyltransferase:
Solyc04g079040.3

[+ 13 isozymes]

amygdalin hydrolase:
Solyc01g074050.2

CO
2

a D-amino acid

inositol
hexakisphosphate
kinase:
Solyc02g087620.3

cinnamate esters
biosynthesis

(2S)-naringenin

urate

[+ 4 isozymes]

D-galactopyranuronate

acibenzolar

superpathway of L-lysine, L-threonine and L-methionine biosynthesis II

methionine γ-lyase:
Solyc07g063510.3

Mg 2+

K+

a cis,cis-
delta7,25-3-

oxo-C44:2-[acp]

a [Wnt protein]-
L-serine

[+ 11 isozymes]

[+ 6 isozymes]

[+ 5 isozymes]

an anthocyanidin 3,5-
di-O-β-D-glucoside

superpathway of pyrimidine deoxyribonucleoside salvage

a cis,cis-
delta5,23-3-

oxo-C42:2-[acp]

phosphopantothenoylcysteine
synthetase: Solyc04g072480.3

18-hydroxyoleate
dehydrogenase:
Solyc00g156980.3

[+ 2 isozymes]

[+ 34 isozymes]

maltose

NADH

2-oxoglutarate

a 7,8-dihydrofolate

[+ 6 isozymes]

bergapten

ATP

an α(1,5)-
L-arabinan

[+ 11 isozymes]

a (2R,3S,4S)-
leucoanthocyanidin

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

Cytokinin 7-beta-
glucosyltransferase:
Solyc03g078780.2

a 2-acylglycerol

[+ 4 isozymes]

ser

cis-zeatin

a dextran

D-glyceraldehyde
3-phosphate

diphosphate

Man
9

GlcNAc
2

-
[protein]  (isomer

9A
1,2,3

B
1,2,3

)

IAA biosynthesis VII

2-aminoprop-
2-enoate

Solyc01g006180.3:
Solyc01g006180.3

7,4’-
dimethylquercetin

ent-kaurene
synthase:
Solyc07g066675.1

indole-3-acetate
carboxyl
methyltransferase:
Solyc12g014500.2

a [protein]-L-lysine

a hexanoyl-[acp]

UDP-α-D-glucose

ethylene glycol

met

[+ 4 isozymes]

citrate synthase:
Solyc01g073740.3

1-palmitoyl-2-
α-linolenoyl-

phosphatidylcholine

2-dehydro-3-deoxy-
D-galactonate

omega-hydroxypalmitate
O-sinapoyl transferase:
Solyc04g080720.3

L-ornithine

3-butenylnitrile

sucrose α-glucosidase:
Solyc01g058020.3

ursolic aldehyde

[+ 20 isozymes]

Glc
2

Man
9

GlcNAc
2

-[protein]

α,α-trehalose
6-phosphate

[+ 3 isozymes]

α-tocopherol

cis-vaccenate 11-
methyltransferase:
Solyc04g056450.3

cyanidin 3-O-β-D-p-
coumaroylglucoside

uroporphyrinogen-III

carbamate kinase:
Solyc03g115630.3

protoporphyrin IX

4-(methylthio)
butyldesulfoglucosinolate
sulfotransferase:
Solyc11g039807.1

a ribonucleoside
5’-monophosphate

glutamate-5-
semialdehyde
dehydrogenase:
Solyc06g019170.3

pterostilbene

indole-3-acetyl-
methionine
synthetase:
Solyc00g167300.2

superoxide

coniferyl alcohol
acetyltransferase:
Solyc00g040290.2

3,5-dimethoxytoluene
biosynthesis

linolenoyl-lipid
15-desaturase:
Solyc06g051400.3

acetone

2-phenylethanol

L-ascorbate
peroxidase:

Solyc01g111510.3

prephenate

quercetin
3,3’,7-trissulfate

Cu +

dinor-12-oxo-phytodienoate

9-hydroxy-10-oxo-
12-octadecenoate

1-pyrroline-5-
carboxylate
dehydrogenase:
Solyc06g019170.3

[+ 12 isozymes]

sphinganine
1-phosphate

acyl-carrier protein

(E)-4-hydroxy-3-methylbut-
2-en-1-yl diphosphate

pro

N6 -dimethylallyladenine

L-galactose
dehydrogenase:
Solyc01g106450.3

a (2E,11Z)-
octadeca-2,11-
dienoyl-[acp]

MTR

UDP-α-D-
galactose

glycolate

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

a fatty acid

geranylgeranyl
diphosphate
diphosphatase:
Solyc04g025370.2

dTDP-4-dehydro-
β-L-rhamnose

2-acetyl-3-dodecanoyl-3’,4-
di(3-methylbutanoyl)sucrose

glyoxylate
reductase:
Solyc00g025510.1

18S rRNA
(guanine 1575 -N 7 )-
methyltransferase:
Solyc06g072250.3

a 2-acyl-sn
-glycero-3-

phosphocholine

GGPP

AMP

sulfate

SAM

CMP-3-deoxy-D-
manno-octulosonate

biosynthesis

spermidine synthase:
Solyc05g005710.3

transaldolase:
Solyc00g006800.3

HX

6-sulfo-α-D-
quinovose

trans-zeatin biosynthesis

α-D-
glucopyranose
1-phosphate

ent-copalyl
diphosphate
synthase:
Solyc06g084240.2

glu

[+ 26 isozymes]

a 1,4-α-D-glucan

dUTP diphosphatase:
Solyc01g097970.3

zeaxanthin
epoxidase:
Solyc02g090890.3

a 3-oxooctadecanoyl-[acp]

dTDP

steroid Delta-
isomerase:
Solyc01g073640.3

vanillate

UDP-N-acetylglucosamine
1-carboxyvinyltransferase:
Solyc07g062550.3

5-oxoprolinase:
Solyc09g010560.2

pyridoxal 5’-phosphate biosynthesis II

[+ 2 isozymes]

fructan 1-
exohydrolase:

Solyc06g064620.3

Aryldialkylphosphatase:
Solyc01g099110.3

deacetoxycephalosporin C

prolyl 3-hydroxylase:
Solyc03g063710.1

cinnamaldehyde

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

papaverine

proline racemase:
Solyc11g042420.2

cinnamate

delphinidin-3-O
-β-D-glucoside

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

acetylajmaline
esterase:
Solyc01g099070.1

NADP +

NaMN

3-dodecanoyl-3’-isobutanoyl-
4-(3-methylbutanoyl)sucrose

Kdo-lipid A

Carbonyl reductase
(NADPH):
Solyc02g023990.3

cyanidin 3-O-[6-O-
(4-O-β-D-glucosyl-p-
coumaroyl)-2-O-(2-O-

sinapoyl-β-D-xylosyl)-
β-D-glucosyl]-5-O-(6-O
-malonyl-β-D-glucoside)

abscisic acid biosynthesis shunt

an L-glutaminyl-
[tRNA Gln ]

6-deoxotyphasterol

a tetrahydrofolate

(R+)-3-(4-
hydroxyphenyl)
lactate:NADP+
oxidoreductase:
Solyc12g044260.2

dUTP

dihydrofolate
reductase:
Solyc06g060570.3

3,5-di-C-glucosyl-2,4,4’,6-
tetrahydroxydibenzoylmethane

laurate ω-
hydroxylase:
Solyc10g009390.3

trans-zeatin-
7-N-glucoside

a primary alcohol

eugenyl-O-β-D-
glucopyranoside

linolenoyl-lipid
15-desaturase:
Solyc06g007130.4

chlorophyllide a

coproporphyrinogen III

gibberellin A
29

an N-terminal L-
glutamyl-[protein]

[+ 3 isozymes]

Plasmalogen
synthase:
Solyc04g080020.3

[+ 4 isozymes]

geraniol

a 3-oxohexanoyl-[acp]

a flavonoid

4’-phosphopantothenoylcysteine
decarboxylase: Solyc12g056270.2

a jasmonoyl-
L-isoleucine

a pseudouridine 1911/

1915/1917 in 23S rRNA

[+ 4 isozymes]

[+ 5 isozymes]

[+ 4 isozymes]

a ferricytochrome
b

5

DMAPP

a sphingomyelin

L-galactono-
1,4-lactone
dehydrogenase:
Solyc10g079470.3

3-epi-6-deoxocathasterone
23-monooxygenase:
Solyc03g121510.3

[+ 4 isozymes]

23S rRNA
pseudouridine 2605

synthase:
Solyc11g008360.2

nitrate reduction
II (assimilatory)

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

L-gulonolactone
oxidase:
Solyc09g005180.3

laccase:
Solyc01g111970.3

UDP-α-D-galacturonate

hydroxyindole O-
methyltransferase:
Solyc01g111900.3

Cd 2+

Zn 2+

SAM

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

degradation

adenosine

4-coumarte,NADPH:oxygen
oxidoreductase
(3-hydroxylating):
Solyc12g056810.2

a (3E,5Z)-alka-
3,5-dienoyl-CoA

GDP-α-D-mannose

polyprenol
reductase:
Solyc01g110460.3

phellandrene
synthase:
Solyc08g005640.3

dihydro-4-
coumaroyl-CoA

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

syringetin 7-O-
methyltransferase:
Solyc01g068545.1

cis-aconitate hydratase:
Solyc12g005860.2

oxaloacetate

GMP

phytosterol biosynthesis (plants)

fructose-1,6-
bisphosphatase:
Solyc01g098590.3

an N-terminal-N α -
acetyl-L-methionyl-
L-alanyl-[protein]

Delta(7)-sterol
5(6)-desaturase:
Solyc02g086190.2

Very long-chain acyl-
CoA synthetase:
Solyc12g009040.2

SAM:C-24 sterol
methyltransferase:
Solyc01g010370.3

8-oxo-dGMP

[+ 26 isozymes]

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

squalene

[+ 3 isozymes]

fatty-acyl coenzyme
A oxidase:
Solyc08g078400.3

isofucosterol

RX

3,8-divinyl
protochlorophyllide a

3’,5’-ADP

a polyhydroxylated
tetraketide α-pyrone

 val
 leu

  ile
phe

dTDP-3,4-didehydro-
2,6-dideoxy-
α-D-glucose

5,10-methylenetetrahydrofolate:glycine
hydroxymethyltransferase:
Solyc01g104000.3

ornithine
carbamoyltransferase:
Solyc12g089210.2

phosphoenolpyruvate

asp

[+ 9 isozymes]

kinetin-9-N
-glucoside

Solyc01g096830.3

dihydrofolate
synthetase:
Solyc06g051900.3

geranyl
diphosphate

7,9,9’-cis-
neurosporene

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc04g048960.1

H
2

O

adenosine nucleosidase:
Solyc01g014820.2

[acyl-carrier-protein] S
-malonyltransferase:
Solyc01g006980.3

[+ 9 isozymes]

Solyc05g051220.3

a 1,4-α-D-glucan

a (1->6)-
α-D-glucan

2-isocapryloyl-3S-
(phosphooxy)methyl-γ-

butyrolactone phosphate

HMG-CoA

1-kestotriose

(L-cysteinyl)
adenylate

long-chain-
alcohol O-fatty-
acyltransferase:
Solyc01g011430.3

dephospho-
CoA kinase:
Solyc00g134830.1

[+ 2 isozymes]

jasmonoyl-L-
amino acid 12-
hydroxylase:
Solyc11g065770.1

phosphatidylinositol-3-
phosphate 5-kinase:
Solyc03g123570.3

Aromatic Compound Degradation

Solyc12g098210.2

[+ 9 isozymes]

[+ 7 isozymes]

a α-limit dextrin
with short branches

Ca 2+

butan-1-al

taxa-4(20)
,11-dien-5α-ol

Na +

3-hydroxypropyl-
glucosinolate

2,4-dichlorophenol
monooxygenase:
Solyc05g006810.3

2-oxoadipate

ornithine
carbamoyltransferase:

Solyc12g089210.2

D-sorbitol

dUMP

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

5α-cholesta-
7,24-dien-3-one

L-ornithine

2-carboxy-L-
xylonolactone

phenylacetonitrile

[+ 3 isozymes]

cinnamate 4-
hydroxylase:
Solyc05g047530.3

22-carboxy-
docosanoyl-CoA

myo-inositol

matairesinol biosynthesis

a reduced
hemoprotein

serine--pyruvate
aminotransferase:
Solyc01g007940.3

methylsalicylate-
2-O-β-D-glucoside

an acyl-CoA

tyr

pyridoxine

(E)-2-
(methoxycarbonylmethyl)

butenedioate

Arylesterase:
Solyc01g009480.3

tyrosine
aminotransferase:
Solyc01g017610.1

3-oxo-2-(2’-
[Z]-pentenyl)
cyclopentane-
1-octanoate
CoA ligase:
Solyc03g111170.3

β-amyrin

indole-3-acetyl-L-
leucine hydrolase:
Solyc01g005490.3

E3 NEDD8
transferase:
Solyc07g066650.3

UDP

[+ 4 isozymes]

ent-kaurenoate
monooxygenase:
Solyc01g080900.3

dihydroxyacetone

phenylacetyl-CoA

[+ 6 isozymes]

H+

Tetrahydrofolate
synthase:
Solyc05g052920.3

N-acetyl-L-
glutamate 5-
semialdehyde

5,10-methylenetetrahydrofolate:glycine
hydroxymethyltransferase:
Solyc01g104000.3

dihydropteroate
synthase:
Solyc05g012090.3

UDP-α-D-galactose

[+ 2 isozymes]

an inositol
phosphodihydroceramide

a cis,cis-
delta11,23-
C42:2-[acp]

delphinidin 3-
O-rutinoside

a (3R)-3-
hydroxypimeloyl-

[acp] methyl ester

acetyl-CoA
carboxylase:
Solyc00g017930.1

[+ 4 isozymes]

a (3R)-3-
hydroxytetracosanoyl-

[acp]

an N-terminal N α -
acetyl-L-methionyl-
L-valyl-[protein]

δ-tocotrienol

[+ 11 isozymes]

(+)-secoisolariciresinol
diglucoside biosynthesis

Malonyl-CoA
decarboxylase:
Solyc02g036300.3

an [E2 ubiquitin-
conjugating enzyme]-S

-ubiquitinyl-L-cysteine

geranylgeranyl
diphosphate
reductase:
Solyc03g115980.1

UDP-α-D-glucose

a tRNA Arg

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

oxooctanoyl)-CoA

(indol-3-yl)acetate

superpathway of rosmarinic acid biosynthesis

biotin

pyruvate

a (1->4)-β-D-xylan

scopolin

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

phosphocholine

cinnamate

[+ 7 isozymes]

NADH-cytochrome
b

5

 reductase:
Solyc05g018520.3

an L-glutaminyl-
[tRNA Gln ]

met

Medium-chain-fatty-
acid--(acyl-carrier-
protein) ligase:
Solyc04g080480.1

2-dihydro-
NADP oxidase:
Solyc01g097160.3

3-oxo-palmitate

diadenosine 5’,5’’’-
pentaphosphate
hydrolase:
Solyc10g080760.2

δ-amyrin

[+ 45 isozymes]

Solyc10g079640.2:
Solyc10g079640.2

XMP

α-xylosyltransferase:
Solyc00g027990.1

quercetin 3-sulfate

[+ 2 isozymes]

ADP

N-methylethanolamine phosphate

7 1 -dihydroxychlorophyllide a

a stearoyl-[acp]

β-D-
mannopyranose

D-ribulose
5-phosphate

meso-diaminopimelate

[+ 11 isozymes]

chorismate

9(S)-HPOTE

(S)-3-
hydroxybutanoyl-

CoA

acyl-CoA synthetase:
Solyc12g009040.2

a B antigen

[+ 16 isozymes]

[+ 2 isozymes]

S0

keto-D-tagatose

2-acetyl-3-(2-
methylbutanoyl)-3’,4-di(3-

methylbutanoyl)sucrose

a cis,cis-
delta9,21-3-

oxo-C40:2-[acp]

UDP-α-D-
galacturonate glyoxalase:

Solyc07g062610.3

L-homocysteine

7β-hydroxythalianol

(4-hydroxyphenyl)
acetaldehyde

β-cryptoxanthin
3’-hydroxylase:
Solyc03g007960.3

benzylbenzoate

indole-3-acetate
carboxyl
methyltransferase:
Solyc12g014500.2

poly(ribitol
phosphate) teichoic
acid α-O-GlcNAc
transferase:
Solyc01g095300.3

(+)-camphene

acetaldehyde
biosynthesis II

ala

a cis-delta19-3-
hydroxyC38:1-

[acp]

indole-3-acetyl-
glutamate
synthetase:
Solyc00g167300.2

ile

2-amino-4-hydroxy-6-
hydroxymethyldihydropteridine
diphosphokinase:
Solyc05g012090.3

D-fructofuranose

Solyc06g076930.2

nicotinate
phosphoribosyltransferase:

Solyc00g130190.1

C31-phthiotriol

GDP-α-D-
mannose

6-(methylsulfanyl)
hexyl-glucosinolate

Glutathionyl-
hydroquinone
reductase:
Solyc02g068900.3

protoporphyrinogen IX

pyruvate

[+ 9 isozymes]

[+ 3 isozymes]

phosphate

sulfoquinovosidase:
Solyc03g094020.3

scopoletin

3’,4’-
dimethylmyricetin

costunolide biosynthesis

FGAM

spermidine

acetaldehyde

3-dehydroquinate

a carboxylate

dihydrogeranylgeranyl
diphosphate reductase:
Solyc01g088310.3

a 3’-(β-D-glucopyranosyl)-2’-
hydroxy-β-oxodihydrochalcone

a [procollagen]-
trans-3-hydroxy-

L-proline

a [glycoprotein]-
L-asparagine-

[oligosaccharide]

1-diphosphoinositol
pentakisphosphate
5-kinase:
Solyc02g087620.3

peptidoglycan
glycosyltransferase:
Solyc00g030210.2

α-D-
glucopyranose
1-phosphate

phosphatidylinositol
3-kinase:
Solyc09g092030.3

pro

S0

glu

[+ 2 isozymes]

a butanoyl-[acp]

a 2,3,4-saturated
(3S)-3-

hydroxyacyl-CoA

dihydroxyacetone
kinase:
Solyc06g072380.3

an [E1 NEDD8-
activating enzyme]-
S-[NEDD8 protein]-

yl-L-cysteine

(indol-3-yl)acetate

dhurrin

(+)-sesaminol 2-
O-β-D-glucoside

prephytoene
diphosphate

[+ 2 isozymes]

5α-cholesta-
7,24-dien-3β-ol

(+)-2-carene
synthase (neryl-
diphosphate-
cyclizing):
Solyc08g005640.3

thiamine
pyrophosphokinase:
Solyc07g009170.3

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

flavonol 3-O-
glucosyltransferase:
Solyc12g019990.1

[+ 10 isozymes]

glu

polyprenyl
diphosphate
transferase:
Solyc03g114300.3

fructose-bisphosphate
aldolase: Solyc00g017920.1

(-)-(4S)-α-
terpineol

cyanate

Cu 2+

Dolichyl-
diphosphooligosaccharide-
-protein glycotransferase:
Solyc01g109410.3

2-oxobutanoate

PAPS

ser

acyl-[acp]
thioesterase:
Solyc12g006930.2

(E)-1-(glutathion-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
hexan-1-imine

FAD-dependent
urate hydroxylase:
Solyc08g063130.3

(S)-1-pyrroline-
5-carboxylate

sarcosine

[+ 18 isozymes]

rubusoside

SAM

carbamoyl phosphate
synthetase:
Solyc06g075340.3

methionine
adenosyltransferase:

Solyc01g101060.3

(3Z)-
phytochromobilin

[+ 4 isozymes]

dTTP

a cytosine 2870

in 25S rRNA

methanesulfonate

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

NADPH--cytochrome
P450 reductase 2:
Solyc04g076380.3

succinate
dehydrogenase:

Solyc01g097020.3

[+ 7 isozymes]

geranylgeraniol

ser

4α-methyl-5α-cholesta-
8,14,24-trien-3β-ol

3,8-divinyl
protochlorophyllide a

glycoprotein 3-α-L-
fucosyltransferase:
Solyc01g108110.3

kaempferol 3-O-
β-D-glucosyl-(1->
2)-β-D-glucoside

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

NAD +

Secondary Metabolite
Degradation

[+ 2 isozymes]

thr

S-(hydroxymethyl)
glutathione
dehydrogenase:
Solyc09g064370.3

3,5-
dimethoxyphenol

Solyc02g068490.3

1,4-β-xylosidase:
Solyc01g079570.3

Solyc02g068220.1:
Solyc02g068220.1

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

phosphatidylinositol 4
phosphate 5 kinase:
Solyc01g007880.3

isopentenyladenine
UDP

glycosyltransferase:
Solyc03g078780.2

FAICAR

tetrahydrofolate salvage from
5,10-methenyltetrahydrofolate

a sterol 3-β-
D-glucoside

GDP

1-oleoyl-2-oleoyl-
phosphatidylcholine

a ferricytochrome
b

5

myo-inositol

purine
cytosine
caffeine

[+ 4 more]

[+ 3 isozymes]

cellulose synthase:
Solyc00g030000.1

GDP-D-
mannose:GDP-L-
gulose epimerase:
Solyc01g097340.3

umbelliferone

AIR

GGPP

ornithine
carbamoyltransferase:
Solyc04g080610.3

IAA-Ala

β-carotene

ferroheme i

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

acyl-carrier protein

[+ 14 isozymes]

CTP synthetase:
Solyc06g016800.2

chlorophyll a

shisonin

[+ 2 isozymes]

5’-nucleotidase:
Solyc12g098830.2

α-D-mannose
1-phosphate

a 5-phosphooxy-
L-glutamyl-
[tRNA Gln ]

Bis(5’-nucleosyl)-
tetraphosphatase
(asymmetrical):
Solyc11g006580.2

D-mannopyranose
6-phosphate

an unfolded
protein

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

(4S)-limonene

carbamoyl
phosphate

thymidylate synthase:
Solyc01g109830.3

α-D-mannose
1-phosphate a guanine 1575

in 18S tRNA

primeverose

GA
12

-aldehyde
monooxygenase:
Solyc01g080900.3

4-coumarate-
-CoA ligase:
Solyc02g081350.3

an alcohol

acetylnorajmaline
esterase:
Solyc01g099070.1

UDP

4-methyl-2-
oxopentanoate

[+ 2 isozymes]

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

PRPP

[+ 21 isozymes]

[+ 11 isozymes]

[+ 3 isozymes]

10-formyl-
tetrahydrofolylpolyglutamate
synthetase: Solyc05g052920.3

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

1-O-sinapoyl-
β-D-glucose

a (1,4)-α-glucan
containing a (1->6)
-α-D-glucan branch

S-adenosyl-L-
methionine:N,N-
dimethyl-β-alanine N-
methyltransferase:
Solyc10g085840.1

oxalate degradation VI

Ins(3)P

tetrahydrogeranylgeranyl
diphosphate reductase:
Solyc03g115980.1

Amorpha-
4,11-diene 12
monooxygenase:
Solyc06g034238.1

assimilatory
sulfate reduction II

D-glucopyranose
6-phosphate

[+ 3 isozymes]

dCTP

gibberellin A20,2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g058040.1

folylpoly-α-glutamate
synthetase:
Solyc05g052920.3

4α,14α-dimethyl-
9β,19-cyclo-5α-

cholest-24-en-3-one

N-acetyl-serotonin

an N-3-fumaramoyl-(S)-2,3-
diaminopropanoyl-[DdaD non-
ribosomal peptide synthase]

UDP-β-L-
arabinopyranose

[+ 2 isozymes]

trans-5-O-
caffeoyl-D-quinate

UDP

oleate

[+ 6 isozymes]

(2Z)-2-
hydroxypenta-
2,4-dienoate

(-)-jasmonate

Solyc02g063020.2

succinate

gibberellin A
4

HECT-type E3
ubiquitin transferase:
Solyc01g057900.3

9-lipoxygenase and 9-allene
oxide synthase pathway

[+ 5 isozymes]

UDP-β-L-rhamnose

melanochrome

α-D-ribose-
1-phosphate

pyruvate fermentation
to ethanol II

mannose-1-phosphate
guanylyltransferase:
Solyc03g113790.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

(S)-propane-
1,2-diol

succinate

H
2

O

urea

2-(8-hydroxy-2-
oxotridecyl)-6-

oxopyran-4-olate

1,2-dihydro-
β-NADP

gln

thiamine
phosphate

5-α-androstan-
3β,17β-diol

midchain alkane
hydroxylase:
Solyc04g011920.2

H+

D-glucopyranose
6-phosphate

[+ 2 isozymes]

anthranilate
phosphoribosyl
transferase:
Solyc06g071550.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

3-α(S)-
strictosidine

a monocarboxylate

β-caryophyllene biosynthesis

L-Ala-D/L-Glu
epimerase:
Solyc08g045760.1

8-(methylsulfanyl)
octyl-glucosinolate

4-decanoylsucrose

an N-terminal L-
aspartyl-[protein]

geranyl
diphosphate

phosphoenolpyruvate
carboxykinase (GTP)
: Solyc04g076880.3

N-carbamoylputrescine
amidohydrolase:
Solyc11g068540.2

[+ 9 isozymes]

superpathway of L-
threonine biosynthesis

steviolmonoside
19-O-UDP
glucosyltransferase:
Solyc08g006350.3

trans-caffeate

nucleoside triphosphate
phosphatase:
Solyc12g098540.2

an N-terminal-
L-methionyl-L-

glutamyl-[protein]

a 1,3-β-D-glucan

ethene

[+ 3 isozymes]

[+ 2 isozymes]

β-cyanoalanine
synthase:
Solyc01g094790.3

N6 -L-
threonylcarbamoyladenine
synthase: Solyc05g050940.3

D-glucopyranose
6-phosphate

[+ 7 isozymes]

3-oxo-2-(cis-2’-pentenyl)
-cyclopentane-1-(E-
hexa-2-enoyl)-CoA

D-erythrose
4-phosphate

guanosine

N6 -dimethylallyladenine

pyruvate

folylpoly-α-glutamate
synthetase:
Solyc04g016550.3

[+ 3 isozymes]

spermine and
spermidine

degradation III

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

succinyl-CoA

sn-glycerol
3-phosphate

UDP-N-acetylmuramoyl-
L-alanyl-D-glutamate--2,6-
diaminopimelate ligase:
Solyc08g081170.3

[+ 2 isozymes]

palmitoleoyl-CoA
12-desaturase:
Solyc01g006430.3

a [protein]-N 4 -
(N-acetyl-β-D-
glucosaminyl)
-L-asparagine

P1 ,P 4 -bis(5’-
guanosyl)

tetraphosphate

α-galactosidase:
Solyc03g019790.3

holo-[acyl-carrier-
protein] synthase:
Solyc05g014130.3

5-MTR-1-P

demethylphylloquinone
dehydrogenase:
Solyc03g043750.3

felinine

4-oxopentanoyl-CoA
4-dehydrogenase:
Solyc10g078360.2

4-aminobutanoate

inositol-1,3,4,5,6-
pentakisphosphate
2-kinase:
Solyc03g097410.1

adrenodoxin-
NADP+ reductase:
Solyc01g102490.3

[+ 3 isozymes]

[+ 13 isozymes]

Tetrahydrofolate
synthase:
Solyc04g016550.3

abscisic acid
biosynthesis

FGAR

[+ 2 isozymes]

castasterone-
23-O-glucoside

N-acetyl-7-O-
acetylneuraminate

13(S)-HPOTE

Solyc09g082990.3:
Solyc09g082990.3

[+ 4 isozymes]

pyruvate

a 10-
formyltetrahydrofolate

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

hydroxymethylpyrimidine
salvage

acyl-CoA oxidase:
Solyc04g054890.3

guaiacol

Cofactor, Prosthetic Group, Electron Carrier, and Vitamin Biosynthesis

3,4,3’,4’-
tetradehydroisozeaxanthin

[+ 4 isozymes]

putrescine

D-ribulose
5-phosphate

superpathway of acetyl-CoA biosynthesis

IAA-Gln

3,3’-
dimethylquercetin

[+ 7 isozymes]

Solyc04g056440.2:
Solyc04g056440.2

1-18:3-2-16:0-
phosphatidylglycerol
desaturase:
Solyc07g064410.1

Mg 2+

lecithin:all-
trans retinol
acyltransferase:
Solyc02g081580.3

mannose-6-
phosphate
isomerase:
Solyc02g063220.3

a [biotin carboxyl-
carrier-protein dimer]-

N6 -biotinyl-L-lysine

phosphomethylpyrimidine
synthase: Solyc06g006080.3

β-phellandrene

mannose-6-
phosphate
isomerase:
Solyc02g063220.3

2,4-dienoyl-
CoA reductase:
Solyc07g066630.3

ornithine
carbamoyltransferase:

Solyc04g080610.3

choline

L-cysteine:[protein
cysteine]
sulfurtransferase:
Solyc02g091900.3

butanoyl-CoA

AMP

2-dehydro-
3-deoxy-D-
gluconate

aspartate racemase:
Solyc03g116460.3

a 2’-
deoxyribonucleoside

5’-triphosphate

a 5-carboxymethylaminomethyluridine 34

in tRNA

[+ 4 isozymes]

γ-tocopherol

butanoate

detoxification of reactive
carbonyls in chloroplasts

[+ 8 isozymes]

isocitrate
dehydrogenase:

Solyc02g082860.3

α-carotene

ser

glu

rhamnetin 3’-O-
methyltransferase:
Solyc06g007960.3

[+ 11 isozymes]

sanguinarine

UDP-N-acetyl-
α-D-muramoyl-L-

alanyl-D-glutamate

benzyl alcohol

N-acetylglucosamine-
1-phosphate
uridyltransferase:
Solyc02g068530.3

molybdate

[+ 3 isozymes]

fructan degradation

GGPP

2-aminoprop-
2-enoate

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:
Solyc12g096780.2

prostaglandin E
2

S-methyl-5’-
thioadenosine
deaminase:
Solyc01g009940.1

prostaglandin-H
2

2-acylglycerol O-
acyltransferase:
Solyc02g063160.3

L-methionine degradation
I (to L-homocysteine)

biotin-carboxyl carrier
protein assembly

selenate
selenite
thiosulfate
sulfate

costunolide
biosynthesis I

trans-zeatin UDP
glycosyltransferase:

Solyc03g078780.2

UDP-α-D-glucose

[+ 5 isozymes]

a behenoyl-[acp]

dihydrosphingosine
phosphate lyase:
Solyc05g015861.1

gln

pro

a sugar

(+)-7-epi-
jasmonoyl-

L-isoleucine

a (7Z)-3-
oxohexacos-

7-enoyl-[acp]

[+ 5 isozymes]

an Fe(II)-
siderophore

aminopyrimidine
aminohydrolase:
Solyc04g050190.3

arginase:
ARG2

aldehyde
dehydrogenase:
Solyc01g011510.3

D-galactopyranuronate

Hydroquinone
glucosyltransferase:
Solyc01g095620.3

an alk-2-enal

6-hydroxymethyl-dihydropterin
diphosphate biosynthesis I

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

geranyl β-D-
glucopyranoside 6-O
-xylosyltransferase:
Solyc08g013845.1

3-O-β-D-
glucosyl-esculetin

diphosphate

an L-cysteinyl-
[PchF non-
ribosomal

peptide synthase]

1,16-
hexadecane-diol

phosphoribosylanthranilate
isomerase: Solyc06g051410.3

pyruvate

a 1,4-α-D-glucan

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

aconitase:
Solyc07g052350.3

taxadien-5-α-ol O-
acetyltransferase:
Solyc04g079720.3

glu

an (8E)-4-
hydroxysphing-

8-enine ceramide

[+ 5 isozymes]

tyrosine
aminotransferase:
Solyc01g017610.1

sulfite

4-coumarate

Galactolipase:
Solyc00g056680.1

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

(R)-glycerate

17-O-
acetylnorajmaline

an alcohol

Solyc07g008480.2

guaiacol 2-O-β-D-
glucopyranosyl-(1 -> 2)-[O

-β-D-xylopyranosyl-(1 ->
6)]-O-β-D-glucopyranoside

[+ 20 isozymes]

UDP-sugar
pyrophosphorylase:
Solyc04g058065.1

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

(22α)-hydroxy-
cholestanol

pyruvate

chelerythrine
reductase:
Solyc01g008925.1

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

[+ 2 isozymes]

β-D-Man-(1->4)-β-D-GlcNAc-(1->4)
-α-D-GlcNAc-diphosphodolichol

[+ 11 isozymes]

[+ 3 isozymes]

episterol

a cis-delta21-3-
oxo-C40:1-[acp]

vinorine

acetyl-CoA

[+ 2 isozymes]

[+ 5 isozymes]

11-oxo-β-amyrin

carbonic acid

5-phospho-β-
D-ribosylamine

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

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

(2E,6E)-farnesyl
diphosphate

cyclic-GMP

[+ 31 isozymes]

an (11Z)-3-
oxooctadec-

11-enoyl-[acp]

a phosphatidyl-N-
methylethanolamine

[+ 18 isozymes]

lathosterone

(R)-pantoate

L-xylulose
reductase:
Solyc12g045030.2

glycerol-3-
phosphate
dehydrogenase:
Solyc11g008380.2

o-succinylbenzoate
synthase:
Solyc04g005180.3

5α-cholesta-
7,24-dien-3β-ol

glu

mannose-6-
phosphate
isomerase:
Solyc02g063220.3

cholesterol

superpathway of ammonia assimilation (plants)

nitrobenzene
dioxygenase:
Solyc11g042640.2

CDP

superpathway of anthocyanin biosynthesis (from pelargonidin 3-O-glucoside)

Man
5

GlcNAc
2

-[protein]
(isomer 5A

1,2

)

D-threo-isocitrate

2-cis,4-trans
-xanthoxin

AMP

[+ 3 isozymes]

a cis,cis-delta3,21-
C40:2-[acp]

D-glucopyranose
6-phosphate

UDP-glucose 4,6-
dehydratase:
Solyc07g062130.3

indole-3-glycerol
phosphate synthase:
Solyc03g111850.3

PAPS

C-22 sterol
desaturase:
Solyc02g070580.1

maltooligosyl-
trehalose
trehalohydrolase:
Solyc02g066955.1

cis-12-
sulfojasmonate

[+ 11 isozymes]

quercetin 3-O-β-D-glucosyl-(1->
2)-glucosyl-(1->2)-β-D-glucoside

cinnamyl alcohol

4-methyleumbelliferone
glucoside glucosidase:
Solyc03g119080.4

[+ 2 isozymes]

an arachidoyl-[acp]

ribulose
bisphosphate
carboxylase:

Solyc00g203660.2

a butanoyl-[acp]

7,8-
diaminopelargonic
acid synthase:
Solyc07g006810.3

4α-carboxy,4β,14α-
dimethyl-9β,19-cyclo-
5α-cholest-24-en-3β-ol

trimethylurate
monooxygenase:
Solyc04g025650.3

L-citrulline

red chlorophyll
catabolite

α-amyrin

UDP-β-L-rhamnose

SAH

brassinolide
synthase:
Solyc02g089160.3

1,3,5-
trimethoxybenzene

6-(α-D-glucosaminyl)-1-
phosphatidyl-1D-myo-inositol

glucose-6-phosphate
isomerase:
Solyc04g076090.3

a 3-oxohexadecanoyl-[acp]

2-pentadecanone

UDP-α-D-glucose

a cis,cis-
delta13,25-3-
hydroxyC44:2-

[acp]

[+ 12 isozymes]

galactokinase:
Solyc01g058390.3

a malonyl-[acp]

phytochromobilin biosynthesis

acetoacetate

Solyc08g079820.3:
Solyc08g079820.3

γ-glutamyl cycle

4-(2-methylbutanoyl)sucrose

3-oxo-2-(cis-2’-pentenyl)
-cyclopentane-1-(E-
octa-2-enoyl)-CoA

L-2-aminoadipate

adenosine kinase:
Solyc09g007940.3

steviol glucoside biosynthesis (rebaudioside A biosynthesis)

a D-hexose

(4S)-limonene

23S rRNA
pseudouridine 955/

2504/2580
synthase:
Solyc01g100400.3

(S)-2-oxo-
4-hydroxy-

4-carboxy-5-
ureidoimidazoline

[+ 3 isozymes]

4-amino-4-
deoxychorismate
synthase:
Solyc04g049355.1

a β-D glucoside

fecosterol

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

3’,5’-ADP

p-coumaroyl ester
3’-hydroxylase:
Solyc12g056810.2

Amidase:
Solyc03g118690.3

a cis-delta13-
C32:1-[acp]

acetate

L-dehydro-
ascorbate

cyanidin 3-O-[2"-O-(2"’-
O-(sinapoyl) xylosyl)
6"-O-(p-coumaroyl)
glucoside] 5-O-[6""-O
-(malonyl) glucoside]
sinapoyltransferase:
Solyc12g088280.2

alcohol
dehydrogenase:
Solyc03g051645.1

3-(4-
hydroxyphenyl)

pyruvate

UDP-N-acetyl-α-D-muramoyl-L-alanyl-
γ-D-glutamyl-L-lysyl-D-alanyl-D-alanine

3-oxoacyl-
CoA
hydrolase:
MKS2

glycerol 3-
phosphate
dehydrogenase:
Solyc01g088150.3

D-glucopyranose
6-phosphate

3-phospho-
D-glycerate

H+

UDP-α-D-galactose

SAM

3-hydroxyisobutyrate
dehydrogenase:
Solyc02g022930.3

sabinene

12-hydroxyjasmonate
sulfotransferase:
Solyc02g068903.1

hydroquinone

a cis,cis-
delta19,31-3-

oxo-C50:2-[acp]

L-kynurenine

thr

[+ 9 isozymes]

acylphosphatase:
Solyc09g008190.3

ammonia-dependent
carbamoyl-
phosphate
synthase:
Solyc06g075340.3

H+

stearoyl-[acyl-
carrier-protein]
9-desaturase:
Solyc03g063110.3

TriacylGlycerol
Lipase:
Solyc09g009700.3

16-oxo-palmitate

[+ 2 isozymes]

a monoamide of
a dicarboxylate

[+ 4 isozymes]

carbamoyl
phosphate

synthetase:
Solyc03g115630.3

6-amino-2-
oxohexanoate

cys

sn-glycerol
3-phosphate

PI(3,4,5)P
3

 5-
phosphatase:
Solyc00g009110.3

5-hydroxy-8-
methoxypsoralen

4-coumarate

β-phellandrene
synthase (neryl-
diphosphate-
cyclizing):
Solyc08g005640.3

5-hydroxy-
L-tryptophan

L-cysteine
biosynthesis I

phospholipases

biotin synthase:
Solyc11g065640.2

IPP

a cis-delta15-3-
hydroxyC34:1-

[acp]

typhasterol C-
23 hydroxylase:
Solyc02g084740.3

D-glucopyranose
6-phosphate

tetrahydropapaverine
oxidase:
Solyc03g006690.1

 Cu +

Cu 2+

3-oxo-2-(cis-2’-pentenyl)
-cyclopentane-1-(3R-
hydroxyhexanoyl)-CoA

littorine mutase:
Solyc06g035760.3

linear furanocoumarin
biosynthesis

4-aminobutanoate

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc02g032330.3

[+ 3 isozymes]

4-tyrosol

[+ 11 isozymes]

Solyc04g025180.3

fatty-acyl coenzyme
A oxidase:
Solyc08g078390.3

K+

3-phospho-D-glycerate

Lipid-phosphate
phosphatase:
Solyc03g083010.3

[+ 6 isozymes]

geranylgeraniol
kinase:
Solyc09g018510.3

UDP

(2S)-flavanone

[+ 3 isozymes]

(2Z,4Z)-2-
hydroxyhexa-
2,4-dienoate

[+ 14 isozymes]

a cis,cis-
delta7,25-3-

oxo-C44:2-[acp]

myo-inositol-1,4,5-
trisphosphate
6-kinase:
Solyc03g118000.1

(S)-atropine

keto-D-fructose
6-phosphate

zeinoxanthin ε-
monooxygenase:
Solyc04g051190.3

protein-lysine deacetylase:
Solyc04g009430.3

4-coumarate

a [glycine-cleavage
complex H protein]
N6 -lipoyl-L-lysine

shikimate O-
hydroxycinnamoyltransferase:
Solyc01g107050.3

germacrene A acid
6α-hydroxylase:
Solyc03g058857.1

chlorophyll synthetase:
Solyc05g024190.3

inunolide

D-glucopyranose

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

cyanidin 3-O-p-
coumaroylglucoside 2-
O"-xylosyltransferase:
Solyc04g010110.3

arginase:
ARG2

Acetyl-CoA-
benzylalcohol
acetyltransferase:
Solyc01g105580.1

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

o-succinylbenzoate--CoA
ligase: Solyc02g069925.1

2-R-hydroperoxy-
linolenate

3-deoxy-D-manno-
octulosonate
hydrolase:
Solyc12g014440.2

Solyc11g062120.2

a sphingoid base

UDP-N-acetyl-α-
D-galactosamine

acetate

trans-2-hexenal
reductase:
Solyc01g098850.3

2-oxoglutarate

α-L-fucoside

Steroid sulfotransferase:
Solyc04g028400.2

a [cullin]-N 6 -
[NEDD8-protein]-

yl-L-lysine

(E)-4-
coumaroyl-CoA

β-cryptoxanthin

arginase:
ARG1

4α-formyl-stigmasta-
7,24(24 1 )-dien-3β-ol D-xylopyranose

a [protein]-N 6 -
monoubiquitinyl-

L-lysine

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

methylbutanoate

α-D-
galactopyranose

hydroxymethyl
glutaryl-CoA
synthase:
Solyc08g007790.3

[+ 11 isozymes]

cis-aconitate

O-carbamoyl-
deacetylcephalosporin C

[+ 2 isozymes]

cutin biosynthesis

L-pipecolate
biosynthesis

4,5-DOPA dioxygenase
extradiol: Solyc11g072550.2

a flavanone-7-
O-β-D-glucoside

tetrahydropapaverine
oxidase:
Solyc03g006690.1

pyridoxine 4-
dehydrogenase:

Solyc07g043570.3

sinapate

Acylpyruvate
hydrolase:
Solyc01g066480.3

a malonyl-[acp]

D-glucosamine
6-phosphate

tropinone reductase:
Solyc04g054950.3

glycoprotein 3-α-L-
fucosyltransferase:
Solyc01g108110.3

spermidine

desulfoglucobrassicin

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

hydroxymethylpyrimidine
kinase: Solyc01g103950.3

[+ 11 isozymes]

superpathway of choline biosynthesis

1-oleoyl-2-
α-linolenoyl-

phosphatidylcholine

a long-chain
fatty acid

rubredoxin--NAD(P)
+ reductase:
Solyc11g042760.1

glutaredoxin:
Solyc02g082200.3

IAA-Met

D-arabinono-1,4-
lactone oxidase:
Solyc09g005180.3

(R)-prunasin

7,4’-
dimethylkaempferol

a 3-acylpyruvate

indole-3-acetyl-
aspartate
synthetase:
Solyc00g167300.2

acetyl-CoA:propanol
O-acetyltransferase:
Solyc06g051130.1

(S)-lactate

(S)-ureidoglycolate

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

-lysine

[+ 15 isozymes]

cyanate

NAD+ synthetase,
glutamine dependent:

Solyc06g071240.2

[+ 4 isozymes]

[+ 23 isozymes]

4-(indol-3-
yl)butanoyl-
β-D-glucose

a (1->6)-
α-D-glucan

[+ 5 isozymes]

glycerol

campest-4-en-3β-ol

D-serine

a monoglyceride

[+ 7 isozymes]

pyruvate

geranylgeranyl
diphosphate
synthase:
Solyc02g085700.1

F6P

(+)-borneol

H
2

O

[+ 11 isozymes]

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

catechol

[+ 10 isozymes]

germacra-
1(10),4,11(13)

-trien-12-ol

ternatin C5 biosynthesis

cis-abienol

tetraketide α-
pyrone reductase:
Solyc04g008780.3

Methylecgonone
reductase:
Solyc03g098100.3

[+ 7 isozymes]

α-amyrin biosynthesis

a sphingosine
ceramide

[+ 2 isozymes]

γ-chaconine

Beta-carotene
3-hydroxylase:
Solyc03g007960.3

quercetin-4’-O-
glucosyltransferase:
Solyc03g114710.3

NADH
pyrophosphatase:
Solyc00g128870.3

[+ 2 isozymes]

maltose

D-ribose 5-
phosphate

Glucan endo-1,3-
beta-D-glucosidase:
Solyc00g202560.2

calycosin

β-ketoacyl-
ACP synthase:
Solyc08g006560.3

3-dehydro-4-
methylzymosterol

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

acetyl-α-D-glucosamine

Fe 2+

methyl iodide

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

H+

a dihydroceramide
1-phosphate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

[+ 7 isozymes]

formate

aminodeoxychorismate
lyase: Solyc04g049890.3

proline
dehydrogenase:
Solyc02g089630.3

UDP

[+ 2 isozymes]

2-hydroxyisoflavanone
naringenin hydro-lyase
(genistein-forming)
: Solyc01g108520.2

tRNA-uridine 2-
sulfurtransferase:
Solyc09g074100.3

superpathway of plastoquinol biosynthesis

succinate

a 1,2-diacyl-
sn-glycerol

purine
cytosine
caffeine

[+ 4 more]

[+ 13 isozymes]

D-glucopyranose 6-phosphate

shikimate kinase:
Solyc04g051860.3

a carotenoid
ε-end group

Monoglyceride
lipase:
Solyc01g098110.3

tetraketide α-
pyrone synthase:
Solyc01g111070.3

N-acetyl-L-
glutamate

pyruvate

pyridoxal kinase:
Solyc02g091340.3

dCMP deaminase:
Solyc03g111350.3

geranylgeraniol

decanoate

kinetin-7-N-glucoside

Solyc05g053570.3

fructose-6P,
2 kinase:
Solyc06g082150.3

a [HECT-type E3
ubiquitin transferase]-S
-ubiquitinyl-L-cysteine

APS

[+ 610 isozymes]

red chlorophyll catabolite

[+ 34 isozymes]

2-aminoprop-
2-enoate

IMP

[+ 4 isozymes]

ammonium

H+

pyruvate

(3S,6E)-nerolidol

a tRNA Arg

superpathway of polyamine biosynthesis II

phosphatidylglycerophosphate
synthase: Solyc04g049550.3

acyl-carrier protein

CMP

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

(6S)-
hydroxyhyoscyamine

phytanoyl-CoA

D-myo-inositol
1,2-cyclic
phosphate

[+ 108 isozymes]

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

[+ 4 isozymes]

30-oxoobtusifoliol

NADPH

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

a (4S)- 2,3-
dehydroflavan-

3,4-diol

an N-acylated
aliphatic-L-
amino acid

glutamate synthase:
Solyc03g083440.3

[+ 4 isozymes]

[+ 11 isozymes]

[+ 9 isozymes]

nucleoside diphosphate
kinase: Solyc12g049370.2

S-adenosyl-L-
methionine:β-alanine
N-methyltransferase:
Solyc10g085830.2

raucaffrinoline

glyceraldehyde-
3-phosphate
dehydrogenase:
Solyc01g098950.2

31-norcycloartanol

ala

kinetin UDP
glycosyltransferase:

Solyc03g078780.2

argininosuccinate
lyase:

Solyc04g076320.3

(E)-2-
methylcrotonoyl-CoA

transketolase:
Solyc05g050970.3

β-L-gulose
1-phosphate

5,10-
methylenetetrahydrofolate

reductase: Solyc11g008870.2

[acyl-carrier-protein] S
-malonyltransferase:
Solyc01g006980.3

glutathione

trans-4-
carboxymethylenebut-
2-en-4-olide
lactonohydrolase:
Solyc01g080220.3

a 1-acyl-sn
-glycero-3-

phosphocholine

phosphoenolpyruvate
carboxylase:
Solyc04g006970.3

N1 -acetylspermine

a [pyruvate
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

[+ 2 isozymes]

α-D-
glucosaminide-

[heparan sulfate]

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

(E)-1-(glutathion-S-yl)-N-hydroxy-
ω-(methylsulfanyl)butan-1-imine

6-(methylsulfanyl)hexyl-
desulfoglucosinolate

glutamate-5-
semialdehyde
dehydrogenase:
Solyc06g019170.3

[+ 13 isozymes]

(4S)-limonene
synthase (neryl-
diphosphate-
cyclizing):
Solyc08g005640.3

succinate

a pectin

phloroglucinol O-
methyltransferase:
Solyc06g060200.2

22-oxo-
docosanoyl-CoA

a 3-sn-
phosphatidyl-

L-serine

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

S-(hydroxymethyl)
glutathione

obtusifoliol-14α-
demethylase:
Solyc10g083340.2

3-phosphoshikimate 1-
carboxyvinyltransferase:
Solyc01g091190.3

CTP

glycerol

[+ 8 isozymes]

L-galactonolactone
dehydrogenase:
Solyc10g079470.3

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

tRNA-guanine
transglycosylase:
Solyc04g074710.3

(S)-corytuberine
synthase:
Solyc08g080380.3

(R)-propane-
1,2-diol

AMP

formaldehyde

phenylalanine
ammonia-lyase:
Solyc00g282510.2

3-oxo-2-(cis-2’-pentenyl)
-cyclopentane-1-(3R-
hydroxyoctanoyl)-CoA

D-arabinono-
1,4-lactone

GDP-4-dehydro-
6-deoxy-β-
L-galactose

[+ 4 isozymes]

N-acetylglucosaminyl-
proteoglycan 4-β-
glucuronosyltransferase:
Solyc05g055420.3

(E)-4-
coumaroyl-CoA

(+)-7-epi-
jasmonoyl-L-
phenylalanine

an acyl-[acyl-
carrier protein]

myo-inositol-
hexakisphosphate 4-
phosphohydrolase:
Solyc09g091910.2

FAD

succinate
semialdehyde

eugenol

Solyc11g017010.2

a glucomannan

[+ 9 isozymes]

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

cyanidin

(3E)-
phytochromobilin

(+)-7-epi-12-
hydroxyjasmonoyl-
L-phenylalanine

3-dehydro-6-
deoxoteasterone

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

pentakisphosphate

a [TusE sulfur
carrier protein]-S
-sulfanylcysteine

C34-
phenolphthiotriol A

UDP

Violaxanthin
de-epoxidase:
Solyc04g050930.3

an N-acetyl-β-D-glucosaminyl-
(1->4)-N-acetyl-β-D-

glucosaminyl-[glycoprotein]

3-methyl-3-
sulfanylbutan-1-ol

iron regulated
transporter:
Solyc02g069200.3

a cis-delta21-3-
oxo-C40:1-[acp]

a reduced
ferredoxin [iron-

sulfur] cluster

geranyl diphosphate
biosynthesis

[+ 4 isozymes]

glutamine synthetase:
Solyc01g056450.2

4-hydroxy-3-
methoxycinnamoyl-
sugar hydrolase:
Solyc05g014110.3

5-(methylsulfinyl)
pentyl-glucosinolate

(+)-7-epi-
jasmonate

methenyltetrahydrofolate
cyclohydrolase:
Solyc01g094280.3

GDP-α-D-
mannose

a 5-hexenoyl-[acp]

phosphohydroxythreonine
aminotransferase:
Solyc02g082830.2

methyl benzoate

26-hydroxycastasterone

argininosuccinate
synthase:

Solyc05g012270.3

5-formyltetrahydrofolate
cyclo-ligase:
Solyc03g113590.3

met

linoleate 9S-
lipoxygenase:
Solyc01g099150.4

6-dihydro-
NADP oxidase:
Solyc01g097160.3

syringetin

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

5’-nucleotidase:
Solyc12g098830.2

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

an acyl-[acyl-
carrier protein]

[+ 2 isozymes]

UDP-N-acetyl-α-D-muramoyl-
L-alanyl-γ-D-glutamyl-L-lysine

GDP

[+ 4 isozymes]

a ferrocytochrome
b

5

angelicin

tryptophan synthase:
Solyc01g098550.3

[+ 3 isozymes]

all-trans-retinol

coproporphyrinogen
III dehydrogenase:
Solyc03g111360.3

benzoate

acetaldehyde

acetaldehyde

3’-O-demethyl-
staurosporine

cinnamoyl-CoA

a tetrahydrofolate

oxygenic photosynthesis

littorine

di-trans,octa-cis
-undecaprenyl

diphosphate

dAdoMet

D-glucopyranose

a cis-delta13-3-
oxo-C32:1-[acp]

[+ 17 isozymes]

a ferrocytochrome
b

5

cyanidin 3,7-di-
O-β-D-glucoside

acyl-carrier protein

(E)-4-coumaroyl-CoA

homogalacturonan biosynthesis

a malonyl-[acp]

γ-tocopherol
cyclase:
Solyc08g068570.3

terpinolene

homogentisate

a ribonucleoside
2’,3’-cyclic

phosphate

carbamoyl
phosphate
synthetase:
Solyc03g115630.3

4-methyl-5-(2-
phosphooxyethyl)

thiazole

[+ 10 isozymes]

an all-trans-
polyisoprenyl

diphosphate

[+ 11 isozymes]

ent-kaurenol

beta-amylase:
Solyc01g067660.3

a B type 1
histo-blood

group antigen

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

β-D-fructofuranose

thiol oxidase:
Solyc04g007610.3

methylsalicylate
esterase:
Solyc01g108720.2

α-amylase:
Solyc02g066955.1

[+ 18 isozymes]

sulfoquinovosyl
diacylglycerol biosynthesis

4-aminobutanoate

ferric-chelate
reductase (NADH):
Solyc00g020545.1

CO
2

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

(3R)-3-hydroxy-2-oxo-
4 phosphooxybutanoate

UDP-N-
acetylglucosamine
kinase:
Solyc08g059750.2

4-(γ-L-glutamylamino)
butanoate

UDP-L-rhamnose
synthase:
Solyc10g007480.3

gallate 1-β-
glucosyltransferase:
Solyc01g107560.3

nicotinate

diphosphate

[+ 2 isozymes]

myo-inositol

hygrine

11α,30-
dihydroxy-

β-amyrin

L-2-hydroxyglutarate
dehydrogenase:
Solyc10g079440.2

scopolin biosynthesis

endochitinase:
Solyc01g095250.1

2-propenyl-
thiohydroximate-O-sulfate

[+ 6 isozymes]

sulfate

chorismate
synthase:
Solyc04g049350.3

H+

kaempferide 7-O-
methyltransferase:
Solyc01g068545.1

pyridoxine 5’-
phosphate oxidase:

Solyc03g113770.3

[+ 6 isozymes]

ornithine/ornithine
exchanger:

Solyc03g120100.3

steviol 19-O-UDP
glucosyltransferase:
Solyc08g006350.3

a ribonucleoside
diphosphate

icosanoyl-CoA

[+ 7 isozymes]

a 23S rRNA
uridine 1911/1915/1917

a 1,3-β-D-glucan

an acetyl ester

[+ 2 isozymes]

ammonium

L-aspartate 4-
semialdehyde

a 3-oxo-5-
α-steroid

lupeol 28-
monooxygenase:
Solyc01g018025.1

plastoquinol-
plastocyanin
reductase:
Solyc01g017740.1

2-methyl-6-phytyl-
1,4-benzoquinone
methyltransferase:
Solyc03g005230.3

3-(methylsulfinyl)
propyl-glucosinolate
dioxygenase:
Solyc06g066850.1

diphosphate

D-threo-isocitrate

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

-lysine

2-oxobutanoate

a [protein]-N 6 -
monoubiquitinyl-

L-lysine

butanol acetyltransferase:
Solyc06g051130.1

pheophorbide a

benzoyl-β-D-
glucopyranose
biosynthesis

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

pyridoxal 5’-
phosphate
synthase:
Solyc11g069290.2

a cis,cis-
delta11,29-
C48:2-[acp]

γ-L-glutamyl
5-phosphate

19-O-β-
glucopyranosyl-

steviol

oleanolate

lysine within
gcv protein H

jasmonoyl-leucine
synthetase:
Solyc00g212260.2

viridiflorene

coenzyme A

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc07g006095.1

4α-hydroxymethyl,4β,14α-
dimethyl-9β,19-cyclo-
5α-cholest-24-en-3β-ol

hydrogencarbonate

violaxanthin

a (2E)-dodec-
2-enoyl-[acp]

[+ 9 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

chlorophyll b

quercetin 3,
4’, 7-trisulfate

[+ 2 isozymes]

GDP-D-mannose:GDP-
L-gulose epimerase:
Solyc09g082990.3

a cis,trans-
polyisoprenyl
diphosphate

[+ 5 isozymes]

dihydrofolate
reductase:

Solyc06g060570.3

pyruvate
fermentation

to (S)-lactate

[+ 20 isozymes]

guanine

IAA-Val

phosphoglucan,
water dikinase:
Solyc09g098040.3

(3S,5R,6S)-
5,6-epoxy-3-
hydroxy-5,6-

dihydro-12’-apo-
β-caroten-12’-al

lactose

glutathione

geranyl diphosphate
synthase:
Solyc02g085720.1

(-)-germacrene D

C37-
phenolphthiocerol A

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

[+ 18 isozymes]

2-methylacyl-CoA
dehydrogenase:
Solyc06g073560.3

Fatty Acid and Lipid Biosynthesis

[+ 4 isozymes]

SAM

an N 6 -L-
threonylcarbamoyladenine 37

in tRNA

3-deoxy-7-
phosphoheptulonate
synthase:
Solyc00g164680.2

β-N-
acetylglucosaminidase:
Solyc01g081610.3

eugenol 2-O-β-D-
glucopyranosyl-(1 -> 2)-[O

-β-D-xylopyranosyl-(1 ->
6)]-O-β-D-glucopyranoside 2,3,4-saturated fatty

acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

galactitol

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

diamine N-
acetyltransferase:
Solyc06g054090.1

a very-long-
chain aldehyde

GDP-β-L-fucose

a phospholipid

taurine

L-citrulline

[+ 5 isozymes]

[+ 8 isozymes]

N,N-dimethyl-
β-alanine

UDP

6-deoxotyphasterol
C-23 hydroxylase:
Solyc03g121510.3

[+ 8 isozymes]

glycine betaine

F6P

phytyl
diphosphate

palmitoyl-CoA

arginyl-tRNA--
protein transferase:
Solyc06g051760.3

γ-solanine

arginase:
ARG1

tetraketide α-
pyrone synthase:
Solyc01g111070.3

[+ 3 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

[+ 5 isozymes]

CTP synthetase:
Solyc06g016800.2

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

pentakisphosphate

Cu +

D-mannitol
1-phosphate

UDP-N-acetyl-
α-D-glucosamine

glycolate

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc07g006095.1

[+ 2 isozymes]

dehydrotomatidine

D-galactopyranose

a peptide

[+ 2 isozymes]

linoleate epoxidase:
Solyc02g080330.3

GGPP

nicotianamine
synthase:
Solyc01g100490.3

4-coumaroyl-3’,4’-
dihydroxyphenyllactate

a short 1,4-
α-D-glucan

xanthosine

pyridoxamine
5’-phosphate

a malonyl-[acp]

[+ 15 isozymes]

2-oxoglutarate

γ-L-glutamyl
5-phosphate

glyoxylate

methylsalicylate-
2-O-β-D-glucoside

superoxide dismutase:
Solyc01g067740.3

S-adenosyl-
L-methionine
biosynthesis

Ins(1,4)P
2

succinate

dammarenediol II

[+ 7 isozymes]

NAD +

chlorophyllide a

an N-terminal-
L-methionyl-L-
valyl-[protein]

anthocyanidin
reductase [(2S,3S-
flavan-3-ol-forming]:
Solyc03g031470.3

cannabidiolate

a homogalacturonan

(2R,3S)-3-
isopropylmalate

3-oxoacyl-[ACP]
reductase:

Solyc00g049920.2

[+ 14 isozymes]

UDP-α-D-glucose

cyanidin-3-O-β-D-glucoside

myricetin

[+ 4 isozymes]

18-hydroxystearoyl-
CoA

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

(9S,10S)-9,10-
dihydroxyoctadecanoate

PAPS

methanesulfonate

a large-
branched glucan

an N-terminal L-
alanyl-[S5 protein
of 30S ribosome]

[+ 3 isozymes]

[+ 11 isozymes]

UDP-4-dehydro-6-
deoxy-α-D-glucose
3,5-epimerase:
Solyc07g062130.3

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

asp

8-[(1R,2R)-3-oxo-2-{(Z)-pent-
2-enyl}cyclopentyl]octanoate

dihydrosanguinarine

a phosphatidyl-N-
methylethanolamine

a cis-delta17-3-
hydroxyC36:1-

[acp]

a [release factor]-
L-glutamine

a malonyl-[acp]

homogentisate
oxygenase:
Solyc01g098455.1

[+ 2 isozymes]

arginine/citrulline
exchanger:
Solyc06g066680.3

(+)-bornyl-
diphosphate

bebaudioside
B 19-O-UDP
glucosyltransferase:
Solyc08g006370.1

3-cyano-L-alanine

C32-phthiocerol A

R’C(R)SH

3-oxolignoceroyl-
CoA

glutathione

[+ 15 isozymes]

[+ 16 isozymes]

urea

β-D-fructose 1,6-
bisphosphate

[+ 3 isozymes]

L-arginino-succinate

cys

6-deoxocathasterone
hydroxylase:
Solyc06g051750.3

homogentisate
phytyltransferase:
Solyc07g017770.3

4-methyl-5-(2-
phosphooxyethyl)

thiazole

a β-lactam

2’’-O-acetyl-ADP-
ribose deacetylase:
Solyc05g052260.3

acyl-carrier protein

Other

UDP-glucose
4-epimerase:
Solyc01g058390.3

[+ 2 isozymes]

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

campesterol

L-rhamnofuranose

cytidine deaminase:
Solyc07g021750.1

a malonyl-[acp]

N-terminal
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

castasterone

long-chain-fatty-
acid--[acyl-carrier-
protein] ligase:
Solyc09g092450.3

[+ 12 isozymes]

[+ 18 isozymes]

Solyc12g005060.1

N-carbamoylsarcosine

acyl-carrier protein

D-glucopyranose

chlorophyllide b

isoeugenol

a phosphatidylcholine

[+ 2 isozymes]

UDP

(-)-lariciresinol

a glucuronoxylan

[+ 5 isozymes]

phosphocholine

gly

purine
cytosine
caffeine

[+ 4 more]

a protein with
reduced L-

cysteine residues

phosphatidate
phosphatase:
Solyc02g062570.3

a 1,2-diacyl-
sn-glycerol

7-hydroxylauroyl-
CoA

[+ 2 isozymes]

trans-5-O-(4-coumaroyl)-
D-quinate,NADPH:oxygen
oxidoreductase
(3-hydroxylating):
Solyc01g009370.2

chlorophyll b reductase:
Solyc07g024000.3

D-cysteine

a long-chain
acyl-CoA

UMP kinase:
Solyc01g088480.3

[+ 5 isozymes]

trans-zeatin

thymidylate synthase:
Solyc01g109830.3

UDP-α-D-glucose

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

a cis,cis-
delta17,29-
C48:2-[acp]

phosphoglucomutase:
Solyc05g026490.3

Solyc09g014900.3:
Solyc09g014900.3

dTMP kinase:
Solyc05g053300.3

ile

linoleate

[+ 5 isozymes]

a (3R)-3-
hydroxydocosanoyl-

[acp]

cholesterol
biosynthesis (plants)

γ-L-glutamyl
5-phosphate

phytol

vindoline

an anthocyanidin
with a 3-

hydroxy group

(E)-4-
coumaroyl-CoA

acyl-CoA synthetase:
Solyc12g009040.2

geranial

uracil

5-(methylsulfanyl)-
ribulose 1-phosphate

glucoiberverin

phosphomevalonate
kinase:
Solyc06g066310.3

[+ 20 isozymes]

steviolbioside
19-O-UDP
glucosyltransferase:
Solyc08g006350.3

(indol-3-yl)acetate

a long-chain
acyl-[acyl-

carrier protein]

a palmitoyl-[acp]

ferredoxin-
thioredoxin
reductase:
Solyc02g087230.3

nucleoside
diphosphate kinase:
Solyc12g049370.2

a 1-phosphatidyl-
1D-myo-inositol

a [PchF non-
ribosomal

peptide synthase]

adenine

a tetrahydrofolate

a decanoyl-[acp]

L-asparaginase:
Solyc03g093440.3

nucleoside
triphosphate
phosphatase:

Solyc12g098540.2
dTMP

4-hydroxyphenylpyruvate
dioxygenase:
Solyc05g041200.3

solasodine

putrescine N-
methyltransferase:
Solyc06g053510.3

[+ 3 isozymes]

1-oleoyl-2-(3E)
-hexadecenoyl-

phosphatidylglycerol

L-glyceraldehyde

[+ 7 isozymes]

a 3-oxohexanoyl-
[acp]

an N-terminal N α -
acetyl-L-methionyl-

L-isoleucyl-[protein]

[+ 5 isozymes]

a levan

a polyamine

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

a tetrahydrofolate

Ornithine--
oxo-glutarate
aminotransferase:
Solyc08g048450.3

an S-alkylsulfenate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

L-ornithine
L-citrulline

amidophosphoribosyltransferase:
Solyc01g110520.3

enoyl reductase:
Solyc00g012690.1

sucrose phosphate
phosphatase:
Solyc01g006740.3

7 1 -hydroxychlorophyllide
a monooxygenase:
Solyc03g095750.2

(1R,6R)-2-succinyl-
6-hydroxy-2,4-
cyclohexadiene-
1-carboxylate
synthase:
Solyc04g005200.3

a cis,cis-
delta7,19-3-

oxo-C38:2-[acp]

quercetin 3-O-
glactosyltransferase:
Solyc07g006720.3

a xyloglucan

D-gluconate
6-phosphate

2’-deoxycytidine kinase:
Solyc11g020780.2

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

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

1-O-(2-acetamido-2-deoxy-
α-D-glucopyranosyl)-1D-
myo-inositol 3-phosphate

lycopene β-cyclase:
Solyc01g102950.3

spermine

carbamoyl phosphate

3-acetamidopropanal

UDP-α-D-glucose

β-myrcene

(+)-camphor

loganin

an H antigen

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

a glutathione-
S-conjugate

a [protein]-
L-arginine

[+ 2 isozymes]

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

a [PchF non-
ribosomal

peptide synthase]

[+ 3 isozymes]

(-)-ent-copalyl
diphosphate

flavonol glucosylation I

leu

1-palmitoyl-
glycerone 3-
phosphate
reductase:
Solyc04g054400.3

[+ 3 isozymes]

2-nitrotoluene

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

diphosphate:fructose-
6-phosphate 1-
phosphotransferase:
Solyc01g057805.1

2-(glutathion-S-
yl)-hydroquinone

3-nonaprenyl-4-
hydroxybenzoate

NAD +

glucose-6-
phosphate
isomerase:
Solyc04g076090.3

dAdoMet

[+ 2 isozymes]

quercetin

UTP3-dehydro-6-
hydroxyteasterone

IAA-Glu

(S)-(+)-allantoin

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

oxidoreductase (formate-
forming): Solyc09g082650.3

ammonia

[+ 9 isozymes]

methylsalicylate O-β-D-
xylopyranosyl-(1->6)-
O-β-D-glucopyranoside

[+ 4 isozymes]

acetyl-CoA

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

coniferyl alcohol

Ins(3,4)P
2

UDP

oxaloacetate

AMP

[+ 7 isozymes]

an aldehyde

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

pyrroline-5-
carboxylate
reductase:
Solyc02g068640.3

[(3S)-4-octanoyl-
5-oxooxolan-3-

yl]methyl phosphate

flavanone 3-
dioxygenase:
Solyc11g013110.2

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

(R)-glycerate

D-glucopyranose

hydroxyacetone

sulfite oxidase:
Solyc02g094120.3

formononetin

NMN
adenylyltransferase:
Solyc07g065590.3

α-linolenate

isoliquiritigenin

2-succinyl-5-
enolpyruvyl-
6-hydroxy-3-
cyclohexene-
1-carboxylate
synthase:
Solyc04g005180.3

[+ 2 isozymes]

ser

[+ 7 isozymes]

ornithine
decarboxylase:
odc

thymidine kinase:
Solyc11g012480.2

(13S)-HPODE

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:

Solyc11g072640.2

a proanthocyanidin

a phosphatidylcholine

NADH
dehydrogenase:
Solyc00g014830.3

cobalamin-
independent
homocysteine
transmethylase:
Solyc01g009180.3

[+ 6 isozymes]

kaempferol 3-O
-β-D-glucoside

geranyl
diphosphate

oxaloacetate

2,4-dihydroxycinnamate

xyloglucan-
specific endo-β-
1,4-glucanase:
Solyc01g081060.3

glutarate

GDP-L-fucose
synthase:
Solyc07g006070.1

molybdopterin

[+ 3 isozymes]

formate:tetrahydropteroylpolyglutamate
ligase: Solyc01g006280.3

a plant soluble
heteroglycan

a dialkyl
phosphate

chlorophyll a

Solyc04g064720.3

[glucuronoxylan]
4-O-methyl-

D-glucuronate

2-oxoglutarate

Ins(1,4,5)P
3

a 1,3-β-D-glucan

sn-glycerol
3-phosphate

[+ 7 isozymes]

adenylylsulfate
sulfohydrolase:
Solyc02g068700.3

a phosphatidylcholine

[+ 4 isozymes]

obtusifoliol

cycloartenol
synthase:
Solyc04g050670.1

cytidine

3-dehydroquinate
dehydratase:
Solyc01g067750.3

CDP

pyrroline-5-
carboxylate
reductase:
Solyc02g068640.3

8-(methylsulfinyl)
octyl-glucosinolate

glycerol-3-
phosphate 2-O-
acyltransferase:
Solyc01g094700.3

pyridoxal
phosphatase:

Solyc01g068590.3

D-glucopyranose

[+ 31 isozymes]

phosphatidylinositol 2-
α-mannosyltransferase:
Solyc08g074970.1

D-galactopyranose

(2E,6E)-farnesol

Heparan-alpha-
glucosaminide N-
acetyltransferase:
Solyc01g099745.1

(E)-2-hexenal

serotonin and
melatonin biosynthesis

quercetin 3’-O-
methyltransferase:
Solyc03g032220.3

[+ 21 isozymes]

purine deoxyribonucleosides salvage

methylthioribulose-1-
phosphate dehydratase:

Solyc07g063040.3

L-ornithine
biosynthesis II

a 10-
formyltetrahydrofolate

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

12,15-dienoate

(2R,3S)-3-
isopropylmalate

magnesium dechelatase:
Solyc04g063240.3

(3β,9β)-4α-demethyl-
4α-carboxy-9,19-
cyclolanost-3-ol

pyruvate phosphate
dikinase:
Solyc01g080460.3

1,2-di-O-sinapoyl-
β-D-glucose

kinetin

a medium
chain fatty acid

(2E,6E)-farnesyl diphosphate

N-acetyl-β-D-
glucosaminyl-(1->4)

-D-glucosamine

(2E,6E)-farnesyl
diphosphate

trans-lycopene biosynthesis
II (oxygenic phototrophs

and green sulfur bacteria)

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:
Solyc12g096780.2

all-trans-retinol
dehydrogenase:
Solyc03g098460.3

isorhamnetin
3-sulfate

4-maleyl-
acetoacetate

[+ 6 isozymes]

Delta(7)-sterol
5(6)-desaturase:
Solyc02g086190.2

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-ω-

(methylsulfanyl)butan-1-imine

hydroxyindole O-
methyltransferase:
Solyc12g009110.2

[+ 2 isozymes]

[+ 6 isozymes]

a diglyceride

a 2-oxo
carboxylate

tricaffeoyl
spermidine

a 6-phosphogluco-
3-phosphogluco-

amylopectin

N1 -acetylspermine
oxidase:
Solyc05g006250.1

[+ 3 isozymes]

methenyltetrahydrofolate
cyclohydrolase:
Solyc01g094280.3

3’-dephospho-
CoA

prolycopene

β-alanine

glu

9-cis-10’-apo-β-
carotenal cleavage
dioxygenase:
Solyc08g066650.3

genkwanin

2-oxoglutarate

[+ 3 isozymes]

ser

[+ 11 isozymes]

benzoyl-β-D-
glucopyranose

oleoyl-CoA

a protein

phosphatidylserine
synthase:
Solyc04g007520.3

[+ 7 isozymes]

[+ 11 isozymes]

[+ 11 isozymes]

protein N-glycosylation initial phase (eukaryotic)

[+ 6 isozymes]

L-alanine
biosynthesis II

H+

cyanidin 3-O-β-D-(p-
coumaroyl)-sambubioside

Solyc02g086145.1

30-hydroxy-11-
oxo-β-amyrin

zeaxanthin
biosynthesis

a non
galactosylated

galactose acceptor

a (2R,3S)-
flavan-3-ol

D-glucopyranose

citrate

phosphomethylpyrimidine
kinase: Solyc01g103950.3

3-isopropylmalate
dehydrogenase:
Solyc05g009030.3

L-lactate
dehydrogenase:
Solyc08g078850.3

transketolase:
Solyc10g018300.2

diphosphate

starch

Man
3

GlcNAc
3-[protein]

a phthiodiolone

a 5,10-
methylenetetrahydrofolate

red chlorophyll
catabolite reductase:
Solyc03g044470.3

arogenate
dehydrogenase:
Solyc06g060925.1

[+ 2 isozymes]

psoralen

3,4-dichloroaniline

trehalose-6-
phosphate
synthase:
Solyc01g005210.3

δ-tocopherol
methyltransferase:
Solyc03g116150.3

α-D-glucopyranose

propanoyl-CoA:ethanol
O-propanoyltransferase:
Solyc06g051130.1

[+ 4 isozymes]

delphinidin 3-O
-(6’’-O-malonyl)

-β-glucoside

[+ 5 isozymes] (+)-cis-abscisic
aldehyde

α-1,4-
glucanotransferase:
Solyc02g020980.3

cis-zeatin

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

lathosterol:NADP+
∆ 24 -oxidoreductase:
Solyc02g030170.3

a (2R,3S,4S)-
leucoanthocyanidin

UDP

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

delphinidin-3-O
-(6’’-O-malonyl)
-β-glucoside-3’-

O-β-glucoside

3-oxobehenoyl-
CoA

1-(5-phospho-
β-D-ribosyl)-ATP

transketolase:
Solyc05g050970.3

succinate

threonine synthase:
Solyc06g062845.1

ascorbate glutathione cycle

hydroxyl radical

castasterone

trans-caffeoyl-CoA

a cis,cis-
delta21,39-3-

oxo-C58:2-[acp]

CO
2

mannosyl-
oligosaccharide 1,3-
1,6-α-mannosidase:
Solyc02g087290.3

2-methyl-6-
geranylgeranyl-
1,4-benzoquinol
methyltransferase:
Solyc03g005230.3

a very-long-chain
fatty acyl-CoA

a trans-2-
enoyl-[acyl-

carrier protein]

[+ 3 isozymes]

[+ 14 isozymes]

(4S)-limonene 7-
monooxygenase:
Solyc01g010490.3

[+ 2 isozymes]

L-ascorbate
degradation V

Isoflavone 2’-
hydroxylase:
Solyc02g064850.2

a carboxylate

trans-5-O-
caffeoyl-D-quinate

NADP +

an anthocyanidin 3-glucoside-5-
(4-hydroxycinnamoyl)glucoside

formate

[+ 2 isozymes]

quercetin 3-sulfate
4’-sulfotransferase:
Solyc03g114800.1

glutathione

L-leucine degradation I

7-dehydrodesmosterol

[+ 6 isozymes]

transketolase:
Solyc01g018020.2

sn-glycerol 3-phosphate

glyoxylate

[+ 4 isozymes]

1,2-dihydroxy-5-
(methylthio)pent-1-
en-3-one:oxygen
oxidoreductase
(formate- and
CO-forming):
Solyc09g082640.1

coumarinate

N6 -dimethylallyladenine

Solyc07g008340.3

glutamate decarboxylase
A: Solyc01g005000.3

cardiolipin synthase:
Solyc04g009580.3

[+ 2 isozymes]

a (4R)-4,2’-
dihydroxyisoflavan

campest-4-en-3-
one hydroxylase:
Solyc02g085360.3

coniferyl alcohol

AIR

homoserine
dehydrogenase:
Solyc06g064550.3

D-glyceraldehyde
3-phosphate

flavanone 3-
dioxygenase:
Solyc01g090140.2

a type 3 histo-blood group
antigen precursor disaccharide

[+ 2 isozymes]

(R)-prunasin

benzyl alcohol

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

lipid A disaccharide
(E. coli)

UMP kinase:
Solyc01g088480.3

a malonyl-[acp]

(Z,Z)-
bilirubin-IX α

NADH-cytochrome
b

5

 reductase:
Solyc10g081440.2

a (2E)-oct-2-enoyl-[acp]

L-ornithine

[+ 3 isozymes]

α-linolenate biosynthesis
I (plants and red algae)

SAM

phosphoenol
pyruvate

D-glyceraldehyde
3-phosphate

(R)-glycerate

UDP-glucose:phenylacetothiohydroximate
glucosyltransferase: Solyc05g006140.1

UDP-α-D-glucose

[+ 3 isozymes]

NADPH

L-methionine salvage cycle II (plants)

myo-inositol biosynthesis

a tRNA Arg

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

campest-4-en-3-one

[+ 5 isozymes]

a (2E)-hex-2-enoyl-[acp]

a cis-delta11-
C30:1-[acp]

Phospholipid:diacylglycerol
acyltransferase:
Solyc02g080465.1

[+ 4 isozymes]

(2R)-phospho-
3-sulfolactate

a cis,cis-
delta5,17-3-

oxo-C36:2-[acp]

acetaldehyde

a nucleoside
triphosphate

a (3R,7Z)-3-
hydroxyhexacos-

7-enoyl-[acp]

gly

γ-glutamyltranspeptidase:
Solyc01g007940.3

phe

2-octaprenylphenol
hydroxylase:
Solyc09g091565.1

N-acetyl-β-D-
glucosaminide β-(1,3)-
galactosyltransferase:
Solyc02g070400.3

sulfite

an [eIF5A]-
hypusine

L-serine biosynthesis I

K+

a malonyl-[acp]

spermine

rebaudioside B

5,6-dihydrouracil

[+ 2 isozymes]

farnesyl
diphosphate
synthase:
Solyc02g085720.1

a proteinogenic
amino acid

a 1-(1-alkenyl)
-sn-glycero-3-
phosphocholine

propyl acetate

octanoyl
transferase:
Solyc02g077460.2

baicalin

glucosyl-
(heptosyl)

2
-Kdo

2

-lipid
A-phosphate

a quinone

trans-feruloyl-CoA

arginase:
ARG1

berberine

N-carbamoylputrescine

a dextran fragment

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

4-amino-2-methyl-5-
pyrimidinemethanol

[+ 6 isozymes]

a 1,4-β-D-glucan

indolin-2-one

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

phosphate

betaine aldehyde

(indol-3-yl)acetate

nicotinamide

protoheme

an oxidized
c-type
cytochrome

geranyl
diphosphate

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

[+ 2 isozymes]

a dolichyl
diphosphate

a malonyl-[acp]

betulinate biosynthesis

glu

an organic
hydroperoxide

3-hydroxy-indole-
3-butyryl-CoA

trans-resveratrol

cis-zeatin

(+)-cis-abscisic
aldehyde

(2E,6E)-farnesyl
phosphate

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

pentakisphosphate

ceramide degradation

N-acetylneuraminate
7-O(or 9-O)-
acetyltransferase:
Solyc01g058270.3

2-oxobutanoate

ladanein

palmitate

formaldehyde

[+ 13 isozymes]

formaldehyde

methylglutaconyl-
CoA hydratase:
Solyc08g078130.3

[+ 3 isozymes]

(R)-lactate

formate

(-)-glycinol

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

4-phosphooxy-
L-threonine

[+ 17 isozymes]

β-D-glucopyranosyl
abscisate

an oxidized
rubredoxin

a primary alcohol

α-linolenate 9S
-lipoxygenase:
Solyc09g055900.3

(S)-NADHX

[+ 29 isozymes]

[+ 10 isozymes]

dehydroascorbate
(bicyclic form)

aminoacylase:
Solyc11g012970.2

[+ 2 isozymes]

cycloartanol

25S rRNA
(cytosine 2870 -C 5 )-
methyltransferase:
Solyc07g052110.3

lys

[+ 2 isozymes]

trans-caffeate

Ornithine--
oxo-glutarate
aminotransferase:
Solyc08g048450.3

UDP-α-D-xylose

α-D-Man-(1->3)-β-D-Man-(1->4)-β-D-GlcNAc-
(1->4)-α-D-GlcNAc-diphosphodolichol

glu

pseudouridine-
5’-phosphate
glycosidase:
Solyc04g072140.3

D-ribulose
5-phosphate

a long-chain
acyl-CoA

5-MTR-1-P

a [protein]-L-serine

agmatine

[+ 5 isozymes]

D-erythrose
4-phosphate

7-(methylthio)
heptyldesulfoglucosinolate
sulfotransferase:
Solyc11g039807.1

3-hydroxy-
β-ionone

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

3-methylglutaconyl-
CoA

phosphatidylglycerophosphatase:
Solyc12g011020.2

UDP-β-L-
rhamnose

glyoxylate

[+ 2 isozymes]

2-methoxy-6-
polyprenyl-1,4-
benzoquinol
methylase:
Solyc01g081470.3

a holo-[EntB aryl-
carrier protein]

GDP-α-D-mannose

pterin-4-alpha-
carbinolamine
dehydratase:
Solyc00g024150.3

[+ 5 isozymes]

an [L-cysteine
desulfurase]-S-

sulfanyl-L-cysteine

a 1,4-α-D-glucan

Myosin ATPase:
Solyc01g081540.3

hydrogen cyanide

dATP

a membrane
compartment

acetate-CoA ligase
(ADP-forming):
Solyc00g125260.2

4-amino-2-methyl-5-
pyrimidinemethanol

a cis,cis-
delta9,27-3-

oxo-C46:2-[acp]

(+)-columbianetin

NADH
dehydrogenase
(quinone):
Solyc01g011410.1

6-deoxy-6-
sulfofructose kinase:
Solyc08g078370.3

H+

a methyl thioether

Ins(1,4,5)P
3

3-methylcrotonyl-
CoA carboxylase:
Solyc01g108030.3

4,4’-diapophytoene
desaturase:
Solyc04g056440.2

an [E1 ubiquitin-
activating

enzyme]-L-cysteine

(S)-3-methyl-2-
oxopentanoate

a cis,cis-delta5,17-3-
hydroxyC36:2[acp]

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

trans-5-O-
caffeoyl-D-quinate

ergosta-5,7-dienol

[+ 7 isozymes]

fatty acid α-
dioxygenase:

Solyc02g087070.3

an adenine in DNA

glutathione peroxidase:
Solyc09g064850.3

palmitoyl-[acp] elongase/
decarboxylase:
Solyc01g006640.1

AMP deaminase:
Solyc09g014770.3

UDP-α-D-glucose

UDP-α-D-xylose
biosynthesis

acetate

(+)-marmesin

a [methylcrotonoyl-
CoA carboxylase]-

biotin-N 6 -L-lysine

dUTP

(2E)-octadec-
2-enoyl-CoA

maltose

δ-tocotrienol
cyclase:
Solyc08g068570.3

a [protein]-N 6 -acetyl-L-lysine

4α-methyl-5α-
cholesta-8-en-3-ol

1-deoxy-2,3-
hexodiulose-
6-phosphate

phosphoenolpyruvate

Metabolic Regulator Biosynthesis

a 1,2-diglyceride

[+ 11 isozymes]

H+

dihydrochelirubine

Gamma-muurolene
synthase:
Solyc07g052135.1

dopamine

a long-chain
fatty acid

GMP

glutamate
dehydrogenase:
Solyc03g094010.3

acetyl-CoA

acyl-
CoA:diacylglycerol
acyltransferase:
Solyc01g011430.3

[+ 3 isozymes]

KDO transferase:
Solyc10g083710.2

4-(methylsulfanyl)
butyl-glucosinolate

adenine

[+ 2 isozymes]

[+ 16 isozymes]

[+ 11 isozymes]

[+ 7 isozymes]

neral

[+ 5 isozymes]

hexadecanedioate

(+)-neomenthol

GDP

phosphatidylglycerophosphate
synthase: Solyc04g009580.3

chelerythrine
1,4-dihydroxy-2-

naphthoyl-CoA

[+ 3 isozymes]

[+ 2 isozymes]

β-carotene

a malonyl-[acp]

[+ 2 isozymes]

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

[+ 3 isozymes]

uridine kinase:
Solyc02g067880.2

[+ 5 isozymes]

α fucosidase:
Solyc01g005610.3

a 12’-apo-
carotenal

[+ 2 isozymes]

(S)-3-
hydroxybutanoyl-
CoA
dehydrogenase:
Solyc01g059830.3

Proteasome
ATPase:
Solyc01g099760.3

[+ 5 isozymes]

a tetragalactosyldiacylglycerol

acetoacetyl-CoA

[+ 4 isozymes]

tRNA-guanine(34)
transglycosylase:
Solyc04g074710.3

a hexanoyl-[acp]

[+ 2 isozymes]

acyl-CoA:sn-glycerol-
3-phosphate 1-O
-acyltransferase:
Solyc02g087500.2

acetate

[+ 2 isozymes]

germanicol

1-oleoyl-2-
lyso-glycerone

phosphate

succinate

a nucleoside
diphosphate-

glucose

C34-
phenolphthiodiolenone A

a carboxylate

linalyl β-
primeverosidase:
Solyc01g074060.1

[+ 5 isozymes]

furostanol-
26-aldehyde

[+ 3 isozymes]

homogentisate
geranylgeranyl
transferase:
Solyc08g041855.1

adenosylhomocysteinase:
Solyc05g032820.2

β-D-gentiobiosyl β-D
-glucosyl crocetin 6’-
glucosyltransferase:
Solyc01g095760.3

N6 -(∆ 2 -
isopentenyl)-
adenosine 5’-
triphosphate

geranyl
diphosphate

NAD(P)H

aldehydo-L-
galactonate

ser

uroporphyrinogen-III
C-methyltransferase:
Solyc01g086650.3

FMN

[+ 23 isozymes]

a methyl ketone

(S)-NADHX

abscisic acid degradation
by glucosylation

geranyl
diphosphate

3’-hydroxyflavonoid
O-methyltransferase:
Solyc09g082660.3

3-deoxy-D-manno
-octulosonic acid
transferase:
Solyc10g083710.2

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:
Solyc12g096780.2

isopentenyl-
diphosphate
∆-isomerase:
Solyc04g056390.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

formate
dehydrogenase:
Solyc02g086880.3

all-trans-lycopene

oxaloacetate

dTMP kinase:
Solyc05g053300.3

caffeoyll 2-
hydroxylase:
Solyc01g044560.2

salicylate

H
2

O

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

acyl-CoA:sn-glycerol-
3-phosphate 1-O
-acyltransferase:
Solyc02g087500.2

L-citrulline

an [E2 ubiquitin-
conjugating enzyme]-S

-ubiquitinyl-L-cysteine

[+ 18 isozymes]

[+ 2 isozymes]

a cis,cis-
delta13,31-

3-hydroxy
C50:2-[acp]

(indol-3-
yl)pyruvate

[+ 8 isozymes]

D-glucopyranose

L-cysteinylglycine

chorismate

H+

[+ 3 isozymes]

very-long-chain
3-oxoacyl-CoA
reductase:
Solyc10g086390.2

N-acetyl-α-
neuraminyl-(2->3)-β-
D-galactosamidine
α-2,8-
sialyltransferase:
Solyc02g094500.3

stipitaldehyde synthase:
Solyc05g018130.3

Ornithine--
oxo-glutarate
aminotransferase:
Solyc08g048450.3

an L-arginyl-
[tRNA Arg ]

3-oxo-cis-vaccenoyl-
[acp] synthase:
Solyc03g122100.2

methylglyoxal
reductase:

Solyc00g015733.1

24-ethylidenelophenol

2,4’,7-
trihydroxyisoflavanone

1,6-dihydro-
β-NAD

protoporphyrin IX

a long-chain
alcohol

UDP-α-D-xylose

Dextransucrase:
Solyc05g052715.1

sulfite

ADP-sugar
pyrophosphatase:
Solyc08g079820.3

GDP-β-L-fucose

superpathway of phospholipid biosynthesis II (plants)

UDP-N-
acetylglucosamine-
-N-acetylmuramyl-
(pentapeptide)
pyrophosphoryl-
undecaprenol N-
acetylglucosamine
transferase:
Solyc03g118860.3

[+ 11 isozymes]

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

tetrakisphosphate

a cis,cis-
delta9,21-3-

oxo-C40:2-[acp]

[+ 65 isozymes]

linalyl vicianosidase:
Solyc01g074060.1

sucrose biosynthesis I (from photosynthesis)

Flavonol synthase:
Solyc01g108870.3

rebaudioside A

Solyc11g011500.2

1,4-dihydroxy-
2-naphthoyl-
CoA hydrolase:
Solyc02g078410.1

L-dopachrome

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

FMN phosphatase:
Solyc05g055810.3

N-dimethylethanolamine phosphate

UDP

3-dehydrosphinganine
(C20)

N-acetyl-L-
ornithine

a phosphatidylcholine

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

aspartate-
semialdehyde
dehydrogenase:
Solyc01g005250.3

[+ 7 isozymes]

[+ 9 isozymes]

a cis-delta17-
C36:1-[acp]

salicylate
glucosyltransferase:
Solyc01g107770.2

6-hydroxytyphasterol

an N-terminal-
L-methionyl-L-

glutaminyl-[protein]

2’-deoxyguanosine
kinase:
Solyc11g020780.2

Fructan beta-(2,6)
-fructosidase:
Solyc06g064620.3

an N-terminal-
L-methionyl-L-

threonyl-[protein]

[+ 23 isozymes]

dADP

hydrogen
peroxide

thymidylate
synthase:

Solyc01g109830.3

(E)-6’-
hydroxyferulate

[+ 3 isozymes]

[+ 15 isozymes]

germacrene
D synthase:
Solyc06g060180.2

6-deoxy-6-
sulfo-D-fructose

1-phosphate

[+ 2 isozymes]

a cis,cis-delta7,25-
C44:2-[acp]

[6-O-phospho-
α-glucan]

a cis,cis-
delta13,25-3-

oxo-C44:2-[acp]

an S-alkyl-L-
cysteine S-oxide

glycolysis IV (plant cytosol)

hydroxypyruvate

a nucleoside
diphosphate

(+)-sesamin

a long-chain
fatty acid

[+ 7 isozymes]

1-[18-hydroxyoeoyl]-
2-[18-hydroxy-

linoleoyl]-sn-glycerol

Sterol 14-alpha-
demethylase:
Solyc01g008110.3

sitosterol
hydroxylase:
Solyc02g085360.3

UDP-indole-
3-butyric acid
glucosyltransferase:
Solyc04g082860.2

triose-phosphate
isomerase:

Solyc01g111120.3

2-methoxy-6-all
trans-octaprenyl-

1,4-benzoquinol

O-glycan β-1,5-
galactofuranosyltransferase:
Solyc00g015720.1

[+ 3 isozymes]

oleate

glutathione

glycerol-3-phosphate shuttle

(2E,6E)-farnesyl
phosphate

(mannosyl)
6

-(N-
acetylglucosaminyl)

2

-
diphosphodolichol:dolichyl
β-D-mannosyl phosphate
mannosyl transferase:
Solyc07g006330.2

4-coumarate

N-acetyl-β-
glucosaminylamine

dihydroflavonol
4-reductase:
Solyc01g087630.2

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

phytol kinase:
Solyc03g071720.3

glutamate-5-
semialdehyde
dehydrogenase:
Solyc06g019170.3

L-tryptophan biosynthesis

UDP

(2E,6E)-farnesyl
diphosphate

N-(β-glucosyl)-(oxindol-
3-yl)acetyl-aspartate

[+ 7 isozymes]

a long-chain
acyl-CoA

(22S)-22-hydroxy-
campest-4-en-3-one
C-23 hydroxylase:
Solyc02g084740.3

a cis,cis-
delta17,35-3-
hydroxyC54:2-

[acp]

[+ 3 isozymes]

shisonin biosynthesis

a di-trans, poly-
cis-polyprenol

arginase:
ARG1

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

UDP

scutellarein 7-
methyl ether

[+ 3 isozymes]

betulinate

thiosulfate

xylitol

an α-(5-L-
glutamyl)-
amino acid

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

dihydrouridine
synthase:
Solyc01g087290.3

O-succinyl-L-
homoserine

[+ 4 isozymes]

superpathway of fatty acid biosynthesis II (plant)

a [protein]-L-lysine

a pimeloyl-[acp]

AMP

ribulose-phosphate
3-epimerase:
Solyc05g007260.3

UDP-N-acetyl-α-
D-quinovosamine

aspartate kinase:
Solyc01g005240.3

iron reduction
and absorption

1-(5-phospho-β-
D-ribosyl)-AMP

[+ 2 isozymes]

cycloartenol

[+ 4 isozymes]

lysine within
gcv protein H

D-alanyl-D-alanine

superpathway of scopolin and esculin biosynthesis

β-amyrin

Ins(3)P

5,10-methylenetetrahydrofolate:glycine
hydroxymethyltransferase:

Solyc01g104000.3

nucleoside
triphosphate
phosphatase:
Solyc12g098540.2

hypoxanthine
phosphoribosyltransferase:
Solyc00g009060.3

quercetin 7-O-
methyltransferase:
Solyc01g068545.1

secologanin
synthase:
Solyc06g084760.2

uracil

polyvinyl
alcohol

(n)

germacrene
C synthase:
Solyc06g059885.1

a 1,2-diacyl-
sn-glycerol

alpha mannosidase:
Solyc02g083700.3

a (7Z)-tetradec-
7-enoyl-[acp]

ethanolamine

[+ 12 isozymes]

[+ 5 isozymes]

[+ 4 isozymes]

n-(methylsulfinyl)
alkyl-glucosinolate
n-hydroxylase:
Solyc06g062300.2

4-aminobenzoate

a (2’R)-2’-
hydroxydihydroceramide

a (3R,11Z)-3-
hydroxyoctadec-
11-enoyl-[acp]

2-oxoglutarate

a ferrocytochrome
b

5

[+ 2 isozymes]

(E)-11-methyl-12-
octadec-12-enoate
hydroxylase/cyclase:
Solyc03g045140.3

squalene synthase:
Solyc10g079060.2

trifolin

a xylogalacturonan

[4-(6-methylheptanoyl)
-5-oxo-2H-furan-3-
yl]methyl phosphate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

glutamate 5-kinase:
Solyc00g026860.1

Man
5

GlcNAc
3

-[protein]

(S)-6-O-
methylnorlaudanosoline

NADH

esculetin

[+ 17 isozymes]

cis-zeatin

DMAPP

glutamate dehydrogenase:
Solyc01g068210.3

Ribonucleoside-
triphosphate
reductase
(thioredoxin):
Solyc01g080210.3

(S)-3-methyl-2-
oxopentanoate

L-ornithine

a β-D-glucosyl-N
-acylsphingosine

15-cis phytoene
desaturase:
Solyc03g123760.3

GGMP

α,α-trehalose

all-trans-β-carotene-
9’,10’-cleaving
dioxygenase:
Solyc01g090660.3

a 2-oxo
carboxylate

[+ 3 isozymes]

D-specific enoyl-
CoA hydratase:

Solyc06g075000.3

[+ 3 isozymes]

indole-5,6-
quinone

3’,5’-ADP

fructose-
bisphosphate

aldolase:
Solyc00g017920.1

[+ 40 isozymes]

tomatidine 3-O-
galactosyltransferase:
GAME1

citrate synthase:
Solyc01g073740.3

esculetin
glucosyltransferase:
Solyc01g107770.2

[+ 2 isozymes]

chlorophyllide a

[+ 6 isozymes]

L-Ala-D/L-Glu
epimerase:
Solyc03g119200.3

aldehydo-D-
galacturonate

4,4-dimethyl-5α-
cholest-7-en-3β-ol

[+ 3 isozymes]

[+ 10 isozymes]

H+

a homogalacturonan

geraniol

[+ 17 isozymes]

NAD-dependent
glutamate
dehydrogenase:
Solyc10g078550.3

a [glycerolipid]-
(3E)-hexadec-

3-enoate

ribose-5-phosphate
isomerase:
Solyc01g097460.3

(Z,Z)-
biliverdin-IX α

23S rRNA
pseudouridine 1911/

1915/1917
synthase:
Solyc02g062520.3

pyridoxine
5’-phosphate

an alcohol

[+ 3 isozymes]

S-adenosyl-L-
methionine:N-
methyl-β-alanine N-
methyltransferase:
Solyc10g085830.2

tributyrin

3-butenylglucosinolate
2-hydroxylase:
Solyc01g016637.1

[+ 45 isozymes]

3’,5’-ADP

scopolamine

7-O-
methylmyricetin

all-trans-
octaprenyl
diphosphate

an α-D-aldose
1-phosphate

3-phosphooxypyruvate

cis-zeatin-
O-glucoside

pelargonidin-3-
O-β-D-glucoside

D-glucopyranose

diphosphate

[+ 7 isozymes]

serine--pyruvate
aminotransferase:
Solyc12g099930.2

phthiodiolenon
reductase:
Solyc02g088510.3

sugar-phosphatase:
Solyc08g077350.3

[+ 10 isozymes]

nitrilase:
Solyc11g068730.2

a (2E)-hexadec-2-enoyl-[acp]

UDP-N-acetyl-α-D-
glucosamine-enolpyruvate

acyl-carrier protein

UDP-α-D-
galactose

NAD-dependent
glutamate
dehydrogenase:
Solyc10g078550.3

oleoyl-CoA

papaverine biosynthesis

4-feruloyl 2-
hydroxylase:
Solyc01g044550.2

trans-feruloyl-CoA

very-long-chain
3-oxoacyl-CoA
reductase:
Solyc10g086390.2

Se-methyl-L-
selenocysteine

[+ 2 isozymes]

4-α-
glucanotransferase:
Solyc04g053120.3

2-cis-abscisate

δ-carotene
biosynthesis

UTP

a xyloglucan
oligosaccharide

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

[+ 10 isozymes]

a [protein]-trans-4-(β-
L-arabinofuranosyl)

oxy-L-proline

[+ 2 isozymes]

(22S)-22-hydroxy-
campesterol C-
23 hydroxylase:
Solyc03g121510.3

aldehyde
dehydrogenase:
Solyc12g099290.2

pyruvate

furostanol
26-aldehyde
transaminase:
GAME12

SAICAR

2-hydroxymuconic
semialdehyde
hydrolase:
Solyc08g083190.3

7-epi-α-selinene

aspartate
transaminase:
Solyc03g007070.3

3-hydroxypropanoate

phosphoribosylglycinamide
formyltransferase:
Solyc11g012100.2

diphosphate

4α-formyl-ergosta-
7,24(24 1 )-dien-3β-ol

[+ 14 isozymes]

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

ile

phloretin

[+ 2 isozymes]

a myristoyl-[acp]

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

2-phenylethyl 6-O-
β-D-xylopyranosyl-
β-D-glucopyranoside

acyl-CoA
thioesterase:
Solyc12g096860.2

a (C18)-
phytoceramide

an N-terminal
L-arginiyl-L-

glutamyl-[protein]

18-hydroxyoleoyl-
CoA

arylethylamine
acetylase:
Solyc10g074910.2

1,3,7-trimethyl-5-
hydroxyisourate

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

his

a primary amine

gluconapin

Cd 2+

Zn 2+

sinapine esterase:
Solyc02g077120.3

formaldehyde

phosphatidylcholine
sn-2 acylhydrolase:

Solyc01g008780.3

zeaxanthin

salicylate glucosides
biosynthesis IV

Calmodulin-lysine N-
methyltransferase:
Solyc02g061950.3

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

pyruvate

sucrose biosynthesis II

geraniol

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

[2-O-methyl-α-L-
fucopyranosyl-(1->3)-
α-L-rhamnopyranosyl-
(1->3)-2-O-methyl-α-
L-rhamnopyranosyl]
dimycocerosyl phenol-
phthiocerol 4’’’-O-
methyltransferase:
Solyc12g009430.2

aldehydo-
D-mannose

glycolaldehyde

3-hydroxy-5-
methoxybiphenyl

[+ 3 isozymes]

phosphate acquisition

petiveriin

[+ 9 isozymes]

a pectate

Solyc01g018025.1:
Solyc01g018025.1

epi-cholestanol

prolyl 4-hydroxylase:
Solyc01g080530.3

cirsimaritin

hydroxypyruvate
reductase:
Solyc00g025510.1

[+ 2 isozymes]

α-linolenate 9S
-lipoxygenase:
Solyc08g014000.3

purine nucleotides degradation I (plants)

[+ 9 isozymes]

IAA-Phe

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

nucleoside triphosphate
phosphatase:
Solyc12g098540.2

gln

[+ 12 isozymes]

4-demethylwyosine 37

in tRNA Phe

[+ 2 isozymes]

α-amylose

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

α-cryptoxanthin

succinate

molybdenum cofactor biosynthesis

DHAP

pheophytin a

succinate semialdehyde
dehydrogenase (NAD +

): Solyc09g018790.3

[+ 11 isozymes]

4-(methylsulfanyl)butyl-
desulfoglucosinolate

22-hydroxycholesterol
26-oxidase: GAME4

[+ 6 isozymes]

thiamin phosphate
synthase:
Solyc01g103950.3

a ∆5,7-sterol

[+ 4 isozymes]

[+ 4 isozymes]

phosphoribosylamine--glycine
ligase: Solyc01g103440.3

[+ 4 isozymes]

Hydroxyacylglutathione
hydrolase:
Solyc06g053310.3

[+ 21 isozymes]

steviolbioside

CTP synthetase:
Solyc06g016800.2

allantoate

[+ 2 isozymes]

a decanoyl-[acp]

indole-3-
butyryl-CoA

phenylpropanoid biosynthesis

[+ 7 isozymes]

a malonyl-[acp]

UDP-N-acetyl-
α-D-glucosamine

xanthine:NAD+
oxidoreductase:
Solyc11g065920.2

gentisate

cathasterone
hydroxylase:
Solyc06g051750.3

xanthine:NAD+
oxidoreductase:
Solyc11g065920.2

primary fluorescent
chlorophyll catabolite

succinate

9,10-12,13-
diepoxyoctadecanoate

CO
2

1-deoxy-D-xylulose
5-phosphate
reductoisomerase:
Solyc06g060860.2

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

(indol-3-yl)acetate

3-O-phospho-
[6-O-phospho-

α-glucan]

diacylglycerol and triacylglycerol biosynthesis

fructose-1-
phosphatase:
Solyc11g009020.2

methionine
adenosyltransferase:
Solyc01g101060.3

malonyl-furaneol
glucopyranoside

18-hydroxyoleate

[+ 2 isozymes]

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:
Solyc12g096780.2

phe

AMP

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

pentakisphosphate

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

L-ascorbate

[+ 14 isozymes]

adenine

a ketone

indole-3-
acetyl-CoA

2-oxoglutarate

hygrine

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

β-D-glucoside
glucohydrolase:
Solyc01g010160.3

volatile cinnamoic ester biosynthesis

malonyl-CoA

(+)-trans-
abscisic aldehyde

7-hydroxylaurate

sinapoylglucose:choline
O-sinapoyltransferase:
Solyc12g088270.2

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

enoyl-CoA
isomerase:
Solyc01g066620.3

cyanidin 3-O-
glucoside 2’’-O-
xylosyltransferase:
Solyc04g010110.3

orotidine 5’-phosphate

[+ 9 isozymes]

Solyc12g013630.1

UDP-α-D-glucose

22-hydroxycholesterol
26-hydroxylase:
GAME8

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

Methylecgonone
reductase:
Solyc12g042470.2

UDP-xylose
4-epimerase:
Solyc02g030230.3

threonine synthase:
Solyc06g062845.1

very-long-chain
3-hydroxyacyl-
CoA dehydratase:
Solyc11g073130.2

NAD salvage pathway V (PNC V cycle)

D-glucopyranose
6-phosphate

2-keto-3-
deoxygluconate 6-
phosphate aldolase:
Solyc10g081280.2

sakuranetin 6-
hydroxylase:
Solyc04g079640.3

K+

[+ 5 isozymes]

[+ 4 isozymes]

S-methyl-5’-
thioadenosine

a protein with
a disulfide bond

pyochelin:PchF
thioesterase:
Solyc08g075520.3

hypoxanthine

L-proline degradation

[+ 2 isozymes]

[+ 2 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

aldehyde
dehydrogenase:
Solyc12g099290.2

a 9-cis-
epoxycarotenoid

Chalcone
isomerase:
Solyc07g062030.3

molybdenum
cofactor
sulfurtransferase:
Solyc01g044370.2

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

6-oxocampestanol
hydroxylase:
Solyc02g085360.3

(E)-2-hexenol

K+

[+ 20 isozymes]

cytokinins 7-N-glucoside biosynthesis

D-mannopyranose
6-phosphate

α carotene ε-
monooxygenase:
Solyc04g051190.3

brassinolide

cinnamyl acetate

sinapoylglucose:malate
O-sinapoyltransferase:
Solyc10g049250.2

1-deoxy-D-xylulose-
5-phosphate
synthase:
Solyc01g067890.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

Jasmonoyl-L-amino
acid hydrolase:
Solyc03g121270.3

1,8-cineole synthase:
Solyc01g105910.2

γ-tocotrienol cyclase:
Solyc08g068570.3

N-acetylornithine
aminotransferase:
Solyc08g080370.3

arylethylamine
acetylase:
Solyc05g010250.2

[+ 7 isozymes]

(-)-matairesinol

3-methyl-2-butenal

an L-1-
phosphatidyl-

sn-glycerol

dihydrolipoyltranssuccinylase:
Solyc12g005080.2

NADH oxidase
(H(2)O(2)-forming)
: Solyc00g024010.1

a (3R)-3-
hydroxyicosanoyl-

[acp]

16-feruloyloxypalmitate

a (2E)-dec-2-enoyl-[acp]

tartronate
semialdehyde
reductase:
Solyc01g099240.3

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

4-carboxamide

indole-3-acetyl-
alanine synthetase:
Solyc07g053030.3

Solyc12g006850.2

unsaturated, even numbered fatty acid β-oxidation

a carboxylate

[+ 6 isozymes]

[+ 7 isozymes]

geranyl acetate
biosynthesis

all-trans-lycopene

α-D-glucopyranose
1-phosphate

Acetyl-CoA Biosynthesis

an L-cysteinyl-
[PchF non-
ribosomal

peptide synthase]

GMP

[+ 4 isozymes]

a 3-
demethyubiquinol

androst-4-ene-
3,17-dione

trehalose-6-
phosphate
phosphatase:
Solyc01g005210.3

indole-3-methyl-
desulfoglucosinolate
sulfotransferase:
Solyc02g077620.1

myricetin 3’-O-
methyltransferase:
Solyc06g007960.3

phytol

cholest-4-
en-3-one

[+ 11 isozymes]

a linear malto-
oligosaccharide

glu

[+ 3 isozymes]

enolase:
Solyc01g098940.3

Phosphatidylinositol N-
acetylglucosaminyltransferase:
Solyc00g127870.3

cholesterol 22-
β-hydroxylase:
Solyc02g085360.3

ile

homoserine kinase:
Solyc04g008760.2

an apo acyl-
carrier protein

asp

lipoate
acetyltransferase:
Solyc05g009530.3

[+ 7 isozymes]

CO
2

2-(n’-methylthio)
alkylmalate
isomerase:
Solyc09g090900.3

sterol 24C
methyltransferase:
Solyc01g111830.3

dolichyl
diphosphooligosaccharide

α-D-glucopyranose

[+ 4 isozymes]

[+ 2 isozymes]

a β-D-GlcNAc-(1->2)-α-D-Man-
(1->3)-[β-D-GlcNAc-(1->2)-α-D-Man-
(1->6)]-[β-D-Xyl-(1->2)]-β-D-Man-

(1->4)-β-D-GlcNAc-(1->4)-[α-L-Fuc-
(1->3)]-β-D-GlcNAc}-N-Asn-[protein]

4-coumaroyl-4’-
hydroxyphenyllactate

4-amino-4-
deoxychorismate
synthase:
Solyc04g049355.1

cis-aconitate hydratase:
Solyc07g052350.3

salicylate

IMP cyclohydrolase:
Solyc08g075160.3

DMAPP

ferredoxin--
nitrite reductase:
Solyc10g050890.2

[+ 13 isozymes]

betaine aldehyde
dehydrogenase:
Solyc06g071290.3

acyl-carrier protein

[+ 2 isozymes]

3-acetamidopropanal

3’,5’-ADP

[+ 4 isozymes]

[+ 14 isozymes]

UDP

α-L-
arabinofuranose

UDP-D-galacturonate:1,4-a-
poly-D-galacturonate 4-a-D-
galacturonosyltransferase:
Solyc01g080367.1

(S)-4-
hydroxymandelonitrile

polyketide
synthase

an [E1 ubiquitin-
activating
enzyme]-S-

ubiquitinyl-
L-cysteine

(S)-ureidoglycine

(2S)-flavan-4-ol

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase:
Solyc06g005370.3

aspartate
carbamoyltransferase:
Solyc11g006350.1

a semiquinone

6-phosophogluco-
3-phosphogluco-
starch phosphatase:
Solyc11g007830.2

[+ 4 isozymes]

allysine

PAPS sulfite

ornithine
carbamoyltransferase:
Solyc04g080610.3

a 7,8-dihydrofolate

coenzyme A

glyoxalase:
Solyc01g108070.3

a malonyl-[acp]

succinate

UDP-α-D-glucose

TGL1:
Solyc00g042850.2

(2E,6E)-farnesol

2-oxoglutarate
decarboxylase:

Solyc04g011350.3

uroporphyrinogen-III

3-oxo-myristoyl-CoA
hydrolase: MKS2

scyllo-inosose

acyl-CoA:1-acyl-
sn-glycerol-3-
phosphate 2-O-
acyltransferase:
Solyc01g109370.3

[+ 6 isozymes]

jasmonoyl-amino acid conjugates biosynthesis II

estrone

histidinol-
phosphatase:
Solyc01g109930.3

a 5,10-
methenyltetrahydrofolate

nucleoside
diphosphate kinase:
Solyc01g089970.3

[+ 5 isozymes]

(2E,6E)-farnesyl
diphosphate

thermospermine

a dolichyl β-D-glucosyl phosphate

[+ 5 isozymes]

CTP:phosphocholine
cytidylyltransferase:
Solyc02g068430.3

O
2

flavonoid di-C-glucosylation

O-phosphoethanolamine

[+ 8 isozymes]

gibberellin A
97

IAA-Leu

octanoyl-CoA

N1 -
acetylspermidine

[+ 17 isozymes]

[+ 4 isozymes]

a [2,4-di-O-methyl-α-L-fucopyranosyl-
(1->3)-α-L-rhamnopyranosyl-(1->3)
-2-O-methyl-α-L-rhamnopyranosyl]
dimycocerosyl phenol-phthiocerol

22,26-
dihydroxycholesterol

kaempferol 3-O
-β-D-glucoside

[+ 3 isozymes]

queuine

[+ 3 isozymes]

GTP

[+ 9 isozymes]

sedoheptulose
bisphosphatase:
Solyc05g052600.3

(S)-lactate

AICAR
transformylase:
Solyc08g075160.3

[+ 2 isozymes]

nucleoside
diphosphate kinase:
Solyc12g049370.2

choline
monooxygenase:
Solyc07g008300.2

4-pentenyl-
glucosinolate

[+ 5 isozymes]

tryptophan
synthase:
Solyc12g096190.2

baicalein
peroxidase:
Solyc05g050890.2

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

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

glutaryl-CoA

[+ 7 isozymes]

linoleate 9R-
lipoxygenase:
Solyc01g006600.2

ent-kaur-16-
en-19-oate

2,5,7-trihydroxyflavanone

progesterone

UDP-α-D-galacturonate
biosynthesis I (from

UDP-D-glucuronate)

glucose

[+ 2 isozymes]

6-phosophogluco-
starch phosphatase:
Solyc03g111160.3

[+ 14 isozymes]

L-serine biosynthesis II

L,L-diaminopimelate
aminotransferase:
Solyc11g044840.2

magnesium-
protoporphyrin IX
monomethyl ester
[oxidative] cyclase:
Solyc10g077040.2

ADP-D-ribose

UDP-β-L-rhamnose

sanguinarine
reductase:
Solyc01g008925.1

3-(3,4-
dihydroxyphenyl)

pyruvate

nucleoside
diphosphate kinase:
Solyc12g049370.2

cholesterol

a sphingomyelin

CMP

S-adenosyl-L-
methionine:uroporphyrinogen-
III C-methyltransferase:
Solyc01g086650.3

[+ 9 isozymes]

histidinol
dehydrogenase:
Solyc02g071890.3

linoleate

SAH

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

pseudouridine
kinase:
Solyc01g109450.3

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

(E)-1-(glutathion-S-yl)-N-hydroxy-
2-(1H-indol-3-yl)ethan-1-imine

a 2’-
hydroxyisoflavone

ribonucleoside-
diphosphate reductase:
Solyc04g051350.3

[+ 5 isozymes]

GSSG

nucleoside
triphosphate
phosphatase:
Solyc12g098540.2

[+ 5 isozymes]

octaheme sulfite
reductase:
Solyc11g065620.2

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase:
Solyc07g044840.3

[+ 3 isozymes]

2-oxoglutarate

β-chaconine

UDP

6-amino-2-
oxohexanoate

(mannosyl)
9

-(N-
acetylglucosaminyl)

2

-diphosphodolichol
glucosyltransferase:
Solyc02g085860.3

linoleoyl-CoA
ω-hydroxylase:
Solyc01g044565.1

[+ 10 isozymes]

very-long-chain
3-hydroxyacyl-
CoA dehydratase:
Solyc11g073130.2

D-glucopyranose

NADPHX epimerase:
Solyc03g113770.3

7-α-hydroxy-O-carbamoyl-
deacetylcephalosporin C

lupeol synthase:
Solyc07g042630.3

7,8-dihydropteroate

[+ 33 isozymes]

a coniferyl ester

7,8-
dihydroneopterin
3’-triphosphate

UDP-glucose:trans-
zeatin O-β-D-

glucosyltransferase:
Solyc00g050130.1

Guanylate cyclase:
Solyc03g079850.3

methanethiol

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

α-D-xylopyranose

K+

5’-nucleotidase:
Solyc12g098830.2

4α-methyl-5α-ergosta-
8,14,24(28)-trien-3β-ol

citrate hydro-lyase
(cis-aconitate-forming)
: Solyc12g005860.2

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

5’-phosphoribosyl-4-(N-
succinocarboxamide)-5-
aminoimidazole lyase:
Solyc07g006530.3

methylsalicylate

a [glycerolipid]-
vernolate

[+ 17 isozymes]

2-hydroxy-2-
methylpropanenitrile

citrate

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

an N-terminal L-
aspartyl-[protein]

cycloeucalenone

ornithine
carbamoyltransferase:
Solyc12g089210.2

linoleoyl-CoA

L-glutamate-5-
semialdehyde

carbamoyl phosphate

methylerythritol phosphate pathway II

4,5-9,10-diseco-
3-hydroxy-5,9,17-
trioxoandrosta-
1(10),2-diene-4-
oate hydrolase:
Solyc09g009500.3

tropine

a triacyl-sn-glycerol

Solyc02g087100.1:
Solyc02g087100.1

a 5-methyltetrahydrofolate

[+ 9 isozymes]

(4S)-limonene
synthase:
Solyc01g105850.3

β-D-glucosyl crocetin
glucosyltransferase:
Solyc01g049765.1

4α,14α-dimethyl-
cholesta-8-enol

lipid IV
A

 biosynthesis

O-methyl-4-O-
[2-O-methyl-α-L-
fucopyranosyl-(1->3)-
α-L-rhamnopyranosyl-
(1->3)-2-O-methyl-α-
L-rhamnopyranosyl]-
hydroxybenzoate 4’’’-
O-methyltransferase:
Solyc12g009430.2

(R)-mevalonate

9(S)-HPOTE

ornithine
carbamoyltransferase:
Solyc04g080610.3 N-desmethyl-

pyochelin-[PchF
non-ribosomal

peptide synthase]

a benzosemiquinone

[+ 3 isozymes]

sirohydrochlorin
ferrochelatase:
Solyc02g086560.3

a medium-
chain acyl-CoA

pullulanase:
Solyc11g008040.2

histidinal
dehydrogenase:
Solyc02g071890.3

phthiotriol
methyltransferase:
Solyc01g009600.3

oxalate--CoA ligase:
Solyc06g035960.3

succinate

thiamine

3-(2-methylbutanoyl)-4-
(3-methylbutanoyl)sucrose

(S)-canadine

a [NEDD8] C-
terminal glycine

[+ 5 isozymes]

[+ 11 isozymes]

epoxypheophorbide a

NADPH

diadenosine 5’,5’’’-
hexaphosphate
hydrolase:
Solyc03g058460.1

L-glutamate-5-
semialdehyde

pyruvate

a (2E)-icos-
2-enoyl-[acp]

sulfate
adenylyltransferase:
Solyc03g005250.3

an H type 1
histo-blood

group antigen

phosphoglycerate
kinase:

Solyc07g066600.3

lysine-ketoglutarate
reductase:
Solyc07g017610.3

a trans-2-
enoyl-CoA

anserine

sucrose phosphate
phosphatase:
Solyc10g081660.2

(2E,4E,6E)-
4-methylocta-

2,4,6-trienedial

a 3-oxopimeloyl-
[acp] methyl ester

a 6-O-(β-D-xylopyranosyl)
-β-D-glucopyranoside

GDP-β-L-fucose

an L-1-
phosphatidylethanolamine

cholestanol
hydroxylase:
Solyc02g085360.3

β,β-carotene-4-one
dehydrogenase:
Solyc11g065240.2

(mannosyl)
8

-(N-
acetylglucosaminyl)

2

-
diphosphodolichol:dolichyl
β-D-mannosyl phosphate
mannosyl transferase:
Solyc07g006330.2

UDP-α-D-glucose

a 1,2-diacyl-3-O-(β-
D-galactopyranosyl)

-sn-glycerol

8-oxo-dGTP
diphosphatase:
Solyc00g128870.3

α-amyrin synthase:
Solyc12g006510.2

(-)-secoisolariciresinol

[+ 3 isozymes]

Pheophorbide
a oxygenase:
Solyc04g039870.2

CTP

a 5-methylcytosine 2870

in 25S rRNA

Man
8

GlcNAc
2

-
[protein] (isomer

8A
1,2,3

B
1,3

)

16-hydroxypalmitoyl-
CoA

[+ 2 isozymes]

glutaminyl-tRNA gln

biosynthesis via transamidation

Organic Nitrogen Assimilation

sphingoid
base kinase:
Solyc03g006630.3

glutamine synthetase:
Solyc01g056450.2

[+ 4 isozymes]

a (3R)-3-
hydroxybutanoyl-

[acp]

L-dehydro-
ascorbate

phosphoribosylaminoimidazole-
succinocarboxamide
synthase: Solyc01g081300.3

(S)-4-amino-5-
oxopentanoate

hydrogen sulfide

NADPH

obtusifoliol 14α-
demethylase:
Solyc10g083340.2

sucrose

(-)-bursehernin

[+ 3 isozymes]
[+ 10 isozymes]

thebaine 6-O-
demethylase:
Solyc02g071360.3

quercetin-
3,3’-bissulfate

2-oxobutanoate

pyruvate kinase:
Solyc01g049650.3

CMP kinase:
Solyc01g088480.3

UDP-α-D-
galactose

a (6S)-5-
formyltetrahydrofolate

sulfoquinovosyldiacylglycerol
synthase: Solyc03g120310.3

superpathway of L-asparagine biosynthesis

cobalamin-independent
homocysteine

transmethylase:
Solyc10g081510.2

cys

vinylacetyl-CoA

L-fucose

[+ 7 isozymes]

sugar-phosphatase:
Solyc08g077350.3

S-glutathionyl-
hydroquinone
reductase:
Solyc06g083770.3

9,10-epoxystearate

a sphingosine
ceramide

[+ 2 isozymes]

oleamide
amidohydrolase:
Solyc01g106330.3

(+)-germacrene
D synthase:
Solyc07g008690.3

a dodecanoyl-[acp]

phytosphingosine
(C18)

oxalyl-CoA
decarboxylase:
Solyc02g091100.3

Solyc02g068530.3:
Solyc02g068530.3

ethanolamine

ala

benzoate

(S)-(+)-allantoin

N-acetyl-α-D-
galactosamine

1-phosphate

4α,14α-dimethyl-
9β,19-cyclo-5α-

cholest-24-en-3β-ol

[+ 2 isozymes]

a nucleoside
diphosphate

an N 6 -
alkylaminopurine

brassinolide

a fructan

phosphoadenylyl-
sulfate reductase:
Solyc02g032860.3

2-phospho-D-glycerate

a reduced
rubredoxin

pyochelinyl-[PchF
non-ribosomal

peptide synthase]

a CDP-
diacylglycerol

Mn(2+)-dependent
ADP-ribose/
CDP-alcohol
diphosphatase:
Solyc03g112080.1

[+ 2 isozymes]

N-desmethyl-
pyochelin:SAM
methyltransferase:
Solyc08g075520.3

formamide

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

pseudooxynicotine

geraniol
acetyltransferase:
Solyc04g082350.1

Aminoacyl-tRNA Charging

[(3S)-4-(6-methyloctanoyl)
-5-oxooxolan-3-

yl]methyl phosphate

succinate

[+ 5 isozymes]

7-O-
methylmyricetin

β-solanine
rhamnosyltransferase:
Solyc07g043410.1

[+ 5 isozymes]

[+ 4 isozymes]

[+ 12 isozymes]

β1-tomatine
xylosyltransferase:
GAME2

F6P

phosphoribosylaminoimidazole
carboxylase: Solyc00g022920.2

UDP-α-D-galacturonate
biosynthesis II (from

D-galacturonate)

fumarylacetoacetate
hydrolase:
Solyc04g014730.3

GDP-β-L-fucose

DMAPP

obtusifoliol 14α-
demethylase:
Solyc10g083340.2

acetyl-CoA

an XXLG
xylogulcan

citrate

ribokinase:
Solyc07g062070.3

DMAPP

fructose-1,6-
bisphosphatase:
Solyc01g098590.3

a carboxylate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

a cis,cis-
delta19,37-3-

oxo-C56:2-[acp]

(R)-2-
hydroxyglutarate

(4S)-perillyl
aldehyde

(E)-1-(glutathion-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
pentan-1-imine

D-alanine--D-
serine ligase:
Solyc09g015130.3

[+ 14 isozymes]

lactose
galactohydrolase:
Solyc11g018490.2

(2S)-2-
isopropylmalate

(S)-reticuline

a 2-[(3S)-3-amino-
3-carboxypropyl]-L-

histidine-[translation
elongation factor 2]

β-D-fructose 1,6-
bisphosphate

glu

coniferyl acetate

a [Wnt protein]-
O-palmitoleoyl-

L-serine

2’-deoxyadenosine
kinase:
Solyc11g020780.2

[+ 6 isozymes]

haloalkane
dehalogenase:
Solyc09g047900.2

(2Z,6Z)-farnesyl
diphosphate

GSSG

NADH

[+ 7 isozymes]

a phosphatidylcholine

ent-kaurene

(5S,6S)-6-amino-5-
hydroxycyclohexa-

1,3-diene-1-
carboxylate

farnesyl
diphosphate
synthase:
Solyc02g085720.1

putrescine oxidase:
Solyc03g005160.3

Solyc01g103890.3

zymosterol

thiaminase II:
Solyc04g050190.3

an organosulfate

methylsalicylate 2-O-β-D-
glucopyranosyl-(1 -> 2)-[O

-β-D-xylopyranosyl-(1 ->
6)]-O-β-D-glucopyranoside

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

[+ 8 isozymes]

an acyl-CoA

an anthocyanidin 3,5-
di-O-β-D-glucoside

[+ 9 isozymes]

geraniol and
geranial biosynthesis

[+ 3 isozymes]

N-methyl-∆ 1 -
pyrrolinium cation

[+ 5 isozymes]

[+ 2 isozymes]

MTR kinase:
Solyc01g107550.3

[+ 5 isozymes]

[+ 6 isozymes]

UDP-4-dehydro-6-
deoxy-α-D-glucose

1,2-diacyl-sn-glycerol
ethanolaminephosphotransferase:
Solyc05g010440.2

(lipoyl)adenylate

[+ 2 isozymes]

L-aspartate 4-
semialdehyde

L-fucose

α-D-
glucopyranose
1-phosphate

asp

glycerol

adenylylsulfate:phosophate
adenylyltransferase:
Solyc08g007380.3

β-chaconine
rhamnosyltransferase:
Solyc07g043410.1

octanoate

ergosta-
5,7,24(28)

-trien-3β-ol

UDP-α-D-glucose

(S)-coclaurine

acyl-carrier protein

L-aspartyl-
4-phosphate

γ-tomatine
glucosyltransferase:
GAME18

an [E1 ubiquitin-
activating

enzyme]-L-cysteine

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

riboflavin kinase:
Solyc07g053270.3

(+)-dihydrokaempferol

hydrogen peroxide

epi-sterol-
desaturase:
Solyc02g086190.2

salicylate 2-O-
β-D-glucoside

[+ 16 isozymes]

S-adenosylhomocysteine
nucleosidase:
Solyc08g066880.3

bursehernin 5’-
hydroxylase:
Solyc03g111975.1

24-methylidenelophenol

24-epibrassinolide
sulfotransferase:
Solyc11g050960.1

a phytoceramide

UTP

formaldehyde

violaxanthin

(R)-lactate

a protein with
reduced L-

cysteine residues

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

[+ 11 isozymes]

[+ 11 isozymes]

N-acetyl-α-D-glucosaminyl-diphosphodolichol

an octanoyl-[acp]

[+ 2 isozymes]

4-coumarte,NADPH:oxygen
oxidoreductase
(3-hydroxylating):
Solyc12g056810.2

aldehydo-L-
galactonate

phosphatidylcholine
phosphohydrolase:
Solyc01g008790.3

(E)-ω-(methylsulfanyl)
hexyl-thiohydroximate

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:
Solyc12g096780.2

a glutaryl-[acp]
methyl ester

geranyl 6-O-β-D-
xylopyranosyl-β-D
-glucopyranoside

D-erythrose
4-phosphate

pyruvate

2’,3’-cyclic-nucleotide
3’-phosphodiesterase:
Solyc11g072430.2

isoalliin lyase:
Solyc02g062190.2

UDP-N-acetyl-α-D-
glucosamine-enolpyruvate

4-hydroxybenzoate

a hexanoyl-[acp]

a cis,cis-
delta11,29-

3-hydroxy
C48:2-[acp]

orotate

phosphate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

ADP-α-D-glucose

a 1,2-diacyl-
sn-glycerol glucose

dehydrogenase:
Solyc03g113470.2

propanoyl-CoA

a (2E)-dec-
2-enoyl-[acp]

protoporphyrinogen
oxidase:
Solyc01g079090.3

acetate

3-methyl-2-
oxobutanoate

1-α-linolenoyl-
2-linoleoyl-

phosphatidylcholine

a (3R)-3-
hydroxyhexacosanoyl-

[acp]

propanoyl-CoA

[+ 4 isozymes]

5’-methylthioadenosine
nucleosidase:
Solyc01g111060.3

germacrene C

AMP

[+ 51 isozymes]

Solyc03g051960.3:
Solyc03g051960.3

a ceramide

ethanolamine-
phosphate
cytidylyltransferase:
Solyc05g046300.3

5-hydroxy-CTP

[+ 3 isozymes]

Rubisco shunt

xylitol

inosine

succinate semialdehyde
reductase (NADPH)
: Solyc05g056540.3

diacylglycerol
pyrophosphate
phosphatase:
Solyc04g025400.3

gibberellin A34,2-
oxoglutarate:oxygen
oxidoreductase:
Solyc02g070430.3

13-apo-β-
carotenone

tomatine galactoside
glucosyltransferase:
GAME17

3’,5’-ADP

4-(3-methylbutanoyl)sucrose

p-coumaroyltyramine

an 11-
hydroxyjasmonate

ribose-5-phosphate
isomerase:
Solyc01g097460.3

hydrogencarbonate

nucleoside
diphosphate kinase:
Solyc12g049370.2

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc01g106060.3

sphingosine
1-phosphate

trp

a glucuronated
glucosyluronate

acceptor

a 10-
formyltetrahydrofolate

a carboxylate

[+ 12 isozymes]

a ferricytochrome
b

5

9-cis-β-carotene
9’,10’-cleavage
dioxygenase:
Solyc01g090660.3

L-3-phosphoserine
phosphatase:
Solyc01g098580.3

[+ 10 isozymes]

toluene methyl-
monooxygenase:
Solyc03g005195.1

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

glu

GDP-β-L-fucose

6-sulfo-α-D-
quinovose

gibberellin A
8

D-hydroxyproline
dehydrogenase:
Solyc09g055910.3

glycerol

an unknown
compound

pheophytin b

H+

nucleoside
diphosphate

phosphohydrolase:
Solyc12g098540.2

adenine deaminase:
Solyc00g031040.1

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

N-acetyl-α-D-
glucosaminide-

[heparan sulfate]

β-L-arabinofuranosidase:
Solyc11g061700.2

AMP

brassinolide
synthase:
Solyc02g065750.2

dCTP

cyanidin 3-O-β-
glucoside-6"-O-
malonyltransferase:
Solyc12g044660.2

indole-3-acetic acid
glucosyltransferase:
Solyc08g006380.3

[+ 2 isozymes]

(R)-lactaldehyde

superpathway of pyrimidine ribonucleosides salvage

Solyc01g111210.3:
Solyc01g111210.3

3-hydroxy-5-
methoxybiphenyl
monooxygenase:
Solyc00g042854.1

2-carboxy-D-
arabinitol-1-
phosphatase:
Solyc02g078240.3

[+ 4 isozymes]

7,8-
dihydroneopterin

abscisic acid
glucosyltransferase:
Solyc07g043020.1

methylcinnamate

hydroxyproline O-
arbinofuranose
transferase:
Solyc05g008260.3

carbamoyl phosphate
synthetase:
Solyc06g075340.3

a glycopeptide-
D-mannosyl-
N4 -N-acetyl-
D-glucosamine

an unknown
compound

hexokinase:
Solyc02g091830.3

phosphocholine

sulfate

soyasaponin III

9,15,9’-tri-cis
-ζ-carotene

vetispiradiene
synthase:
Solyc01g101210.4

[+ 2 isozymes]

a 1,2-diacyl-3-O-[β-D-
galactosyl-(1->6)-β-D-
galactosyl]-sn-glycerol

2-oxoglutarate decarboxylation to succinyl-CoA

2-iminopropanoate
deaminase:
Solyc10g006290.3

[+ 2 isozymes]

glu

[+ 2 isozymes]

uracil

3-methylthiopropyl-
desulfoglucosinolate
sulfotransferase:
Solyc11g039807.1

isoeugenol

H+

[+ 11 isozymes]

5,6,7,8-
tetrahydrofolate

3-(glutathion-
S-yl)-(3-

methyl)butanol

trans-feruloyl-CoA

eugenol

Hexadecanal
dehydrogenase
(acylating):
Solyc03g051960.3

[+ 80 isozymes]

succinate

a [glycerolipid]-
linoleate

glycolate
dehydrogenase:
Solyc11g045390.2

a homogalacturonan

glycine betaine

allantoin degradation
to ureidoglycolate
I (urea producing)

[+ 4 isozymes]

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

IPP

Aldehyde reductase:
Solyc09g015070.3

[+ 3 isozymes]

acetyl-CoA

[+ 4 isozymes]

[+ 6 isozymes]

gibberellin A
12

a 2-thiouridine 34

in tRNA

tricyclene synthase:
Solyc01g105850.3

adenylo-succinate

Amine and Polyamine Degradation

starch

β-carotene
isomerase:
Solyc06g084615.1

D-sorbitol
6-phosphate

Mannose-1-
phosphate
guanylyltransferase
(GDP):
Solyc06g051270.3

[+ 4 isozymes]

trihydroxyferuloyl
spermidine

[+ 3 isozymes]

adenylosuccinate
synthetase:
Solyc10g080320.2

cytoplasmic
arsenate reductase:
Solyc06g073585.1

4-coumarate-
-CoA ligase:
Solyc02g081350.3

[+ 7 isozymes]

4-demethylwyosine 37

in tRNA Phe

allantoinase:
Solyc02g078400.3

D-serine

acetone

[+ 2 isozymes]

an 11-oxosteroid

methyl (indol-
3-yl)acetate

a stearoyl-[acp]

L-threonate
dehydrogenase:
Solyc03g118640.3

germacra-
1(10),4,11(13)
-trien-12-ol

violaxanthin

2’-deoxyuridine

DMAPP

7,8-dihydrofolate
monoglutamate

cysteine
dioxygenase:
Solyc02g067440.3

6-dihydro-
NAD oxidase:
Solyc01g097160.3

acetylornithine
acetyltransferase:

Solyc09g010420.3

gibberellin C13 oxidase:
Solyc06g082730.2

[+ 15 isozymes]

[+ 3 isozymes]

CO
2

7-hydroxy-8-
methoxycoumarin

[+ 3 isozymes]

scaffold protein
for iron-sulfur
cluster assembly:
Solyc07g007450.3

a 10-
formyltetrahydrofolate

Solyc01g105165.1

dopa decarboxylase:
Solyc05g007310.2

N-acetylglutamyl-phosphate

L-aspartate:L-
glutamine amido-
ligase (AMP-forming)
: Solyc06g007180.3

toluquinol

CDP-N-
dimethylethanolamine

ergosta-
5,7,22,24(28)

-tetraen-3β-ol

cis-aconitate

pseudouridine
5’-phosphate

trans-caffeoyl-CoA

a long-chain
fatty acid

ATP

trans-zeatin-O-glucoside

gibberellin
A

34

-catabolite

[+ 6 isozymes]

[+ 11 isozymes]

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

[+ 7 isozymes]

[+ 6 isozymes]

F6P

spermidine
putrescine

UDP-glucose:dolichyl-
phosphate
glucosyltransferase:
Solyc05g054460.3

β-lactamase:
Solyc03g111260.3

very-long-chain
enoyl-CoA
reductase:
Solyc05g054490.3

pyruvate:[dihydrolipoyllysine-
residue acetyltransferase]-
lipoyllysine 2-oxidoreductase:
Solyc12g009440.2

glycolate

Gamma-glutamylamine
cyclotransferase:
Solyc04g056330.1

gibberellin A
12

ribulose-phosphate
3-epimerase:
Solyc05g007260.3

dihydroneopterin
epimerase:
Solyc10g079830.2

isovalerate--
CoA ligase:
Solyc02g061740.2

[+ 2 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc00g005287.1

ribose-5-phosphate
isomerase:

Solyc01g097460.3

a cis-delta17-3-
oxo-C36:1-[acp]

stachyose degradation

[+ 23 isozymes]

(-)-jasmonoyl-
L-isoleucine

D-sedoheptulose
1,7-bisphosphate

(Z)-3-hexanal

phosphatidylserine
synthase:
Solyc05g008580.3

nucleoside
diphosphate kinase:
Solyc12g049370.2

hν

solanidine

guanine deaminase:
Solyc01g097880.3

[+ 2 isozymes]

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

ammonium

colnelenate

pyruvate

methylsalicylate β-
primeveroside 2-O-
glucosyltransferase:
NSGT1

isoflavone
reductase:
Solyc03g044720.2

gly

an [eIF5A-
precursor]-lysine

trans-caffeoyl-CoA

UDP-α-D-
galactose

acetyl-CoA

5-(methylsulfinyl)
pentyl-

glucosinolate

UTP

[+ 6 isozymes]

D-fructofuranose

N-terminal
methionine N

α
-

acetyltransferase:
Solyc02g092490.3

4-deoxy-L-threo-hex-
4-enopyranuronate

benzyladenine

[+ 15 isozymes]

acetylglutamate kinase:
Solyc11g005620.1

(gibberellin-53), 2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g093980.3

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

lactate

acetate

leucoanthocyanidin
reductase:
Solyc05g009860.2

DIMBOA

UDP-α-D-glucose

phosphoglucomutase:
Solyc05g026490.3

[+ 8 isozymes]

leukotriene A-
4 hydrolase:
Solyc04g049720.3

dihydrolipoamide
dehydrogenase:

Solyc12g099100.2

(S)-lactaldehyde

butan-2-one

N-acetylglutamylphosphate
reductase:
Solyc01g108660.3

4,5β-
dihydrocortisone

phosphoribosyl-ATP
pyrophosphatase:
Solyc10g005930.2

DIBOA-Glc

a pyrimidine
nucleoside

a 1,3-α-D-glucan

4,4-dimethyl-
5-α-cholesta-

8,14-dien-3-β-ol

desulfoglucotropaeolin

glucosyl-
(heptosyl)

3
-Kdo

2

-lipid
A-phosphate

polygalacturan 1,4-
α-galacturonidase:
Solyc01g009640.2

hydroxyjasmonate sulfate biosynthesis

cortisol

2-iminobutanoate

spermidine

quercetin

[+ 2 isozymes]

(4-hydroxyphenyl)
acetaldehyde

3,8-divinyl
protochlorophyllide
a 8-vinyl-reductase
(NADPH):
Solyc01g112060.3

fructose-
bisphosphate
aldolase:
Solyc00g017920.1

[+ 7 isozymes]

[+ 4 isozymes]

dolichyl-phosphate β-D
-mannosyltransferase:
Solyc01g005110.3

gibberellin A
53

very-long-chain
enoyl-CoA
reductase:
Solyc05g054490.3

transketolase:
Solyc01g018020.2

(2S,3S)-3-hydroxy-2-
methylbutanoyl-CoA

[+ 4 isozymes]

(E)-ω-(methylsulfanyl)
nonyl-thiohydroximate

GFPP

desulfoglucotropaeolin

[+ 5 isozymes]

UDP-α-D-glucose

[+ 13 isozymes]

[rhamnogalacturonan
I oligosaccharide]-

α-L-rhamnose

a cis,cis-
delta13,31-3-

oxo-C50:2-[acp]

indole-3-acetate activation I

phosphatidylinositol
synthase:
Solyc08g005990.3

succinate semialdehyde

1,2-dihydroxy-5-
(methylthio)pent-1-
en-3-one:oxygen
oxidoreductase
(formate-forming):
Solyc09g082630.3

AMP

[+ 8 isozymes]

glu

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

penicillin N

(+)-pinoresinol-
forming
dirigent protein:
Solyc08g081790.2

NADH

protoheme

eugenol β-
primeveroside 2-O-
glucosyltransferase:
NSGT1

amylomaltase:
Solyc04g053120.3

AMP

long chain
polyphosphate

ser

raffinose

D-fructose 3-
epimerase:
Solyc00g120830.1

a (3R,11Z)-3-
hydroxyoctadec-
11-enoyl-[acp]

N-acetylglutamylphosphate
reductase:

Solyc01g108660.3

anthocyanidin
reductase:
Solyc10g009505.1

[+ 2 isozymes]

UDP-xylose
synthase:
Solyc01g009420.3

myo-inositol

dGTP

O-feruloylquinate

acetylglutamate
kinase:
Solyc11g005620.1

[+ 6 isozymes]

1-(5-phosphoribosyl)-5-
[(5-phosphoribosylamino)
methylideneamino]imidazole-
4-carboxamide isomerase:
Solyc05g056150.3

a (2E,5Z)-alka-
2,5-dienoyl-CoA

UDP-α-D-glucose

Acetyl-CoA C-
acyltransferase:
Solyc09g061840.3

polymethylated kaempferol biosynthesis

SAM

8-methyl-6-
nonenoate

pseudooxynicotine
oxidase:
Solyc00g026903.1

a 3-oxopimeloyl-
[acp] methyl ester

lysine-ketoglutarate
reductase:
Solyc07g017650.3

Ins(1,4,5)P
3

4α-formyl,4β,14α-
dimethyl-9β,19-
cyclo-5α-ergost-
24(24 1 )-en-3β-ol

a 2,3,4-saturated
3-oxoacyl-CoA

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

[+ 2 isozymes]

Sulfiredoxin:
Solyc02g068710.3

D-specific enoyl-
CoA hydratase:
Solyc12g094450.2

urea

an [apo BCAA
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

[+ 8 isozymes]

[+ 8 isozymes]

[+ 13 isozymes]

2-oxoglutarate

nonaprenyl
diphosphate

biosynthesis II

val

very-long-chain
enoyl-CoA
reductase:

Solyc05g054490.3

p-coumaroyltriacetic
acid lactone

a tRNA Arg

[+ 11 isozymes]

an α,β-
digalactosyldiacylglycerol

a malonyl-[acp]

(2R)-2,3-dihydroxy-3-
methylbutanoate:NADP +

oxidoreductase
(isomerizing):
Solyc12g010840.2

nucleoside
triphosphate
phosphatase:
Solyc12g098540.2

[+ 2 isozymes]

acetyl-CoA

[+ 5 isozymes]

pyruvate

a cis-
vaccenoyl-[acp]

sinapaldehyde

4-(indol-3-
yl)butanoate

5-amino-6-(5-
phospho-D-
ribitylamino)uracil
phosphatase:
Solyc05g055810.3

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

L-aspartate 4-
semialdehyde

acyl-CoA
thioesterase:
Solyc01g091550.3

enolase:
Solyc01g098940.3

lipid X

nitrate

[+ 124 isozymes]

1-α-linolenoyl-
2-palmitoyl-

phosphatidylglycerol

a folylpolyglutamate
(n)

O-sinapoylcholine

[+ 34 isozymes]

long chain
polyphosphate

[+ 17 isozymes]

(S)-(+)-allantoin

3’,5’-ADP

crocetin
glucosyltransferase:
Solyc01g049765.1

[+ 7 isozymes]

P1 ,P 3 -bis(5’-adenosyl)
triphosphate hydrolase:
Solyc09g018650.3

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

benzyladenine

[+ 2 isozymes]

Hormone-
sensitive lipase:
Solyc03g122280.3

campesterol,NADPH:oxygen
oxidoreductase:
Solyc02g085360.3

kaempferol

aldehydo-D-ribose
5-phosphate

Solyc07g006070.1:
Solyc07g006070.1

(-)-α-pinene

N-acetylglutamate
synthase:
Solyc02g092260.3

Phytanoyl-CoA
dioxygenase:
Solyc05g007970.3

anthranilate

farnesyl
diphosphate
synthase:
Solyc02g085720.1

imidazole glycerol
phosphate
synthase:
Solyc07g064810.3

hypoxanthine

perakine reductase:
Solyc00g031700.2

H+

a phenolic donor

[+ 2 isozymes]

C1 Compound Utilization and Assimilation

[+ 3 isozymes]

trans-zeatin:FAD
oxidoreductase:
Solyc12g008900.2

[+ 5 isozymes]

D-glucopyranose 6-phosphate

cystathionine γ-lyase:
Solyc01g068160.3phospholipase A

1

:
Solyc00g056680.1

p-coumaroyl ester
3’-hydroxylase:
Solyc12g056810.2

cis-aconitate

a 3-O-[β-D-GlcA-(1->3)
-α-D-GlcNAc-(1->4)-β-
D-GlcA-(1->3)-β-D-Gal-
(1->3)-β-D-Gal-(1->4)-

β-D-Xyl]-L-seryl-[protein]

cycloartenol

canthaxanthin

AMP

biotin

very-long-chain
3-oxoacyl-CoA

reductase:
Solyc00g009120.3

2-dehydropantoate

(S)-laudanine

naringenin chalcone

7-deoxyloganate

3-isobutanoyl-3’,4-di(3-
methylbutanoyl)sucrose

a peptidoglycan
with (L-alanyl-
γ-D-glutamyl-L-
lysyl-D-alanyl-

D-alanine)
pentapeptide

2,3-dihydroxy-
isovalerate
dehydratase:
Solyc05g053540.3

homocysteine S-
methyltransferase:
Solyc09g082460.3

uridine

gibberellin A
17

[+ 2 isozymes]

1-deoxy-D-xylulose 5-phosphate

eumelanin

Acetyl-CoA C-
acyltransferase:
Solyc09g091470.3

gly

3-methyl-2-
oxobutanoate

[+ 5 isozymes]

a 1,3-β-D-glucan

magnesium-
protoporphyrin IX

13-monomethyl ester

ammonium

[+ 5 isozymes]

gly

O-phosphoethanolamine

succinate
semialdehyde
dehydrogenase
(NAD + ):
Solyc09g018790.3

6-phosophogluco-
starch phosphatase:
Solyc03g111160.3

ternatin C3

acyl-[acp]
thioesterase:
Solyc12g006930.2

3,5-
dihydroxyanisole

an alk-2-enal

GDP-mannose
4,6-dehydratase:
Solyc02g084210.1

a (3R)-3-
hydroxyhexacosanoyl-

[acp]

imidazoleglycerol-
phosphate
dehydratase:
Solyc09g076020.3

[+ 2 isozymes]

glutathione
S-conjugate
γ-glutamate
hydrolase:
Solyc12g008640.2

S-adenosyl-L-
methionine:precorrin-1
C-methyltransferase:
Solyc01g086650.3

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

cys

succinate

S-adenosylmethionine:2-
demethylmenaquinol
methyltransferase:
Solyc10g008020.3

[+ 9 isozymes]

nucleoside triphosphate
pyrophosphohydrolase:
Solyc04g024640.1

an XLFG
xylogulcan

3-isopropylmalate
dehydratase:
Solyc03g005730.3

spermidine:caffeoyl-
CoA N-
acyltransferase:
Solyc02g093180.3

Solyc01g066310.3:
Solyc01g066310.3

coproporphyrinogen
III oxidase:
Solyc10g005110.3

NAD +

coniferyl aldehyde
5-hydroxylase:
Solyc02g084570.3

chorismate

(+)-secoisolariciresinol
monoglucoside

a [glycerolipid]-
(E)-11-methyl-12-
octadec-12-enoate

polyvinyl alcohol
dehydrogenase:
Solyc05g055650.3

N-acyl-aliphatic-
L-amino acid
amidohydrolase:
Solyc11g012970.2

a phenolic steroid

a 2,3,4-saturated
fatty acid

an ω-(methylsulfinyl)
alkyl-glucosinolate

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
pentan-1-imine

pyridoxamine

a malonyl-[acp]
methyl ester

[+ 9 isozymes]

isoprene synthase:
Solyc02g079900.1

docosanoyl-CoA

NADH repair

palmitoyl-CoA

1-(3-sn-
phosphatidyl)
-sn-glycerol
3-phosphate

tetraketide pyrone

methionine S-
methyltransferase:
Solyc01g102940.3

Solyc01g005940.3:
Solyc01g005940.3

a malonyl-[acp]

phytochelatin
synthase:
Solyc05g051780.3

C33-phthiotriol A

6,7-dimethyl-8-
ribityllumazine
synthase:
Solyc12g096590.2

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase:
Solyc07g044840.3

[+ 2 isozymes]

∆3,5-∆2,4-dienoyl-
CoA isomerase:
Solyc05g024245.1

delphinidin3-
rutinoside
7-glucoside
acyltransferase:
Solyc04g076120.3

cis-coumarinic
acid-β-D-glucoside

an N-acetyl-α-D-
galactosaminide

orcinol

Solyc01g008580.1

cellulose

[+ 2 isozymes]

10-hydroxy-
α-humulene

sn-glycerol
3-phosphate

an [E1 NEDD8-
activating

enzyme]-L-cysteine

acyl-[acp]
thioesterase:
Solyc12g006930.2

castasterone
synthase:
Solyc02g089160.3

[+ 21 isozymes]

[+ 3 isozymes]

CMP-Kdo

D-glucopyranose

Anthocyanin 5-(6’’’-
hydroxycinnamoyltransferase)
: Solyc10g008680.2

molybdate

Hormone-
sensitive lipase:
Solyc03g122280.3

geranyl diphosphate
synthase:
Solyc02g085720.1

an aliphatic N-
acetyl-diamine

(8S)-3’,8-cyclo-7,8-
dihydroguanosine
5’-triphosphate

androst-4-ene-
3,17-dione

cytokinin-O-glucosides biosynthesis

4-coumaroyl 2-
hydroxylase:
Solyc01g044560.2

[+ 29 isozymes]

phenylethanol biosynthesis

UDP

methenyltetrahydrofolate
cyclohydrolase:
Solyc01g094280.3

S-adenosyl-L-
methionine:Mg-
protoporphyrin IX
methyltransferase:
Solyc03g118240.3

sulfoquinovosidase:
Solyc03g094020.3

avenacin biosynthesis, initial reactions

[+ 18 isozymes]

[+ 16 isozymes]

heptaprenyl
diphosphate
synthase:
Solyc00g136560.3

α-D-glucosamine
1-phosphate

caffeoyl-CoA O-
methyltransferase:
Solyc01g107910.3

Ca 2+

an N-terminal-
L-methionyl-L-

tryptophyl-[protein]

an [eIF5A-
precursor]-

deoxyhypusine

violaxanthin
de-epoxidase:
Solyc04g050930.3

precorrin-2

F
420

 non-reducing
hydrogenase:
Solyc09g010890.1

Cofactor, Prosthetic Group, Electron Carrier Degradation

(E)-4-
coumaroyl-CoA

a (1,6)-α-D-glucosyl-
(1,4)-α-glucan

an N 6 -
methyladenine

in mRNA

phosphatidylglycerophosphatase:
Solyc12g011020.2

[+ 7 isozymes]

meso-
diaminopimelate

[+ 14 isozymes]

dihydrolipoyllysine-
residue (2-

methylpropanoyl)
transferase:

Solyc01g066520.3

[+ 5 isozymes]

vinylacetate
caboxylester
hydrolase:
Solyc09g009700.3

UDP-2-N,3-O-bis[(3R)-
3-hydroxytetradecanoyl]-

α-D-glucosamine

acyl-carrier protein

[+ 3 isozymes]

lathosterol

scopoletin

DHAP

ent-kaurene

CDP-choline

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

(-)-jasmonate

phenolphthiodiolenone
A reductase:
Solyc02g088490.3

benzyl alcohol

palmitaldehyde

ElmD:
Solyc06g084570.3

UDP

riboflavin synthase:
Solyc07g054190.3

[+ 3 isozymes]

phosphoglycerate
kinase:
Solyc07g066600.3

obtusifoliol 14α-
demethylase:
Solyc10g083340.2

apigenin-7,4’-
dimethyl ether
6-hydroxylase:
Solyc04g079640.3

glutathione

7,8-
dihydroneopterin

3’-phosphate

catechol oxidase:
Solyc02g078650.3

phenylacetaldehyde

a long-chain
acyl-CoA

(2E,6E)-farnesyl
diphosphate

[+ 9 isozymes]

cinnamate

[+ 2 isozymes]

[+ 10 isozymes]

an (E)-ω-(methylsulfanyl)
alkyl-thiohydroximate

7-[(3S)-3-amino-3-
carboxypropyl]-4-
demethylwyosine 37

in tRNA Phe

[+ 2 isozymes]

[+ 10 isozymes]

ser

xanthosine-5’-
phosphate:L-
glutamine amido-
ligase (AMP-forming)
: Solyc08g081150.3

dGDP

ditrans,octacis-
undecaprenyldiphospho-
N-acetyl-(N-acetyl-β-D-
glucosaminyl)muramoyl-

L-alanyl-γ-D-glutamyl-L-
lysyl-D-alanyl-D-alanine

[+ 4 isozymes]

glutamate synthase:
Solyc08g044270.3

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

[+ 7 isozymes]

Chlorophyllase:
Solyc06g053980.3

a 5,10-
methenyltetrahydrofolate

UDP-glucose:kinetin 7-
N-glucosyltransferase:

Solyc03g078780.2

S-methyl-5’-thioadenosine

phenylacetaldehyde

HMP-PP

salvianin

[+ 34 isozymes]

isopentenyl-
diphosphate
∆-isomerase:
Solyc04g056390.3

a 1,2-diacyl-3-O-(β-D-
galactopyranosyl)-sn-glycerol

a homogalacturonan

an N-terminal L-
arginiyl-3-sulfo-

L-alanyl-[protein]

2-phospho-
D-glycerate

[+ 4 isozymes]

uridine
nucleosidase:
Solyc05g020040.1

MoO
2

-
molybdopterin

cofactor

lactate
dehydrogenase:
Solyc11g045390.2

Amino Acid Biosynthesis

prolycopene

[+ 9 isozymes]

cycloartenol synthase:
Solyc04g050670.1

[+ 5 isozymes]

protein-lysine deacetylase:
Solyc07g065550.3

linamarin

magnesium
chelatase:
Solyc04g015490.3

α-D-Glc-(1->3)-α-D-Glc-(1->3)-α-D-Man-
(1->2)-α-D-Man-(1->2)-α-D-Man-(1->3)
-[α-D-Man-(1->2)-α-D-Man-(1->3)-[α-D-
Man-(1->2)-α-D-Man-(1->6)]-α-D-Man-
(1->6)]-β-D-Man-(1->4)-β-D-GlcNAc-
(1->4)-α-D-GlcNAc-diphosphodolichol

phosphatidylcholine
sn-2 acylhydrolase:
Solyc01g008780.3

[+ 12 isozymes]

1-oleoyl-2-palmitoyl-
phosphatidylglycerol

(-)-menthol

phytyl
diphosphate

a (2E)-tetradec-
2-enoyl-[acp]

3-methylcrotonyl-
CoA

urease:
Solyc05g014970.3

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

[+ 10 isozymes]

flavonoid biosynthesis

acyl-carrier protein

D-mannitol

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

an alcohol

3’,5’-ADP

a malonyl-[acp]

3-methyl-2-
oxobutanoate

dehydrogenase:
Solyc01g016610.1

[+ 11 isozymes]

F6P

7 1 -hydroxychlorophyllide a

sn-glycerol 3-phosphate

9α-hydroxyandrosta-
1,4-diene-3,17-dione

a cerotoyl-[acp]

[+ 5 isozymes]

(-)-deoxypodophyllotoxin
synthase: Solyc00g136565.1

1D-myo-inositol 1,5-
bis(diphosphate) 2,3,4,6-

tetrakisphosphate

farnesene biosynthesis

glucose-6-
phosphate
isomerase:
Solyc04g076090.3

a (2E)-hex-
2-enoyl-[acp]

UDP-N-acetyl-D-
glucosamine biosynthesis II

trans-lignocer-
2-enoyl-CoA

esculetin modification

histidine
decarboxylase:
Solyc04g071140.3

UDP-N-acetyl-
α-D-muramate

Inositol-
polyphosphate
multikinase:
Solyc12g042430.2

FMN
adenylyltransferase:
Solyc04g008990.3

asp

6-phosphogluconate
dehydrogenase,
decarboxylating:
Solyc04g005160.2

N-methylaminobutanal

UDP-glucose
4-epimerase:
Solyc01g058390.3

spermine oxidase:
Solyc01g087590.3

a 3-oxoicosanoyl-
[acp]

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

allantoate

acetyl-
CoA:salutaridinol-7-
O-acetyltransferase:
Solyc05g050760.1

pyruvate

16-hydroxypalmitoyl-
CoA

[+ 6 isozymes]

L-ornithine

Solyc00g122530.1

IPP

resveratrol O-
methyltransferase:
Solyc00g005285.1

acyl-CoA:1-acyl-
sn-glycerol-3-
phosphate 2-O-
acyltransferase:
Solyc01g109370.3

salicylate 1-O-
methyltransferase: SAMT1

[+ 11 isozymes]

a β-(1,4)-
D-mannan

inosine 5’-
monophosphate
dehydrogenase:
Solyc10g079500.2

fatty acyl reductase:
Solyc11g067190.2

4-alpha-methylsterol
monooxygenase:
Solyc01g091320.3

siroheme

oxidized GTP and
dGTP detoxification

[+ 4 isozymes]

linolenate
epoxidase:
Solyc02g080330.3

3,5-dihydroxyanisole
O-methyltransferase:
Solyc09g056230.2

mesifurane

soyasaponin I

stachyose biosynthesis

a (9Z)-3-
oxooctacos-

9-enoyl-[acp]

cis-abienol
biosynthesis

(E)-4-
coumaroyl-CoA

cyanidin synthase:
Solyc03g096050.3

deoxyhypusine
synthase:
Solyc02g080800.3

an L-asparaginyl-
[tRNA Asn ]

an oxidized c-
type cytochrome

reticuline oxidase:
Solyc04g080400.2

UDP

β-amyrin

ω-hydroxypalmitate O-
feruloyl transferase:
Solyc01g005895.1

a cis,cis-
delta7,19-3-

oxo-C38:2-[acp]

5-hexenoate:acyl-
carrier protein ligase:
Solyc04g080480.1

p-aminobenzoate-β-D-
glucopyranosyl ester

superpathway of methylsalicylate metabolism

Solyc05g009030.3:
Solyc05g009030.3

3-dodecanoyl-3’,4-di(3-
methylbutanoyl)sucrose

pelargonidin-3-
O-rutinoside-5-
O-β-D-glucoside

[+ 5 isozymes]

a malonyl-[acp]

2-phenylethylamine

[+ 6 isozymes]

a uridine in tRNA

phytosphingosine
1-phosphate

β-D-fructose 1,6-
bisphosphate

THF-L-glutamate

β-carotene biosynthesis

trans-5-O-(4-coumaroyl)-
D-quinate,NADPH:oxygen
oxidoreductase
(3-hydroxylating):
Solyc01g009370.2

a hydroxylated
tetraketide α-pyrone

Solyc05g051930.2

GTP

solanidine
glucosyltransferase:
Solyc12g088700.1

methyl (-)-jasmonate
methylesterase:
Solyc04g080660.3

Medium-chain
acyl-CoA ligase:
Solyc01g060180.3

D-galacturonate
reductase:
Solyc04g008440.1

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

Fe 2+

glycerol-3-
phosphatase:
Solyc10g054280.2

3,8-divinyl-chlorophyllide
a biosynthesis I (aerobic,

light-dependent)

a 3-oxoacid

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

GGPP

galactinol

L-citrulline biosynthesis

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

[protein]-N ω

,N ω -dimethyl-
L-arginine

Folatepolyglutamate
(n)

: Solyc07g062270.3

a secondary
alcohol

protein N-terminal
glutamine
amidohydrolase:
Solyc04g015760.3

a 1-alkanal

[+ 2 isozymes]

N-acetyl-β-D-glucosaminyl-(1->4)-N-acetyl-
α-D-glucosaminyl-diphosphodolichol

protoheme

aldehyde
dehydrogenase:
Solyc12g099290.2

[+ 2 isozymes]

hydroxycinnamic acid tyramine amides biosynthesis

ecgonine
methyl ester

DMAPP

cyclic-AMP

[+ 6 isozymes]

peroxygenase:
Solyc01g005400.3

a non glycosylated
sugar acceptor

pro

adenylate kinase:
Solyc02g093990.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

a 5,10-
methylenetetrahydrofolate

[+ 5 isozymes]

DHAP

glutamate-5-
semialdehyde
dehydrogenase:
Solyc08g043170.3

[+ 2 isozymes]

pyruvate

6-C-glucosyl-2-
hydroxynaringenin

L-tryptophan:2-
oxoglutarate
aminotransferase:
Solyc01g017610.1

[+ 3 isozymes]

a trans-2-
enoyl-CoA

[+ 9 isozymes]

9-cis-10’-apo-
β-carotenal

2-methylbutanoyl-CoA

N-acetylglutamate
synthase:

Solyc02g092260.3

ammonium

citrate hydro-lyase
(cis-aconitate-forming)

: Solyc07g052350.3

[+ 5 isozymes]

dihydrozeatin-
9-N-glucoside

[+ 2 isozymes]

a malonyl-[acp]

an N-terminal L-
glutamyl-[protein]

met

a [calmodulin]
L-lysine

shikimate

pyruvate

cycloartenol

linalyl 6-O-α-L-
arabinopyranosyl- β-

D-glucopyranoside

D-xylono-
1,5-lactone

3-oxo-myristate

[+ 16 isozymes]

demethylsuberosin

D-glyceraldehyde
3-phosphate

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

1-α-linolenoyl-2-
(3E)-hexadecenoyl-

phosphatidylglycerol

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

a 3-oxododecanoyl-[acp]

5-MTR-1-P

malonyl-CoA

a [protein]-
L-arginine

trans-5-O-
caffeoyl-D-quinate

solanine UDP-galactose
galactosyltransferase:
Solyc07g043490.1

2-iminobutanoate

[+ 7 isozymes]

a 3-oxotetracosanoyl-
[acp]

molybdate

maltose

[+ 3 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

2-iminopropanoate
deaminase:
Solyc07g064600.3

PAPS

primeverose

a [glycerolipid]-
(7Z,10Z)-

hexadecadienoate

Ditrans,polycis-
polyprenyl
diphosphate
synthase ((2E,6E)-
farnesyldiphosphate
specific):
Solyc06g060810.3

D-glyceraldehyde
3-phosphate

serine
palmitoyltransferase:
Solyc03g098220.3

trans-4-
hexen-3-one

quercetin

[+ 5 isozymes]

an ω-hydroxy
long-chain
fatty acid

geranyl
diphosphate

UDP-sugar
pyrophosphorylase:
Solyc04g058065.1

2-iminopropanoate

Pullulanase:
Solyc11g008040.2

phloroglucinol

gln

[+ 2 isozymes]

purine
cytosine
caffeine

[+ 4 more]

[+ 4 isozymes]

a malonyl-[acp]

serine

N6 -(dimethylallyl)
adenosine 5’-
phosphate-
hydroxylase:
Solyc02g085880.2

aminomethyltransferase:
Solyc01g104055.1

an [E2 NEDD8-
conjugating

enzyme]-L-cysteine

GTP cyclohydrolase
II: Solyc01g105560.3

[+ 7 isozymes]

[+ 39 isozymes]

[+ 2 isozymes]

glutamate 5-kinase:
Solyc00g026860.1

chlorophyll a degradation I

L-valine degradation I

UDP-
glucose:isopentenyladenine

7-N-glucosyltransferase:
Solyc03g078780.2

(-)-matairesinol

2-cis,6-cis-farnesyl
pyrophosphate
synthase:
Solyc10g085140.1

kaempferol diglycoside
biosynthesis

(pollen-specific)

Solyc06g048540.3

Solyc02g080800.3:
Solyc02g080800.3

[+ 2 isozymes]

(S)-3-hydroxy-
isobutanoyl-CoA

pectate lyase:
Solyc01g010740.3

raffinose

α-1,2-
fucosyltransferase:
Solyc03g115830.2

[+ 9 isozymes]

cyanidin 3-O-
glucoside 7-O-
glucosyltransferase
(acyl-glucose
dependent):
Solyc08g042020.1

an N-terminal L-
arginiyl-3-sulfino-
L-alanyl-[protein]

citrate

taxa-4(20)
,11-dien-5-
α-yl acetate

nicotine
dehydrogenase:
Solyc00g026903.1

hydroquinone

glutaryl-CoA

furaneol
glucosyltransferase:
Solyc03g078490.3

11-oxo-β-amyrin
30-oxidase:
Solyc01g087338.1

(R)-mandelonitrile

(22R,23R)-28-
homocastasterone

4-oxo-4-(3-
pyridyl)-butanoate

7,8-
dihydroneopterin

[+ 5 isozymes]

K+

aspartate
transaminase:
Solyc03g007070.3

a 1-phosphatidyl-
1D-myo-inositol

D-xylulose

adenine

succinate

formaldehyde

DIBOA 2-D-
glucosyltransferase:
Solyc08g008450.2

methylphoracetophenone

sitosterol

hydrogenobyrinate
a,c-diamide

[+ 8 isozymes]

18-oxo-oleate

(-)-trans-
isopiperitenol

D-2-hydroxyglutarate
dehydrogenase:
Solyc02g062430.3

carbamoyl
phosphate

norcoclaurine
synthase:
Solyc06g007860.1

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

[+ 6 isozymes]

a [glycine-cleavage
complex H protein] N 6

-dihydrolipoyl-L-lysine

allantoin degradation
to glyoxylate II

H+

solasodine

glutathione

glutathione

indole-3-acetamide
amidase:
Solyc03g118690.3

[+ 6 isozymes]

aurachin C
monooxygenase/
isomerase:
Solyc06g060880.3

a (1->4)-β-D-xylan
oligosaccharide

all-trans-10’-
apo-β-carotenal

germacrene biosynthesis

a fatty acid

maltose

NAD kinase:
Solyc00g017910.1

phthalate 3,4-
cis-dihydrodiol

[+ 3 isozymes]

superpathway of
gibberellin GA

12
biosynthesis

cysteine
desulfurase:
Solyc11g005860.2

a homogalacturonan

Carboxylate Degradation

chitin

4,4-dimethyl-5α-
cholesta-8-en-3-
β-ol:NADP+∆14-
oxidoreductase:
Solyc09g009040.3

a reduced
rubredoxin

15-cis-phytoene
desaturase:
Solyc03g123760.3

thebaine

2-trans-indole-
3-butyryl-CoA

[+ 5 isozymes]

DHAP

[+ 3 isozymes]

Aldehyde
dehydrogenase
(NAD(P)(+)):
Solyc12g007030.2

[+ 5 isozymes]

cAMP
phosphodiesterase:
Solyc07g009460.3

glu

(9R)-HPODE

9,10-
epoxystearate

(-)-secoisolariciresinol
dehydrogenase:
Solyc10g083180.2

octane

[+ 5 isozymes]

asp

lysine degradation II

Solyc02g080790.3:
Solyc02g080790.3

[+ 5 isozymes]

methanesulfonate

a ferrocytochrome
b

5

ser

coniferaldehyde

Solyc02g069200.3

PRPP biosynthesis

tropinone reductase:
Solyc03g096640.3

proline
dehydrogenase:
Solyc02g089630.3

(gibberellin-19), 2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g093980.3

4α-hydroxymethyl,4β,14α-
dimethyl-9β,19-cyclo-5α-
ergost-24(24 1 )-en-3β-ol

L-iditol
dehydrogenase:
Solyc01g006510.3

Kdo transfer to lipid IV
A

 I

3-octaprenyl-4-
hydroxybenzoate

pelargonidin
3-O-β-D-p-

coumaroylglucoside

UDP-α-D-glucose

(22S)-22-hydroxy-
5alpha-campestan-
3-one C-23
hydroxylase:
Solyc03g121510.3

[+ 16 isozymes]

(+)-taxifolin

[+ 2 isozymes]

4-(methylsulfanyl)
butyl-glucosinolate

Prenylcysteine
oxidase:
Solyc12g088020.1

GDP

ATP
phosphoribosyltransferase:
Solyc01g103750.3

(S)-3-methyl-2-
oxopentanoate

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

dihydrosqualene

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

indoleglycerol
phosphate aldolase:
Solyc01g098550.3

UDP

isopentenyl
adenosine

(R)-NADHX

p-coumaroyl ester
3’-hydroxylase:
Solyc12g056810.2

α-aminoadipic
semialdehyde
dehydrogenase:
Solyc01g081050.4

[+ 6 isozymes]

UDP

(2E,6E)-farnesyl
diphosphate

UDP

phosphatidylcholine
cholineesterase:
Solyc01g065720.3

geranyl diphosphate

N-acetylglucosaminylphosphatidylinositol
deacetylase: Solyc05g010730.3

(1R,6S)-6-amino-
5-oxocyclohex-2-
ene-1-carboxylate

kaempferol

a [pyruvate,phosphate
dikinase]-L-threonine

[+ 7 isozymes]

monodemalonylsalvianin

[+ 2 isozymes]

(E)-1-(glutathion-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
heptan-1-imine

superpathway of
geranylgeranyldiphosphate

biosynthesis I (via mevalonate)

8-methoxypsoralen

pyruvate

a sugar 1-
phosphate

formyltetrahydrofolate
deformylase:
Solyc06g060770.3

β-galactosidase:
Solyc01g110000.3

Zeatin O-beta-D-
xylosyltransferase:
Solyc04g008320.2

5β-cholestan-
3-one

a 2-[(ω-
methylsulfanyl)

alkyl]malate

2-phenylethanol

long chain
polyphosphate

glycerol 3-
phosphate
dehydrogenase:
Solyc01g088150.3

2-iminopropanoate
deaminase:
Solyc07g064600.3

15-cis-phytoene
desaturase:
Solyc03g123760.3

threonylcarbamoyl-
AMP synthase:
Solyc11g069360.2

1-linoleoyl-2-linoleoyl-
phosphatidylcholine

[+ 2 isozymes]

methylglyoxal

glycine
decarboxylase:

Solyc08g065220.3

malate
dehydrogenase:

Solyc12g044600.3

2-hydroxy-6-
ketonona-2,4-
dienedioate
hydrolase:
Solyc03g095290.3 3-sulfino-L-alanine

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

(RS)-linalool

guaiacol β-
primeveroside 2-O-
glucosyltransferase:
NSGT1

3-oxoacid
decarboxylase:
Solyc09g014970.3

S-methyl-L-methionine cycle

(3R,4R)-7,2’,4’-
trihydroxyisoflavanol

a 3-oxo-
∆ 4 -steroid

[+ 10 isozymes]

N-[β-glucosyl-(1,4)-
β-glucosyl]-(oxindol-
3-yl)acetyl-aspartate

[+ 8 isozymes]

[+ 7 isozymes]

dihydroxyferuloyl-
sinapoyl spermidine

Medium-chain
acyl-CoA ligase:
Solyc12g099360.2

UDP-α-D-glucose

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

(5α)-campestan-3-
one hydroxylase:
Solyc02g085360.3

olivetol

[+ 7 isozymes]

Cytokinin
dehydrogenase:
Solyc01g088160.3

a CDP-
diacylglycerol

β-carotene

[+ 11 isozymes]

resveratrol biosynthesis

an N-terminal N α -
acetyl-L-methionyl-
L-lysyl-[protein]

a malonyl-[acp]

polygalacturonase:
Solyc00g007570.2

an N-terminal N α -
acetyl-L-methionyl-
L-leucyl-[protein]

1,2-benzoquinone

a [procollagen]-
L-proline

K+

a (5Z)-tetracos-
5-enoyl-[acp]

2-maleylacetate

saccharopine
dehydrogenase:
Solyc07g017610.3

S-adenosylmethionine
decarboxylase:
Solyc01g010050.3

(3R)-3-
hydroxyoctadecanoyl-

CoA

N5-CAIR

7,3’,4’,5’-
tetramethylmyricetin

UDP

crocetin esters biosynthesis

dTTP

[+ 17 isozymes]

tartronate
semialdehyde

magnesium-
protoporphyrin-IX
13-monomethyl
ester,NADPH:oxygen
monooxygenase:
Solyc10g077040.2

thalianol 7-
hydroxylase:
Solyc04g009930.2

2-oxoglutarate

trans-5-O-(4-coumaroyl)-
D-quinate,NADPH:oxygen
oxidoreductase
(3-hydroxylating):
Solyc01g009370.2

NADP +

[+ 23 isozymes]

dopaquinone

a dolichol

4-methyl-2-
oxopentanoate

dAMP riboflavin cyclic-
4’,5’-phosphate

D-glucopyranose

UMP

APS

SAM

molybdopterin
synthase:
Solyc06g073620.3

pent-1-en-3-one

oleate ω-
hydroxylase:
Solyc01g044565.1

[+ 2 isozymes]

acetolactate
synthase:
Solyc03g044330.1

indole-3-acetonitrile-
glutatione
conjugate γ-
glutamyl peptidase:
Solyc01g106060.3

9,9’-dicis-ζ-carotene
desaturase:
Solyc01g097810.3

trans-neoxanthin

1-[18-hydroxyoeoyl]-2-
[18-hydroxy-lioleoyl]-sn

-glycerol 3-phosphate

4-coumarate

[+ 3 isozymes]

acrolein

α1,6-D mannobiose

β-carotene 4-
monoketolase:
Solyc02g085250.3

UDP-sugar
pyrophosphorylase:
Solyc04g058070.3

UDP

a 7-aminomethyl-7-
deazaguanosine 34

in tRNA

UDP-α-D-glucose

a fatty acid

[+ 3 isozymes]

Solyc02g080800.3:
Solyc02g080800.3

stearoyl-[acp] elongase/
decarboxylase:
Solyc10g083270.3

(3R)-2’-
hydroxyisoflavanone
reductase:
Solyc10g018140.2

7,8-dihydroneopterin
3’-phosphate

a very-long-chain
oxoacyl-CoA

[+ 8 isozymes]

[+ 14 isozymes]

[+ 4 isozymes]

trans-resveratrol

ketohexokinase:
Solyc09g064240.3

ribonucleoside-
diphosphate
reductase:
Solyc04g051350.3

(+)-secoisolariciresinol
diglucoside

δ-carotene

salutaridinol

PchF-cysteine
ligase:
Solyc08g075520.3

Xyloglucan:xyloglucosyl
transferase:
Solyc01g005120.3

a 1,2-diglyceride

phosphoryl-
ethanolamine
phosphatase:
Solyc03g121430.2

an L-glutamyl-
[tRNA Gln ]

(E)-4-
coumaroyl-CoA

Solyc00g031730.1

D-glyceraldehyde

succinate

demethylmenaquinol-7

3-deoxy-
D-arabino-

heptulosonate
7-phosphate

shikimate

C34-
phenolphthiodiolone A

26-amino-
furostanol

(2R)-2,3-dihydroxy-3-
methylbutanoate:NADP +

oxidoreductase
(isomerizing):
Solyc12g010840.2

2-hydroxy-6-oxo-
6-phenyl-2,4-
hexadienoate
hydrolase:
Solyc05g012350.3

S-methyl-5’-
thioadenosine

(-)-4’-demethyl-
deoxypodophyllotoxin

succinate

a malonyl-[acp]

13 1 -hydroxy-
magnesium-
protoporphyrin IX
13-monomethyl
ester 13-
dehydrogenase:
Solyc06g007760.3

glycerol

acetyl-CoA

3-alkyl-4-
alkyloxetan-2-one
decarboxylase:
Solyc06g068220.3

acyl-CoA oxidase:
Solyc04g054890.3

transketolase:
Solyc10g018300.2

AMP

shikimate

3’-acetyl-3-dodecanoyl-4-
(3-methylbutanoyl)sucrose

lupeol

a (2S)-
flavan-4-one

thiamine phosphate
synthase:
Solyc01g103950.3

UDP-α-D-glucose

[+ 2 isozymes]

ω- hydroxylation of laurate

Solyc01g100850.3

[+ 2 isozymes]

Secoisolariciresinol
dehydrogenase:
Solyc12g056710.2

GTP 3’,8’-cyclase:
Solyc01g073730.3

laurate

IPP

glycine
betaine

UDP-α-D-galactose

quercetin 3-O-β-D-glucosyl-
(1->2)-β-D-glucoside

[+ 2 isozymes]

prolycopene
isomerase:
Solyc05g010180.3

proanthocyanidins biosynthesis from flavanols

a reduced
ferredoxin [iron-
sulfur] cluster

α-D-
mannopyranose

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

superpathway of purine nucleotides de novo biosynthesis I

[+ 3 isozymes]

a cis-delta19-
C38:1-[acp]

vitamin E biosynthesis (tocotrienols)

3,4-dihydroxy-
2-butanone-
4-phosphate
synthase:
Solyc11g010300.2

ammonia

CMP

[+ 5 isozymes]

D-ribulose 5-
phosphate 1-
dehydrogenase:
Solyc09g074310.3

5-hydroxy-2-oxo-4-
ureido-2,5-dihydro-
1H imidazole-
5-carboxylate
decarboxylase:
Solyc01g080940.3

a [glycerolipid]-
vernolate

UTP--glucose-
1-phosphate
uridylyltransferase:
Solyc01g081520.3

isopentenyl
phosphate

3-C-glucosyl-2,4,4’,6-
tetrahydroxydibenzoylmethane

Solyc02g080790.3:
Solyc02g080790.3

carbamate

a jasmonate

a chitodextrin

methyl chloride

ile

a homogalacturonan

16-hydroxypalmitate
dehydrogenase:
Solyc00g156980.3

2-oxobutanoate

zeaxanthin

L-cystathionine

[+ 16 isozymes]

9’-cis-neoxanthin

hydrogen cyanide

9-cis-violaxanthin

α-D-Man-(1->3)-[α-D-Man-(1->6)]-
α-D-Man-(1->4)-β-D-GlcNAc-(1->4)

-α-D-GlcNAc-diphosphodolichol

Solyc07g006070.1:
Solyc07g006070.1

APS

[+ 2 isozymes]

C33-phthiotriol
methyltransferase:
Solyc05g052500.3

galactinol

(3R)-2’-
hydroxydihydrodaidzein

β-D-fructofuranose

syringetin biosynthesis

2,3-dihydroxy-
isovalerate
dehydratase:
Solyc05g053540.3

L-ornithine

secologanin

N,O-
dimethylhydroxylamine

[+ 3 isozymes]

ADP

tomatidine

1-[18-hydroxyoeoyl]-2-
[18-hydroxy-lioleoyl]-sn

-glycerol 3-phosphate

(S)-NADPHX

spermidine synthase:
Solyc05g005710.3

dTDP-glucose
pyrophosphorylase:
Solyc04g014980.1

a fructan

HBOA

(3R)-3-
hydroxybutanoyl-

CoA

[+ 11 isozymes]

(2R)-phospho-
3-sulfolactate
synthase:
Solyc02g079930.3

6α-hydroxy-
germacra-1(10)

,4,11(13)-
trien-12-oate

cholesterol

[+ 5 isozymes]

[+ 11 isozymes]

16-sinapoyloxypalmitate

transaldolase:
Solyc00g006800.3

UDP-
glucose:scopoletin O-β-
D-glucosyltransferase:
Solyc01g107770.2

hydrogen
peroxide

1-O-sinapoyl-
β-D-glucose

xyloglucan
galactosyltransferase:
Solyc02g014140.1

H
2

O

[+ 31 isozymes]

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

(gibberellin-15), 2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g093980.3

(22α)-hydroxy-
campesterol

methenyltetrahydrofolate
cyclohydrolase:
Solyc01g094280.3

UDP-α-D-xylose

UDP-galactose biosynthesis (salvage pathway from galactose using UDP-glucose)

phenylacetaldehyde
synthase: Solyc03g044120.1

glyoxylate

Solyc04g079643.1:
Solyc04g079643.1

3-phospho-
D-glycerate

serine racemase:
Solyc08g008000.2

isobutanoyl-CoA

benzoate

formamidase:
Solyc02g092530.3

L-citrulline

a 2-acyl-sn
-glycero-3-

phosphocholine

ammonium

cis-abscisic alcohol

indole-3-acetate inactivation VIII

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

urate hydroxylase:
Solyc11g006550.3

anandamide

trans-neoxanthin
an electron-

transfer quinol

3-dodecanoyl-4-(3-
methylbutanoyl)sucrose

Mg-protoporphyrin

gentisate 5-O-β-
D-xylopyranoside

[+ 4 isozymes]

coniferin

a nitrile

a 3-O-[β-D-galactosyl-(1->3)-β-D-galactosyl-
(1->4)-β-D-xylosyl]-L-seryl-[protein]

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
Solyc06g084030.3

β-D-fructofuranose
1-phosphate

[+ 7 isozymes]

a cis,cis-
delta13,25-3-

oxo-C44:2-[acp]

prephenate
dehydratase:
Solyc02g080620.3

an (L-
cysteinylglycine)

-S-conjugate

a homogalacturonan

trans-arachido-
2-enoyl-CoA

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

[+ 7 isozymes]

dimethylaniline
monooxygenase:
Solyc01g112100.3

trans-zeatin-O-
glucoside UDP

glycosyltransferase:
Solyc03g078780.2

glutathione
reductase:
Solyc09g065900.3

a glycogen

glu

keto-D-fructose

gibberellin biosynthesis III (early C-13 hydroxylation)

a glycogen

a 3-oxododecanoyl-[acp]

1-(2-carboxyphenylamino)-1-
deoxy-D-ribulose 5-phosphate

L-glutamine biosynthesis III

3-(methylsulfanyl)propyl-
desulfoglucosinolate

flavanoid 3’,5’-
hydroxylase:
Solyc04g071807.1

sulfate
adenylyltransferase:
Solyc03g005250.3

D-gluconate kinase:
Solyc10g006600.3

2-dehydro-3-deoxy-
D-galactonate

6-phosphate

coniferin metabolism

dTDP-α-L-
rhamnose synthase:
Solyc08g080140.3

UDP-α-D-glucose

6-phosophogluco-
3-phosphogluco-
starch phosphatase:
Solyc03g111160.3

18-hydroxystearate

gly

a reduced
adrenodoxin

flavin biosynthesis I (bacteria and plants)

[+ 2 isozymes]

4-aminobutanoate

[+ 10 isozymes]

Acetyl-CoA C-
acyltransferase:
Solyc09g061840.3

L-arginino-
succinate

an aryl dialkyl
phosphate

2,4,6-
trihydroxycinnamoyl-

CoA

nitrate reductase:
Solyc11g013810.2

[+ 9 isozymes]

lauroyl-CoA

palmitaldehyde

(indol-3-yl)acetate

18-hydroxyoleoyl-
CoA

Solyc11g018690.2

(+)-7-epi-12-
hydroxyjasmonoyl-

L-isoleucine

L-xylulose

seleno-amino acid
detoxification and
volatilization III

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

biotin carboxylase:
Solyc01g008330.3

ethanolamine kinase:
Solyc08g066820.3

[+ 4 isozymes]

N-3-fumaramoyl-(S)-
2,3-diaminopropanoyl-
[DdaD non-ribosomal
peptide synthase]
oxygenase:
Solyc05g009960.3

2-methylbutanoyl-
CoA

dGMP

a cis-delta13-3-
oxo-C32:1-[acp]

a [lipoyl-carrier protein]-
N6 -lipoyl-L-lysine

N1 -acetylspermine

UDP-α-D-glucose

digalactosyldiacylglycerol
synthase: Solyc01g007100.3

4-hydroxy-
tetrahydrodipicolinate
synthase:
Solyc10g083110.2

4-hydroxy-3-methylbut-2-en-
1-yl diphosphate synthase:
Solyc11g069380.2

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc07g006095.1

L-serine deaminase:
Solyc08g008000.2

a 1,3-β-D-glucan

castasterone
22-O-sulfate

benzyl acetate

Solyc02g068220.1:
Solyc02g068220.1

15-dehydro-
prostaglandin E

2

(S)-N-
methylcoclaurine

sucrose 6 F -phosphate

∆ 24-25 -sitosterol

a [2-oxoglutarate
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

[+ 5 isozymes]

[+ 14 isozymes]

ferulate

[+ 8 isozymes]

valine N-
monooxygenase:
Solyc04g005360.1

galactolipid biosynthesis I

acetyl-coenzyme A:acetyl
alcohol acetyltransferase:

Solyc01g105550.1

a cis,cis-delta7,19-
3-hydroxyC38:2-

[acp]

guanylate kinase:
Solyc03g063600.4

an L-amino acid

gallate

[+ 5 isozymes]

butan-1-al

linolenate
epoxidase:
Solyc02g080330.3

18-hydroxylinoleoyl-
CoA

gln

a 3’-
methoxyflavonoid

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

aminomethylpyrimidine

(R)-lipoate

an [E2 NEDD8-
conjugating enzyme]-
S-[NEDD8-protein]-

yl-L-cysteine

primeverose

3-phospho-
D-glycerate

glycerol-3-
phosphate
dehydrogenase:
Solyc11g008380.2

(E)-ω-(methylsulfanyl)
butyl-thiohydroximate

[+ 2 isozymes]

NMN

3-methyl-2-oxobutanoate
hydroxymethyltransferase:
Solyc09g007130.3

a glycoside

acetate

dTDP-4-
dehydrorhamnose
3,5-epimerase:
Solyc08g080140.3

a xylose/galactose/
fucose xyloglucan

L-homoserine

[+ 52 isozymes]

3-hydroxyacyl-CoA
dehydrogenase:

Solyc01g066620.3

(S)-malate
dehydrogenase
(NAD+, pyruvate-
forming):
Solyc01g094200.3

3-dodecanoyl-3’,4-di(3-
methylbutanoyl)sucrose

18-hydroxyoleoyl-
CoA

a cis,cis-
delta5,23-3-

oxo-C42:2-[acp]

threonine aldolase:
Solyc04g009960.3

D-mannopyranose
6-phosphate

caffeoyl-4’-
hydroxyphenyllactate

HECT-type E3
ubiquitin transferase:
Solyc01g057900.3

glutathione hydrolase:
Solyc05g051780.3

dioleoyl
phosphatidate

glycolate
dehydrogenase:
Solyc08g029155.1

[+ 14 isozymes]

glycine
biosynthesis III

N-methylcoclaurine
3’-monooxygenase:
Solyc03g026130.3

[+ 4 isozymes]

a (5Z)-3-
oxotetracos-

5-enoyl-[acp]

an N 6 -methyl-
threonylcarbamoyladenosine

37 in tRNA

5-carboxymethylaminomethyluridine-
tRNA synthase: Solyc01g068290.3

DHAP

a uridine 34

in tRNA

2-C-methyl-D-erythritol 2,4-
cyclodiphosphate synthase:
Solyc08g081570.3

valencene and 7-epi-α-selinene biosynthesis

[+ 5 isozymes]

UDP

NADP +

DIMBOA-β-
D-glucoside

taxa-4,11-diene

an L-1-
phosphatidyl-

sn-glycerol

protein N-terminal
asparagine
amidohydrolase:
Solyc01g073930.3

a tetrahydrofolate

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

pentakisphosphate

Solyc11g067000.2

(+)-germacrene
D synthase:
Solyc12g006570.2

N-acetyl-L-glutamate 5-semialdehyde

arg

(E)-ω-(methylsulfanyl)
octyl-thiohydroximate

succinate

protoporphyrinogen
oxidase:
Solyc01g079090.3

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

Solyc12g010220.2

an α-(γ-L-
glutamyl)-L-
amino acid

[+ 15 isozymes]

a malonyl-[acp]

dTDP-4-dehydro-
6-deoxy-α-D-
glucopyranose

[+ 2 isozymes]

[+ 2 isozymes]

[+ 4 isozymes]

dihydrozeatin

CO
2

7-(methylsulfanyl)
heptyl-glucosinolate

sphingolipid biosynthesis (plants)

[+ 4 isozymes]

[+ 12 isozymes]

gibberellin A
1

glycerol kinase:
Solyc03g117490.3

1-18:1-2-16:0-
monogalactosyldiacylglycerol
lipase: Solyc01g079600.3

sucrose

pantothenate synthetase:
Solyc09g061680.3

a [glycerolipid]-10,13-
epoxy-11-methyl-
octadecadienoate

L-fucokinase:
Solyc01g096160.3

[4-alkanoyl-5-
oxo-2H-furan-3-
yl]methyl phosphate
reductase:
Solyc12g049280.2

β-alanine

3-epi-6-
deoxocathasterone
C-23 hydroxylase:
Solyc02g084740.3

a [protein]-N 6 -
monoubiquitinyl-L-lysine

gln

bis-noryangonin

cyanidin 3-O-
glucoside-7-O-(6-
O-(4-O-(glucosyl)
-oxybenzoyl)
-glucoside)
acyltransferase:
Solyc04g076120.3

Cinnamyl-alcohol
dehydrogenase:
Solyc00g014980.1

[+ 2 isozymes]

2-iminobutanoate

Type II protein
arginine
methyltransferase:
Solyc12g098360.2

glycine
transaminase:
Solyc01g007940.3

thiocyanate

[+ 12 isozymes]

dATP

cys
glutathione

a 2-hydroxyflavanone

[+ 5 isozymes]

[+ 2 isozymes]

a flavonol

(-)-vetispiradiene

N7 -
methylguanosine

5’-phosphate

[+ 14 isozymes]

L-citrulline

tyrosine decarboxylase:
Solyc09g064430.3

[+ 2 isozymes]

1-deoxy-D-xylulose
5-phosphate
reductoisomerase:
Solyc03g114340.3

sphingolipid very
long chain fatty
acid α-hydroxylase:
Solyc02g022890.2

(+)-sesaminol
2-O-β-D-

gentiotrioside

[+ 8 isozymes]

all-trans-β-apo-
10’-carotenal
13,14-cleaving
dioxygenase:
Solyc08g066650.3

oxidized polyvinyl
alcohol

(n)

9,10-epoxy-
10,12Z,15Z-

octadecatrienoate

met

alkaline α-
galactosidase:
Solyc07g065980.3

a cis,cis-
delta17,29-3-

oxo-C48:2-[acp]

an oxidized
thioredoxin

E2 NEDD8-
conjugating enzyme:
Solyc02g085672.1

proline
dehydrogenase:
Solyc02g089620.3

germacrene
D synthase:
Solyc06g060013.1

myo-inositol (1,4,5,6)
-tetrakisphosphate
3-phosphatase:
Solyc12g042430.2

a 2,3,4-saturated
(3S)-3-

hydroxyacyl-CoA

L-ornithine

8-amino-7-
oxononanoate

α-linolenate

linoleate

(+)-costunolide
(12,6α)

(+)-pinoresinol
reductase:
Solyc06g066160.3

a 1,3-β-D-glucan

glutathione
peroxidase:
Solyc09g064850.3

[+ 5 isozymes]

a ferrocytochrome
b

5

anthocyanidin 3-
O-glucoside 6’’-O
-acyltransferase:
Solyc01g008300.2

coniferyl alcohol
glucosyltransferase:
Solyc01g107770.2

UDP-N-acetyl-α-
D-glucosamine
3’-phosphate

molybdate

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

a 2,3,4-saturated
fatty acyl CoA

3-ketosteroid
9α-hydroxylase:
Solyc04g009710.2

[+ 13 isozymes]

15-oxoprostaglandin
13-reductase:
Solyc01g108150.3

(+)-5-epi-
aristolochene

acyl-carrier protein

xyloglucan 6-
xylosyltransferase:
Solyc01g067930.3

dihydrozeatin-
9-N-glucoside-

O-glucoside

UDP-β-L-
arabinopyranose

(+)-borneol
dehydrogenase:
Solyc01g005500.3

(3R)-3-
hydroxycerotoyl-

CoA

7-(methylsulfanyl)
heptyl-

glucosinolate

phospholipid desaturation

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

dihydrosqualene

solasodine 3-O-
β-D-glucoside

a myristoyl-[acp]

[+ 3 isozymes]

a malonyl-[acp]

protoporphyrinogen IX

8-oxo-GMP

a [PchE non-
ribosomal

peptide synthase]

4-(cytidine 5’-
diphospho)-2-C-

methyl-D-erythritol

4-coumarate-
-CoA ligase:
Solyc02g081350.3

geranyl acetate

geranyl
diphosphate

N-carbamoylputrescine
amidohydrolase:
Solyc11g068540.2

glucuronate-
1-phosphate
uridylyltransferase:
Solyc04g058070.3

ent-kaur-16-en-
19-al oxidase:
Solyc04g083160.2

cycloartenol

(9S)-HPODE

13(S)-HPOTE

uroporphyrinogen-III

a 3-oxoacyl-CoA

triacylglycerol
degradation

hydrogencarbonate

9-cis-
epoxycarotenoid
dioxygenase:
Solyc05g053530.1

4-hydroxybutanoate

[+ 3 isozymes]

a folylpolyglutamate
(n)

a (2E)-docos-
2-enoyl-[acp]

1-aminocyclopropane-1-carboxylate

thiamine phosphate

glycolaldehyde

glyoxylate

inositol-1,3,4,5,6-
pentakisphosphate
2-kinase:
Solyc03g097410.1

UDP

molybdopterin
synthase
sulfurtransferase:
Solyc07g064850.3

3-oxo-2-(cis-2’-pentenyl)-
cyclopentane-1-hexanoyl-CoA

uroporphyrinogen
decarboxylase:
Solyc10g007320.3

dimethylallyl-
diphosphate:ATP
dimethylallyltransferase:
Solyc01g080150.3

(-)-vetispiradiene

[+ 8 isozymes]

7-dehydrocholesterol
reductase:
Solyc01g009310.3

L-nicotianamine
biosynthesis

Type I protein
arginine
methyltransferase:
Solyc12g099560.2

myo-inositol 2-
dehydrogenase:
Solyc08g078460.3

tomatidine
galactoside

pyruvate

glucose-6-
phosphate
isomerase:
Solyc12g014380.2

D-sedoheptulose
7-phosphate

D-ribose 5-
phosphate

 Cu +

Cu 2+

(E)-2-hexenal

acyl-[acp]
thioesterase:
Solyc12g006930.2

ADP

cyanidin 3-O-
glucoside-7-O-(6-O-(p-

hydroxybenzoyl)-glucoside)

cholest-4-
en-3-one

8α-hydroxy-
germacra-1(10)

,4,11(13)-
trien-12-oate

dihydroceramide
4-desaturase:
Solyc10g009030.3

elloramycin

[+ 2 isozymes]

α-humulene synthase:
Solyc06g059930.3

[+ 5 isozymes]

palmitoyl-CoA
thioesterase:
Solyc06g064640.3

ω-(methylthio)
alkylglucosinolate
S-oxygenase:
Solyc05g050910.3

a glutathione-
S-conjugate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

lys

a cis,cis-delta9,21-
C40:2-[acp]

UDP-α-D-glucose

maltose

Solyc11g072560.2

α-D-Kdo-(2->4)-α-
D-Kdo-(2->6)-lipid A

zymosterone

fatty-acyl-[acp]
elongase/
decarboxylase:
Solyc01g006640.1

a nucleoside
diphosphate-

glucose

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

(Z)-3-hexanal

N5 -acetyl-
L-ornithine

[+ 7 isozymes]

L-ascorbate

[+ 13 isozymes]

agmatine deaminase:
Solyc12g038970.2

glucuronokinase:
Solyc02g093440.3

β-D-gentiobiosyl crocetin

[+ 4 isozymes]

Heterotrimeric G-
protein GTPase:
Solyc01g088780.3

[+ 2 isozymes]

heme b

an unsulfurated
[sulfur carrier]

[+ 20 isozymes]

[+ 3 isozymes]

(E)-4-hydroxy-3-
methylbut-2-en-
1-yl diphosphate

a thiocarboxylated
[small subunit of

molybdopterin
synthase]

Solyc11g007000.2:
Solyc11g007000.2

[+ 2 isozymes]

[+ 31 isozymes]

3-phosphoserine
aminotransferase:
Solyc02g082830.2

acetate

δ-tocopherol

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

C33-phthiodiolenone
A reductase:
Solyc02g088490.3

UDP-
glucuronosyltransferase
2B7: Solyc00g024670.1

(S)-scoulerine

ternatin C5

(-)-menthol
dehydrogenase:
Solyc01g094210.2

3-phytase:
Solyc05g052480.3

2-carboxy-D-
arabinitol-1-
phosphatase:
Solyc06g074510.3

(-)-yatein

7-methylmyricetin 4’-
O-methyltransferase:
Solyc01g068545.1

CTP

[+ 3 isozymes]

glucotropaeolin

(+)-germacrene A

glutamyl-tRNA
reductase:
Solyc01g089840.2

D-specific enoyl-
CoA hydratase:
Solyc12g094450.2a (4S)- 2,3-

dehydroflavan-3,4-diol

aldehyde
dehydrogenase:
Solyc12g099290.2

a trans-2-
enoyl-CoA

castasterone

[+ 7 isozymes]

dCMP kinase:
Solyc08g077300.3

malate
dehydrogenase:
Solyc01g090710.3

glu

4-coumarate

dihydropapaverine

a cis-delta21-3-
hydroxyC40:1-

[acp]

phosphatidate biosynthesis (yeast)

[+ 2 isozymes]

3,8-divinyl
protochlorophyllide a

a very long
chain alcohol

3-oxo-myristoyl-
ACP hydrolase:
MKS2

(6aR,11aR)-3,9-
dihydroxypterocarpan

[+ 5 isozymes]

β-zeacarotene

uridine
nucleosidase:

Solyc05g020040.1

ethanolamine
kinase:
Solyc04g072020.3

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

PAPS

[+ 3 isozymes]

a GXGG
xylogulcan

ribosylpyrimidine
nucleosidase:
Solyc05g020040.1

protochlorophyllide
oxidoreductase:
Solyc07g054210.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

castasterone
sulfotransferase:
Solyc11g050960.1

5-enolpyruvoyl-
shikimate 3-

phosphate

pyridoxal 5’-phosphate salvage II (plants)

an N-terminal
3-sulfino-L-

alanyl-[protein]

Solyc00g304030.2

[+ 7 isozymes]

glucoiberin

a 6-phosphogluco-
3-phosphogluco-

amylopectin

a ceramide

oleoyl-CoA

CTP

eugenol

asp

L,L-
diaminopimelate

arginine
decarboxylase: ADC

NADPH:quinone
reductase:
Solyc00g135060.1

[+ 21 isozymes]

myo-inositol
oxygenase:
Solyc06g062430.3

a malonyl-[acp]

(4-hydroxyphenyl)
acetaldehyde

L-galactopyranose

a phenoxyl radical
of a phenolic donor

glucose-1-phosphate
adenylyltransferase:
Solyc01g079790.3

[+ 4 isozymes]

Solyc11g007000.2:
Solyc11g007000.2

formononetin

caffeate O-
methyltransferase:
Solyc03g032220.3

quinolinate
synthase:
Solyc03g112060.3

(22R)-
hydroxycholesterol

[+ 140 isozymes]

phosphatidylcholine
cholineesterase:
Solyc01g065720.3

molybdopterin-
synthase
adenylyltransferase:
Solyc11g068930.2

uroporphyrinogen
decarboxylase:
Solyc06g048730.3

Cell Structure Biosynthesis

[+ 2 isozymes]

[+ 9 isozymes]

α-D-
galactopyranose

cis-zeatin riboside

ferroheme o

[+ 2 isozymes]

arbutin

3-(4-hydroxyphenyl)
pyruvate

octanoyl
transferase:
Solyc04g079750.3

[+ 2 isozymes]

dTMP kinase:
Solyc05g053300.3

a feruloyl-
polysaccharide

N6 -dimethylallyladenosine 37

in tRNA

guanine

a 5,10-
methylenetetrahydrofolate

N-acetyl-D-
glucosamine kinase:
Solyc02g023980.3

3-oxo-5-alpha-
steroid 4-
dehydrogenase
(acceptor):
Solyc03g118830.3

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

[+ 2 isozymes]

[+ 5 isozymes]

gentisate 5-O-β-D
-xylopyranoside

biosynthesis

[+ 14 isozymes]

caryophyllene synthase:
Solyc06g060010.3

sesaminol 2-O-
glucosyltransferase:
Solyc07g043100.1

ent-7α-
hydroxykaur-

16-en-19-oate

[+ 4 isozymes]

[+ 6 isozymes]

2,6-dioxo-6-
phenylhexa-

3-enoate

[+ 6 isozymes]

an α(1,5)-
L-arabinan

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
hexan-1-imine

3-methyl-2-oxobutanoate

formyl-CoA

aspartate-
semialdehyde
dehydrogenase:
Solyc01g005250.3

N-feruloyltyramine

brassinolide
sulfotransferase:
Solyc11g050960.1

dihydrolipoamide
dehydrogenase:
Solyc01g100360.3

[+ 3 isozymes]

a [protein]-
L-aspartate

(2R,6Z)-2-hydroxy-6-
(hydroxymethylidene)-2,5-

dimethylcyclohex-4-ene-1,3-dione

putrescine

7-dehydrocholesterol

chlorophyll a degradation II

keto-L-sorbose

heptadecanoyl-[acp]
elongase/decarboxylase:
Solyc01g006640.1

pyruvate:ferredoxin
oxidoreductase:
Solyc12g099270.2

citrate

naringenin-
chalcone synthase:
Solyc05g053170.3

D-galacturonokinase:
Solyc07g014640.3

heme o
biosynthesis:
Solyc01g080860.3

ADP-ribose
pyrophosphatase:
Solyc01g005390.3

[+ 6 isozymes]

cyanin

quinolinate
phosphoribosyltransferase
(decarboxylating):
Solyc05g008180.3

(L-threonylcarbamoyl)
adenylate

2’-deoxyadenosine

[+ 3 isozymes]

(3R)-3-
hydroxybutanoyl-

CoA

UDP

trans-5-O-(4-
coumaroyl)
shikimate

3’,5’-ADP

molybdopterin
molybdotransferase:
Solyc01g009050.3

4-hydroxy-
tetrahydrodipicolinate
reductase:
Solyc03g026210.3

allantoate
amidohydrolase:
Solyc02g068380.3

isopentenyl-diphosphate
∆-isomerase:

Solyc05g055760.3

5-O-
caffeoylshikimate

Mg 2+

gibberellin A
24

cys
glutathione

(9Z,12Z)-
hexadeca-9,12-

dienoyl-CoA

glu

scopoletin

GDP

ent-kaur-16-
en-19-oate

(E,E)-
germacrene B

[+ 11 isozymes]

isoflavone 2’-
hydroxylase:
Solyc12g088460.2

fatty acyl reductase:
Solyc11g067190.2

furaneol
glucopyranoside

a 6-phosphogluco-
amylopectin

nitrite

[+ 18 isozymes]

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

acyl-CoA
thioesterase:
Solyc12g096860.2

chlorophyll a

[+ 10 isozymes]

UDP-α-D-glucose

a medium-
chain acyl-[acp]

5’-nucleotidase:
Solyc12g098830.2

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

S-formylglutathione

[+ 6 isozymes]

aldehyde
dehydrogenase:
Solyc12g099290.2

aspartate kinase:
Solyc01g005240.3

2-octaprenylphenol

sinapoyltyramine

Hormone-
sensitive lipase:
Solyc03g122280.3

acyl-carrier protein

gibberellin A
9

precorrin-1

brassinolide C-
26 hydroxylase:
Solyc03g120060.2

a di-trans, poly-
cis-polyisoprenyl

diphosphate

(E)-glutaconate

α-amyrin

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

dihydrolipoamide
dehydrogenase:

Solyc12g099100.2

H
2

O

13-DPG

volatile esters biosynthesis (during fruit ripening)

phe

2-dihydro-
NAD oxidase:
Solyc01g097160.3

[+ 2 isozymes]

[+ 7 isozymes]

acetolactate
synthase:
Solyc03g044330.1

cinnamaldehyde

quercetin 3-O-
glucosyltransferase:
Solyc01g107780.3

an N-acetyl-α-
neuraminyl-(2->8)-N

-acetyl-α-neuraminyl-
(2->3)-β-D-galactosyl-R

15-cis-phytoene
synthase:
Solyc03g031860.3

[+ 3 isozymes]

[+ 3 isozymes]

β-solanine

spermine

L-ascorbate
peroxidase:
Solyc01g111510.3

[+ 20 isozymes]

β-alanine

glyceraldehyde-
3-phosphate

dehydrogenase:
Solyc02g020940.3

ARP

indole-3-acetate
biosynthesis I

[+ 16 isozymes]

m7 GTP
pyrophosphatase:
Solyc04g080440.3

[+ 2 isozymes]

ent-kaurenal

D-myo-inositol-5-
phosphate metabolism

25S rRNA
(uracil 2634 -N 3 )-
methyltransferase:
Solyc07g065920.3

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

NAD+ synthetase,
glutamine
dependent:
Solyc06g071240.2

Amine and Polyamine Biosynthesis

dihydrozeatin-
O-glucoside

phenylacetaldehyde

  salicin
maltose
sucrose

 arbutin

salidroside

acyl-[acyl-
carrier protein]

thioesterase pathway

Secondary Metabolite Biosynthesis

Dextranase:
Solyc04g015020.3

H+

molybdopterin
adenylyltransferase:
Solyc01g009050.3

germacra-
1(10),4,11(13)
-trien-12-al

allantoinase:
Solyc02g078400.3

2-C-methyl-D-
erythritol 4-phosphate
cytidylyltransferase:
Solyc01g102820.3

a glycogen

4-hydroxybenzoate
glucosyltransferase:
Solyc01g107770.2

an alcohol

(S)-3-
hydroxybutanoyl-

CoA

sulfite

a chlorophyll

4-dodecanoylsucrose

ethanolamine

dihydrolipoyltranssuccinylase:
Solyc07g064800.3

dTDP-3,4-diketo-2,6-
dideoxy-D-glucose
3-ketoreductase:
Solyc12g056800.2

a (2R,3R)-
dihydroflavonol

methanophenazine

succinate
semialdehyde
dehydrogenase
(NAD + ):
Solyc09g018790.3

ribonucleoside-
diphosphate
reductase:
Solyc00g127550.1

L-selenocysteine

cinnamaldehyde

a carboxylate

ω-carboxy-
(9Z)-octadec-

9-enoyl-CoA

solasodine glycosylation

α-linolenate

(R)-NADPHX

codeine

a β-D-fructofuranoside

a cis,cis-
delta17,35-3-

oxo-C54:2-[acp]

tetraacyldisaccharide
4’-kinase:
Solyc07g064710.3

CDP

glucoiberin

3-oxo-2-(cis-2’-pentenyl)
-cyclopentane-1-(E-
buta-2-enoyl)-CoA

a 1-phosphatidyl-
1D-myo-inositol

3-phosphate

a 2,3,4-saturated
fatty acyl CoA

linoleate

a (3R)-3-
hydroxyacyl-CoA

a nitrile

α-tocotrienol

solasod-3-one

cyanate hydratase:
Solyc09g090430.3

IPP

D-serine

Jasmonoyl-L-amino
acid hydrolase:
Solyc12g008690.2

[+ 4 isozymes]

tartronate
semialdehyde
reductase:
Solyc01g099240.3

2-(3-amino-3-
carboxypropyl)
histidine synthase:
Solyc10g081540.2

β-carotene

an anthocyanidin
3-O-sophoroside

aldehyde
dehydrogenase:
Solyc12g099290.2

acyl-carrier protein

L-dopa

homogalacturonan degradation

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

1-aminocyclopropane-
1-carboxylate oxidase:
Solyc00g031030.1

menaquinol-8

a debranched
α-limit dextrin

a ferrocytochrome
b

5

starch

NADPH

UDP

pyruvate

β-cyano-L-alanine
hydratase:
Solyc11g068730.2

4-coumaroyl-
CoA:cyanidin-3-O
-β-D-glucoside-6’’-
O-acyltransferase:
Solyc10g008650.2

a 3-oxoacyl-[acp]

taxadiene 5α-
hydroxylase:
Solyc07g055970.1

benzoate-
CoA ligase:

Solyc12g044300.2

[+ 3 isozymes]

benzoyl-CoA

E1 NEDD8-
activating enzyme:
Solyc11g072460.2

sn-glycerol
3-phosphate

aldehydo-L-
galactonate

[+ 2 isozymes]

cuticular wax biosynthesis

phenylacetate

UDP-α-D-glucose

PRPP

H+

benzyl 6-O-β-D-apiofuranosyl-
β-D-glucopyranoside

chlorophyllide b

3-(4-
hydroxyphenyl)

pyruvate

[+ 3 isozymes]

α-D-galactosyl-(1-3)-1D-
myo-inositol:raffinose
galactosyltransferase:
Solyc01g079300.3

L-glutamate-5-
semialdehyde

4-(cytidine 5’-diphospho)
-2-C-methyl-D-erythritol
kinase: Solyc01g009010.3

a (2E,4E)-alka-
2,4-dienoyl-CoA

(S)-nicotine

a 1,2-diacyl-
sn-glycerol

AMP

[+ 17 isozymes]

7-oxatyphasterol

a 1-phosphatidyl-
1D-myo-inositol

D-glucopyranose

PAPS

(2E,6E)-farnesyl
diphosphate

5-hydroxyisourate
hydrolase:
Solyc01g080940.3

[+ 4 isozymes]

1-palmitoylglycerone
3-phosphate

phosphoribulosylformimino-
AICAR-phosphate

glycerol

β-phellandrene
synthase:
Solyc01g105880.4

β-alanine

an alkane

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase: Solyc07g044840.3

(+)-dihydrokaempferol

crocetin

  selenate
   selenite
thiosulfate

     sulfate

an N-terminal
3-sulfo-L-

alanyl-[protein]

Limit dextrinase:
Solyc11g008040.2

[+ 3 isozymes]

[+ 8 isozymes]

fumarate

Hormone Degradation

L-dopachrome
tautomerase:
Solyc07g008470.3

lipid A disaccharide
synthase:
Solyc07g049740.3

leu

(S)-malate

Ceramide
glucosyltransferase:
Solyc12g008490.2

AMP

germacrene
A alcohol
dehydrogenase:
Solyc08g041925.1

Carbohydrate Degradation

a phosphatidylcholine

[+ 6 isozymes]

a reduced
ferredoxin [iron-
sulfur] cluster

CMP

24-epi-campesterol

[+ 11 isozymes]

a (2R)-2-
hydroxy fatty acid

formate

diphthine--ammonia
ligase:
Solyc04g010080.3

C36-phenolphthiodiolenone
A reductase:
Solyc02g088510.3

an octanoyl-[acp]

phytyl
diphosphate

sucrose synthase:
Solyc12g040700.1

[+ 2 isozymes]

GGPP

a secondary
alcohol

β-cyanoalanine
synthase:
Solyc01g094790.3

carboxylesterase:
Solyc12g049550.2

glucose-6-phosphate
isomerase:
Solyc04g076090.3

[+ 3 isozymes]

solasodine 3-O-
β-D-galactoside

[+ 11 isozymes]

D-sedoheptulose
7-phosphate

neurosporene
β-monocyclase:
Solyc10g079480.1

HMP-P

esculetin

glyoxylate cycle

5-dehydroavenasterol

an alcohol

[+ 5 isozymes]

phosphoethanolamine
N-methyltransferase:
Solyc02g067890.3

a [glycerolipid]-
oleate

[+ 11 isozymes]

raffinose synthase:
Solyc02g086530.3

[+ 9 isozymes]

3-phospho-D-glycerate

Flavanone
4-reductase:
Solyc02g085020.3

isopentenyl-
diphosphate:NAD(P)
+ oxidoreductase:
Solyc01g109300.3

threonine
deaminase:
Solyc09g008670.3

a ketone

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

acyl-CoA
thioesterase:
Solyc12g096860.2

2-phospho-
D-glycerate

1-phosphatidyl-
1D-myo-inositol

3,4,5-trisphosphate

Solyc08g005580.3

[+ 8 isozymes]

(S)-3-methyl-2-
oxopentanoate

a 3’,5’-
dimethoxyflavonoid

an L-histidine-
[translation

elongation factor 2]

abietadienol
hydroxylase:
Solyc12g019680.1

D-glucosamine
6-phosphate

(R)-amygdalin

5-deoxystrigol
biosynthesis

1,8-cineole

enolase: Solyc01g098940.3

phosphocholine

D-ribofuranose

Solyc03g120100.3

abieta-7,13-
dien-18-ol

germacrene
A oxidase:
Solyc08g041925.1

[+ 12 isozymes]

superpathway of C28 brassinosteroid biosynthesis

Flavonol synthase:
Solyc11g013110.2

all-trans-retinal

[+ 43 isozymes]

3-oxo-dodecanoate
decarboxylase:
Solyc01g108680.3

Solyc04g057960.3

methylsalicylate degradation

UDP-glucose
4-epimerase:
Solyc01g058390.3

lys

6-deoxocastasterone

Fe 2+

α-Kdo-(2->4)-α-
Kdo-(2->6)-lipid IV

A

2-oxobutanoate

[+ 17 isozymes]

[+ 2 isozymes]

UDP-α-D-glucose

a 1,4-α-D-glucan

phenolphthiodiolenone
A reductase:
Solyc02g088490.3

a 3-oxo-
∆ 4 -steroid

[+ 2 isozymes]

[+ 3 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

anthocyanidin 3-O-
glucosyltransferase:
Solyc02g062980.2

Hydroxyacylglutathione
hydrolase:
Solyc05g009140.3

N-acetyl-β-
muramate 6-
phosphate
phosphatase:
Solyc09g090750.3

salicin
maltose
sucrose
arbutin

D-ribulokinase:
Solyc07g006780.3

a pseudouridine 2605

in 23S rRNA

oleate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

2-nitrotoluene
1,2-dioxygenase:
Solyc11g042640.2

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

UDP-Gal:α-D-GalNAc-
1,3-α-D-GalNAc-
diphosphoundecaprenol β-
1,3-galactosyltransferase:
Solyc01g006770.2

quercetin 3-
galactoside

(E)-1-(glutathion-S-yl)-N-hydroxy-
ω-(methylsulfanyl)octan-1-imine

benzoate

methylsalicylate

L-glutamine
degradation I

a reduced c-
type cytochrome

8-amino-7-
oxononanoate

dihydrogeranylgeranyl
diphosphate

sphinganine N-
acyltransferase:
Solyc03g114600.3

kynurenine
formamidase:
Solyc10g049970.2

dimethylallyl-
diphosphate:NAD(P)
+ oxidoreductase:
Solyc01g109300.3

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

acibenzolar-
S-methyl

Nucleoside and Nucleotide Biosynthesis

GSSH

isobutanoyl-CoA

all-trans-
nonaprenyl
diphosphate

(-)-isopiperitenol
dehydrogenase:
Solyc03g083825.1

(3R)-3-
hydroxybehenoyl-

CoA

a cis-delta11-3-
oxo-C30:1-[acp]

[+ 3 isozymes]

Solyc09g066470.3

ADP-5-ethyl-4-
methylthiazole-
2-carboxylate

13 1 -hydroxy-
magnesium-
protoporphyrin IX
13-monomethyl
ester 13-
dehydrogenase:
Solyc10g077040.2

pelargonidin 3-O-
glucoside 6’’-O-p-
coumaroyltransferase:
Solyc10g008650.2

a flavanone

[+ 3 isozymes]

5,6,7,8-tetrahydrofolate

a non glycosylated
sugar acceptor

quinolinate

(-)-menthone

CDP-choline

a cis,cis-delta9,27-
3-hydroxyC46:2-

[acp]

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

(indol-3-yl)acetate

UDP-N-acetyl-
α-D-muramoyl-
L-alanyl-γ-D-

glutamyl-L-lysyl-
D-alanyl-D-alanine

Anthocyanidin 3-
O-glucoside 2’’’-O-
xylosyltransferase:
Solyc04g010110.3

hamamelose-2 1

,5-bisphosphate

a [protein]-trans-4-
hydroxy-L-proline

dCTP
pyrophosphohydrolase:

Solyc06g069640.3

germacrene
A oxidase:
Solyc08g041925.1

nucleoside
diphosphate kinase:
Solyc12g049370.2

guaiacol O-β-D-
xylopyranosyl-(1->6)-
O-β-D-glucopyranoside

a [biotin carboxyl-
carrier protein]-L-lysine

[+ 13 isozymes]

(S)-2-acetolactate

N-acetyl-L-glutamate

[+ 5 isozymes]

acyl-carrier protein

cis-tuberonic
acid glucoside

Solyc09g091660.3

[+ 5 isozymes]

N-terminal
methionine N

α
-

acetyltransferase:
Solyc02g092490.3

acyl-carrier protein

adenosylhomocysteinase:
Solyc05g032820.2

acyl-carrier protein

UDP

linoleate

a ferrocytochrome
b

5

L-ornithine

(3R,6E)-nerolidol

an 11-β-
hydroxysteroid

UDP-α-D-glucose

[+ 17 isozymes]

sugar-phosphatase:
Solyc07g017700.2

methionine
adenosyltransferase:
Solyc01g101060.3

L-selenocysteine

2-oxoglutaramate

anspartyl-tRNA(Asn)
amidotransferase:
Solyc07g063140.1

[+ 5 isozymes]

[+ 3 isozymes]

[+ 10 isozymes]

1-linoleoyl-2-palmitoyl-
phosphatidylglycerol

D-gluconate

5-(methylsulfanyl)pentyl-
desulfoglucosinolate

NAD/NADH
phosphorylation and
dephosphorylation

acryloyl-CoA

UDP

[+ 8 isozymes]

adenosine
deaminase:
Solyc10g005310.3

γ-tocotrienol

UDP

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

folate polyglutamylation II

scopolin

[+ 3 isozymes]

UDP

sphingolipid 4-
monooxygenase:
Solyc01g010860.3

HMP-P

C31-phthiotriol
methyltransferase:
Solyc01g009600.3

a phenolphthiodiolenone

(+)-secoisolariciresinol
monoglucoside
glucosyltransferase:
Solyc08g006330.3

a 2-acylglycerol

cyanidin 3-O-glucoside-
7-O-(6-O-(4-O-(6-O-(p-

hydroxybenzoyl)-glucosyl)
-oxybenzoyl)-glucoside)

(R)-4’-phosphopantothenate

[+ 10 isozymes]

dephospho-
CoA kinase:
Solyc11g013460.2

2’-deoxyguanosine

ser

N-methylmyosmine

Solyc10g076480.2

13 1 -oxo-magnesium-
protoporphyrin IX 13-
monomethyl ester
dehydrogenase:
Solyc06g007760.3

cholesterol

dimethylallyl-
diphosphate:AMP
dimethylallyltransferase:
Solyc01g080150.3

[+ 9 isozymes]

asp

[+ 2 isozymes]

[+ 2 isozymes]

[+ 5 isozymes]

[+ 22 isozymes]

2-oxoglutarate

benzaldehyde

2-carboxy-L-
threo-pentonate

a 3-O-[α-D-GlcNAc-(1->4)-β-D-
GlcA-(1->3)-β-D-Gal-(1->3)-β-D-

Gal-(1->4)-β-D-Xyl]-L-seryl-[protein]

phosphoenol
pyruvate

L-histidinol
phosphate

an acceptor xyloglucan

[+ 14 isozymes]

[+ 18 isozymes]

dihydroneopterin
triphosphate
diphosphatase:
Solyc00g128870.3

[+ 2 isozymes]

gibberellin A
12

UDP-N-
acetylenolpyruvoylglucosamine
reductase: Solyc02g063180.3

phosphatidylglycerophosphate
synthase: Solyc04g049550.3

[+ 2 isozymes]

[+ 2 isozymes]

[+ 3 isozymes]

[+ 3 isozymes]

2-oxo-acid
carboxy-lyase:
Solyc02g077240.3

[+ 6 isozymes]

UDP-glucose: 6-
methylthiohexylhydroximate
S-glucosyltransferase:
Solyc08g006400.1

L-aspartate
degradation I

acyl-carrier protein

GDP

violdelphin
biosynthesis

allene oxide
synthase:
Solyc01g109150.4

a fatty acid

[+ 6 isozymes]

4-(methylsulfinyl)
butyl glucosinolate
dioxygenase:
Solyc06g066850.1

a 5,10-
methylenetetrahydrofolate

SAM

[+ 11 isozymes]

1-octanal

neoxanthin
synthase: NSY

∆3,5-∆2,4-dienoyl-
CoA isomerase:
Solyc05g024240.3

[+ 2 isozymes]

CTP

sialidase:
Solyc07g017870.2

N7 -
methylguanosine

5’-phosphate

[+ 14 isozymes]

lachrymatory-
factor synthase:
Solyc08g066430.1

[+ 3 isozymes]

[+ 2 isozymes]

pantetheine-
phosphate
adenylyltransferase:
Solyc02g062640.3

asn

feruloyl-
CoA:tyramine N-
(hydroxycinnamoyl)
transferase:
Solyc08g006730.1

chorismate mutase:
Solyc02g088460.3

PLP

an organic
hydroperoxide

ADP

kinetin

[+ 4 isozymes]

(S)-1-pyrroline-
5-carboxylate

glycerophosphoryl
diester
phosphodiesterase:
Solyc01g008570.1

terminal olefins
biosynthesis II

24-methylenecholesterol

7-deoxyloganetin

5’Ap3A

[+ 21 isozymes]

[+ 9 isozymes]

isovalerate

agmatine

gibberellin A
20

an N-terminal-N α -
acetyl-L-methionyl-

L-aspartyl-[protein]

phytochromobilin:ferredoxin
oxidoreductase:
Solyc01g008930.4

D-ribulose
5-phosphate

Anthocyanidin
synthase:
Solyc08g080040.3

3-(methylsulfinyl)
propyl-glucosinolate
hydroxylase:
Solyc06g062300.2

(S)-3-
hydroxybutanoyl-

CoA

3-methylcatechol

UDP-N-acetyl-
α-D-glucosamine

cytokinins degradation

quercetin synthase:
Solyc03g096050.3

3-oxo-hexadecanoyl-
ACP hydrolase:
Solyc04g007190.3

trans-caffeate

fumarase C:
Solyc06g009820.3

[+ 4 isozymes]

a carboxylate

(S)-2-acetolactate

IAA-Tyr

chorismate mutase:
Solyc02g088460.3

a ferricytochrome
b

5

mannosyl-
oligosaccharide α-
1,2-glucosidase:
Solyc05g015250.2

threonine synthase:
Solyc03g121910.1

Solyc12g087880.2

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

N-acetylneuraminate

myo-inositol
polyphosphate
kinase:
Solyc03g097150.3

a sphingoid
1-phosphate

1-oleoyl-sn
-glycerol 3-

phosphate

glycoprotein 6-α-L-
fucosyltransferase:
Solyc06g036640.3

an oxidized
rubredoxin

pyrimidine deoxyribonucleotides
dephosphorylation

a long-chain
acyl-CoA

4-oxopentanoyl-
CoA

[+ 2 isozymes]

a β-D-GlcNAc-(1->2)-α-D-Man-
(1->3)-[β-D-GlcNAc-(1->2)-α-D-
Man-(1->6)]-[β-D-Xyl-(1->2)]-β-
D-Man-(1->4)-β-D-GlcNAc-(1->4)

-β-D-GlcNAc}-N-Asn-[protein]

[+ 3 isozymes]

Flavanone 7-O-beta-
glucosyltransferase:
Solyc01g107820.2

spermine synthase:
Solyc03g007240.3

3’,5’-ADP

(E)-2-pentenol

22-hydroxy-
docosanoyl-CoA

uracil

[+ 2 isozymes]

[+ 11 isozymes]

magnesium
dechelatase:
Solyc04g063240.3

glucose-6-
phosphate
isomerase:
Solyc12g014380.2

[+ 6 isozymes]

(+)-secoisolariciresinol
glucosyltransferase:
Solyc08g006410.3

glucose-6-
phosphate
isomerase:
Solyc04g076090.3

[+ 3 isozymes]

stachyose

Delta(4)-3-
oxosteroid 5-
beta-reductase:
Solyc01g091670.3

hydroxyphenyl-
4,2-bis-thiazoline
synthase:
Solyc08g075520.3

linoleoyl-CoA

selenocysteine
methyltransferase:
Solyc09g065520.3

GDP

[+ 4 isozymes]

an organic
molecule

geranylfarnesyl
diphosphate
synthase:
Solyc07g061990.3

pelargonidin 3-O
-glucoside 6"-O-
malonyltransferase:
Solyc12g044660.2

2-dehydro-3-
deoxygluconokinase:
Solyc01g008480.3

2-oxoglutarate

maltose

a (1->3)-β-
D-galactan

acyl-carrier protein

phe

coniferyl alcohol

trans-feruloyl-CoA

geranyl β-D-
glucopyranoside

demethylmenaquinol-8

1-phosphatidylinositol-
4,5-bisphosphate
phosphodiesterase:
Solyc03g096070.3

3’,5’-ADP

glutathione
S-conjugate
γ-glutamate
hydrolase:
Solyc05g051780.3

Steroid Delta-
isomerase:
Solyc00g015733.1

Mannosylglycoprotein
endo-beta-mannosidase:
Solyc01g099090.3

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

[+ 10 isozymes]

acyl-carrier protein

a substituted
β-amino acid

[+ 2 isozymes]

1-O-(indol-3-
ylacetyl)-β-D-glucose

L-arogenate

methylhalides biosynthesis (plants)

eugenol

β-amyrin 28-
monooxygenase:
Solyc01g018025.1

L-arogenate

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

linoleoyl-CoA

UDP

[+ 12 isozymes]

eumelanin biosynthesis

/β-carotene 3-
hydroxylase:
Solyc03g007960.3

a uracil 2634

in 25S rRNA

2-amino-4-oxo-6-
acetyl-7,8-dihydro-
3H,9H-pyrimido[4,5-
b]-[1,4]diazepine
synthase:
Solyc10g037980.2

mannitol biosynthesis

an N-3-(R,R)-epoxysuccinamoyl-
(S)-2,3-diaminopropanoyl-[DdaD
non-ribosomal peptide synthase]

2-methylbutanoyl-
CoA

a sugar alcohol

inositol-
tetrakisphosphate
1-kinase:
Solyc03g097150.3

urea

DHAP

an [E2 ubiquitin-
conjugating

enzyme]-L-cysteine

3’,5’-ADP

glycine
dehydrogenase
(cyanide-forming):
Solyc07g005240.3

α-amyrin synthase:
Solyc12g006520.2

sulfate

(2S)-sakuranetin

benzyladenine-
9-N-glucoside

plant sterol biosynthesis II

laurate

a cis,cis-delta3,15-
C34:2-[acp]

[+ 5 isozymes]

mannose-1-phosphate
guanylyltransferase:
Solyc03g113790.3

mesifurane
(enol form)

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

(S)-2-
hydroxyglutarate

inositol 1,4-
bisphosphate 1-
phosphatase:
Solyc02g079250.3

H+

N6 -dimethylallyladenine

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

a cis,cis-
delta19,31-3-

oxo-C50:2-[acp]

a (5Z)-alkan-
5-enoyl-CoA

an N-acyl-
neuraminate
9-phosphate

chlorogenic
acid:glucaric acid O-
caffeoyltransferase:
Solyc00g098560.3

UDP

3-ureidopropanoate

all-trans
neurosporene

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

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

pelargonidin 3-O
-glucoside 6’’-O-
caffeoyltransferase:
Solyc10g008650.2

[+ 2 isozymes]

citrate synthase:
Solyc01g073740.3

propan-2-ol

nicotinate adenine
dinucleotide

Pentose Phosphate Pathways

3-oxo-myristoyl-CoA

3-oxoicosanoyl-
CoA

a quaternary
amine

a fatty acid

propanoyl-CoA

urea degradation II

[+ 16 isozymes]

GTP

isomultiflorenol

a 3-oxohexadecanoyl-[acp]

a 1-phosphatidyl-
1D-myo-inositol

(+)-germacrene D

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

triose-phosphate
isomerase:
Solyc01g111120.3

[+ 3 isozymes]

cyanidin-3-O-
β-D-glucoside

D-ribulose
5-phosphate

trp

guaiacol

laricitrin

(+)-lariciresinol

β-D-fructofuranose

[+ 5 isozymes]

Solyc01g090600.3:
Solyc01g090600.3

Glc
3

Man
9

GlcNAc
2

-[protein]

β-tocopherol

GDP

a chalcone

a cis,cis-
delta11,29-3-

oxo-C48:2-[acp]

allene oxide cyclase:
Solyc01g109150.4

[+ 5 isozymes]

[+ 3 isozymes]

5-keto-D-gluconate
5-reductase:
Solyc12g100280.2

a cis,cis-
delta11,23-3-
hydroxyC42:2-

[acp]

2-iminopropanoate

[+ 2 isozymes]

sucrose

6
G

,6-kestotetraose

phosphatidylcholine acyl editing

[+ 7 isozymes]

[+ 3 isozymes]

a (5Z)-3-
oxotetracos-

5-enoyl-[acp]

L-glutamate-5-
semialdehyde

2-trans-abscisate

kaempferol

[+ 4 isozymes]

L-galacto-1,5-
lactonase:
Solyc01g009970.3

myo-inositol

[+ 2 isozymes]

5-dehydro-
D-gluconate

phosphatidylinositol
synthase:
Solyc08g005990.3

[+ 3 isozymes]

inositol diphosphates biosynthesis

SAM

an ω-hydroxyalkyl
glucosinolate

2-aminoprop-
2-enoate

[+ 26 isozymes]

[+ 4 isozymes]

[+ 13 isozymes]

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

[+ 15 isozymes]

4-hydroxy-5-methyl-
2-methylene-3(2H)-
furanone reductase:
Solyc05g005480.2

8-(methylsulfanyl)
octyl-glucosinolate

polyneuridine
aldehyde esterase:
Solyc02g065250.2

ferroheme a

pro

acrolein

Alpha-amylase:
Solyc02g066955.1

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

Solyc03g033260.3

chorismate

[+ 3 isozymes]

Eugenol synthase:
Solyc10g052490.2

[+ 2 isozymes]

CTP synthetase:
Solyc06g016800.2

tartronate
semialdehyde

O
2

[+ 2 isozymes]

L-tryptophan
decarboxylase:
Solyc07g054280.1

a flavonol-3-O
-β-D-glucoside

met

glutathione

coproporphyrinogen III

ribonucleoside-
diphosphate reductase:
Solyc04g051350.3

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

[EntB aryl-
carrier protein]

coniferyl alcohol radical

FMN

D-glycerate
3-kinase:
Solyc03g120430.3

Solyc01g018025.1:
Solyc01g018025.1 [+ 4 isozymes]

L-N δ -acetylornithine biosynthesis

[+ 3 isozymes]

a palmitoleoyl-[acp]

GTP cyclohydrolase
I: Solyc06g083230.3

diphthine synthase:
Solyc04g081310.3

[+ 2 isozymes]

β-D-Galf-(1->6)-α-D-Man-
(1->6)-α-D-Man-[protein]

allantoinase:
Solyc02g078400.3

ubiquitin-conjugating
enzyme E2:
Solyc00g005480.1

baicalein degradation
(hydrogen peroxide

detoxification)

an L-valyl-
[tRNA Val ]

a triacyl-sn-glycerol

palmitoleate

K+

(S)-2-hydroxy-
acid oxidase:
Solyc03g122130.3

an [E2 NEDD8-
conjugating
enzyme]-S-

[NEDD8-protein]-
yl-L-cysteine

taraxerol

glu

(3S)-
citramalyl-CoA

[+ 5 isozymes]

a phosphatidyl-N-
dimethylethanolamine

cinnamate:CoA
ligase:
Solyc02g081350.3

quercetin 7-O-
glucosyltransferase:
Solyc03g114710.3

demethylphylloquinone
dehydrogenase:
Solyc05g055180.3

met

[+ 11 isozymes]

dehydro-D-
arabinono-
1,4-lactone

p-coumaroyltriacetate

AMP

phosphate

ω-hydroxylation of caprate and laurate

phosphatidylinositol
4-kinase:
Solyc01g095990.3

cobaltochelatase:
Solyc04g072265.1

L-proline biosynthesis I

L-gulopyranose

cerotoyl-CoA

K+

2-acetyl-3-isobutanoyl-3’,4-
di(3-methylbutanoyl)sucrose

a β-D-GlcNAc-(1->2)-α-D-Man-
(1->3)-[β-D-GlcNAc-(1->2)-α-D-
Man-(1->6)]-[β-D-Xyl-(1->2)]-β-
D-Man-(1->4)-β-D-GlcNAc-(1->4)

-β-D-GlcNAc}-N-Asn-[protein]

(R)-lactaldehyde

delphinidin 3-O
-glucoside 6"-O-
malonyltransferase:
Solyc12g044660.2

persulfide dioxygenase:
Solyc12g011430.2

rhamnetin

pelargonidin-3-
O-(6"-O-malonyl-

β-D-glucoside)

testosterone

maltose

methyl (indol-
3-yl)acetate

cis-aconitate hydratase:
Solyc12g005860.2

gibberellin A
110

NADH [+ 88 isozymes]

[+ 8 isozymes]

chlorogenic acid biosynthesis I

D-cysteine
desulfhydrase,
PLP-dependent:
Solyc03g098230.3

[+ 9 isozymes]

benzaldehyde

an adenine 37

in tRNA

[+ 2 isozymes]

[+ 3 isozymes]

[+ 8 isozymes]

1-octanol

glucose-6-
phosphate
isomerase:
Solyc04g076090.3

a (2R,3R)-
flavan-3-ol-

3’-O-glucoside

4-hydroxyphenylpyruvate
dioxygenase:
Solyc05g041200.3

UDP-3-O-acyl-N-
acetylglucosamine
deacetylase:
Solyc07g008850.3

L-dehydro-
ascorbate

2-oxoadipate

cyanate degradation

ent-kaurenol 19-
dehydrogenase:
Solyc04g083160.2

3-(methylsulfanyl)
propyl-

desulfoglucosinolate

an acyl-CoA

rubredoxin--NAD(P)
+ reductase:
Solyc11g042760.1

tetraketide α-
pyrone reductase:
Solyc04g008780.3

NADHX epimerase:
Solyc03g113770.3

[+ 3 isozymes]

7-methylguanosine
nucleotidase:
Solyc11g006420.2

[+ 11 isozymes]

[+ 15 isozymes]

methylated
diphthine
methylhydrolase:
Solyc05g012310.3

cis-4-hydroxy-
D-proline

[+ 10 isozymes]

Jasmonoyl-L-
amino acid 12-
hydroxylase:
Solyc02g094110.1

propane

3-oxo-5-alpha-
steroid 4-
dehydrogenase
(acceptor):
Solyc06g068970.3

[+ 2 isozymes]

demethylphylloquinol
methyltransferase:
Solyc12g019010.2

an α-D-glucan

palmitoyl-CoA

L-glutamate degradation IV

D-gluconate
6-phosphate

5-diphosphoinositol-
pentakisphosphate
1-kinase:
Solyc02g087620.3

2-alkyl-3-oxo-fatty
acid reductase:
Solyc08g076450.3

2-oxoglutarate

[+ 3 isozymes]

4-(methylsulfanyl)-2-oxobutanoate

[+ 18 isozymes]

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

(+)-germacrene A

norsolorinate
anthrone synthase:
Solyc01g104990.3

CDP

a long-chain
alcohol

[+ 2 isozymes]

β-D-fructose 1,6-bisphosphate

D-xylose
dehydrogenase:
Solyc04g072240.3

isocitrate lyase:
Solyc07g052480.3

[+ 2 isozymes]

GDP-α-D-
mannose

a β-D-GlcNAc-(1->2)-α-D-Man-
(1->3)-[β-D-GlcNAc-(1->2)-α-D-Man-
(1->6)]-[β-D-Xyl-(1->2)]-β-D-Man-
(1->4)-β-D-GlcNAc-(1->4)-[α-L-Fuc-
(1->3)]-β-D-GlcNAc}-N-Asn-[protein]

hydroxypyruvate

4-(methylsulfanyl)butyl-
desulfoglucosinolate

palmitoyl-CoA
thioesterase:
Solyc06g064640.3

[+ 5 isozymes]

glyoxylate

UDP-N-acetyl-α-
D-quinovosamine
dehydrogenase:
Solyc09g091970.3

D-glyceraldehyde
3-phosphate

GDP-L-galactose
phosphorylase:
Solyc06g073320.3

UDP-2-acetamido-
2,6-dideoxy-α-D-
xylo-hex-4-ulose

[+ 2 isozymes]

an 11-
hydroxyjasmonate

sulfate

L-isoleucine degradation I

indole-3-pyruvate
monooxygenase:
Solyc02g005390.1

UDP-4-dehydro-6-
deoxy-α-D-glucose

Inorganic Nutrient Metabolism

[+ 6 isozymes]

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-ω-

(methylsulfanyl)octan-1-imine

phosphoglycerate
kinase: Solyc07g066600.3

aldehydo-D-
galacturonate

a 3-oxo-
∆ 4 -steroid

2-cis,4-trans
-xanthoxin

[+ 3 isozymes]

UDP-3-O-(3-
hydroxymyristoyl)
glucosamine N-
acyltransferase:
Solyc03g031560.3

aldehyde
dehydrogenase:
Solyc12g099290.2

all-trans-
nonaprenyl
diphosphate

trans-aconitate

Solyc01g006180.3:
Solyc01g006180.3

[+ 14 isozymes]

4α-hydroxymethyl-
5α-cholesta-

7,24-dien-3β-ol

ent-kaurenal 19-
hydroxylase:
Solyc04g083160.2

[+ 5 isozymes]

[+ 7 isozymes]

[+ 2 isozymes]

brassinosteroids inactivation
an N-terminal L-

glutaminyl-[protein]

citrate hydro-lyase
(cis-aconitate-forming)

: Solyc07g052350.3

phosphoglycolate
phosphatase:
Solyc11g008620.2

[+ 11 isozymes]

phytyl
monophosphate

6-(hydroxymethyl)
-7,8-dihydropterin

cyanidin-3-O-
β-D-glucoside

D-allose

a 1-phosphatidyl-
1D-myo-inositol

UDP-N-acetyl-α-D-glucosamine

sirohydrochlorin

Omega-amidase:
Solyc06g064880.3

sitosterol

a ferricytochrome
b

5

ferroxidase:
Solyc05g052470.3

Man
5

GlcNAc
2

-[protein]
(isomer 5A

1,2

)

D-ribulose-1,5-
bisphosphate

androst-4-ene-
3,17-dione

succinate semialdehyde

betulin

callose synthase:
Solyc01g006350.3

hexanoate:acyl-
carrier protein ligase:
Solyc04g080480.1

β-cyano-L-
alanine nitrilase:
Solyc11g068730.2

1,4-dihydroxy-
2-naphthoate
phytyltransferase:
Solyc01g105460.3

[+ 8 isozymes]

sucrose

UDP

a phosphatidylcholine

salvigenin biosynthesis

eugenol synthase:
Solyc03g033970.1

acetyl-CoA

(E)-1-(glutathion-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
nonan-1-imine

trans-5-O-(4-
coumaroyl)
shikimate

(S)-1-pyrroline-
5-carboxylate

(3R)-linalool

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

pyrimidine salvage pathway

calystegine A3

3-oxocerotoyl-
CoA

a carboxylate

a (1->3)-β-
D-galactan

a (2R)-2-
hydroxymalonyl-

[acp]

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

guaiacol O-β-D-
glucopyranoside

Solyc12g013640.2

thr

[+ 6 isozymes]

5-aminolevulinate

Solyc11g065360.2

glutaminase:
Solyc01g056850.3

morphine

4-amino-4-
deoxychorismate

α-D-glucopyranose

L-galactose
1-phosphate
phosphatase:
Solyc01g097780.1

protochlorophyllide a

GTP

dUTP

ethyl propanoate

galactose reductase:
Solyc03g093270.3

trans-zeatin
riboside

diphosphate

pro

F6P

L-2-aminoadipate

(2S)-naringenin

(indol-3-yl)acetate

Solyc00g156980.3:
Solyc00g156980.3

[+ 6 isozymes]

(3S)-linalool
biosynthesis

a cis,cis-
delta15,33-3-

oxo-C52:2-[acp]

PAPS

Solyc09g090070.1

bisdemalonylsalvianin

acetylxylan

PRPP

all-trans-
nonaprenyl
diphosphate

4-methyleumbelliferone
glucoside glucosidase:
Solyc12g040640.2

[+ 4 isozymes]

urea cycle

stearoyl-CoA

[+ 4 isozymes]

nitrate

ent-kaurene
synthase:
Solyc07g066670.3

[+ 4 isozymes]

methanesulfonate

indole-3-acetate
carboxyl
methyltransferase:
Solyc07g064990.3

an aliphatic
L-amino acid

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

an [E1 ubiquitin-
activating enzyme]-S-
ubiquitinyl-L-cysteine

violaxanthin
de-epoxidase:
Solyc04g051610.3

pheophorbide a

triacylglycerol biosynthesis (Chlamydomonas)

a nucleoside 5’-
monophosphate

γ-glutamyl
cyclotransferase:
Solyc03g097230.1

starch degradation II

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

oxohexanoyl)-CoA

pelargonidin-
3-O-rutinoside

a glucosylceramide

(R)-mandelonitrile β-
glucosyltransferase:
Solyc11g006100.1

omega-hydroxypalmitate
O-sinapoyl transferase:
Solyc01g005895.1

ξ-progoitrin

CMP-N-acetyl-
β-neuraminate

aldehyde oxidase:
Solyc01g009235.1

sinapoylglucose:sinapoylglucose
O-sinapoyltransferase:
Solyc10g049250.2

(3S)-linalool
synthase:
Solyc05g026590.2

2-benzyl-
thiohydroximate-O-sulfate

adenosine kinase:
Solyc10g086190.2

a xenobiotic

[+ 3 isozymes]

keto-D-sorbose

H
2

O

3,5-
dimethoxyphenol

[+ 4 isozymes]

guanine and
guanosine
salvage II

ribulose-phosphate
3-epimerase:

Solyc05g007260.3

[+ 2 isozymes]

[+ 4 isozymes]

enoyl-CoA
hydratase:
Solyc01g066620.3

(2S)-2-
isopropylmalate

D-xylose

[+ 4 isozymes]

sn-glycerol
3-phosphate

Cd 2+

a reduced c-
type cytochrome

O-acetyl-L-serine

a ceramide
1-phosphate

ammonia

Man
3

GlcNAc
4

-[protein]

a cis,cis-
delta17,35-
C54:2-[acp]

a ferric-
siderophore

complex

spermidine synthase:
Solyc04g026030.3

Histidinol
dehydrogenase:
Solyc02g071890.3

primeverose

[+ 2 isozymes]

S-methyl-5’-
thioinosine

caffeate O-
methyltransferase:
Solyc03g032220.3

5-oxo-L-proline

UDP-β-L-
arabinopyranose

phosphate

zeaxanthin
epoxidase:
Solyc01g009080.3

a 3,4-dihydroxy-5-all-
trans-polyprenylbenzoate

an N-terminal-N α -
acetyl-L-methionyl-L-
asparaginyl-[protein]

a tetrahydrofolate

preuroporphyrinogen

9,10-epoxy-18-
hydroxystearate

H+

[+ 2 isozymes]

Carbohydrate Biosynthesis

an acetoacetyl-[acp]

phosphoglycerate
mutase: Solyc04g054820.3

histidinal

histidinol

proline racemase:
Solyc01g103220.3

[+ 2 isozymes]

a cis-delta11-3-
oxo-C30:1-[acp]

[+ 6 isozymes]

a fatty aldehyde

a malonyl-[acp]

UDP

molybdate

cis-vaccenate 11-
methyltransferase:
Solyc09g090500.3

an N 6 -L-
threonylcarbamoyladenine 37

in tRNA

carbamate kinase:
Solyc06g075340.3

leukotriene B
4

[+ 2 isozymes]

FAD

glutamate-5-
semialdehyde
dehydrogenase:
Solyc08g043170.3

sinigrin

dihydrofolate
reductase:
Solyc01g109830.3

[+ 14 isozymes]

xylogalacturonan
biosynthesis

[+ 7 isozymes]

stipitaldehyde

Plasmalogen
synthase:
Solyc01g091950.3

a linear malto-
oligosaccharide

[+ 9 isozymes]

dTDP-L-rhamnose
biosynthesis

dTDP

a myosin-
actin complex

pheophorbide
a oxygenase:
Solyc04g039870.2

an N 6 -L-
threonylcarbamoyladenine 37

in tRNA

(S)-N-
methylcoclaurine

(+)-sesaminol
2-O-β-D-

gentiobioside

3-phenyl-2-
oxopropanoate

[+ 2 isozymes]

β-carotene

methyl indole-3-
acetate interconversion

4’-phosphopantothenoylcysteine
decarboxylase: Solyc08g080920.3

(S)-malate

jasmonoyl-
L-isoleucine
hydrolase:
Solyc03g121270.3

D-glyceraldehyde
3-phosphate

Chalcone
isomerase:
Solyc05g010310.3

maltotriose

a carotenoid
ψ-end group

oxaloacetate

Steroid sulfotransferase:
Solyc05g012990.1

3-epi-6-deoxocathasterone
23-monooxygenase:
Solyc02g084740.3

1-piperideine-
2-carboxylate
reductase:
Solyc06g036330.1

o-coumarate
glucosyltransferase:
Solyc01g107770.2

S0

GDP

Alliin lyase:
Solyc02g062190.2

[+ 5 isozymes]

geranylgeranyl
diphosphate
diphosphatase:
Solyc07g039540.1

γ-carotene

L-gulonolactone
oxidase:
Solyc08g068420.3

[+ 4 isozymes]

glycolate

MeOH

porphobilinogen

4-amino-2-methyl-5-
pyrimidinemethanol

bis-noryangonin
synthase:
Solyc01g111070.3

trichome monoterpenes biosynthesis

an N-terminal-
L-methionyl-L-

tyrosyl-[protein]

gibberellin A
34

α-D-glucopyranose
1-phosphate

ent-copalyl
diphosphate
synthase:
Solyc09g065230.1

cis-tuberonic acid

[+ 12 isozymes]

(+)-secoisolariciresinol

L-dehydro-
ascorbate

staurosporine

a cis,cis-
delta21,39-3-

oxo-C58:2-[acp]

[+ 2 isozymes]

methyl indole-3-
acetate interconversion

[+ 4 isozymes]

cis-aconitate hydratase:
Solyc07g052350.3

UDP-N-
acetylmuramoyl-
L-alanyl-D-
glutamyl-meso-2,6-
diaminopimelyl-D-
alanyl-D-alanine:di-
trans,poly-cis-
undecaprenyl
phosphate phospho-
N-acetylmuramoyl-
pentapeptide-
transferase:
Solyc02g070560.3

a [2-oxoglutarate
dehydrogenase

E2 protein] N 6

-dihydrolipoyl-
L-lysine

[+ 5 isozymes]

(+)-amorpha-
4,11-diene

quercetin 3’-O-
methyltransferase:
Solyc03g032220.3

valencene synthase:
Solyc08g079280.3

[+ 30 isozymes]

D-xylulose
5-phosphate

a 1-acyl-sn
-glycerol 3-

phosphate

IAA-Asp

arogenate
dehydratase:
Solyc02g080620.3

fatty-acyl coenzyme
A oxidase:
Solyc08g078390.3

GTP

2-(8-hydroxy-2-
oxotridecyl)-6-
oxopyran-4-olate

5’-hydroxy-3’-
methoxyflavonoid O
-methyltransferase:
Solyc09g082660.3

D-arabinose
5-phosphate
isomerase:
Solyc03g098140.3

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

dihydrosqualene

[+ 3 isozymes]

a reduced
c-type
cytochrome

acyl-carrier protein

ornithine
carbamoyltransferase:
Solyc04g080610.3

a ribonucleoside
triphosphate

[+ 4 isozymes]

UDP-glucuronate
4-epimerase:
Solyc01g091200.3

ferulate

1-pentan-3-one

a 3-oxo-δ 5 -steroid

7 1 -hydroxychlorophyll a

thromboxane A
2

L-ornithine
L-citrulline

linolenoyl-lipid
15-desaturase:
Solyc06g007140.3

(R)-mandelonitrile

[+ 8 isozymes]

magnoflorine
biosynthesis

dehydroascorbate
reductase:

Solyc04g064470.2

lupeol

a [protein]-
L-cysteine

a dynein-
microtuble

complex

methyleugenol

D-threo-isocitrate

(2S)-2-
isopropylmalate
hydro-lyase (2-
isopropylmaleate-
forming):
Solyc09g090900.3

sphinganine (C18)

(Z)-2-phenyl-1-
thioacetohydroximate

 Cu +

Cu 2+

alcohol
acetyltransferase:
Solyc07g017320.1

α-amyrin 28-
monooxygenase:
Solyc01g018025.1

GMP

an exposed
unphosphorylated,
unbranched malto-
oligosaccharide

tail on amylopectin

D-glucopyranuronate

isorhamnetin

[+ 5 isozymes]

[+ 70 isozymes]

F6P

ornithine
carbamoyltransferase:

Solyc04g080610.3

O-phospho-
L-serine

[+ 34 isozymes]

1-palmitoyl-2-linoleoyl-
phosphatidylcholine

ferroheme o

GDP-L-fucose
biosynthesis II
(from L-fucose)

propane-
1,3-diamine

Caffeoyl-CoA
reductase:
Solyc09g089880.3

S-methyl-5’-
thioadenosine

glycine betaine
biosynthesis III (plants)

(3R)-2’-
hydroxyisoflavanone
reductase:
Solyc10g018140.2

[+ 2 isozymes]

(2E,6E)-farnesyl
diphosphate

rosmarinate

D-ribulose
5-phosphate

GTP cyclohydrolase
I: Solyc06g083230.3

D-threo-isocitrate

[+ 3 isozymes]

[+ 7 isozymes]

ADP-D-ribose

D-ribulose-1,5-
bisphosphate

phosphatidate
phosphatase:
Solyc10g084540.2

[+ 2 isozymes]

salicylate

[+ 16 isozymes]

[+ 5 isozymes]

a phosphatidylcholine

GDP

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

divinyl ether biosynthesis I

uracil degradation
I (reductive)

1-pyrroline-
2-carboxylate

3-deoxy-D-manno
-octulosonate
8-phosphate
synthase:
Solyc11g072690.2

ent-kaur-16-
en-19-oate
monooxygenase:
Solyc01g080900.3

a cis,cis-
delta15,33-3-

oxo-C52:2-[acp]

Alcohol
dehydrogenase
(NAD(P)(+)):
Solyc11g011340.2

arginyl-tRNA--
protein transferase:
Solyc06g051760.3

[+ 6 isozymes]

a trans-2-enoyl-CoA

4-aminobutanoate

heme oxygenase:
Solyc12g009470.2

UDP-glucose:7-
methylthioheptylhydroximate
S-glucosyltransferase:
Solyc08g006400.1

[+ 6 isozymes]

[+ 8 isozymes]

a (2R,3S)-
flavan-3-ol-

3’-O-glucoside

phenolphthiotriol
methyltransferase:
Solyc01g009600.3

germacrene
A oxidase:
Solyc08g041925.1

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

PI(4,5)P
2

phosphoinositide
5-phosphatase:
Solyc00g009110.3

2-(2,8-
dihydroxytridecyl)-
6-oxopyran-4-olate

pterostilbene
biosynthesis

Malonyl-CoA
decarboxylase:
Solyc02g036290.3

(2E,6E)-farnesyl
diphosphate

geranylgeranyl
diphosphate
reductase:
Solyc01g088310.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

L-citrulline

jasmonoyl-L-isoleucine inactivation

[+ 19 isozymes]

D-galactopyranose

[+ 8 isozymes]

(S)-3’-hydroxy-N
-methylcoclaurine

4,9-
dimethyldodeca-

2,4,6,8,10-
pentaene-1,12-dial

[+ 7 isozymes]

arg

CMP-Kdo

CDP-ethanolamine

UDP

malate dehydrogenase:
Solyc01g090710.3

polyisoprenoid biosynthesis

5-(methylsulfanyl)-ribulose 1-phosphate

an N-terminal
L-methionyl-L-
lysyl-[protein]

a (3R)-3-
hydroxyicosanoyl-

[acp]

photosystem II:
Solyc00g230070.1

Solyc05g056020.3

N-carbamoyl-L-aspartate

AMP

(-)-α-pinene
synthase (neryl-
diphosphate-
cyclizing):
Solyc08g005640.3

(9Z,13S,15Z)-12,13-
epoxyoctadeca-

9,11,15-trienoate

AMP

laricitrin

formaldehyde

an anthocyanidin 3-
O-β-D-sambubioside

6-phosphofructokinase:
Solyc03g093520.3

campesterol

[+ 4 isozymes]

[+ 4 isozymes]

[+ 10 isozymes]

Very long-chain acyl-
CoA synthetase:
Solyc12g009040.2

fructose-2,6-
bisphosphatase:
Solyc06g082150.3

indole-3-acetyl-L-
leucine hydrolase:
Solyc06g054410.3

[+ 4 isozymes]

NAD +

a dolichyl β-D-glucosyl phosphate

3-deoxy-manno
-octulosonate
cytidylyltransferase:
Solyc04g079010.1

[+ 4 isozymes]

kaempferol

12-hydroxylaurate

S-methyl-5’-thioadenosine

N-acetyl-D-
glucosamine-
asparagine

tyr

1-linoleoyl-2-oleoyl-
phosphatidylcholine

indole-3-acetate
carboxyl
methyltransferase:
Solyc07g064990.3

Cu +

Cu 2+

7,3’-
dimethylquercetin

gcv system:
Solyc02g068740.3

delphinidin 3-
O-rutinoside-
7-O-glucoside

brassinolide-
23-O-glucoside

[+ 6 isozymes]

heme b

(S)-coclaurine N-
methyltransferase:
Solyc08g062610.3

AICAR

calystegine biosynthesis

UDP

[+ 15 isozymes]

oxalate

germacrene
A oxidase:
Solyc08g041925.1

a hydroxyacyl-CoA

an alcohol

trans-zeatin riboside
monophosphate
phosphoribohydrolase:
Solyc01g005680.3

n-(methylsulfinyl)
alkyl glucosinolate
dioxygenase:
Solyc03g058570.1

β-D-xylopyranose

L-ornithine

UDP-glucose:α-
D-galactose-
1-phosphate
uridylyltransferase:
Solyc10g050850.2

arginyl-tRNA--
protein transferase:
Solyc06g051760.3

uvaol

tyr

phosphatidylinositol
3-kinase:
Solyc04g015350.3

3-cyano-L-alanine

[+ 6 isozymes]

benzyladenine UDP
glycosyltransferase:

Solyc03g078780.2

asp

24-epibrassinolide

N-acetyl-α-D-
glucosamine

Aldehyde
Degradation

an N-terminal N α -
acetyl-L-methionyl-
L-glutamyl-[protein]

2-dihydro-
NADP oxidase:
Solyc10g005620.3

choline

1,6-dihydro-
β-NADP

a methyl-esterified
homogalacturonan

[+ 19 isozymes]

[+ 17 isozymes]

glu

UDP

a cis,cis-
delta17,29-3-

oxo-C48:2-[acp]

5’-nucleotidase:
Solyc12g098830.2

exopolyphosphatase:
Solyc01g100260.3

[+ 16 isozymes]

solanesyl
diphosphate
synthase:
Solyc07g061990.3

linolenate 13S-
lipoxygenase:
Solyc01g005750.1

indole-3-acetyl-L-
alanine hydrolase:
Solyc10g079640.2

α-carotene

a β-D-glucosyl-N
-acylsphinganine

carbamoyl phosphate
synthetase:
Solyc03g115630.3

ent-7α-hydroxykaur-
16-en-19-oate
monooxygenase:
Solyc01g080900.3

a dynein-
microtuble

complex

dCMP

a cis,cis-delta5,23-
3-hydroxyC42:2-

[acp]

ethanol

asp

hydroxypyruvate
reductase:
Solyc08g080030.3

[+ 14 isozymes]

formate:tetrahydropteroylpolyglutamate
ligase: Solyc01g006280.3

CTP

an acetoacetyl-[acp]

long chain
polyphosphate

(R)-3-(4-
hydroxyphenyl)

lactate

[+ 2 isozymes]
UDP-N-acetylmuramoyl-
tripeptide--D-alanyl-
D-alanine ligase:
Solyc04g008880.3

catechol

Glutathionyl-
hydroquinone
reductase:
Solyc06g083770.3

tricyclene

tRNA
threonylcarbamoyladenosine
dehydratase: Solyc05g051230.3

(3Z)-hex-
3-en-1-ol

an N 4 -{β-D-GlcNAc-(1->2)-α-D-Man-(1->3)
-[β-D-GlcNAc-(1->2)-α-D-Man-(1->6)]-β-
D-Man-(1->4)-β-D-GlcNAc-(1->4)-[α-L-

Fuc-(1->6)]-β-D-GlcNAc}-N-Asn-[protein]

Folatepolyglutamate
(n)

: Solyc07g062270.3

dihydrogeranylgeranyl
diphosphate reductase:
Solyc03g115980.1

a phenyl acetate

capsidiol

S-(hydroxymethyl)
glutathione
dehydrogenase:
Solyc03g044200.3

APS

[+ 3 isozymes]

(S)-reticuline

NADP +

monoamine oxidase:
Solyc05g024040.1

Solyc07g014680.3

peptidoglycan
glycosyltransferase:
Solyc00g066150.2

nitrite

(-)-β-phellandrene

13-HPOTE lyase:
Solyc07g049690.3

a (3E)-alk-3-
enoyl-CoA

all-trans-lycopene

UDP-α-D-
galactose

(glutathion-S-yl)(1H-
indol-3-yl)acetonitrile

a (3R,5Z)-3-
hydroxytetracos-

5-enoyl-[acp]

serine
acetyltransferase:
Solyc02g082850.3

an anthocyanidin with
a 3-hydroxy group

gly

quercetin 7-
O-glucoside

Solyc08g079820.3:
Solyc08g079820.3

2-hydroxyformononetin

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

acyl-carrier protein

fatty aldehyde
decarbonylase:
Solyc00g023030.1

[+ 2 isozymes]

[+ 2 isozymes]

[+ 11 isozymes]

2-succinylbenzoate

[+ 11 isozymes]

anthranilate
synthase:
Solyc06g005980.3

[+ 3 isozymes] itaconyl-CoA
hydratase:
Solyc08g078130.3

(-)-methyl
jasmonate

Bis(5’-nucleosyl)-
tetraphosphatase
(asymmetrical):
Solyc05g008000.3

glucokinase:
Solyc02g091830.3

(S)-NADPHX
dehydratase:
Solyc01g079860.3

[+ 10 isozymes]

2-methyl-6-solanyl-
1,4-benzoquinone
methyltransferase:
Solyc03g005230.3

a protein

[+ 2 isozymes]

ursolate

zeaxanthin

[+ 4 isozymes]

an α-D-mannoside

3,8-divinyl
chlorophyllide a

(2R,3S)-3-
isopropylmalate

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

Solyc02g068220.1:
Solyc02g068220.1

an acyl phosphate
polyneuridine

aldehyde

18-oxo-oleate

homogentisate

geraniol 10-
hydroxylase:
Solyc02g064806.1

NADPH--cytochrome
P450 reductase 2:
Solyc07g019460.3

[+ 11 isozymes]

a 1-acyl-sn
-glycerol

indole-3-acetyl-
glutamine
synthetase:
Solyc00g167300.2

[+ 10 isozymes]

vinorine synthase:
Solyc05g014330.1

10-formyl-
tetrahydrofolylpolyglutamate
synthetase: Solyc04g016550.3

hexanoate

[+ 2 isozymes]

putrescine

a 3-oxotetradecanoyl-[acp]

nicotinate-mononucleotide
adenylyltransferase:

Solyc07g065590.3

crotonyl-CoA

S-adenosyl-L-
methionine:N,N-
dimethyl-β-alanine N-
methyltransferase:
Solyc10g085830.2

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

dTMP kinase:
Solyc07g048010.3

tetrahydrogeranylgeranyl
diphosphate reductase:
Solyc01g088310.3

a (2E)-docos-
2-enoyl-[acp]

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

protoheme

L-arginine
degradation VI

(arginase 2 pathway)

glu

inositol
hexakisphosphate
1-kinase:
Solyc02g087620.3

[+ 2 isozymes]

[+ 9 isozymes]

C33-
phthiodiolenone A

caffeoylglucarate
biosynthesis

[+ 23 isozymes]

a reduced
ferredoxin [iron-

sulfur] cluster

linolenate 13S-
lipoxygenase:
Solyc01g005750.1

dienelactone
hydrolase:
Solyc01g080220.3

a cis,cis-
delta13,31-
C50:2-[acp]

ditrans,octacis-
undecaprenyldiphospho-
N-acetyl-(N-acetyl-β-D-
glucosaminyl)muramoyl-

L-alanyl-γ-D-glutamyl-L-
lysyl-D-alanyl-D-alanine

betaine
aldehyde hydrate

quercetin sulfate biosynthesis

cyanidin 3-O-
(6"-O-malonyl)

-β-glucoside

acyl-carrier protein

[+ 2 isozymes]

oxaloacetate

myricetin

an N-terminal
L-arginiyl-L-

aspartyl-[protein]

myo-inositol-
monophosphate
monophosphatase:
Solyc01g097780.1

UDP-N-acetyl-
D-galactosamine

[+ 24 isozymes]

AMP

Very long-chain acyl-
CoA synthetase:
Solyc12g009040.2

1-(6-sulfo-α-
D-quinovosyl)

glycerol

ornithine
carbamoyltransferase:
Solyc12g089210.2

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

a monocarboxylic
acid amide

[+ 5 isozymes]

18-hydroxystearate

L-homocysteine

o-diquinones
biosynthesis

[+ 12 isozymes]

thiamine phosphate
synthase:
Solyc01g103950.3

4-hydroxybenzoate

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

an (E)-1-(glutathion-
S-yl)-N-hydroxy-ω-

(methylsulfanyl)alkan-1-imine

gluconeogenesis I

(4S)-perillyl
alcohol

dimethyl diselenide

betulinate

amylopectin

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

[+ 4 isozymes]

[+ 9 isozymes]

a [lipoyl-carrier
protein]-L-lysine

pheophytinase b:
Solyc01g088090.3

xyloglucan biosynthesis

testosterone 17β
dehydrogenase:
Solyc03g095970.3

DMAPP

N6 -L-
threonylcarbamoyladenine
synthase: Solyc02g068750.1

malate dehydrogenase:
Solyc01g090710.3

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
nonan-1-imine

rhamnetin 4’-O-
methyltransferase:
Solyc01g068545.1

β-alanine betaine

O-phospho-
L-homoserine

a (2E)-icos-
2-enoyl-[acp]

plastoquinol-9

D-glyceraldehyde
3-phosphate

UDP-glucose: 9-
methylthiononylhydroximate
S-glucosyltransferase:
Solyc08g006400.1

a sulfurated
[sulfur carrier]

pro

glutathione

an S-sulfanyl-
[cysteine

desulfurase]-
[disordered-
form scaffold

protein] complex

a fucosyl-protein

(2E,6E)-farnesal

GDP-β-L-fucose

hydrogencarbonate

sucrose phosphate
synthase:
Solyc07g007790.3

endo-1,4-β-xylanase:
Solyc01g105500.3

[+ 9 isozymes]

3-oxo-myristate

S-methyl-5-thio-α-D-ribose
1-phosphate degradation I

a (22R,23R)-28-
homocastasterone

sulfate

3-phospho-
D-glycerate

trans-caffeoyl-CoA

L-arabinopyranose

dihydrozeatin UDP
glycosyltransferase:

Solyc03g078780.2

Solyc01g097340.3:
Solyc01g097340.3

acyl-carrier protein

H+

anandamide
amidohydrolase:
Solyc01g106330.3

acyl-carrier protein

thiol S-
methyltransferase:
Solyc08g014600.3

[+ 24 isozymes]

3-oxo-2-(cis-2’-pentenyl)
-cyclopentane-1-(3R-
hydroxybutanoyl)-CoA

a [glycerolipid]-
linoleate

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

salicylate

linalool synthase:
Solyc01g105890.3

mannose-1-phosphate
guanylyltransferase:
Solyc09g011220.3

a large-
branched glucan

a primary alcohol

Ornithine--
oxo-glutarate
aminotransferase:
Solyc08g048450.3

glutamate--pyruvate
aminotransferase:
Solyc01g007940.3

tetrahydrofolate biosynthesis II

[+ 10 isozymes]

acyl-carrier protein

nucleoside
diphosphate kinase:

Solyc12g049370.2

3-dehydroquinate
synthase:
Solyc02g083590.3

2-oxoglutarate

spermine

UDP-D-apiose
biosynthesis
(from UDP-D-
glucuronate)

H
2

O

anthranilate
phosphoribosyl
transferase:
Solyc12g035190.2

α-Kdo

usnate biosynthesis

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

phosphoenolpyruvate
carboxykinase (GTP)
: Solyc12g088160.2

(S)-magnoflorine

an aldehyde

a thiol

steviolmonoside
19-O-UDP
glucosyltransferase:
Solyc08g006370.1

[+ 16 isozymes]

ent-kaur-16-
ene oxidase:
Solyc04g083160.2

(R+)-3-(4-
hydroxyphenyl)
lactate:NADP+
oxidoreductase:
Solyc03g120660.3

guaiacol
biosynthesis

4α-carboxy-stigmasta-
7,24(24 1 )-dien-3β-ol

bis(β-D-glucosyl)
crocetin

an aldehyde

1-piperideine-
2-carboxylate

[+ 2 isozymes]

O-β-D-
xylosylzeatin

C36-phenolphthiodiolenone A

psoralen synthase:
Solyc03g026373.1

3,5-
dichlorocatechol

2-oxoglutarate

a 2-acyl-sn
-glycerol 3-

phosphate

3’,5’-ADP

trans-6-
hydroxyferuloyl-

CoA

β-ionone

crotonyl-CoA

folylpoly-α-glutamate
synthetase:
Solyc05g052920.3

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

GDP-β-L-galactose

a [protein]-S-
sulfanyl-L-cysteine

phthalate

ω-(methylthio)
alkylglucosinolate
S-oxygenase:
Solyc06g062320.2

[+ 3 isozymes]

an aldehyde

α,ω-9Z-
octadecenedioate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

[+ 3 isozymes]

vernolate

an aldehyde

gibberellin A
53

[+ 4 isozymes]

[+ 3 isozymes]

1-(18-
hydroxyoleoyl)

-sn-glycrol
3-phosphate

Tetrahydrofolate
synthase:
Solyc05g052920.3

palmitoyl-lipid
7-desaturase:
Solyc03g116730.3

pyruvate

glycine
betaine

taurine

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

dihydrosphingosine
phosphate lyase:
Solyc05g015860.3

[+ 5 isozymes]

primary fluorescent chlorophyll catabolite

demethylphylloquinone

phosphomannomutase:
Solyc05g026490.3

a 3-oxoglutaryl-
[acp] methyl ester

a cis,cis-
delta5,17-3-

oxo-C36:2-[acp]

arginase:
ARG1

2,3-dioxo-
L-gulonate

lecithin:all-
trans retinol
acyltransferase:
Solyc12g055850.2

4α-methyl-cholesta-
8,14-dienol

cys

UDP-Gal:α-D-GlcNAc-
diphosphoundecaprenol α-
1,3-galactosyltransferase:
Solyc05g047560.1

PAPS

phosphoribosylanthranilate
isomerase: Solyc02g076760.3

a (2E)-dodec-2-enoyl-[acp]

[+ 2 isozymes]

formate

ornithine
carbamoyltransferase:

Solyc12g089210.2

[+ 4 isozymes]

aconitase:
Solyc12g005860.2

a cis,cis-
delta15,33-
C52:2-[acp]

taxadien-5-α-ol O-
acetyltransferase:
Solyc01g068140.3

2-hydroxyphytanoyl-
CoA

a lignoceroyl-[acp]

3,4’-
dimethylkaempferol

Solyc05g051900.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

D-galactosylononitol

a 2-thiouridine 34

in tRNA

gln

a long-chain
aldehyde

cys

3’,5’-ADP

4-hydroxyphenylpyruvate
dioxygenase:
Solyc07g045050.3

N-methyl-β-alanine

L-ornithine

a [procollagen]-
L-lysine

N-carbamoylsarcosine
amidohydrolase:
Solyc03g120540.3

[+ 3 isozymes]

(gibberellin-24), 2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g093980.3

N,N-dimethyl-
β-alanine

an octanoyl-[acp]

2-oxoglutarate

[+ 2 isozymes]

riboflavin

UMP

[+ 2 isozymes]

4α-methyl-
5α-ergosta-
8,14,24(28)
-trien-3β-ol

4-hydroxybenzoate

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

Respiration

4α-methyl-5α-ergosta-
8,24-dien-3β-ol

Medium-chain
acyl-CoA ligase:
Solyc12g099360.2

[protein]-N ω

,N’ ω -dimethyl-
L-arginine

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

superpathway of phylloquinol biosynthesis

a fatty acid

(Rib-ol-P)
n

-[2-
(αGlcNac)-Rib-ol-

P]-Gro-P-Gro-P-
ManNAc-GlcNAc-
PP-undecaprenol

geranyl
diphosphate

(+)-sesaminol

sucrose degradation III (sucrose invertase)

[+ 3 isozymes]

pyruvate

aminodeoxychorismate
lyase: Solyc04g049890.3

[+ 13 isozymes]

(+)-secoisolariciresinol

2-oxoisovalerate decarboxylation to isobutanoyl-CoA

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

O-phosphoethanolamine

caffeoyl-CoA O-
methyltransferase:
Solyc01g107910.3

steviolmonoside

isoscopoletin

3-oxoacid
decarboxylase:
Solyc01g108680.3

trans-abscisic
alcohol

glycerol-3-
phosphate
dehydrogenase:
Solyc03g031630.3

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

1-deoxycapsidiol

glu

(S)-5-
hydroxyisourate

a [release factor]-N 5

-methyl-L-glutamine

[+ 2 isozymes]

GDP-mannose biosynthesis

hydrogen cyanide

[+ 17 isozymes]

lathosterol

C33-
phthiodiolone A

[+ 3 isozymes]

Hormone-
sensitive lipase:
Solyc03g122280.3

L-allo-threonine
aldolase:
Solyc04g009960.3

a (3R)-3-
hydroxyacyl-[acyl-

carrier protein]

Oleoyl-[acyl-carrier-
protein] hydrolase:
Solyc03g097390.3

diphosphate

mannose 6-
phosphate
reductase:
Solyc01g110450.3

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

glutamine
synthetase:
Solyc01g056450.2

an N-terminal-
L-methionyl-L-

phenylalanyl-[protein]

succinate

Ins(1,4,5)P
3

3’,5’-nucleoside
bisphosphate
phosphatase:
Solyc11g044800.2

trans-zeatin-
O-glucoside

umbelliferone biosynthesis

[+ 10 isozymes]

[+ 18 isozymes]

[+ 5 isozymes]

brassicasterol

(2R,3S,4S)-
leucocyanidin

a dipeptide with a
C-terminal L-proline

hyoscyamine
6β-hydroxylase:
Solyc02g068320.2

gibberellin A
12

putrescine biosynthesis IV

cis-zeatin riboside
monophosphate

a (3R)-3-
hydroxyglutaryl-

[acp] methyl ester

glu

[+ 5 isozymes]

phosphoacetylglucosamine
mutase: Solyc08g077270.3

UDP-α-D-xylose

a diphthine methyl
ester-[translation

elongation factor 2]

vicianose

melatonin

lipid IV
A

hydroxyacetone

acyl-carrier protein

L-homocysteine

[+ 8 isozymes]

pterocarpan
synthase:
Solyc10g018140.2

UDP-α-D-glucose 17β-estradiol

α-D-glucopyranose
1-phosphate

putrescine

H+

Fe 2+

a [glycine-cleavage
complex H protein]

N6 -octanoyl-L-lysine

cinnamoyltyramine

volatile benzenoid biosynthesis I (ester formation)

3’,5’-ADP

24-methylenecycloartanol

a nucleoside
triphosphate

NADH

o-succinylbenzoate
synthase:
Solyc04g005200.3

[+ 3 isozymes]

choline

[+ 2 isozymes]

nitrile-specifier
protein:
Solyc05g024415.1

met

2-cis,4-trans
-xanthoxin

a β-D-glucosyl-N
-acylsphingosine

glyoxylate

L-ornithine

Glucomannan 4-beta-
mannosyltransferase:
Solyc05g055410.2

D-gluconate

ammonia-dependent
carbamoyl-
phosphate
synthase:
Solyc03g115630.3

acylphosphatase:
Solyc04g051640.3

palmitate

[+ 2 isozymes]

F6P

gluconapin

sugar-phosphatase:
Solyc08g077350.3

D-glucopyranose

arg

superpathway of geranylgeranyl
diphosphate biosynthesis II (via MEP)

a phytochelatin

DMAPP

[+ 13 isozymes]

16-hydroxypalmitate

gly

trimethylurate
monooxygenase:
Solyc08g067470.3

an N 6 -methyladenine in DNA

a [cullin]-L-lysine

2-oxobutanoate

(E)-2-
methylpropanal-

oxime

[+ 10 isozymes]

violaxanthin

glucose-6-phosphate
isomerase:
Solyc12g014380.2

4-coumaraldehyde

urate

8-(methylthio)
octylglucosinolate
S-oxygenase:
Solyc06g062320.2

a 6-(N-acetyl-α-D-glucosaminyl)-
1-phosphatidyl-1D-myo-inositol

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

glucosamine-
6-phosphate
acetyltransferase:
Solyc09g009780.3

an acceptor
xyloglucan with

xyloglucanyl segment

dihydroorotate
dehydrogenase:
Solyc01g008290.3

6’-hydroxyferuloyl-
CoA

5-(methylsulfanyl)
pentyl-glucosinolate

9-cis-
epoxycarotenoid
dioxygenase:
Solyc05g053530.1

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

inositol-3-phosphate
synthase:
Solyc04g050820.2

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

26-hydroxybrassinolide

an arabinoxylan

fumarate

catechol

[+ 3 isozymes]

indole-3-acetyl-
phenylalanine
synthetase:
Solyc00g167300.2

allyl alcohol

4-amino-4-
deoxychorismate
synthase:
Solyc04g049360.3

indole

loganin

Aromatic Compound Biosynthesis

UDP-α-D-
glucuronate

protein-lysine deacetylase:
Solyc07g065550.3

Solyc00g130290.1

CDP-glycerol
diphosphatase:
Solyc03g112080.1

(2R,3S)-2,3-
dimethylmalate

[+ 11 isozymes]

[+ 2 isozymes]

anthocyanidin 3-
O-glucoside 2’’-O-
glucosyltransferase:
Solyc10g008860.1

adenine

a (2E)-hexadec-
2-enoyl-[acp]

(S)-lactate

[+ 23 isozymes]

a 4-hydroxy-3-
polyprenylbenzoate

arginase:
ARG1

L-dopa

Acetyl-CoA-
benzylalcohol
acetyltransferase:
Solyc01g105550.1

[+ 3 isozymes]

o-succinylbenzoate--CoA
ligase: Solyc02g069920.3

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

N-Formyl-L-
kynurenine

formaldehyde

3’,5’-ADP

NADP +

a (3R,9Z)-3-
hydroxyhexadec-

9-enoyl-[acp]

a jasmonoyl-
L-amino acid

[+ 7 isozymes]

[+ 120 isozymes]

spermidine hydroxycinnamic acid conjugates biosynthesis

pppGpp

a sphingosine
ceramide

glucan 1,3-β-
glucosidase:
Solyc01g009240.3

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

carbamoyl
phosphate

synthetase:
Solyc06g075340.3

NADPH
dehydrogenase:
Solyc02g062130.3

[+ 15 isozymes]

a 6-phosphogluco-
3-phosphogluco-

amylopectin

cinnamyl alcohol

[+ 2 isozymes]

photosystem I:
Solyc00g245200.2

laurate

[+ 5 isozymes]

[+ 13 isozymes]

(6E)-8-
hydroxygeraniol

aurachin C

typhasterol C-
23 hydroxylase:
Solyc03g121510.3

hypoxanthine
hydroxylase:
Solyc11g065920.2

pyridoxine 4-
dehydrogenase:

Solyc03g082560.3

α-humulene 10-
hydroxylase:
Solyc06g076160.3

2-amino-6-acetyl-3,7,8,9-
tetrahydro-3H-pyrimido[4,5-

b][1,4]diazepin-4-one

β-D-fructofuranose

Solyc04g074870.3

[+ 4 isozymes]

acetyl-CoA

fatty-acyl coenzyme
A oxidase:
Solyc08g078400.3

L-glutamine--D-
fructose-6-
phosphate
aminotransferase:
Solyc01g087870.3

nicotinamide

5-methylthioribose-1-
phosphate isomerase:

Solyc08g022210.3

a dihydroceramide
(C18)

fatty acyl reductase:
Solyc01g104185.1

16-hydroxypalmitoyl-
CoA

orotidine-5’-phosphate
decarboxylase:
Solyc11g068830.2

Lipid-phosphate
phosphatase:
Solyc09g007380.3

(+)-camphor
biosynthesis

D-arabinono-1,4-
lactone oxidase:
Solyc08g068420.3

an L-aspartyl-
[tRNA Asn ]

L-alanyl-γ-D-
glutamyl-meso-
diaminopimelate

octanoul-ACP
synthetase:
Solyc09g092450.3

D-mannopyranose
6-phosphate

cyanidin 3-O-[2"-O-(2"’-
O-(sinapoyl) xylosyl)

6"-O-(p-O-(glucosyl)-p-
coumaroyl) glucoside] 5-O-
[6""-O-(malonyl) glucoside

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

an N-acetyl-α-
D-glucosaminide

germacra-1(10)
,4,11(13)-

trien-12-oate

γ-L-glutamyl
5-phosphate

an α-D-
galactoside

[+ 3 isozymes]

[+ 109 isozymes]

NADH-
monodehydroascorbate
reductase:
Solyc02g068500.3

7-oxateasterone

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

PRPP

[+ 8 isozymes]

germacrene A acid
6α-hydroxylase:
Solyc09g014900.3

chlorophyll synthetase:
Solyc09g014760.3

putrescine

glutamate synthase
(ferredoxin):
Solyc03g063560.3

an [apo BCAA
dehydrogenase
E2 protein] N 6

-dihydrolipoyl-
L-lysine

[+ 2 isozymes]

30-hydroxyobtusifoliol

trp

nucleoside diphosphate
kinase: Solyc12g049370.2

[+ 5 isozymes]

KDO-8P

dGTP

2’’-O-acetyl-
ADP-ribose

tetraketide α-
pyrone reductase:
Solyc01g068080.3

2-oxoglutarate

PI(3,5)P
2

5’phosphatase:
Solyc03g123520.3

1,2-dihydro-
β-NAD

a homogalacturonan

acyl-carrier protein

[+ 15 isozymes]

delphinidin 3-(6"-
malonyl)glucoside-
3’,5’-diglucoside 6"’-p-
coumaroyltransferase:
Solyc04g077630.3

cis-zeatin UDP
glycosyltransferase:

Solyc03g078780.2

1-O-galloyl-
β-D-glucose

Beta-carotene
3-hydroxylase:
Solyc06g036260.3

fructose 2,6-
bisphosphate biosynthesis

arginase:
ARG2

soladulcidine

β-ketoacyl-
ACP synthase:
Solyc03g097470.3

[+ 3 isozymes]

pro

glutamate--pyruvate
aminotransferase:
Solyc01g007940.3

L-glutamate-5-
semialdehyde

L-erythro-7,8-
dihydrobiopterin

proline
dehydrogenase:
Solyc02g089620.3

geraniol

2-hydroxy-6-
oxononatrienedioate
hydrolase:
Solyc03g095290.3

α-terpinene
synthase (neryl-
diphosphate-
cyclizing):
Solyc08g005640.3

an N-terminal-
L-methionyl-L-

isoleucyl-[protein]

a 14α-
methylsteroid

avenasterol

dethiobiotin
synthetase:
Solyc07g006810.3

nucleoside
triphosphate
phosphatase:

Solyc12g098540.2

N4 -(β-N-acetyl-
D-glucosaminyl)

-L-asparagine

propanoate

F6P

UQH
2

a levan

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-2-(1H-

indol-3-yl)ethan-1-imine

(3R)-linalool
biosynthesis

a cis,cis-delta5,17-
C36:2-[acp]

(L-cysteinylglycin-
S-yl)(1H-indol-

3-yl)acetonitrile

[+ 4 isozymes]

glycoprotein 3-α-L-
fucosyltransferase:
Solyc10g050230.2

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

zeaxanthin

a phosphatidylcholine

ε-(γ-L-glutamyl)-L-lysine

dethiobiotin

isoliquiritigenin

RING-type E3
ubiquitin transferase:
Solyc00g020970.1

glutaminase:
Solyc01g056850.3

orotate
phosphoribosyltransferase:
Solyc11g068830.2

MTR kinase:
Solyc01g107550.3

ADP-D-ribose

L-saccharopine

hydroxyphenyllactate
dehydrogenase:
Solyc03g120660.3

[+ 6 isozymes]

18-hydroxystearoyl-
CoA

a [lipoyl-carrier
protein] N 6 -

octanoyl-L-lysine

UDP-α-D-xylose

(2E,6E)-farnesyl
diphosphate

[+ 10 isozymes]

C36-phenolphthiodiolone A

β-D-glucosyl crocetin

4-O-β-D-
glucosyl-esculetin

nitric oxide
biosynthesis I (plants)

[+ 2 isozymes]

dimethylallyl-
diphosphate:ADP
dimethylallyltransferase:
Solyc01g080150.3

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

guanine

germacrene
A alcohol
dehydrogenase:
Solyc08g041925.1

methylsalicylate 2-O-β-D-
glucopyranosyl-(1 -> 2)-[O
-β-D-xylopyranosyl-(1 ->
6)]-O-β-D-glucopyranoside

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

arginine
decarboxylase:
ADC

glutamate synthase:
Solyc08g044270.3

methylglyoxal
reductase:
Solyc00g015733.1

[+ 6 isozymes]

tyrosine
decarboxylase:
Solyc09g064430.3

dihydrozeatin

succinate

AIR

5,10-
methylenetetrahydrofolate

reductase: Solyc05g055730.3

[+ 2 isozymes]

[+ 21 isozymes]

phytol salvage pathway

[+ 4 isozymes]

acetyl-CoA
acetyltransferase:
Solyc07g045350.3

thymidine

(NADP + ) L-
rhamnofuranose
1-dehydrogenase:
Solyc07g047800.3

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

9,15-dienoate

Cd 2+

a β-D-
glucuronoside

a 3β-hydroxy-
4α-carboxy-4β-
methylsteroid

esculin

[+ 15 isozymes]

a proteinogenic
amino acid

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

[+ 2 isozymes]

(-)-secoisolariciresinol

tetraketide α-
pyrone synthase:
Solyc01g090600.3

α-D-
galactopyranose

trans-caffeoyl-CoA

[+ 4 isozymes]

dCTP

[+ 2 isozymes]

xylose isomerase:
Solyc07g006650.3

indoleglycerol
phosphate aldolase:
Solyc01g098550.3

pyridoxal kinase:
Solyc02g091345.1

Co 2+

dipalmitoyl
phosphatidate

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

1-phosphatidyl-
1D-myo-inositol

3,4,5-trisphosphate

UDP-α-D-glucose

α-D-galactopyranose

(S)-corytuberine
synthase:
Solyc03g026140.3

[+ 3 isozymes]

(3R,4R)-3-(6-hydroxy-
1,3-benzodioxol-5-
yl)-3,4-dihydro-2H-
chromene-4,7-diol

tyr

4-aminobutanoate
degradation I

dihydroorotase:
Solyc02g072105.1

5’-methylthioadenosine
nucleosidase:
Solyc01g111060.3

a 1,4-α-D-glucan

glyoxylate

β-L-
arabinopyranose

phenolphthiotriol
methyltransferase:
Solyc05g052500.3

a 1,4-α-D-glucan

Fe 3+

dTDP-α-D-glucose

myo-inositol-
hexakisphosphate 4-
phosphohydrolase:
Solyc04g051650.3

α-D-galactose
1-phosphate

selenocysteine
methyltransferase:
Solyc09g082460.3

propanoyl-CoA:butanol
O-propanoyltransferase:
Solyc06g051130.1

N-acetyl-9-O-
acetylneuraminate

5-O-
caffeoylshikimate

4α-formyl,4β,14α-
dimethyl-9β,19-cyclo-
5α-cholest-24-en-3β-ol

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

val

nicotinamidase:
Solyc01g007920.2

a (4-alkanoyl-5-
oxo-2H-furan-3-yl)

methyl phosphate

methylsalicylate O-β-D-
xylopyranosyl-(1->6)-
O-β-D-glucopyranoside

Violaxanthin
de-epoxidase:
Solyc04g051610.3

maltodextrin
glucosidase:
Solyc02g069670.3

iron regulated
transporter:
Solyc01g008580.1

hydroxypyruvate

a (1->4)-β-D-xylan

[+ 7 isozymes]

reduced riboflavin

S-adenosyl-L-
methionine:β-alanine
N-methyltransferase:
Solyc10g085840.1

4-(β-D-glucosyloxy)
benzoate

tyrosol UDP-
glucosyltransferase:
Solyc12g096080.2

[+ 8 isozymes]

dTDP-4-dehydro-
2,6-dideoxy-α-D-

threo-hexopyranose

a steroid sulfate

a 2-methylsulfanyl-N 6 -L-
threonylcarbamoyladenine 37

in tRNA

3-acetamidopropanal

acyl-carrier protein

[+ 2 isozymes]

an unknown
compound

an (E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-ω-

(methylsulfanyl)alkan-1-imine

glyoxylate

4-hydroxy-
5-methyl-2-
methylene-

3(2H)-furanone

β-L-arabinose
1-phosphate

[+ 6 isozymes]

[+ 6 isozymes]

UDP-α-D-glucose

4-(isobutanoyl)sucrose

tRNA m 6 t 6 A37
methyltransferase:
Solyc11g007750.2

a (3Z)-docos-
3-enoyl-[acp]

glutamate-5-
semialdehyde
dehydrogenase:
Solyc08g043170.3

[+ 2 isozymes]

3-succinoylsemialdehyde-
pyridine dehydrogenase:
Solyc00g026903.1

(-)-deoxypodophyllotoxin

methylmalonate-
semialdehyde
dehydrogenase:
Solyc01g106080.3

Sterol 14-alpha-
demethylase:
Solyc01g008110.3

[+ 2 isozymes]

ser

[+ 2 isozymes]

quercetin

pyridoxamine 5’-
phosphate oxidase:
Solyc03g113770.3

tetrahydrogeranylgeranyl
diphosphate

a trans-2-
enoyl-CoA

tRNA-guanine
transglycosylase:
Solyc12g017690.2

a carboxylate

glycine cleavage

L-proline biosynthesis III

5-hexenoate

UDP

a jasmonoyl-
L-amino acid

1-aminocyclopropane-1-
carboxylate synthase:

Solyc00g095465.1

N-methyl-∆ 1 -
pyrrolinium cation

[+ 16 isozymes]

D-hexose 6-
phosphate

4’-hydroxyechinenone

4α-carboxy-4β-methyl-
5α-cholesta-8-en-3β-ol

[+ 2 isozymes]

ser

butan-1-al

homoisocitrate
dehydrogenase:
Solyc10g074500.2

a 3-O-[β-D-galactosyl-(1->4)-
β-D-xylosyl]-L-seryl-[protein]

a cis-delta13-3-
hydroxyC32:1-

[acp]

α-amyrin

benzoyl-CoA:benzyl alcohol
benzoyltransferase:
Solyc05g015770.1

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

cellulose
biosynthesis

a glucomannan

β-D-fructose 1,6-
bisphosphate

dTTP

[+ 7 isozymes]

3-hydroxybutyryl-
CoA
dehydrogenase:
Solyc07g063010.3

pelargonidin-
3,5-di-O-β-
D-glucoside

3’,5’-ADP

NADPH

[+ 11 isozymes]

pseudouridine

arginyl-tRNA--
protein transferase:
Solyc06g051760.3

2,3-bisphosphoglycerate
3-phosphatase:
Solyc04g072800.3

C36-
phenolphthiotriol A

acyl-carrier protein

Solyc08g080890.3

[+ 15 isozymes]

phosphoglycerate
kinase:
Solyc07g066600.3

pyruvate

[+ 2 isozymes]

phosphatidylinositol-
3,5-bisphosphate
3-phosphatase:
Solyc11g007670.2

3-[(3aS,4S,7aS
)-7a-methyl-1,5-
dioxo-octahydro-

1H-inden-4-
yl]propanoate

UDP-N-
acetylglucosamine
kinase:
Solyc06g031670.2

an XLLG
xylogulcan

a cis,cis-
delta15,27-3-

oxo-C46:2-[acp]

α-D-
mannopyranose

a tetrahydrofolate

(22α)-hydroxy-
sitosterol

[+ 5 isozymes]

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

[+ 2 isozymes]

Aliphatic
desulfoglucosinolate
sulfotransferase:
Solyc02g077620.1

benzaldehyde

[+ 14 isozymes]

6-dihydro-
NADP oxidase:
Solyc10g005620.3

α,ω-9Z-
octadecenedioate

[+ 11 isozymes]

glutamate 5-kinase:
Solyc00g026860.1

long-chain-
alcohol oxidase:
Solyc08g005630.3

[+ 10 isozymes]

furaneol
(enol form)

a protein

PAPS

5-methylthioribose-
1-phosphate
isomerase:
Solyc08g022210.3

chorismate
synthase:
Solyc04g009620.3

[6-O-phospho-
α-glucan]

benzyladenine-
7-N-glucoside

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

3-methyl-2-butenal

isopentenyladenine-
9-N-glucoside

thr

8-epi-inunolide

ferulate

[+ 8 isozymes]

scopoletin biosynthesis

a (2R,3S,4S)-
leucoanthocyanidin

GDP-L-galactose biosynthesis

lupeol

2-methylacetoacetyl-CoA

perakine

4α-hydroxymethyl-
stigmasta-7,24(24 1

)-dien-3β-ol

a [glycerolipid]-
vaccenate

Aldehyde reductase:
Solyc09g015070.3

methylacrylyl-CoA

[+ 10 isozymes]

a 2-hydroxy
carboxylate

cinnamate 4-
hydroxylase:
Solyc05g047530.3

dammarenediol
12-hydroxylase:
Solyc02g085705.1

arg

oleoyl-CoA

propane 2-
monooxygenase:
Solyc05g008450.3

carbamoyl
phosphate
synthetase:
Solyc06g075340.3

histidinol-phosphate
aminotransferase:
Solyc04g009350.3

trans-zeatin

[+ 8 isozymes]

lupeol biosynthesis

[+ 2 isozymes]

cyanidin 3-
(p-coumaroyl)

-glucoside

[+ 2 isozymes]

[+ 4 isozymes]

[+ 7 isozymes]

(-)-β-elemene

NAD(P) +

[+ 6 isozymes]

leucine
transaminase:
Solyc00g178340.2

formate:tetrahydropteroylpolyglutamate
ligase: Solyc01g006280.3

Delta(4)-3-
oxosteroid 5-
beta-reductase:
Solyc01g091670.3

a fatty acid

a halide anion

a cis,cis-
delta13,25-
C44:2-[acp]

3-O-
methylkaempferol

(3R)-vestitone

lipid-dependent phytate
biosynthesis I (via Ins(1,4,5)P

3

)

[+ 3 isozymes]

catalase:
Solyc01g099420.2

1-heptadecene

dihydrofolate
reductase:

Solyc01g109830.3

(S)-dihydroorotate

an all-trans
retinol-[cellular-

retinol-binding-
protein]

HMP-PP

aldehyde oxidase:
Solyc12g089250.1

UDP

GDP-D-
mannose:GDP-L-
gulose epimerase:
Solyc09g082990.3

[+ 31 isozymes]

NAD +

a 1-alkanal

[Wnt protein] O-
palmitoleoyl-L-
serine hydrolase:
Solyc01g102350.3

CTP:phosphatidate
cytidyltransferase:
Solyc09g083330.3

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

(4-octanoyl-5-
oxo-2H-furan-3-yl)

methyl phosphate

acetyl-CoA

NADH

[+ 3 isozymes]

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

ammonium

a cis,cis-
delta21,39-3-
hydroxyC58:2-

[acp]

N,N’-diacetylchitobiose

ornithine/ornithine
exchanger:

Solyc06g066680.3

steviol 19-O-UDP
glucosyltransferase:
Solyc08g006370.1

ala

triose-phosphate
isomerase:

Solyc01g111120.3

acyl-CoA:sn-glycerol-
3-phosphate 1-O
-acyltransferase:
Solyc10g084900.1

O-phospho-
L-homoserine

UDP-α-D-glucose

CDP-choline

K+

4-aminobenzoate
biosynthesis

triferuloyl
spermidine

[+ 7 isozymes]

[+ 4 isozymes]

(E3-independent)
E2 ubiquitin-
conjugating enzyme:
Solyc10g083120.2

UDP-4-dehydro-
β-L-rhamnose

6-deoxotyphasterol
C-23 hydroxylase:
Solyc02g084740.3

2-methyl-6-phytyl-
1,4-benzoquinone
methyltransferase:
Solyc09g065730.3

[+ 3 isozymes]

thiamine
monophosphate
kinase:
Solyc00g024040.1

a maltooligosyl-
trehalose

R’C(R)S-S(R)CR’

L-ornithine

a diphthine-[translation
elongation factor 2]

KDGP

[+ 5 isozymes]

palmitoleoyl-CoA

[+ 2 isozymes]

tetraketide α-
pyrone synthase:
Solyc01g090600.3

an unsulfurated
[sulfur carrier]

4-coumarate
glucosyltransferase:
Solyc01g107770.2

(20S)-
protopanaxadiol

O-phospho-
L-homoserine

(2E,6E)-farnesol

methylsalicylate β-
primeveroside 2-O-
glucosyltransferase:
NSGT1

[+ 18 isozymes]

[+ 4 isozymes]

palmitate

8-(methylthio)
octyldesulfoglucosinolate
sulfotransferase:
Solyc11g039807.1

NADPH

dGDP

genistein

testosterone 17β
dehydrogenase:
Solyc01g073640.3

[+ 5 isozymes]

tRNA 4-demethylwyosine
α-amino-α-
carboxypropyltransferase:
Solyc05g055610.3

18-hydroxyoleoyl-
CoA

folylpoly-α-glutamate
synthetase:
Solyc04g016550.3

sarcosine oxidase:
Solyc08g006430.3

linoleate

GDP-D-mannose:GDP-
L-gulose epimerase:
Solyc01g097340.3

his

(E)-2-(1H-indol-3-yl)-
1-thioacetohydroximate

15-cis-4,4’-
diapophytoene

[+ 2 isozymes]

(S)-malate

dUMP

nucleoside diphosphate
kinase: Solyc12g049370.2

1-oleoyl-2-linoleoyl-
phosphatidylcholine

indole-3-acetyl-
aspartate
synthetase:
Solyc00g167300.2

1-α-linolenoyl-
2-α-linolenoyl-

phosphatidylcholine

3-oxopentanoyl-
CoA

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

Solyc01g006720.3

1-O-sinapoyl-
β-D-glucose

deacetoxycephalosporin
C synthase:
Solyc04g049620.2

2-oxo-acid
carboxy-lyase:
Solyc12g099270.2

a glycopeptide-
D-mannosyl-N 4

-(N-acetyl-D-
glucosaminyl)

2

-asparagine

β-L-arabinofuranose

[+ 5 isozymes]

CDP

kaempferol 4’-O-
methyltransferase:
Solyc01g068545.1

[+ 2 isozymes]

(Rib-ol-P)
n

-(Rib-
ol)-P-Gro-P-Gro-P-

ManNAc-GlcNAc-
PP-undecaprenol

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

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

9,12-dienoate

31-norcycloartanone

spermidine

diamine N-
acetyltransferase:
Solyc09g082260.1

arginine/citrulline
exchanger:
Solyc03g120100.3

bebaudioside
B 19-O-UDP
glucosyltransferase:
Solyc08g006350.3

C31-
phthiodiolenone A

an N-terminal-
L-methionyl-L-

alanyl-[protein]

(2E,6E)-farnesyl
diphosphate

a sialyloligosaccharide

a ceramide

2-hydroxyisoflavanone
dehydratase:
Solyc01g108520.2

[+ 3 isozymes]

nucleoside
triphosphate
phosphatase:
Solyc12g098540.2

A

oleoyl-CoA 12-
desaturase:
Solyc01g006430.3

neopinone

a ferrocytochrome b
5

homogentisate
phytyltransferase:
Solyc03g051810.3

tyr

a 2-oxo
carboxylate

D-ribofuranose
5-phosphate

a polysaccharide

2,4-dichlorophenol

arginase:
ARG2

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

[+ 5 isozymes]

[+ 12 isozymes]

2-oxoglutaramate amidase:
Solyc08g062190.3

(S)-3-amino-2-
methylpropanoate

salicylate 1-O-
methyltransferase:
SAMT1

furaneol

jasmonoyl-valine
synthetase:
Solyc00g212260.2

β-D-
galactopyranose

a 5,10-
methylenetetrahydrofolate

[+ 4 isozymes]

a 3-oxohexacosanoyl-
[acp]

IPP

6α-hydroxy-
castasterone

folate polyglutamylation

a [lipoyl-carrier
protein] N 6 -[(R)
-dihydrolipoyl]-

L-lysine

[+ 7 isozymes]

a (2R,3R)-
flavan-3-ol

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

a non-
glucuronated

glucosyluronate
acceptor

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

GDP-α-D-mannose

16-hydroxypalmitate

acetate

propanoate

13 1 -hydroxy-
magnesium-

protoporphyrin IX
13-monomethyl ester

resveratrol 3,5-O-
dimethyltransferase:
Solyc12g041950.2

[+ 10 isozymes]

IAA-Leu

chlorophyll b reductase:
Solyc05g032660.3

1,4-dihydroxy-
2-naphthoyl-
CoA synthase:
Solyc05g005180.3

dihydrozeatin

corticosteroid
11-beta-
dehydrogenase:
Solyc03g097440.3

a cardiolipin

fumarate

linalyl 6-O-β-D-xylopyranosyl-
β-D-glucopyranoside

UMP

[+ 11 isozymes]

dUDP

trans-caffeoyl-CoA

a very-long-
chain alcohol-

-long-chain
acyl wax ester

Solyc03g058857.1:
Solyc03g058857.1

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

glucoside] 5-O-glucoside

30-hydroxy-
β-amyrin

D-glyceraldehyde
3-phosphate

[+ 5 isozymes]

cob(II)yrinate
a,c-diamide

[+ 3 isozymes]

homogentisate
oxygenase:
Solyc12g014100.2

aldehyde oxidase:
Solyc12g089250.1

isomethyleugenol

an (11Z)-3-
oxooctadec-

11-enoyl-[acp]

ferredoxin-
thioredoxin
reductase:
Solyc01g087520.3

maltotetraose

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

an 6-sulfo-α-D-
quinovosyl diacylglycerol

formaldehyde oxidation
VII (THF pathway)

palmitoyl-CoA

an 8,10,16-trimethyl-3-
oxooctadeca-4,8,12,14,16-

pentaenoyl-[acp]

[+ 3 isozymes]

a nucleoside
diphosphate

hydrogen cyanide

scyllo-inositol

glucokinase:
Solyc02g091830.3

K+

CDP-N-
methylethanolamine

[+ 3 isozymes]

hamamelose

arsenate

nucleoside
diphosphate kinase:
Solyc12g049370.2

2-oxo-4-methylthiobutanoate-
glutamine aminotransferase:
Solyc11g013170.2

crotonyl-CoA

[+ 3 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

H+

isofucosterol

DHAP

S-adenosyl-L-methionine cycle II

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

4-aminobutanoate

amidophosphoribosyltransferase:
Solyc01g088360.3

L-iditol

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

[+ 15 isozymes]

L-homoserine

trp

IPP

(1R,6R)-2-succinyl-
6-hydroxy-2,4-
cyclohexadiene-
1-carboxylate
synthase:
Solyc04g005180.3

geranyl
diphosphate

hydrogencarbonate

glu

primeverose

DHAP

[+ 4 isozymes]

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

[+ 2 isozymes]

an oxidized
adrenodoxin

acetoacetyl-CoA

phosphate

dTMP kinase:
Solyc07g048010.3

S-adenosyl-L-
methionine:N-
methyl-β-alanine N-
methyltransferase:
Solyc10g085840.1

acyl-carrier protein

a 3-
oxodocosanoyl-

[acp]

an aldehyde

superpathway of L-phenylalanine
and L-tyrosine biosynthesis

α,α-trehalose

methylenetetrahydrofolate
dehydrogenase:

Solyc01g094280.3

UDP-4-keto-
rhamnose-4-
keto-reductase:
Solyc07g062130.3

[+ 16 isozymes]

(E)-1-(L-cysteinylglycin-
S-yl)-N-hydroxy-

ω-(methylsulfanyl)
heptan-1-imine

phosphomevalonate
kinase:
Solyc08g076140.3

GA15

stachyose

steviolbioside
19-O-UDP
glucosyltransferase:
Solyc08g006370.1

crotonyl-CoA

salicylate β-D-
glucose ester

[+ 7 isozymes]

3-hydroxy-
isobutanoate

[+ 8 isozymes]

squalene,NADPH:oxygen
oxidoreductase
(2,3-epoxidizing):
Solyc00g085070.3

[+ 16 isozymes]

a phthiocerol

(Z,E)-α-farnesene

trans-5-O-(4-
coumaroyl)
shikimate

trans-caffeoyl-CoA

[+ 17 isozymes]

all-trans-
heptaprenyl
diphosphate

UDP-glucose: 4-
methylthiobutylhydroximate
S-glucosyltransferase:
Solyc08g006400.1

UDP-galactose
pyrophosphorylase:
Solyc04g058070.3

a proteinogenic
amino acid

desulfoglucobrassicin

a 3-(acyloxy)
acyl group of

bacterial toxin

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

oxidoreductase (formate-
forming): Solyc09g082630.3

a cis,cis-
delta17,35-3-

oxo-C54:2-[acp]

an [E2 ubiquitin-
conjugating enzyme]-S

-ubiquitinyl-L-cysteine

adenosine
pentaphosphate

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

(2E,6E)-farnesyl
diphosphate

a very long-
chain alkane

(E)-ω-(methylsulfanyl)
pentyl-thiohydroximate

pheophorbide
a oxygenase:
Solyc04g039870.2

GTP

a jasmonate

an N-terminal-
L-methionyl-L-
seryl-[protein]

linoleate 12-
epoxygenase:
Solyc02g080330.3

acyl-carrier protein

(indol-3-yl)acetate

an NDP-α-
D-glucose

Glc
3

Man
9GlcNAc

2

-[protein]

a [(3S)-4-alkanoyl-
5-oxooxolan-3-

yl]methyl phosphate

malonylshisonin

an (E)-S-glucosyl-N-hydroxy-ω-
(methylsulfanyl)alkimidothioate

D-glucopyranose 6-phosphate

sucrose phosphate
phosphatase:
Solyc10g081660.2

UDP-2-acetamido-
2,6-dideoxy-β-L-

arabino-hex-4-ulose

[+ 6 isozymes]

linoleoyl-CoA

3,9-dihydroxypterocarpan
6a-monooxygenase:
Solyc01g010260.3

steviol

glutamate--pyruvate
aminotransferase:
Solyc01g007940.3

an N 3 -
methyluracil 2634

in 25S rRNA

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

1-palmitoyl-2-linoleoyl-
phosphatidylcholine

IPP

sulfate

vernolate biosynthesis II

UTP--glucose-
1-phosphate
uridylyltransferase:
Solyc01g081520.3

2-hydroxynaringenin

baicalein

trehalase:
Solyc08g082860.3

3’,5’-di-C-
glucosylphloretin

stearoyl-CoA

an N-terminal N α -
acetyl-L-methionyl-L-

phenylalanyl-[protein]

3,5-
dimethoxytoluene

butan-1-ol

germacradienol
synthase:
Solyc07g008680.3

O
2

D-amino
acid oxidase:
Solyc03g044190.3

(7Z,10Z,13Z)-
hexadecatrienoate

biosynthesis

isorhamnetin

mevalonate kinase:
Solyc01g098840.3

nucleoside
diphosphate kinase:
Solyc12g049370.2

α-humulene

neryl diphosphate
synthase:
Solyc06g076920.3

CTP:phosphatidate
cytidyltransferase:
Solyc01g090940.3

[+ 5 isozymes]

an L-arginyl-
[tRNA Arg ]

caffeoyl-CoA O-
methyltransferase:
Solyc01g107910.3

anthocyanidin modification (Arabidopsis)

[glucuronoxylan]
D-glucuronate

D-glucono-
1,5-lactone

α-solanine/α-chaconine biosynthesis

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

glucose-6-
phosphate
isomerase:
Solyc12g014380.2

dCDP

NAD
pyrophosphatase:
Solyc00g128870.3

kynurenine
formamidase:
Solyc01g107700.3

N-(5-phosphoribosyl)-anthranilate

a cis-3-alkyl-4-
alkyloxetan-2-one

phosphoenol
pyruvate

(S)-lactaldehyde

2-methoxy-6-
polyprenyl-1,4-
benzoquinol
methylase:
Solyc01g081470.3

ile

taxa-4(20)
,11-dien-5α-ol

2-oxoglutarate

H
2

O

9,9’-di-cis-
ζ-carotene

a monoglyceride

chorismate

C31-
phthiodiolone A

[+ 21 isozymes]

[+ 11 isozymes]

laurate

(6R)-6-pyruvoyl-
5,6,7,8-tetrahydropterin

dADP

L-citrulline

6-(methylsulfanyl)
hexyl-glucosinolate

sucrose phosphate
synthase:
Solyc07g007790.3

chlorophyllide-a
monooxygenase:

Solyc03g095750.2

2-succinyl-5-
enolpyruvyl-
6-hydroxy-3-
cyclohexene-
1-carboxylate
synthase:
Solyc04g005200.3

lauroyl-CoA

[+ 3 isozymes]

heme a biosynthesis

transketolase:
Solyc01g018020.2

a cis-delta15-
C34:1-[acp]

3-(4-
hydroxyphenyl)

pyruvate

[+ 38 isozymes]

cobalamin-
independent
homocysteine
transmethylase:
Solyc10g081510.2

3-methoxy-5-
hydroxytoluene O-
methyltransferase:
Solyc02g077510.3

UDP

tomatid-4-
en-3-one

a xenobiotic

a (7Z)-hexacos-
7-enoyl-[acp]

[+ 12 isozymes]

glutathione
synthetase:
Solyc01g098610.3

2-tridecanone

S-adenosylmethionine:2-
demethylmenaquinol
methyltransferase:
Solyc07g007300.3

a 3-oxo-5-
α-steroid

hydroxymethylglutaryl-
CoA reductase:
Solyc02g038740.3

L-cystathionine

flavonol 3-O-
glucosyltransferase:
Solyc12g019990.1

gibberellin
44

 (open lactone form)

benzyl alcohol

[+ 4 isozymes]

5-MTR-1-P

cinnamoyl-β-
D-glucoside

GDP-4-dehydro-
α-D-rhamnose

2-oxoglutaramate
amidase:
Solyc08g062190.3

Aldehyde reductase:
Solyc09g015070.3

Solyc07g018383.1

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

pelargonidin
3-O-β-D-

caffeoylglucoside

3-dehydroquinate
dehydratase:
Solyc10g038080.2

sesaminol glucoside biosynthesis

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

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

6-phosphofructokinase:
Solyc03g093520.3

(indol-3-yl)acetate

[+ 4 isozymes]

α-D-Man-(1->2)-α-D-Man-(1->2)-α-D-Man-
(1->3)-[α-D-Man-(1->2)-α-D-Man-(1->3)
-[α-D-Man-(1->2)-α-D-Man-(1->6)]-α-D-
Man-(1->6)]-β-D-Man-(1->4)-β-D-GlcNAc-

(1->4)-α-D-GlcNAc-diphosphodolichol

[+ 6 isozymes]

laurate 11-
monooxygenase:
Solyc09g008910.2

[+ 5 isozymes]

GDP-Man:Man
2

GlcNAc
2-PP-dolichol α-1,6-

mannosyltransferase:
Solyc06g082490.3

[+ 4 isozymes]

5-oxo-L-proline

Ornithine--
oxo-glutarate
aminotransferase:
Solyc08g048450.3

[+ 26 isozymes]

red chlorophyll
catabolite reductase:
Solyc03g044470.3

transketolase:
Solyc05g050970.3

[+ 2 isozymes]

L-lactate
dehydrogenase:
Solyc08g007420.3

toluene

gly

N6 -(∆ 2 -
isopentenyl)-
adenosine 5’-

diphosphate

methyl bromide

esterified suberin
biosynthesis

L-ascorbate

N-acetylornithine
aminotransferase:
Solyc08g080370.3

sucrose 4-O-
lauroyltransferase:
ASAT1

a quaternary
amine

sinapyl alcohol

phosphoribosyl-AMP
cyclohydrolase:
Solyc10g005930.2

Chalcone isomerase:
Solyc07g062030.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

Cu +

Cu 2+

[+ 3 isozymes]

[+ 3 isozymes]

cortisone

1,4-dihydroxy-
2-naphthoate

[+ 2 isozymes]

isochorismate
synthase:
Solyc06g071030.3

Hormone Biosynthesis

S-methyl-L-
methionine

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

Fe 2+

Carnosine N-
methyltransferase:
Solyc05g056520.3

a protein with
reduced L-

cysteine residues

succinate

an N-acetyl-β-D-
glucosaminyl-R

a phenol

isovaleryl-CoA
dehydrogenase:
Solyc11g069180.2

threonine synthase:
Solyc03g121910.1

a 1,2-diacyl-
sn-glycerol

asp

pyruvate

[+ 2 isozymes]

an N-terminal N-acetyl-
L-alanyl-[S5 protein

of 30S ribosome]

(RS)-linalool

dopamine

(Z)-but-2-enal

(S)-2-aceto-2-
hydroxybutanoate

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

phenylglyoxylate

a carboxy-
adenylated

[small subunit of
molybdopterin

synthase]

2-oxo-4-
methylthiobutanoate-
glutamine
aminotransferase:
Solyc11g013170.2

15-cis-phytoene

SAM

(+)-pinoresinol

shikimate
dehydrogenase:
Solyc00g050030.2

(NAD + ) L-
rhamnofuranose
1-dehydrogenase:
Solyc07g047800.3

Solyc07g065770.3

succinate

thiamine
phosphate

petiverin lyase:
Solyc08g066420.1

glutamate-5-
semialdehyde
dehydrogenase:
Solyc08g043170.3

[+ 2 isozymes]

chitobiosyldiphosphodolichol
β-mannosyltransferase:
Solyc10g078480.2

an anthocyanidin-
3-O-β-D-glucoside

quercetin 3-sulfate
4’-sulfotransferase:
Solyc02g068907.1

L-ornithine N δ -
acetyltransferase:
Solyc00g272810.1

inositol-1,3,4,5-
tetrakisphosphate
5-phosphatase:
Solyc02g087425.1

[+ 3 isozymes]

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc07g006095.1

MeOH

esculin

an S-prenyl-
L-cysteine

UDP

adenine

phosphoglycerate
kinase:

Solyc07g066600.3

[+ 4 isozymes]

[+ 2 isozymes]

[+ 2 isozymes]

a phosphatidylcholine

[+ 14 isozymes]

an XLLG
xylogulcan

a 1,4-α-D-glucan

a 3β-hydroxy-
δ 5 -steroid

sucrose 4-O-
decanoyltransferase:
ASAT1

a 1,4-α-D-glucan

eugenol and isoeugenol
biosynthesis

tyrosinase:
Solyc08g074683.1

an anthocyanidin-
3-O-β-D-glucoside

a cytosine 2278

in 25S rRNA

α-1,4-
glucanotransferase:
Solyc04g053120.3

[+ 2 isozymes]

arg

secologanin

methionine γ-lyase:
Solyc07g063510.3

(6E)-8-
oxogeranial

lathosterol:NADP+
∆ 24 -oxidoreductase:
Solyc02g069490.3

NADH

[+ 5 isozymes]

a tetrahydrofolate

4α-methyl-5α-
ergosta-8,24-dien-
3β-ol isomerase:
Solyc06g082980.3

NADPH

K+

O-sinapoylcholine

transketolase:
Solyc10g018300.2

dTDP-β-L-
rhamnose

C31-phthiodiolenone
A reductase:
Solyc02g088510.3

hydroxymethylglutaryl-
CoA lyase:
Solyc00g024020.1

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

a cis-delta9-
C28:1-[acp]

phytosphingosine
(C18)

6-methylsulfinylhexyl-
glucosinolate

L-pipecolate

2-O-(β-D-glucosyl)-
2-hydroxycinnamate

glucose-6-
phosphate
phosphatase:
Solyc03g111610.3

sphingomyelin
synthase:
Solyc11g069080.2

acetate

isoleucine N-
monooxygenase:
Solyc04g005360.1

N-acetylneuraminate

chelirubine
reductase:
Solyc01g008925.1

gcv system:
Solyc02g068740.3

[+ 10 isozymes]

(22R,23R)-28-
homocastasterone-
O-sulfotransferase:
Solyc11g050960.1

[+ 3 isozymes]

2-methyl-6-
geranylgeranyl-
1,4-benzoquinol
methyltransferase:
Solyc09g065730.3

N-acetylneuraminate

quercetin-
3-glucoside

a non glucosylated
D-glucose acceptor

CO
2

 fixation into
oxaloacetate (anaplerotic)

episterone

[+ 13 isozymes]

glucoraphanin

a [TusE sulfur
carrier protein]-

L-cysteine

4-(methylsulfanyl)-2-oxobutanoate

[+ 9 isozymes]

glutamate 5-kinase:
Solyc00g026860.1

NADPH

an L-arginyl-
[tRNA Arg ]

N-acetylglucosaminyldiphosphodolichol
N-acetylglucosaminyltransferase:
Solyc12g009810.2

a cis,cis-delta5,23-
C42:2-[acp]

(E)-β-farnesene
synthase:
Solyc02g079910.2

UDP

[+ 2 isozymes]

(indol-3-yl)
acetamide

1,2-dihydroxy-5-
(methylthio)pent-1-
en-3-one:oxygen
oxidoreductase
(formate- and
CO-forming):
Solyc09g082650.3

L-rhamnono-
1,4-lactone

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

[+ 4 isozymes]

a (9Z)-3-
oxohexadec-

9-enoyl-[acp]

cardiolipin synthase:
Solyc10g005290.3

[+ 2 isozymes]

L-citrulline degradation

δ-tocopherol
cyclase:
Solyc08g068570.3

(+)-7-epi-jasmonate

a cis,cis-
delta17,29-3-
hydroxyC48:2-

[acp]

[+ 3 isozymes]

trans-feruloyl-CoA

sucrose 4-
O-2-methyl-
butyryltransferase:
ASAT1

[+ 21 isozymes]

O-phosphoethanolamine

phe

ala

UDP-glucose:5-
methylthiopentylhydroximate
S-glucosyltransferase:
Solyc08g006400.1

a [protein]-L-lysine

[+ 4 isozymes]

pentacyclic triterpene biosynthesis

arg

L-nicotianamine

farnesol kinase:
Solyc09g018510.3

a 3β-hydroxy-4α-
carboxysteroid

cycloeucalenol
isomerase:
Solyc12g098640.2

ammonium

NAD +

(Z)-3-(2,4-
dihydroxyphenyl)

-prop-2-enoate

methyl ketone
biosynthesis
(engineered)

[+ 2 isozymes]

UDP-α-D-
glucuronate

umbelliferone

6-hydroxyteasterone

ribulose
bisphosphate
carboxylase:
Solyc00g203660.2

laricitrin 4’-O-
methyltransferase:
Solyc01g068545.1

precorrin-2

dihydroxyacetone
kinase:
Solyc03g078015.1

an aldehyde

C35-
phenolphthiocerol A

UDP-α-D-glucose

6-deoxy-6-
sulfo-D-fructose

D-serine metabolism

(7,8-dihydropterin-6-
yl)methyl diphosphate

[+ 6 isozymes]

aldehyde
dehydrogenase:

Solyc12g099290.2

chitin degradation III
(carnivorous plants)

(R)-lactate

Fe 2+

D-fructofuranose

inosine 5’-
monophosphate
dehydrogenase:
Solyc10g079500.2

[+ 3 isozymes]

α-linolenate 9S
-lipoxygenase:
Solyc08g014000.3

sphingosine

glu

acid phosphatase /
phosphotransferase:
Solyc01g098590.3

CMP-N-acetyl-
β-neuraminate

a [protein]-L-lysine

[+ 7 isozymes]

acyl-CoA
thioesterase:
Solyc12g096860.2

3-hydroxy-
isobutanoyl-CoA

a 6-phosphogluco-
amylopectin

aminoacylase:
Solyc01g112280.3

δ-tocotrienol
methyltransferase:
Solyc03g116150.3

undecaprenyl-
diphospho-N-

acetylmuramoyl-
L-alanyl-γ-D-

glutamyl-L-lysyl-
D-alanyl-D-alanine

an anthocyanidin with
a 3-hydroxy group

a [pyruvate,phosphate
dikinase]-phospho-

L-threonine

β-L-galactose
1-phosphate

4’-O-
methylnorbelladine

2-[(2R,5Z)-2-carboxy-
4-methylthiazol-5(2H)-
ylidene]ethyl phosphate

SAM isoeugenol O-
methyltransferase:

Solyc03g043940.3

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

25S rRNA
(cytosine 2870 -C 5 )-
methyltransferase:
Solyc02g079415.1

Peptide-O-
fucosyltransferase:
Solyc02g069240.1

pyochelin

7,8-
dihydromonapterin

UMP

[+ 4 isozymes]

UDP-N-acetylglucosamine--dolichyl-
phosphate N-
acetylglucosaminephosphotransferase:
Solyc04g016520.3

[+ 2 isozymes]

[+ 11 isozymes]

16-epivellosimine

[+ 5 isozymes]

(indol-3-yl)acetate

arginase:
ARG2

(E,E)-α-farnesene
synthase:
Solyc00g154480.2

N-acylneuraminate-
9-phosphatase:
Solyc10g079620.2

a guanine 34

in tRNA

sphingosine

N-acetyl-D-
glucosamine
6-phosphate

neryl diphosphate

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

pentakisphosphate

UTP and CTP dephosphorylation I

phosphatidylglycerophosphatase:
Solyc07g055980.3

D-xylulose
5-phosphate

γ-tocopherol
methyltransferase:
Solyc03g116150.3

aspartate-
semialdehyde
dehydrogenase:
Solyc01g005250.3

sucrose 4-O-
isovaleryltransferase:
ASAT1

a [glycerolipid]-
palmitateHMP-PP

a 1-phosphatidyl-
1D-myo-inositol

5-phosphate

7-O-
acetylsalutaridinol

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

uracil
phosphoribosyltransferase:

Solyc02g067880.2

1-palmitoyl-2-oleoyl-
phosphatidylcholine

UDP

a [biotin carboxyl-
carrier protein]-N

6 -biotinyl-L-lysine

kaempferide

homogentisate

[+ 2 isozymes]

an octanoyl-[acp]

thio-molybdenum
cofactor

Nω -hydroxy-
L-arginine

2-oxoglutarate

ser

diphosphate
a glycol

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

9,15-dienoate

L-alanyl-γ-D-
glutamyl-meso-
diaminopimelate

formononetin
3’-hydroxylase:
Solyc09g031875.1

acyl-CoA:1-acyl-
sn-glycerol-3-
phosphate 2-O-
acyltransferase:
Solyc01g109370.3

(-)-jasmonate

[+ 3 isozymes]

β-carotene

N-acetyl-D-
muramate

K+

AMP deaminase:
Solyc05g006910.3

uracil
phosphoribosyltransferase:
Solyc02g067880.2

N-dimethylethanolamine
phosphate

UDP-α-D-galactose

methylglyoxal

(6α)-
hydroxycampestanol

[+ 2 isozymes]

D-alanyl-D-alanine

H
2

O

a [glycine-cleavage
complex H protein]
N6 -lipoyl-L-lysine

riboflavin

vitexin

ribonucleoside-
diphosphate reductase:
Solyc04g051350.3

Solyc08g080870.3

gentiobiosyl crocetin
glucosyltransferase:
Solyc01g049765.1

formate

18-oxo-
oleoyl-CoA

phenylacetohydroximoyl-
glutathione gamma-
glutamyl peptidase:
Solyc01g106060.3

a (1->4)-β-D-xylan

Gamma-muurolene
synthase:
Solyc07g052120.3

indole-5,6-
quinone-2-
carboxylate

Fructan beta-(2,1)
-fructosidase:
Solyc06g064620.3

geranyl diphosphate
synthase:
Solyc02g085720.1

an N-terminal N α -
acetyl-L-methionyl-

L-threonyl-[protein]

a 1-acyl-sn-glycero-
3-phosphocholine

GGPP

UDP-α-D-xylose

pseudouridine-
5’-phosphate
glycosidase:
Solyc11g033260.2

glu

lipoyl synthase:
Solyc07g054540.3

Very long-chain acyl-
CoA synthetase:
Solyc00g028540.2

1-phosphatidyl-
1D-myo-inositol

3,4,5-trisphosphate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

a 3-O-[α-D-GlcNAc-(1->4)-β-
D-GlcA-(1->3)-α-D-GlcNAc-
(1->4)-β-D-GlcA-(1->3)-β-

D-Gal-(1->3)-β-D-Gal-(1->4)
-β-D-Xyl]-L-seryl-[protein]

tricoumaroyl
spermidine

nucleoside
diphosphate kinase:
Solyc12g049370.2

phosphoethanolamine
N-methyltransferase:
Solyc02g067890.3

[+ 2 isozymes]

CDP-1,2-
dipalmitoylglycerol

acetyl-CoA

[+ 4 isozymes]

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

trp

[+ 2 isozymes]

IAA-Gly

6,7-
dehydrobaicalein

sphingomyelin
phosphodiesterase:
Solyc08g078440.3

aspartate kinase:
Solyc01g005240.3

sucrose 4-O-
isobutyryltransferase:
ASAT1

DMAPP

(1R,6R)-6-hydroxy-
2-succinylcyclohexa-

2,4-diene-1-
carboxylate

18-hydroxyoleate

L-glutamate γ-
semialdehyde
dehydrogenase:
Solyc06g019170.3

acrolein aldehyde
reductase:

Solyc03g093270.3

pterin-4-alpha-
carbinolamine
dehydratase:
Solyc02g005510.3

3-mercaptopyruvate:cyanide
sulfurtransferase:
Solyc07g066580.3

(S)-coclaurine

D-proline

a rhamnogalacturonan
type I

[+ 17 isozymes]

ribosomal-protein-
S5-alanine N-
acetyltransferase:
Solyc00g033990.2

jasmonyl-isoleucine
synthetase:
Solyc00g212260.2

a carboxylic ester

D-glucopyranose

cinnamate

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

[+ 17 isozymes]

all-trans-4,4’-
diapolycopene

glycolate

aldehydo-L-
galactonate

a [1-Cys
peroxiredoxin]-

(S-hydroxy-S
-oxocysteine)

[+ 2 isozymes]

3-demethylubiquinol
3-O-
methyltransferase:
Solyc07g055850.3

CO
2

Na +

sucrose

diphthamide biosynthesis
II (eukaryotes)

mannosyl-N-acetyl-α-D-
glucosaminyl-diphospho-
ditrans,octacis-
undecaprenol 3-α-
mannosyltransferase:
Solyc11g006560.2

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

[+ 11 isozymes]

(S)-1-pyrroline-
5-carboxylate

γ-glutamyl-γ-
aminobutyrate
hydrolase:
Solyc02g086300.3

glutathione peroxidase:
Solyc12g056230.2

phosphoglucomutase:
Solyc05g026490.3

isoprene

palmitoyl-[acp] elongase/
decarboxylase:
Solyc10g083270.3

NADPH

violaxanthin, antheraxanthin and zeaxanthin interconversion

[+ 7 isozymes]

capsidiol

24-methyldesmosterol

methylmalonyl-
CoA epimerase:
Solyc07g040950.3

myrcene synthase:
Solyc01g105850.3

homoserine
dehydrogenase:
Solyc06g064550.3

prochaetoglobosin
I synthetase:
Solyc00g012690.1

a 2,3,4-saturated
fatty acid

Solyc07g063400.3

NMN

an acetoacetyl-[acp]

5’-deoxyadenosine

C34-phenolphthiotriol
methyltransferase:
Solyc05g052500.3

deacetylvindoline 4-
O-acetyltransferase:
Solyc02g078510.3

[+ 3 isozymes]

F6P

[+ 15 isozymes]

(3S)-linalool

H+

a malonyl-[acp]

indole

met

a (2S,3R)-
flavan-3-ol

ATP
pyrophosphatase:
Solyc05g050960.3

Delta(7)-sterol
5(6)-desaturase:
Solyc02g086190.2

glyceraldehyde-
3-phosphate
dehydrogenase:
Solyc01g098950.2

cyanase:
Solyc09g090430.3

S-adenosylmethionine:2-
demethylmenaquinol
methyltransferase:
Solyc10g008020.3

UDP-α-D-glucose

benzyl
acuminosidase:
Solyc01g074060.1

stipitaldehyde synthase:
Solyc05g018125.1

10,16-
dihydroxypalmitoyl-CoA

[+ 8 isozymes]

[+ 12 isozymes]

(Z,Z)-
biliverdin-IX α

[+ 13 isozymes]

[+ 10 isozymes]

Dextransucrase:
Solyc03g096090.3

7-deoxyloganin

glutamate synthase
(ferredoxin):
Solyc03g063560.3

(R)-mevalonate
diphosphate

(R)-4’-
phosphopantothenate

tRNA-guanine(34)
transglycosylase:
Solyc12g017690.2

[+ 7 isozymes]

5-(carboxyamino)
imidazole
ribonucleotide
synthase:
Solyc00g088190.1

GDP-L-fucose
biosynthesis I (from

GDP-D-mannose)

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

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

[protein]-N 5 -
methyl-L-arginine

Solyc04g014880.3

carboxylesterase:
Solyc01g091410.3

[+ 8 isozymes]

carthamidin-
7-methyl ether

zeaxanthin

trans-
tuberonic acid

an XXXG
xylogulcan

PAPS

Activation/Inactivation/Interconversion

phosphoribulokinase:
Solyc08g076220.3

a ferricytochrome b
5

Ins(3)P

[+ 3 isozymes]

soyasaponin III
rhamnosyltransferase:
Solyc00g227860.1

a 1,4-α-D-glucan

peroxiredoxin:
Solyc01g007740.3

[+ 14 isozymes]

2-oxoglutarate

menaquinol-7

Beta-fructofuranosidase:
Solyc01g058010.3

guanosine

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

malonyl-CoA

NADPH

a 2,3,4-saturated
fatty acyl CoA

isopentenyl-
diphosphate
∆-isomerase:
Solyc05g055760.3

ω-(methylthio)
alkylglucosinolate
S-oxygenase:
Solyc06g062320.2

uroporphyrinogen-III

2-methylbutanoate-
-CoA ligase:
Solyc02g037490.1

phosphatidate
phosphatase:
Solyc02g062570.3

a 1,4-α-D-glucan

urate

NAD +

3-deoxy-D-manno
-octulosonic acid
transferase:
Solyc10g083720.2

an organic
molecule

dTMP kinase:
Solyc07g048010.3

cis-zeatin-9-
N-glucoside

Solyc03g113040.3

(S)-3-
hydroxybutanoyl-
CoA
dehydrogeanse:
Solyc07g063010.3

[+ 8 isozymes]

an N-terminal-
L-methionyl-L-

leucyl-[protein]

Butanoyl-CoA
dehydrogenase
(NAD(+),ferredoxin)
: Solyc12g005200.2

stevioside

3-dehydroquinate

8β-hydroxy-
germacra-1(10)

,4,11(13)-
trien-12-oate

cys

D-glucopyranose

sn-glycero-3-
phosphocholine

[+ 17 isozymes] 4-(indol-3-
yl)butanoate

1-(4-hydroxyphenyl)
-3-(2,4,6-

trihydroxyphenyl)
propane-1,3-dione

[+ 9 isozymes]

farnesol kinase:
Solyc09g018510.3

[+ 9 isozymes]

UDP-N-
acetylmuramoyl-
L-alanine--D-
glutamate ligase:
Solyc05g012800.1

acyl-carrier protein

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

[+ 6 isozymes]

(2Z,4E,7E)-2-
hydroxy-6-oxonona-

2,4,7-triene-1,9-dioate

geraniol

isocitrate
dehydrogenase:
Solyc02g082860.3

lys

sucrose 4-
isovalerate-
3-O-2-methyl-
butyryltransferase:
ASAT2

(+)-costunolide
(12,6α)

1-18:2-2-16:0-
phosphatidylglycerol
desaturase:
Solyc07g064410.1

(3R)-sophorol

phosphoribosylformylglycinamide
cyclo-ligase: Solyc04g058090.3

cis-zeatin biosynthesis

UDP-glucose:acetone
cyanohydrin β-
glucosyltransferase:
Solyc02g066960.3

ADP-α-D-glucose

acyl-
CoA:diacylglycerol
acyltransferase:
Solyc01g011430.3

dihydromethanophenazine

[+ 5 isozymes]

phosphoenol
pyruvate

laurate ω-
hydroxylase:
Solyc10g009390.3

7 1 -hydroxychlorophyll
a reductase:

Solyc09g091100.3

[+ 4 isozymes]

[+ 11 isozymes]

exo-poly-α-D-
galacturonosidase:
Solyc03g051780.2

FMN phosphatase:
Solyc05g055820.2

2-oxo-acid
carboxy-lyase:
Solyc12g099270.2

sinapoyl-
(S)-malate

F6P

gibberellin A53,2-
oxoglutarate:oxygen
oxidoreductase:
Solyc02g080120.2

(+)-taxifolin

3-keto-indole-
3-butyryl-CoA

isorhamnetin
3, 4’-bisulfate

ribulose-phosphate
3-epimerase:
Solyc03g115820.3

a benzenediol

procollagen-lysine
5-dioxygenase:
Solyc04g080885.1

N6 -(∆ 2 -
isopentenyl)-
adenosine 5’-
monophosphate

Solyc07g065450.3

(-)-4’-desmethyl-
deoxypodophyllotoxin
hydroxylase:
Solyc04g079603.1

methionine
adenosyltransferase:

Solyc01g101060.3

[+ 7 isozymes]

an oleoyl-[acp]

[+ 2 isozymes]

O-methyl-4-O-[2,4-di-O-methyl-
α-L-fucopyranosyl-(1->3)-α-L-

rhamnopyranosyl-(1->3)-2-O-methyl-α-
L-rhamnopyranosyl]-hydroxybenzoate

(E)-2-hexenol

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

trisphosphate

L-alanine degradation
II (to D-lactate)

ursolate biosynthesis

diphosphomevalonate
decarboxylase:
Solyc04g009650.3

apigenin-7,4’-
dimethyl ether

a (3R)-3-
hydroxydocosanoyl-

[acp]

arg

dUTP diphosphatase:
Solyc01g097970.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

Quinate O-
hydroxycinnamoyltransferase:
Solyc03g117600.3

AMP

a (2E)-tetradec-2-enoyl-[acp]

thermospermine
synthase:
Solyc07g041300.2

campest-4-en-3-one

12-hydroxylaurate

α-Kdo

choline

β-D-fructose 1,6-
bisphosphate

[+ 2 isozymes]

a 1-phosphatidyl-
1D-myo-inositol

[+ 4 isozymes]

[+ 5 isozymes]

[+ 18 isozymes]

flavonoid 3’-
monooxygenase:
Solyc01g096280.2

(mannosyl)
6

-(N-
acetylglucosaminyl)

2

-
diphosphodolichol:dolichyl
β-D-mannosyl phosphate
mannosyl transferase:
Solyc07g062540.3

[+ 8 isozymes]

very-long-chain
3-oxoacyl-CoA
reductase:
Solyc10g086390.2

[+ 5 isozymes]

β-alanine

glutamate-5-
semialdehyde
dehydrogenase:
Solyc08g043170.3

Prenylcysteine
oxidase:
Solyc12g088020.1

cis-3-hexenal
reducatase:

Solyc01g098850.3

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

β-alanine
biosynthesis I

16-epivellosimine

phosphoribulokinase:
Solyc08g076220.3

thioredoxin
reductase:
Solyc00g028960.1

a malonyl-[acp]

(22S)-22-hydroxy-
campest-4-en-3-one
C-23 hydroxylase:
Solyc03g121510.3

a monoamine

biotin--[3-
methylcrotonyl-
CoA carboxylase]
synthetase:
Solyc11g013200.2

phosphoribosylformylglycinamide
synthetase: Solyc01g107270.3

1-18:1-2-16:0-
phosphatidylglycerol
desaturase:
Solyc07g064410.1

sucrose 4-
isovalerate-3-O-
lauroyltransferase:
ASAT2

a sterol

arginase:
ARG2

fatty acid β-oxidation
III (unsaturated,

odd number)

[+ 8 isozymes]

[+ 5 isozymes]

sucrose

(2E,6E)-farnesyl
diphosphate

solasodine 3-O-
β-D-glucoside

a 1-phosphatidyl-
1D-myo-inositol

3,4-bisphosphate

acyl-CoA
thioesterase:
Solyc12g096860.2

dihydrouridine
synthase:
Solyc01g087300.3

[+ 3 isozymes]

sphingoid
base kinase:
Solyc01g096500.3

5-hydroxy-L-
tryptophan
decarboxylase:
Solyc05g007310.2

D-mannose degradation

H+

a homogalacturonan

IAA-Ala

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

UDP

[+ 3 isozymes]

Aldehyde
dehydrogenase
(NAD(P)(+)):
Solyc12g007030.2

docosanoyl-CoA

GTP

polyprenyl
diphosphate
transferase:
Solyc03g114300.3

phospholipase A
1

:
Solyc00g056680.1

zwittermicin A
polyketide synthase:
Solyc12g044290.2

H
2

O

dihydroxyacetone

[+ 6 isozymes]

L-rhamnono-
1,4-lactone

an alkenyl-
glucosinolate

[+ 13 isozymes]

[+ 3 isozymes]

[+ 23 isozymes]

gibberellin A
36

L-ornithine

[+ 2 isozymes]

n-(methylsulfinyl)
alkyl-glucosinolate
n-hydroxylase:
Solyc10g083980.1

brassinolide

serotonin

Solyc01g018025.1:
Solyc01g018025.1

[+ 2 isozymes]

phthiodiolenon
reductase:
Solyc02g088490.3

fructose-
bisphosphate
aldolase:
Solyc00g017920.1

[+ 2 isozymes]

nitrilase:
Solyc05g054940.3

tropinone

anthraniloyl-O-
glucopyranose

dolichyl-P-Man:Man
5

GlcNAc
2

-PP-dolichol α-
1,3-mannosyltransferase:
Solyc09g074900.3

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

5-epi-aristolochene-
1,3-dihydroxylase:
Solyc11g007980.2

a 4α-methyl-
3-oxosteroid

[+ 4 isozymes]

an aminomalonyl-
[L-seryl-

carrier protein]

glutamate 5-kinase:
Solyc00g026860.1

4-α-
glucanotransferase:
Solyc02g020980.3

a methyl-esterified
homogalacturonan

D-specific enoyl-
CoA hydratase:

Solyc12g094450.2

a hydroxylated
tetraketide α-pyrone

ribulose-phosphate
3-epimerase:

Solyc03g115820.3

sulfate activation
for sulfonation

anthranilate

gamma aminobutyrate
transaminase:
Solyc07g043310.3

3-β-D-galactosyl-
sn-glycerol

(22S)-22-hydroxy-
campesterol C-
23 hydroxylase:
Solyc02g084740.3

folate transformations II

2-hydroxymuconic
semialdehyde
hydrolase:
Solyc08g008610.3

[+ 2 isozymes]

[+ 4 isozymes]

sucrose 4-isovalerate-3-
O-decanoyltransferase:
ASAT2

D-ala

a (22R,23R)-28-
homobrassinolide

sulfate

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

indole-3-acetyl-
glycine synthetase:
Solyc00g167300.2

CMP kinase:
Solyc01g088480.3

(4aR,10bS)-
noroxomaritidine

GDP-α-D-
mannose

16-hydroxypalmitate

[+ 3 isozymes]

allantoin

[+ 6 isozymes]

homogentisate

23S rRNA
pseudouridine 1911/

1915/1917
synthase:
Solyc04g081920.3

val

3-hydroxyindolin-
2-one

cyanidin 3,7-diglucoside
polyacylation biosynthesis

echinenone

[+ 7 isozymes]

a phenol

Photosynthesis

castasterone

cycloeucalenol

3-methylquercetin 3’-
O-methyltransferase:
Solyc06g007960.3

furostanol-
26-alcohol

4-methyl-2-
oxopentanoate

Solyc03g007690.1

UDP-glucose biosynthesis
(from sucrose)

Aldehyde
dehydrogenase
(NAD(P)(+)):
Solyc12g007030.2

a (2E)-but-
2-enoyl-[acp]

6-dihydro-
NAD oxidase:
Solyc10g005620.3

alcohol
acetyltransferase:
Solyc00g040290.2

UDP-α-D-galactose
biosynthesis

xanthine

benzyl alcohol β-
primeverosidase:
Solyc01g074060.1

a [2-O-methyl-α-L-fucopyranosyl-
(1->3)-α-L-rhamnopyranosyl-(1->3)
-2-O-methyl-α-L-rhamnopyranosyl]
dimycocerosyl phenol-phthiocerol

(S)-malate

superpathway of branched chain amino acid biosynthesis

a ceramide

superpathway of isoleucine and valine biosynthesis

[+ 3 isozymes]

5-(methylthio)
pentyldesulfoglucosinolate
sulfotransferase:
Solyc11g039807.1

[+ 4 isozymes]

a 2,3,4-saturated
fatty acyl CoA

geranylgeranyl
diphosphate
reductase:
Solyc03g115980.1

selenide

1-(3,4-dihydroxyphenyl)-3-(3-C-
glucosyl-2,4,6-trihydroxyphenyl)

propane-1,3-dione

[+ 3 isozymes]aspartate
transaminase:
Solyc03g007070.3

DP-Man:Man
3

GlcNAc
2

-PP-dolichol α-1,2-
mannosyltransferase:
Solyc10g076800.2

a β-D-galactoside

a 5,10-
methenyltetrahydrofolate

[+ 17 isozymes]

UDP-α-D-glucose

diphosphate

guanine

enoyl-CoA
hydratase:
Solyc01g066620.3

dGTP

a 6-phosphogluco-
amylopectin

farnesylcysteine
salvage pathway

propanoyl-CoA

3-phospho-D-glycerate

a pyrimidine base

3-hydroxyisobutyryl-
CoA hydrolase:
Solyc12g011160.2

[+ 17 isozymes]

phosphoenolpyruvate
carboxylase:
Solyc04g006970.3

flavonol-3-O-
glucosyltransferase:
Solyc02g081690.1

D-amino
acid oxidase:
Solyc03g044190.3

sucrose 4-isovalerate-3-
O-isovaleryltransferase:

ASAT2

starch
glucanohydrolase:
Solyc02g066955.1

[+ 9 isozymes]

Solyc07g014690.3

trans-caffeoyl-CoA

aldehydo-L-
galactonate

[+ 4 isozymes]

D-glucopyranose
6-phosphate

Solyc04g006940.3

benzyl-
desulfoglucosinolate
sulfotransferase:
Solyc02g077620.1

MeOH

UDP-N-acetyl-
α-D-glucosamine

[+ 10 isozymes]

alcohol
dehydrogenase:
Solyc03g051645.1

bis-noryangonin
synthase:
Solyc01g090600.3

succinate

arylethylamine
acetylase:
Solyc05g010250.2

an oxidized c-
type cytochrome

mannosyl-N-acetyl-α-D-
glucosaminyl-diphospho-
ditrans,octacis-
undecaprenol 3-α-
mannosyltransferase:
Solyc11g006560.2

a palmitoyl-[acp]

AMP

CTP

[+ 30 isozymes]

UDP-β-L-
arabinose mutase:
Solyc02g065740.3

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

4α-carboxy-
5α-cholesta-

8-en-3β-ol

6-(methylsulfanyl)hexyl-
desulfoglucosinolate

[+ 4 isozymes]

an adenine
in mRNA

glu

glycerol

[+ 6 isozymes]

[+ 17 isozymes]

[+ 2 isozymes]

1-deoxy-D-xylulose
5-phosphate
reductoisomerase:
Solyc03g114340.3

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

[+ 4 isozymes]
PRPP

(2S)-liquiritigenin

L-glutamate-5-
semialdehyde

geranyl
diphosphate

γ-tocotrienol
methyltransferase:
Solyc03g116150.3

1-phenyl-3-(3-C-glucosyl-2,4,6-
trihydroxyphenyl)propane-1,3-dione

apigenin

[+ 7 isozymes]

an N-acetyl-2-
arylethylamine

[+ 10 isozymes]

scoparone

[+ 7 isozymes]

gibberellin A
1

D-ribose 5-
phosphate

an [eIF5A-
precursor]-

deoxyhypusine

sphinganine (C20)

α-linolenate 9S
-lipoxygenase:
Solyc09g055900.3

a guanine 34

in tRNA

Nucleoside and Nucleotide Degradation

GDP-Man:Man
1

GlcNAc
2

-PP-dolichol α-1,3-
mannosyltransferase:
Solyc06g082490.3

a 3’-hydroxy-
flavonoid

17-O-
deacetylvindoline

dCMP

(1,4)-β-D-xylan
degradation

[+ 16 isozymes]

(3R)-vestitone

(+)-dihydrokaempferol

phosphatidylserine
decarboxylase:
Solyc06g060780.4

α-glucan,
water dikinase:
Solyc05g005020.3

(R)-5-
phosphomevalonate

Ins(4)P

succinate semialdehyde
dehydrogenase (NAD +

): Solyc09g090700.1

pyruvate kinase:
Solyc01g049650.3

4α-carboxy-ergosta-
7,24(24 1 )-dien-3β-ol

a cis-delta19-3-
oxo-C38:1-[acp]

[+ 2 isozymes]

threonine synthase:
Solyc03g121910.1

sucrose 4-isovalerate-3-
O-isobutyryltransferase:
ASAT2

(indol-3-
yl)pyruvate

[+ 2 isozymes]

a myo-inositol
monophosphate

glutathione

UMP

[+ 12 isozymes]

(+)-menthofuran
synthase:
Solyc03g026377.1

sucrose

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

α-D-Man-(1->2)-α-D-Man-(1->2)-
α-D-Man-(1->3)-[α-D-Man-(1->6)]-
β-D-Man-(1->4)-β-D-GlcNAc-(1->4)

-α-D-GlcNAc-diphosphodolichol

a homogalacturonan

a (3R)-3-
hydroxytetradecanoyl-

[acp]

a nucleoside
triphosphate

cyanide detoxification I

α-D-galactose
1-phosphate

3-isobutanoyl-4-(3-
methylbutanoyl)sucrose

a dolichyl β-D-mannosyl phosphate

(+)-cis-abscisic
aldehyde

Solyc01g103864.1

L-ornithine
L-citrulline

UDP

riboflavin

methylamine

a dihydroceramide
(C18)

γ-L-glutamyl-
L-cysteine

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

xanthine:NAD+
oxidoreductase:
Solyc11g065930.2

(2E,6E)-farnesyl
diphosphate

xanthine:NAD+
oxidoreductase:
Solyc11g065930.2

phosphatidylcholine
cholineesterase:
Solyc01g065720.3

3-phospho-
D-glycerate

(2E,6E)-farnesal

[+ 5 isozymes]

a 1,4-α-D-glucan

[+ 5 isozymes]

Solyc05g056470.1

[+ 4 isozymes]

β-D-
mannopyranose

tRNA-4-
demethylwyosine
synthase:
Solyc04g080340.3

epoxypheophorbide a

a cellular-retinol-
binding protein

diaminopimelate
decarboxylase:
Solyc01g109850.3

(22α)-hydroxy-
campest-4-en-3-one

UDP-glucose:
indolylmethylthiohydroximate
S-glucosyltransferase:
Solyc05g006140.1

1-O-sinapoyl-
β-D-glucose

N-formimino-
L-glutamate

[+ 3 isozymes]

UDP-α-D-glucose

allantoate

Solyc01g018025.1:
Solyc01g018025.1

glycerol degradation I

colneleate synthase:
Solyc01g109140.3

a phenolphthiocerol

a nucleoside
diphosphate

(6E)-8-
hydroxygeraniol

an anthocyanidin
with a 3-

hydroxy group

Phospholipid:diacylglycerol
acyltransferase:
Solyc11g066710.2

N-acetyl-α-D-
glucosamine
1-phosphate

cinnamate

daphnetin

a 2,3,4-saturated
3-oxoacyl-CoA

UDP-N-acetyl-α-D-
muramoyl-L-alanine

[+ 11 isozymes]

a [calmodulin] N 6

-methyl-L-lysine

[+ 24 isozymes]

pelargonidin 3-
O-sophoroside

1-hexanal

thymidylate synthase:
Solyc01g109830.3

3-oxo-dodecanoate

3-deoxycapsidiol

L-arabinitol

[+ 2 isozymes]

diacylglycerol
cholinephosphotransferase:
Solyc00g059500.2

UDP-α-D-glucose

a 5-methylcytosine 2278

in 25S rRNA

a (2R,3R)-
dihydroflavonol

ile

4-aminobutyrate
aminotransferase:
Solyc07g043310.3

Solyc00g120820.1

9,10,18-
trihydroxystearate

UDP-N-acetyl-β-
L-pneumosamine

[+ 11 isozymes]

F6P

[+ 4 isozymes]

5-hydroxy-
coniferaldehyde

[+ 4 isozymes]

[+ 2 isozymes]

nucleoside
diphosphate kinase:
Solyc12g049370.2

4’-hydroxyechinenone

chitin disaccharide
deacetylase:
Solyc12g035195.1

13-DPG

D-glyceraldehyde 3-phosphate

isobutanoate-
-CoA ligase:
Solyc02g037490.1

galactan 1,3-β-
galactosidase:
Solyc01g109050.2

Man
3

GlcNAc
4

-[protein]

2-phosphoglycolate

[+ 5 isozymes]

Mannosyl-glycoprotein
endo-beta-N-
acetylglucosaminidase:
Solyc06g050930.3

4α-carboxy-
5α-cholesta-

8,24-dien-3β-ol

α-D-mannosyl-(1->3)-α-D-
mannosyl-(1->3)-N-acetyl-α-
D-glucosaminyl-diphospho-

ditrans,octacis-undecaprenol

val

stigmasterol

PAPS

acyl-carrier protein

maltose

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

[+ 4 isozymes]

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

[+ 7 isozymes]

ferredoxin--
nitrite reductase:
Solyc01g108630.3

betaine aldehyde
dehydrogenase:
Solyc03g113800.3

nucleoside
triphosphate
phosphatase:
Solyc12g098540.2

hypoxanthine
hydroxylase:
Solyc11g065920.2

[+ 11 isozymes]

(9R,10S)-
dihydroxystearate

3-dehydrosphinganine
reductase:
Solyc02g065060.3

a plasmenylcholine

[+ 2 isozymes]

hexanoyl-CoA

inosine nucleosidase:
Solyc01g014820.2

phenylalanine
ammonia-lyase:
Solyc00g282510.2

12-hydroxyjasmonate
sulfotransferase:
Solyc02g068903.1

bergaptol

[+ 3 isozymes]

H+

[+ 2 isozymes]

[+ 4 isozymes]

a maltodextrin

β-D-fructofuranose

4α,14α-dimethyl-
5α-cholesta-

8,24-dien-3β-ol

sarcosine

1,8-cineole synthase:
Solyc01g105960.2

6-phosophogluco-
3-phosphogluco-
starch phosphatase:
Solyc03g111160.3

GTP
pyrophosphokinase:
Solyc03g096900.3

diaminopimelate
epimerase:
Solyc09g005700.3

Solyc04g070970.3

arylethylamine
acetylase:
Solyc10g074910.2

4-hydroxybenzoate

(E)-β-farnesene

tartronate
semialdehyde
reductase:
Solyc01g081510.3

poly-hydroxy fatty acids biosynthesis

GSSG

D-glyceraldehyde 3-phosphate

[+ 11 isozymes]

linoleate 9S-
lipoxygenase:
Solyc01g099150.4

[+ 5 isozymes]

Fe 2+

ethylene
biosynthesis I (plants)

9,10-epoxy-10,12Z-
octadecadienoate

geranylgeranyl
diphosphate
synthase:
Solyc02g085700.1

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

lipoyl-adenylate-
-protein ligase:
Solyc06g065310.3

histidinol-
phosphatase:
Solyc01g097780.1

lupeol

dCDP

[+ 5 isozymes]

a peptidoglycan
with (L-alanyl-
γ-D-glutamyl-L-
lysyl-D-alanyl-

D-alanine)
pentapeptide

ribonucleoside-
diphosphate reductase:
Solyc04g051350.3

met

O-phosphoethanolamine

anthocyanidin 3-O-
glucosyltransferase:
Solyc10g083440.1

[+ 9 isozymes]

[+ 2 isozymes]

[+ 2 isozymes]

(-)-α-pinene

3-hydroxypropanoyl-
CoA

7,4’-
dimethylmyricetin

[+ 9 isozymes]

DHAP

cannabigerolate

F6P

lignoceroyl-CoA

Chalcone
isomerase:
Solyc07g062030.3

β-amyrin 30-
monooxygenase:
Solyc01g087338.1

dihydrozeatin-
9-N-glucoside

androsta-1,4-
diene-3,17-dione

dolichyl-P-
Glc:Glc1Man2GlcNAc2-
PPdolichol α-1,3-
glucosyltransferase:
Solyc01g088650.3

5’-deoxyadenosine

tryptamine

enoyl-CoA
hydratase:
Solyc12g099440.2

[+ 3 isozymes]

salicylate
glucosyltransferase:
Solyc01g107770.2

2-methylketone biosynthesis

glycolipid desaturation

ω-(methylthio)
alkylglucosinolate
S-oxygenase:
Solyc06g062320.2

1-propanal

D-alanyl-D-serine

[+ 17 isozymes]

[+ 2 isozymes]

geranyl diphosphate
synthase:
Solyc02g085720.1

a tRNA Val

O-acetylserine
sulfhydrylase:
Solyc01g094790.3

N-methylputrescine

a [2-oxoglutarate
dehydrogenase

E2 protein] N 6 -S-
succinyldihydrolipoyl-

L-lysine

myricetin 7-O-
methyltransferase:
Solyc01g068545.1

4-amino-4-
deoxychorismate
synthase:
Solyc04g049360.3

GDP-α-D-mannose

cis-aconitate hydratase:
Solyc12g005860.2

DMKH
2

shikimate 3-
phosphate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

glu

sucrose 3-lauroyl-
4-isovaleroyl-3’-
acetyltransferase:
ASAT3

2,4,4’,6-
tetrahydroxydibenzoylmethane
3-C-glucosyltransferase:
Solyc02g088517.1

1-aminocyclopropane-
1-carboxylate

UDP-α-D-glucose

NADPH

Ornithine
aminotransferase:
Solyc08g048450.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

UDP choline

UDP-α-D-
sulfoquinovopyranose

avenastenone

[+ 29 isozymes]

L-arginino-
succinate

3’(2’),5’-
bisphosphate
nucleotidase:
Solyc02g078860.3

ergosta-5,7,24(28)
-trien-3β-ol

4α-hydroxymethyl-
ergosta-7,24(24 1

)-dien-3β-ol

cis-dienelactone

acyl-carrier protein

nitrate

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase:
Solyc07g044840.3

lutein biosynthesis

sabinene synthase:
Solyc01g105880.4

preQ
1

UTP

L,L-diaminopimelate
aminotransferase:
Solyc06g073280.3

β-D-glucosyl
crocetin 6’-
glucosyltransferase:
Solyc01g095760.3

ornithine
carbamoyltransferase:
Solyc12g089210.2

magnesium-
protoporphyrin IX
monomethyl ester
[oxidative] cyclase:
Solyc06g007760.3

a [lipoyl-carrier
protein]-N 6 -

lipoyl-L-lysine

malonyl-CoA
methyltransferase:
Solyc10g012160.3

[+ 118 isozymes]

germacra-
1(10),4,11(13)
-trien-12-al

2-oxoglutarate
decarboxylase:

Solyc05g054640.3

[+ 11 isozymes]

UDP-α-D-glucose

adenine and
adenosine salvage II

D-tagatose
3-epimerase:
Solyc00g120830.1

[+ 7 isozymes]

[+ 7 isozymes]

2-(1,2-epoxy-1,2-
dihydrophenyl)

acetyl-CoA

isopentenyladenine:FAD
oxidoreductase:
Solyc04g016430.3

2-oxoglutarate

a dolichyl β-D-mannosyl phosphate

superpathway of acylsucrose biosynthesis (cultivated tomato)

ATP

Flavonol synthase:
Solyc11g013110.2

protoporphyrinogen IX

an α-limit dextrin

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase:
Solyc06g005370.3

saccharopine
dehydrogenase:
Solyc07g017610.3

a sulfurated
[sulfur carrier]

[+ 2 isozymes]

2-oxoglutarate

noraucuparin

arg

(mannosyl)
9

-(N-
acetylglucosaminyl)

2

-diphosphodolichol
glucosyltransferase:
Solyc02g085850.1

5’-nucleotidase:
Solyc01g010830.3

formaldehyde oxidation
II (glutathione-dependent)

a cis,cis-delta7,19-
C38:2-[acp]

7,8-dihydroneopterin
3’-triphosphate

very-long-chain
3-ketoacyl-

CoA synthase:
Solyc01g104180.2

an N-terminal-
L-methionyl-L-

aspartyl-[protein]

a 2-oxo
carboxylate

Guanylate cyclase:
Solyc01g102700.3

 Cu +

Cu 2+

sedoheptulose
bisphosphatase:
Solyc10g045430.2

Fermentation

solasodine 3-O-
galactosyltransferase:
GAME1

citrate hydro-lyase
(cis-aconitate-forming)
: Solyc07g052350.3

sucrose 3-decanoyl-
4-isovaleroyl-3’-
isovaleryltransferase:
ASAT3

Soluble epoxide
hydrolase:
Solyc01g066450.3

choline
monooxygenase:
Solyc07g008310.3

[+ 7 isozymes]

ornithine
carbamoyltransferase:
Solyc04g080610.3

[+ 8 isozymes]

[+ 5 isozymes]

[+ 8 isozymes]

a [HECT-type
E3 ubiquitin

transferase]-
L-cysteine

a phthiodiolenone

enolase:
Solyc01g098940.3

6-phosophogluco-
starch phosphatase:
Solyc11g007830.2

solasodine 3-O-
β-D-galactoside

daphnetin modification

argininosuccinate lyase:
Solyc04g076320.3

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

β-D-fructose 2,6-
bisphosphate

17-O-
acetylajmaline

[+ 7 isozymes]

glutamate-5-
semialdehyde
dehydrogenase:
Solyc06g019170.3

asp

dCMP

L-arginine
degradation I

(arginase pathway)

3-methylquercetin 7-
O-methyltransferase:
Solyc01g068545.1

a reduced
plastocyanin

O
2

(S)-corytuberine

(2E,6E)-farnesyl
diphosphate

acyl-CoA:sn-glycerol-
3-phosphate 1-O
-acyltransferase:
Solyc02g087500.2

a cis,cis-
delta11,23-3-

oxo-C42:2-[acp]

oxalate--CoA ligase:
Solyc03g025720.3

a 3-oxotetradecanoyl-[acp]

sphingolipid
8Z-desaturase:
Solyc05g050090.3

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

9-enoate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

[+ 13 isozymes]

AMP

UDP-α-D-glucuronate

campestanol

sucrose phosphate
phosphatase:
Solyc01g006740.3

a triacyl-sn
-glycerol

2-maleylacetate

[+ 5 isozymes]

L-homoserine

progesterone
5β-reductase:
Solyc10g049620.2

[+ 4 isozymes]

NADPHX epimerase:
Solyc03g113780.3

ADP

2,3,4-saturated
fatty acyl-[acp]
dehydrogenase:
Solyc12g096780.2

[+ 51 isozymes]

Amino Acid Degradation

succinate

myo-inositol

[4-alkanoyl-5-
oxo-2H-furan-3-
yl]methyl phosphate
reductase:
Solyc12g049280.2

benzaldehyde

benzyl alcohol

[+ 10 isozymes]

3β-hydroxy sterol
glucosyltransferase:
Solyc09g061860.3

isopentenyladenine-
7-N-glucoside

an [E2 ubiquitin-
conjugating

enzyme]-L-cysteine

glucobrassicin

a type 3 histo-
blood group

antigen precursor
disaccharide

sucrose 3-isobutyryl-
4-isovaleroyl-3’-
isovaleryltransferase:
ASAT3

thiamine

reactive oxygen species degradation

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

glycolysis I (from glucose 6-phosphate)

a 24-
epibrassinolide

sulfate

glycine biosynthesis

a 5,6-
dihydrouridine

in tRNA

pseudouridine
degradation

[+ 3 isozymes]

fructose-
bisphosphate
aldolase:
Solyc00g017920.1

Solyc03g119060.3:
Solyc03g119060.3

cyclic
pyranopterin

phosphate

[+ 11 isozymes]

a trigalactosyldiacylglycerol
argininosuccinate
synthase:
Solyc05g012270.3

cobalamin-independent
homocysteine

transmethylase:
Solyc01g009180.3

xylan

nucleoside
diphosphate kinase:
Solyc12g049370.2

ornithine
carbamoyltransferase:
Solyc12g089210.2

S-glutathionyl-
hydroquinone
reductase:
Solyc02g068900.3

NDP-glucose--starch
glucosyltransferase:
Solyc08g083320.3

2-phospho-D-glycerate

chavicol

glyoxylate

glu

an acyl-[acyl-
carrier protein]

germacra-1(10)
,4,11(13)-

trien-12-oate

H
2

O

a [pyruvate
dehydrogenase

E2 protein] N 6 -S-
acetyldihydrolipoyl-

L-lysine

a 1-haloalkane

N-acetylglucosaminyl-
proteoglycan 4-β-
glucuronosyltransferase:
Solyc05g055420.3

diadenosine 5’,5’’’-
hexaphosphate
hydrolase:
Solyc10g080760.2

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

agmatine

maltose

[+ 2 isozymes]

H+

butyl propanoate

lysine-ketoglutarate
reductase:
Solyc07g017650.3

lipoate biosynthesis
and incorporation I

sn-glycerol
3-phosphate

Solyc10g046773.1

[+ 2 isozymes]

a dicarboxylate

(mannosyl)
8

-(N-
acetylglucosaminyl)

2

-
diphosphodolichol:dolichyl
β-D-mannosyl phosphate
mannosyl transferase:
Solyc07g062540.3

3-hydroxy-
arachidoyl-CoA
dehydratase:
Solyc04g014370.3

Solyc01g105160.3

palitoyloyl-
[glycerolipid]
3E-desaturase:
Solyc07g064410.1

[+ 3 isozymes]

α-amyrin synthase:
Solyc12g006520.2

Solyc02g088517.1:
Solyc02g088517.1

a myosin-
actin complex

[+ 4 isozymes]

hexanoate

O-β-D-GlcNAc-
fucosyl-protein

D-aspartate

N-terminal
methionine N

α
-

acetyltransferase:
Solyc02g092490.3

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

3-O-β-D-glucosyl-
daphnetin

Xyloglucan 6-
xylosyltransferase:
Solyc01g067930.3

cycloartenol
synthase:
Solyc04g050670.1

glu

chorismate

[+ 11 isozymes]

H+

[+ 2 isozymes]

all-trans-
octaprenyl
diphosphate

glucoiberin

a carotenoid
ψ-end group

sucrose 3-lauroyl-
4-isovaleroyl-3’-
isovaleroyltransferase:
ASAT3

Man
3

GlcNAc
4

-[protein]

allyl alcohol

CTP synthetase:
Solyc06g016800.2

testosterone

UDP-α-D-
galactose

ammonium

L-tyrosine
biosynthesis III

(-)-5’-
demethylyatein

a triglyceride

thr

D-glucopyranose

DMAPP

2-dehydro-3-deoxy-
L-rhamnonate

antheraxanthin

δ-carotene

L-alanine
biosynthesis III

teasterone

formate

pyruvate

(L-threonylcarbamoyl)
adenylate

bis(β-D-glucosyl)
crocetin 6’-
glucosyltransferase:
Solyc01g095760.3

N,N-dimethylaniline

oleate

a phenolphthiotriol

9,15,9’-tri-cis
-ζ-carotene

glutamate synthase
(ferredoxin):
Solyc03g063560.3

[+ 2 isozymes]

[+ 27 isozymes]

(S)-norlaudanine

1-phosphatidylinositol-
4,5-bisphosphate

phosphodiesterase:
Solyc03g096070.3

Solyc07g009130.3

vernolate
expoxidase:
Solyc02g080330.3

L-ascorbate

argininosuccinate
lyase:
Solyc04g076320.3

[+ 4 isozymes]

2-C-methyl-D-
erythritol 4-phosphate
cytidylyltransferase:
Solyc01g102820.3

a jasmonoyl-
glutamine

D-glucopyranose
6-phosphate

gln

[+ 4 isozymes]

UDP-α-D-glucose

a hexanoyl-[acp]

dUMP

S-methyl-5’-
thioadenosine

3-O-
methylquercetin

[+ 3 isozymes]

(10bR,4aS)-
noroxomaritidine
synthase:
Solyc10g080815.1

XMP

fatty acid (ω-1)
-hydroxylase:
Solyc01g010900.3

an aldehyde

[+ 2 isozymes]

4-coumarate-
-CoA ligase:
Solyc02g081350.3

α-D-Man-(1->2)-α-D-Man-(1->2)-
α-D-Man-(1->3)-[α-D-Man-(1->6)]-
β-D-Man-(1->4)-β-D-GlcNAc-(1->4)

-α-D-GlcNAc-diphosphodolichol

dolichyl-P-Man:Man
7

GlcNAc
2

-PP-dolichol α-
1,6-mannosyltransferase:
Solyc01g089900.3

pyruvate

estradiol-17β
dehydrogenase /
estrone reductase:
Solyc03g097440.3

[+ 8 isozymes]

D-glucopyranose

β-amyrin synthase:
Solyc12g006510.2

[+ 6 isozymes]

K+

1,2-diacyl-sn-glycerol
ethanolaminephosphotransferase:
Solyc00g059500.2

inositol
polyphosphate
phosphatase:
Solyc04g051640.3

geraniol
acetyltransferase:
Solyc06g051320.3

a (2E)-but-2-enoyl-[acp]

gibberellin A
19

an N-terminal N α -
acetyl-L-methionyl-L-
tryptophyl-[protein]

tyramine

a cis-alkene

acyl carrier
protein

metabolism

[+ 2 isozymes]

sucrose 3-(2-methyl)
butyryl-4-isovaleroyl-3’-
isovaleroyltransferase:
ASAT3

cycloartenol

fumarylacetoacetate
hydrolase:
Solyc11g012160.2

riboflavin kinase:
Solyc02g079100.3

K+

glycyrrhetinate

[+ 7 isozymes]

a (2S,3S)-
flavan-3-ol

4α-methyl-5α-
cholesta-8-en-3-one

UDP-glucose:p-
hydroxymandelonitrile-
O-glucosyltransferase:
Solyc11g006100.1

L-ornithine

[4-(6-methyloctanoyl)
-5-oxo-2H-furan-3-
yl]methyl phosphate

glutamine
synthetase:

Solyc01g056450.2

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

UDP-sulfoquinovose
synthase:
Solyc08g063080.3

cis-zeatin-7-N-glucoside

a cis-delta17-3-
oxo-C36:1-[acp]

an N-terminal N α -
acetyl-L-methionyl-
L-tyrosyl-[protein]

campestanol
hydroxylase:
Solyc02g085360.3

ATP-dependent
NADPH-hydrate
dehydratase:
Solyc01g079860.3

lupeol synthase:
Solyc07g042630.3

argininosuccinate
synthase:
Solyc05g012270.3

4-(cytidine 5’-
diphospho)-
2-C-methyl-D-
erythritol kinase:
Solyc01g009010.3

[+ 4 isozymes]

cellulose

[+ 2 isozymes]

15-cis-phytoene

geranyl diphosphate

[+ 5 isozymes]

3-(4-
hydroxyphenyl)

pyruvate

a 3-oxooctanoyl-[acp]

7,8-
diaminopelargonate

(5Z)-(15S)-11-
α-hydroxy-9,15-

dioxoprostanoate

γ-L-glutamyl
5-phosphate

(S)-NADPHX

a 1,2-diacyl-sn-glycerol

MeOH

an alcohol

CDP-glycerol

2-oxo-acid
carboxy-lyase:
Solyc12g099270.2

acetate

acetoacetyl-CoA

L-alanine
degradation III

4,4-dimethyl-
5α-cholesta-
8-en-3β-ol

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

ω-(methylthio)
alkylglucosinolate
S-oxygenase:
Solyc06g062320.2

an N 1 -
methylguanine 37

in tRNA Phe

diphosphate

thiamine
diphosphate

α-phellandrene

acyl-carrier protein

(S)-2-aceto-2-
hydroxybutanoate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

an amino acid

UDP-Galf

[+ 2 isozymes]

[+ 3 isozymes]

Vesicle-fusing
ATPase:
Solyc01g104920.3

feruloyl-CoA:tyramine
N-(hydroxycinnamoyl)
transferase:
Solyc08g006730.1

salicylaldehyde

a maltodextrin

Ceramide kinase:
Solyc05g008790.3

phytochelatins
biosynthesis

Beta-
primeverosidase:
Solyc01g074060.1

adenosine

(9Z)-12,13-
dihydroxyoctadeca-

9-enoate

diphosphate

an alcohol

α-solanine

K+

guanine deaminase:
Solyc01g097880.3

[+ 3 isozymes]

(E,E)-α-farnesene

isopentenyl-
diphosphate:NAD(P)
+ oxidoreductase:
Solyc01g109300.3

Solyc07g061990.3:
Solyc07g061990.3

xylan α-xylosidase:
Solyc04g007150.3

3-oxopropanoate

arginine N5
methyltransferase:
Solyc04g078120.3

4α-carboxy-4β,14α-
dimethyl-9β,19-
cyclo-5α-ergost-
24(24 1 )-en-3β-ol

[+ 11 isozymes]

α-humulene

UMP kinase:
Solyc01g088480.3

cinnamate

([Pyruvate, phosphate
dikinase] phosphate)
phosphotransferase:
Solyc10g005370.3

carbamoyl phosphate
synthetase:
Solyc03g115630.3

PAPS

a 5,10-
methenyltetrahydrofolate

[+ 3 isozymes]

protoporphyrinogen
oxidase:
Solyc03g005080.3

indole-3-acetyl-
valine synthetase:
Solyc01g107390.3

2,3-dimethylmalate
lyase:
Solyc05g056270.3

2-phospho-
D-glycerate

Medium-chain
acyl-CoA ligase:
Solyc12g099360.2

2-iminopropanoate
deaminase:
Solyc07g064600.3

octaprenyl diphosphate
biosynthesis

Solyc05g018510.3

nitric oxide synthase:
Solyc04g009300.3

pyridoxal

[+ 4 isozymes]

[+ 5 isozymes]

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

(+)-7-epi-jasmonoyl-CoA

[+ 2 isozymes]

stearate

glucose and glucose-1-phosphate degradation

Solyc08g075430.3

(3R,4R)-7,2’-dihydroxy-
4’-methoxyisoflavanol

succinate semialdehyde
reductase (NADPH)
: Solyc05g056545.1

glutathione
transferase:
Solyc01g081250.3

diacylglycerol
pyrophosphate
phosphatase:
Solyc05g008805.1

[+ 3 isozymes]

2-hydroxyeriodictyol

glycolate
dehydrogenase:
Solyc06g051795.1

NAD +

myo-inositol

ATP-citrate
synthase:
Solyc01g059880.3

adenosine

UDP

Cu +

[+ 6 isozymes]

ω-(methylthio)
alkylglucosinolate
S-oxygenase:
Solyc06g062320.2

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

[+ 4 isozymes]

CAIR

gibberellin A12,2-
oxoglutarate:oxygen
oxidoreductase:
Solyc02g080120.2

MoO
2

-
molybdopterin

cofactor

5α-androstane-
3,17-dione

sorbitol-6-phosphate
2-dehydrogenase:
Solyc06g035680.2

propane-
1,3-diamine

(E) 1-
propenylsulfenate

N-carbamoylputrescine

L-ascorbate

[+ 9 isozymes]

toluene methyl-
monooxygenase:
Solyc08g077050.3

Mannose-1-
phosphate
guanylyltransferase
(GDP):
Solyc03g096730.3

[+ 11 isozymes]

α,α-trehalose

2-oxo-acid
carboxy-lyase:
Solyc12g099270.2

cytoplasmic
arsenate reductase:
Solyc01g097140.3

phosphatidylethanolamine
N-methyltransferase:
Solyc02g093550.3

adenylosuccinate
synthetase:
Solyc02g085520.3

ile

sucrose 3-isobutyryl-
4-isovaleroyl-
3’-isovaleroyl-2-
acetyltransferase:
ASAT4

primary amine
oxidase:
Solyc03g005160.3

polyprenyl
diphosphate
transferase:
Solyc03g114300.3

a nucleoside 5’-
monophosphate

β-L-arabinofuranosidase:
Solyc12g100120.2

[+ 13 isozymes]

5-(methylsulfinyl)
pentyl glucosinolate
dioxygenase:
Solyc06g066850.1

oxalyl-CoA

[+ 5 isozymes]

ergost-7-enol

pyrroline-5-
carboxylate
reductase:
Solyc02g068640.3

N1 -acetylspermidine
oxidase:
Solyc01g087590.3

5’-nucleotidase:
Solyc12g098830.2

12-demethyl-
elloramycin

ternatin C5

(2-oxindol-3-yl)
acetyl-L-aspartate

dimethylallyl-
diphosphate:NAD(P)
+ oxidoreductase:
Solyc01g109300.3

thiamine
diphosphate

an [E2 ubiquitin-
conjugating

enzyme]-L-cysteine

AMP

dTDP

chelirubine

UDP

[+ 6 isozymes]

[+ 22 isozymes]

UDP

a ferricytochrome
b

5

[+ 5 isozymes]

UTP

gibberellin C13 oxidase:
Solyc03g095310.3

(-)-pinoresinol

[+ 6 isozymes]

anthocyanidin
synthase:
Solyc08g080040.3

glucokinase:
Solyc02g091830.3

scaffold protein
for iron-sulfur
cluster assembly:
Solyc03g112900.3

3-oxo-3-
phenylpropanoyl-

CoA

palmitoleate

[+ 3 isozymes][+ 10 isozymes]

L-asparagine
degradation I

Solyc07g009150.3

pheophorbide a

UDP-N-acetyl-
α-D-muramoyl-

L-alanine

UDP

[+ 2 isozymes]

Solyc08g078110.1

(R)-4’-
phosphopantothenoyl-

L-cysteine

[+ 3 isozymes]

3,4,3’,4’-
tetradehydroisozeaxanthin
dehydrogenase:
Solyc11g065240.2

fatty acid elongation:
Solyc02g063140.3

acetyl-CoA

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

sn-glycerol
3-phosphate

methylmalonate
semialdehyde

fructose-1,6-
bisphosphatase:
Solyc01g098590.3

diacylglycerol
kinase:
Solyc01g095010.3

[+ 4 isozymes]

3-decanoyl-3’,4-di(3-
methylbutanoyl)sucrose

dCMP

methylglyoxal
degradation III

L-fucopyranose

UDP-N-acetyl-α-D-muramoyl-
L-alanyl-D-glutamate

thiosulfate
disproportionation

IV (rhodanese)

a [HECT-type
E3 ubiquitin

transferase]-L-cysteine

a cis,cis-delta7,25-
3-hydroxyC44:2-

[acp]

Gamma-glutamylamine
cyclotransferase:
Solyc03g097230.1

a cis,cis-
delta11,23-3-

oxo-C42:2-[acp]

[+ 7 isozymes]

ribulose-phosphate
3-epimerase:
Solyc03g115820.3

methylsalicylate

3β-hydroxy-4β-
methyl-5α-cholest-7-
ene-4α-carboxylate

[+ 2 isozymes]

[+ 2 isozymes]

arsenite

phosphatidylinositol 4
phosphate 5 kinase:
Solyc01g007880.3

β-D-glucopyranose

UDP-α-D-glucose

sucrose 3-lauroyl-
4-isovaleroyl-
3’-isovaleroyl-2-
acetyltransferase:
ASAT4

[+ 9 isozymes]

a (2R,3S)-2-alkyl-
3-hydroxyalkanoate

(E)-glutaconyl-
CoA

[+ 7 isozymes]

nucleoside
diphosphate

phosphohydrolase:
Solyc12g098540.2

thioredoxin pathway

isofucosterol
hydroxylase:
Solyc02g085360.3

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc10g078740.2

loganate

di-trans,octa-cis
-undecaprenyl
diphosphate

2-carboxy-
D-arabinitol

Ornithine--
oxo-glutarate
aminotransferase:
Solyc08g048450.3

ethanol

N1 -
acetylspermidine

2-oxoglutarate

2-C-methyl-D-
erythritol 2,4-
cyclodiphosphate
synthase:
Solyc08g081570.3

H+

Solyc01g111210.3:
Solyc01g111210.3

[+ 6 isozymes]

a very-long-chain
fatty acyl-CoA

trans-2-pentenal
reductase:

Solyc01g098850.3

N7 -
methylguanosine

scyllo-inositol
dehydrogenase
(NADP+):
Solyc01g006630.3

UDP-glucose 6-
dehydrogenase:
Solyc02g067080.3

(indol-3-yl)acetate

monodehydroascorbate
radical

phenylpropanoid volatiles glycoconjugation (tomato)

[+ 17 isozymes]

a 1,4-α-D-glucan

an isoprenoid
diphosphate

[+ 2 isozymes]

[+ 3 isozymes]

β-maltose

TCA cycle

molybdate

acetoacetate

a uridine 34

in tRNA

NADP-dependent
glyceraldehyde-
3-phosphate
dehydrogenase:
Solyc07g005390.3

acetyl-CoA
acetyltransferase:
Solyc07g045350.3

3,8-divinyl
protochlorophyllide
a 8-vinyl-reductase
(NADPH):
Solyc01g067290.2

orcinol O-
methyltransferase:
Solyc09g056230.2

[+ 11 isozymes]

UDP-glucose:scopoletin O-
β-D-glucosyltransferase:
Solyc01g107770.2

a di-trans, poly-
cis-polyisoprenyl

diphosphate

furaneol and mesifurane biosynthesis

11-hydroxyjasmonate
sulfotransferase:
Solyc02g068903.1

β-lactamase:
Solyc04g008030.2

7-deoxyloganetin
glucosyltransferase:
Solyc00g006480.1

[+ 13 isozymes]

glu

a α-D-mannosyl-(1->6)-β-D-
mannosyl-(1->4)-N-acetyl-β-D-
glucosaminyl-(1->4)-N-acetyl-

β-D-glucosaminyl-[glycoprotein]

very-long-chain
3-hydroxyacyl-

CoA dehydratase:
Solyc04g014370.3

tRNA-uridine 2-
sulfurtransferase:
Solyc09g074100.3

cytokinins 9-N-glucoside biosynthesis

[+ 14 isozymes]

UDP-N-acetyl-
α-D-glucosamine

β-amyrin

F6P

salicylate

[+ 5 isozymes]

3-dehydroshikimate

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

carbamoyl
phosphate

nucleoside
triphosphate
phosphatase:
Solyc12g098540.2

glu

(2S)-naringenin

[+ 7 isozymes]

sucrose 3-(2-
methyl)butyryl-
4-isovaleroyl-
3’-isovaleroyl-2-
acetyltransferase:
ASAT4

acyl-CoA:sn-glycerol-
3-phosphate 1-O
-acyltransferase:
Solyc10g084900.1

(+)-pinoresinol-
forming
dirigent protein:
Solyc08g081780.1

an N-acetyl-β-
D-hexosamine

2-iminosuccinate

6-deoxotyphasterol

carlactone
carboxylate

NADPH

chlorophyllide a

isovaleryl-CoA

inosine

[+ 5 isozymes]

[+ 14 isozymes]

glyoxalase I:
Solyc01g088010.1

DHAP

Acyloxyacyl
hydrolase:
Solyc10g084745.1

[+ 2 isozymes]

2-monoacylglycerol
acylhydrolase:
Solyc01g098110.3

α-D-mannosyl-(1->3)-α-
D-mannosyl-(1->3)-α-D-

mannosyl-(1->3)-N-acetyl-α-
D-glucosaminyl-diphospho-

ditrans,octacis-undecaprenol

N-acetyl-α-D-
galactosamine

1-phosphate

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

geranylgeranyl
diphosphate

1-α-linolenoyl-2-oleoyl-
phosphatidylcholine

GTP

[+ 4 isozymes]

Solyc06g066680.3

olivetol biosynthesis

Solyc08g067610.3

UDP-α-D-galactose

Zeaxanthin epoxidase:
Solyc01g009080.3

Acetyl-CoA C-
acyltransferase:
Solyc09g091470.3

norsolorinate
anthrone

CMP

[+ 8 isozymes]

[+ 18 isozymes]

(R)-glycerate

neokestose

lysine-ketoglutarate
reductase:
Solyc07g017610.3

linalool biosynthesis I

a mercapturate

ammonium

laricitrin 5’-O-
methyltransferase:
Solyc06g007960.3

C31-phthiodiolenone
A reductase:
Solyc02g088490.3

4-aminobenzoate

GDP-β-L-gulose

dUDP

1-nonadecene

homoserine kinase:
Solyc04g008760.2

a [protein]-3-O-L-
fucosyl-L-serine

Jasmonoyl-L-
amino acid 12-
hydroxylase:
Solyc11g065770.1

a cis-delta9-3-
hydroxyC28:1-

[acp]

UDP-α-D-glucose

β-D-gentiobiosyl β-
D-glucosyl crocetin

[+ 3 isozymes]

strictosidine
synthase:
Solyc02g082900.3

DIBOA-glucoside
biosynthesis

4,5-seco-dopa

2-dehydro-L-
erythronate

a dolichyl
phosphate

[+ 2 isozymes]

Lycopene
epsilon-cyclase:
Solyc12g008980.2

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

nitrobenzene

phytyl
diphosphate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

(2R)-2,3-dihydroxy-3-
methylbutanoate:NADP +

oxidoreductase
(isomerizing):
Solyc07g053280.3

isocitrate
dehydrogenase:
Solyc11g011930.2

trans-2-coumarate

ribonucleoside-
diphosphate
reductase:
Solyc04g051350.3

sucrose 3-lauroyl-
4-isovaleroyl-3’-
isobutyryltransferase:
ASAT3

1,2-dihydroxy-5-
(methylthio)pent-1-
en-3-one:oxygen
oxidoreductase
(formate-forming):
Solyc09g082650.3

a long-chain
alcohol

putrescine

(E) 1-
propenylsulfenate

CA1P biosynthesis

(S)-1-pyrroline-
5-carboxylate

L-citrulline

N-acetyl-α-D-
glucosaminyldiphospho-

ditrans,octacis-undecaprenol

Solyc02g080800.3:
Solyc02g080800.3

glutaminase:
Solyc01g056850.3

D-inositol-3-phosphate
glycosyltransferase:
Solyc12g056050.1

quercetin 3-
sulfotransferase:
Solyc00g227960.1

S-ribosyl-L-
homocysteine

Solyc03g097940.3

4-α-
glucanotransferase:
Solyc04g053120.3

2-alkenal reductase:
Solyc03g007200.2

P1 ,P 3 -bis(5’-adenosyl)
triphosphate hydrolase:
Solyc09g018630.3

malate synthase A:
Solyc03g111120.3

[+ 3 isozymes]

itaconyl-CoA

(R)-mandelonitrile
lyase:
Solyc03g123820.2

UDP

5-(2-hydroxyethyl)
-4-methylthiazole

[+ 14 isozymes]

pseudotropine

4-aminobutanoate
degradation IV

NADH

a sphinganine

deacetoxyvindoline

N6 -dimethylallyladenine

late4-aminobutyrate--
glyoxy transaminase:
Solyc07g043310.3

cis-tuberonic acid

(E)-2-
methylcrotonoyl-

CoA

Solyc11g069260.2

a 5-formiminotetrahydrofolate

a ribonucleoside
2’-phosphate

trans-cerot-
2-enoyl-CoA

[+ 2 isozymes]

2-isopropylmalate
synthase:
Solyc06g053400.3

5α-cholesta-
8-en-3-one

spermidine:feruloyl-
CoA N-
acyltransferase:
Solyc02g093180.3

L-cystathionine

acyl-carrier protein

acetyl-CoA

(1E,2Z)-3-
hydroxy-5,9,17-

trioxo-4,5:9,10-
disecoandrosta-

1 (10),2-
dien-4-oate

[+ 6 isozymes]

2-oxoglutarate

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

a [pyruvate
dehydrogenase
E2 protein] N 6

-dihydrolipoyl-
L-lysine

2-methylbutanoate

D-specific enoyl-
CoA hydratase:
Solyc06g075000.3

a [procollagen]
trans 4-hyroxy-

L-proline

uridine

glu

FAD-AMP lyase
(cyclizing):
Solyc06g072380.3

D-glyceraldehyde
3-phosphate

dolichyl-P-Glc:Glc
2

Man
9

GlcNAc
2

-PP-dolichol α-
1,2-glucosyltransferase:
Solyc09g010770.3

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

tetrakisphosphate

NADPH

an N-terminal
asparaginyl-

[protein]

a cis,cis-delta9,27-
C46:2-[acp]

a [lipoyl-carrier
protein] N 6 -[(R)
-dihydrolipoyl]-

L-lysine

lipopolysaccharide core
heptosyltransferase:
Solyc09g056250.1

glutamate
formimidoyltransferase:
Solyc07g054420.2

L-alanyl-L-
glutamate

a [1-Cys
peroxiredoxin]-(S
-hydroxycysteine)

α-D-Man-a-(1->2)-α-D-Man-(1->2)-α-
D-Man-(1->3)-[α-D-Man-(1->2)-α-D-

Man-(1->3)-[α-D-Man-(1->6)]-α-D-Man-
(1->6)]-β-D-Man-(1->4)-β-D-GlcNAc-
(1->4)-α-D-GlcNAc-diphosphodolichol

homocysteine S-
methyltransferase:
Solyc09g065520.3

a cis,cis-
delta19,37-3-

oxo-C56:2-[acp]

Solyc01g005940.3:
Solyc01g005940.3

dCTP

biotin biosynthesis
from 8-amino-7-
oxononanoate I

sucrose 3-lauroyl-
4-isovaleroyl-
3’-(2-methyl)
butyryltransferase:
ASAT3

methylthioribulose-
1-phosphate
dehydratase:
Solyc07g063040.3

adenine and
adenosine salvage VI

(S)-tetrahydropapaverine

(-)-isopiperitenone

benzylbenzoate

[+ 3 isozymes]

[+ 10 isozymes]

[+ 9 isozymes]

lysophospholipase:
Solyc00g033885.1

geranyl 6-O-β-D-
xylopyranosyl-β-D
-glucopyranoside

deoxyhypusine
hydroxylase:
Solyc08g077830.1

UDP-α-D-glucose

an [apo BCAA dehydrogenase
E2 protein] N 6 -S-[2-

methylpropanoyl]dihydrolipoyl-
L-lysine

delphinidin 3-O-
rutinoside-7-O-(6-
O-(4-O-(glucosyl)
-oxybenzoyl)
-glucoside
acyltransferase:
Solyc04g076120.3

S-(3-methylbutan-
3-yl)-L-

cysteinylglycine

GSSG

acyl-carrier protein

AMP

superpathway of L-
isoleucine biosynthesis I

[+ 2 isozymes]

a [glycerolipid]-
linoleate

UMP

trans-zeatin
riboside

triphosphate

L-citrulline

proto-zwittermicin
A-L-alanyl-[PKS]

D-glucopyranose

(S)-ureidoglycolate

[+ 11 isozymes]

Mg 2+

(+)-germacrene A

sulfite

formate

phosphoglucosamine
mutase:
Solyc04g005035.1

[+ 8 isozymes]

aldehydo-L-
galactonate

benzoate

[+ 2 isozymes]

homoisocitrate
dehydrogenase:
Solyc02g082860.3

[+ 2 isozymes]

[+ 4 isozymes]

Glucosylceramidase:
Solyc01g103230.3

[+ 14 isozymes]

glutathione
S-conjugate
γ-glutamate
hydrolase:
Solyc05g051780.3

N-methylethanolamine
phosphate

spermidine

4-O- β -D-glucosyl-
daphnetin

a 10-
formyltetrahydrofolate

UDP-β-L-rhamnose
biosynthesis

4-coumarate-
-CoA ligase:
Solyc02g081350.3

adenosine

trans-zeatin:FAD
oxidoreductase:
Solyc12g008920.2

cystathionine γ-lyase:
Solyc05g007590.3

cortisone

thalianol

gibberellin A
38

chlorogenic acid biosynthesis II

germacra-1(10)
,4,11(13)-

trien-12-oate

α-aminoadipic
semialdehyde
dehydrogenase:
Solyc01g081050.4

[+ 45 isozymes]

MTR

zeaxanthin

acetate

polyvinyl alcohol
dehydrogenase:
Solyc01g010690.1

chorismate biosynthesis I

dihydrochelerythrine

N-acyl-aliphatic-
L-amino acid
amidohydrolase:
Solyc01g112280.3

2-keto-3-deoxy-
L-rhamnonate
aldolase:
Solyc08g008530.1

O
2

C34-phthiocerol A

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

tetrakisphosphate

UDP-glucose:cis-
zeatin O-β-D-

glucosyltransferase:
Solyc01g006670.2

a thiohydroximate-
O-sulfate

L-phenylalanine
decarboxylase:
Solyc08g006740.3

2-oxoglutarate

benzyl alcohol 6-O-
β-D-xylopyranosyl-
β-D-glucopyranoside

a polyprenal

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

desmosterol

putrescine degradation IV

halide ion
methyltransferase:
Solyc08g014600.3

glycoprotein 2-β-D-
xylosyltransferase:
Solyc07g065140.3

cardiolipin biosynthesis II

abieta-7,13-
diene-18-oate

Other Biosynthesis

2,3-dihydroxy-
isovalerate
dehydratase:
Solyc12g043020.2

(S)-reticuline

colneleate

MEP

di-trans,octa-cis
-undecaprenyl

phosphate

4’-O-
methylnorbelladine

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

Cu +

Cu 2+

a 2-methoxy-6-all-
trans-polyprenyl-
1,4-benzoquinol

tyramine

Acetyl-CoA C-
acyltransferase:
Solyc09g061840.3

6,7-dimethyl-8-
ribityllumazine
synthase:
Solyc08g015660.3

α-D-glucopyranose
1-phosphate

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

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase:
Solyc06g005370.3

2-oxoglutarate

3-methylthiopropanoate
biosynthesis

Ap5A

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

genkwanin 6-
hydroxylase:
Solyc04g079640.3

a fatty acid

a reduced
rubredoxin

cannabidiolate
synthase:
Solyc10g054470.1

a secondary
alcohol

succinate
semialdehyde
dehydrogenase
(NAD + ):
Solyc09g090700.1

[+ 11 isozymes]

a pseudouridine 955/

2504/2580 in 23S rRNA

6-phosophogluco-
starch phosphatase:
Solyc11g007830.2

[+ 2 isozymes]

glycerol

(E)-2-pentenal

7-hydroxylauroyl-
CoA

carlactone

castasterone
synthase:
Solyc02g065750.2

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

uridine 2605

in 23S rRNA

GDP-mannose
4,6-dehydratase:
Solyc03g118270.1

Anthocyanidin 3-
O-glucoside 5-O-
glucosyltransferase:
Solyc00g059505.1

geranyl diphosphate
synthase:
Solyc02g085720.1

Trans-aconitate 3-
methyltransferase:
Solyc04g040180.3

13-DPG

UDP

Anthocyanin 5-(6’’’-
hydroxycinnamoyltransferase)
: Solyc10g008670.3

linolenate 9R-
lipoxygenase:
Solyc01g006600.2

pterostilbene

cyanidin 3,7-di-
O-β-D-glucoside

heme a synthase:
Solyc11g007000.2

zeinoxanthin

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

gly

phenylmethanesulfenate

[+ 3 isozymes]

endo-1,4-D-
glucanase:
Solyc01g060340.1

UDP

[+ 9 isozymes]

salicylate

IAA-Asp

[+ 2 isozymes]

glucose

linoleate
biosynthesis I (plants)

ala

2-oxoglutarate

[+ 5 isozymes]

NAD +

4’-O-
methylnorbelladine

Solyc05g054365.1:
Solyc05g054365.1

N-dimethylethanolamine

a [glycerolipid]-
palmitate

4-hydroxy-2-methyl-
3-oxo-4-farnesyl-3,4-

dihydroquinoline-1-oxide

lophenol

delphinidin-3-O
-β-D-glucoside

gibberellin 2-oxidase:
Solyc01g058030.2

[+ 6 isozymes]

a jasmonoyl-
L-leucine

2-amino-3,7-
dideoxy-D-threo-
hept-6-ulosonate

capsidiol biosynthesis

Very long-chain acyl-
CoA synthetase:
Solyc00g028540.2

prephenate

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

aldehydo-L-
galactonate

D-ribose 5-
phosphate

F
420

 non-reducing
hydrogenase:
Solyc02g032320.1

linuron

(3S)-nerolidol
synthase:
Solyc10g005420.1

(S)-3-hydroxy-
isobutanoate

phosphatidylglycerophosphatase:
Solyc07g055980.3

hydroxyphenyl-
4,2-bis-

thiazolinyl-[PchF
non-ribosomal

peptide synthase]

a [glycine-cleavage
complex H protein] N 6 -

aminomethyldihydrolipoyl-
L-lysine

protein-(glutamine-N 5

) methyltransferase:
Solyc07g066280.3

N-terminal L-
methionine N

α
-

acetyltransferase:
Solyc03g120350.3

thiosulfate
sulfurtransferase:
Solyc01g020430.1

urate

L-citrulline

L-glutamate biosynthesis V

sphinganine
1-phosphate

UDP-α-D-glucose

1,3-β-D-glucan
biosynthesis

Solyc09g008670.3:
Solyc09g008670.3

photorespiration

a [HECT-type
E3 ubiquitin
transferase]-

S-ubiquitinyl-
L-cysteine

[+ 2 isozymes]

D-xylulose

phenolphthiodiolenone
A reductase:
Solyc02g088510.3

[+ 2 isozymes]

ElmD:
Solyc04g080380.3

vernolate
biosynthesis I

isopentenyl
phosphate kinase:
Solyc04g005520.3

NADP + -dependent
glucose-6-
phosphate
dehydrogenase:
Solyc01g100960.3

a plastoquinol

(+)-5-deoxystrigol

myo-inositol

superpathway of pyrimidine
nucleobases salvage

formate

15-cis-4,4’-
diapophytoene

D-ononitol

[+ 5 isozymes]

palmitoyl-CoA

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

leucodopachrome

nitric oxide

acyl-carrier protein

urate conversion
to allantoin I

gamma
aminobutyrate
transaminase:
Solyc07g043310.3

benzoyl-CoA:benzyl alcohol
benzoyltransferase:

Solyc05g015770.1

xanthosine-5’-
phosphate:L-
glutamine amido-
ligase (AMP-forming)
: Solyc08g081155.1

H+

UMP kinase:
Solyc01g088480.3

linolenate
epoxidase:
Solyc02g080330.3

3-C-glucosyl-2,4,4’,6-
tetrahydroxydibenzoylmethane

ubiquinol-8

isovitexin

GSSG

L-2-aminoadipate

xylogalacturonan β-
1,3-xylosyltransferase:
Solyc01g056795.1

β-L-fucose
1-phosphate

6-oxocampestanol

dUMP

indole-3-
acetohydroximoyl-
glutathione
conjugate γ-
glutamyl peptidase:
Solyc01g106060.3

[+ 3 isozymes]

UDP-β-L-arabinose
biosynthesis I (from

UDP-α-D-xylose)

red chlorophyll
catabolite

lactate
dehydrogenase:
Solyc06g051795.1

a 2-oxo
carboxylate

arg

L-dopa and L-
dopachrome

biosynthesis

[+ 11 isozymes]

a (3E)-alk-3-
enoyl-CoA

leucine
transaminase:
Solyc00g178340.2

spermidine:4-
coumaroyl-CoA N-
acyltransferase:
Solyc02g093180.3

β-ureidoalanine

UDP-N-acetyl-
α-D-glucosamine

Solyc04g014670.3:
Solyc04g014670.3

dTMP

ADP-L-glycero-β-
D-manno-heptose

sn-glycerol
3-phosphate

[+ 2 isozymes]

uracil

enoyl-CoA
hydratase:

Solyc01g066620.3

5-amino-6-(5-
phospho-D-

ribitylamino)uracil

(10bS,4aR)-
noroxomaritidine
synthase:
Solyc10g080815.1

[+ 31 isozymes]

[+ 2 isozymes]

(2E,6E)-farnesyl
diphosphate

hydrogencarbonate

violaxanthin
de-epoxidase:
Solyc04g051610.3

a fatty acid

IAA-Trp

purine
cytosine
caffeine

[+ 4 more]

NAD(P)H oxidase
(H(2)O(2)-forming)
: Solyc01g099620.3

acyl-carrier protein

dolichol kinase:
Solyc06g074960.3

an L-1-
phosphatidylethanolamine

(+)-neomenthol
dehydrogenase:
Solyc01g094210.2

(+)-7-epi-
jasmonoyl-

L-isoleucine

vinylacetate
caboxylester
hydrolase:
Solyc11g007180.2

2-oxoadipate

UDP-α-D-glucose

friedelin

7-deoxyloganetic acid
glucosyltransferase:
Solyc03g078720.3

α-linolenate

a 1-phosphatidyl-
1D-myo-inositol

3-phosphate

isobutanoate

9,9’-di-cis-ζ-carotene
desaturase:
Solyc01g097810.3

CO
2

reduced β-
nicotinamide D-
ribonucleotide

a 2(R)-
hydroperoxy
fatty acid

AMP

α-Kdo-(2->6)-lipid IV
A

4-aminobutanal

[+ 2 isozymes]

α-amyrin

L-histidine biosynthesis

proline
dehydrogenase:
Solyc02g089630.3

[+ 2 isozymes]

[+ 6 isozymes]

5-O-
caffeoylshikimate

D-glucopyranose
6-phosphate

ribose-phosphate
diphosphokinase:
Solyc04g039650.3

(1R,2S)-
homoisocitrate

butyl acetate

Detoxification

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

(4S)-limonene
UDP-glucose:
benzoate
glucosyltransferase:
Solyc02g068210.1

an L-glutamyl-
[tRNA Gln ]

Solyc09g098410.2

3-beta-hydroxysteroid-
4-alpha-carboxylate 3-
dehydrogenase(decarboxylating)
: Solyc12g021130.2

glutamate synthase:
Solyc03g083440.3

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

(-)-alpha-terpineol
synthase:
Solyc02g079840.2

[+ 3 isozymes]

a [glycerolipid]-
linoleate

[+ 2 isozymes]

isopentenyl-
diphosphate
∆-isomerase:
Solyc05g055760.3

(-)-carvone

[+ 10 isozymes]

a (3R)-3-
hydroxytetracosanoyl-

[acp]

a 1-phosphatidyl-
1D-myo-inositol

5-phosphate

sucrose

[+ 4 isozymes]

N-feruloyltyramine

β-ureidopropionase:
Solyc10g047630.2

(22R,23R)-28-
homobrassinolide-
O-sulfotransferase:
Solyc11g050960.1

protein-lysine deacetylase:
Solyc04g009430.3

phosphoribosylglycinamide
formyltransferase:
Solyc11g012100.2

UDP-α-D-glucuronate

cyanidin 3,7-
diglucoside
acyltransferase:
Solyc04g076120.3

Solyc05g051540.2

[+ 17 isozymes]

a cis,cis-
delta15,33-

3-hydroxy
C52:2-[acp]

sinapyl alcohol
dehydrogenase:
Solyc01g107590.3

[+ 2 isozymes]

5-hydroxy-CMP

asn

3-(methylsulfanyl)
propanoate

ala

2-isopropylmaleate

phosphatidate metabolism, as a signaling molecule

2-oxoglutarate

solanidine
glucosyltransferase:
Solyc08g077080.1

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

[+ 13 isozymes]

CMP-N-
acetylneuraminate:type
3 precursor disaccharide
α-2,3-sialyltransferase:
Solyc06g074370.2

GGPP

[+ 19 isozymes]

3-phosphoinositide biosynthesis

glycerol-3-
phosphatase:
Solyc10g054272.1

glucose-6-
phosphate
isomerase:
Solyc12g014380.2

daphnetin-
8-glucoside

NAD +

ζ-carotene
isomerase:
Solyc12g098710.2

[+ 7 isozymes]

ternatin C3 biosynthesis

Inositol-
polyphosphate
multikinase:
Solyc03g118000.1

Ins(1,4,5)P
3

[+ 2 isozymes]

UDP

[+ 4 isozymes]

glyceraldehyde-
3-phosphate
dehydrogenase:
Solyc01g098950.2

[+ 3 isozymes]

[+ 23 isozymes]

L-glutamate γ-
semialdehyde
dehydrogenase:
Solyc06g019170.3

(6R)-4a-hydroxy-
tetrahydrobiopterin

[+ 5 isozymes]

ursolate

adenine
phosphoribosyltransferase:
Solyc00g088080.1

UDP-α-D-glucose

(+)-menthofuran

trp

1-phosphatidylinositol-
4,5-bisphosphate
phosphodiesterase:
Solyc03g096070.3

[+ 2 isozymes]

[+ 7 isozymes]

[+ 12 isozymes]

N-caffeoylputrescine

[+ 3 isozymes]

[+ 11 isozymes]

PAPS

3-methoxy-5-
hydroxytoluene

H-Gcv-protein-
(dihydrolipoyl)

lysine:NAD+
oxidoreductase:
Solyc02g068740.3

a 2-O-(α-D-
mannosyl)-1-
phosphatidyl-

1D-myo-inositol

3-hydroxyacyl-
[acp] dehydratase:
Solyc01g105060.3

(-)-lariciresinol
reductase:
Solyc06g066170.3

glutamate-5-
semialdehyde
dehydrogenase:
Solyc06g019170.3

[+ 7 isozymes]

UDP-
glucose:benzyladenine

7-N-glucosyltransferase:
Solyc03g078780.2

[+ 14 isozymes]

a phenolphthiodiolone

ferredoxin-NADP +

reductase:
Solyc02g024050.3

deoxyhypusine
synthase:
Solyc02g080790.3

(22α)-hydroxy-
isofucosterol

1-(3-sn-
phosphatidyl)
-sn-glycerol
3-phosphate

3’,4’,5’-
trimethylmyricetin

xyloglucan
galactosyltransferase:
Solyc02g014140.1

[+ 6 isozymes]

an oxidized
hemoprotein

superpathway of
hyoscyamine and

scopolamine biosynthesis

a D myo-
inositol penta
kis phosphate

a (9Z)-3-
oxooctacos-

9-enoyl-[acp]

8-oxo-dGTP

β-amyrin synthase:
Solyc12g006510.2

D-xylopyranose

acetaldehyde

dihydropyrimidinase:
Solyc02g044040.2

2-oxoglutarate

UDP-α-D-glucose

phenylalanine
ammonia-lyase:
Solyc00g282510.2

acyl-carrier protein

demethylmenaquinol-9

Germacrene
A alcohol
dehydrogenase:
Solyc08g041925.1

1D-myoinositol 5-
diphosphate 1,2,3,4,6-

pentakisphosphate

a ∆ 14 steroid

H+

[+ 6 isozymes]

[+ 2 isozymes]

acyl-CoA:1-acyl-
sn-glycerol-3-
phosphate 2-O-
acyltransferase:
Solyc11g065890.2

dehydroquinate
synthase:
Solyc03g058860.3

[+ 2 isozymes]

(S)-3-
hydroxybutanoyl-

CoA

UDP-glucose
4-epimerase:
Solyc01g058390.3

(S)-norcoclaurine

(3R)-linalool

sarcosine

Ditrans,polycis-
polyprenyl
diphosphate
synthase ((2E,6E)-
farnesyldiphosphate
specific):
Solyc03g025560.3

succinate

asp

UDP

β-cryptoxanthin
3’-hydroxylase:
Solyc06g036260.3

UDP-α-D-
galacturonate

tyr

6-phosphogluconolactonase:
Solyc01g010250.3

β-L-arabinofuranosyl-
(1->2)-β-L-arabinofuranose

UDP-galactose
pyrophosphorylase:
Solyc04g058070.3

spermidine oxidase:
Solyc01g087590.3

Very long-chain acyl-
CoA synthetase:
Solyc12g009040.2

N-demethylnarwedine

umbelliferone

an N 7 -
methylguanine 1575

in 18S rRNA

[+ 3 isozymes]

malonyl-CoA

[+ 17 isozymes]

an aliphatic
α,ω-diamine

1-palmitoyl-2-vernoloyl-
phosphatidylcholine

6-(hydroxymethyl)
-7,8-dihydropterin

[+ 5 isozymes]

Delta(7)-sterol
5(6)-desaturase:
Solyc02g086190.2

pyruvate

acyl-acp:sn-glycerol-
3-phosphate 1-O
-acyltransferase:
Solyc02g087500.2

S-adenosyl-L-
methionine:benzoic acid

carboxymethyltransferase:
Solyc02g084950.3

[+ 10 isozymes]

[4-alkanoyl-5-
oxo-2H-furan-3-
yl]methyl phosphate
reductase:
Solyc12g049280.2

2-oxoglutarate

linoleate 12-
epoxygenase:
Solyc02g080330.3

(-)-lactol
dehydrogenase:
Solyc10g083180.2

phosphoenolpyruvate

triketide pyrone

[+ 5 isozymes]

2-cis,6-cis-farnesyl
pyrophosphate
synthase:
Solyc06g059990.3

indole-3-acetate
inactivation VI

Solyc02g080790.3:
Solyc02g080790.3

UDP-α-D-
glucuronate

daidzein

(-)-methyl
jasmonate

monodehydroascorbate
radical

thiamine
phosphate

6-(glutathion-S-yl)-2-
methylhydroquinone

1-deoxycapsidiol
1-hydroxylase:
Solyc11g007980.2

a diglyceride

GA20 3β-dioxygenase:
Solyc01g058250.2

cyanidin 3-O-
glucoside 7-O-
glucosyltransferase
(acyl-glucose
dependent):
Solyc01g081173.1

a long-chain
acyl-CoA

(2Z)-2-hydroxypenta-
2,4-dienoate

7-deoxyloganetate

[+ 2 isozymes]

citrate hydro-lyase
(cis-aconitate-forming)

: Solyc12g005860.2

an 6-sulfo-α-
D-quinovosyl

diacylglycerol

(9S)-HPODE

glutathione-peroxide redox reactions

F6P

cellulose

Alpha-N-
acetylglucosaminidase:
Solyc00g112930.3

4-oxo-4-(pyridin-
3-yl)butanal

UDP-α-D-glucose

maltose

a 3-oxoacyl-[acp]

2-hydroxynaringenin

shikimate O-
hydroxycinnamoyltransferase:
Solyc01g107050.3

thr

L-cysteinylglycine

diphosphate

1-phosphatidylinositol-
4,5-bisphosphate
phosphodiesterase:
Solyc03g096070.3

7-(methylsulfanyl)
heptyl-

desulfoglucosinolate

[+ 5 isozymes]

a 3-oxo-δ 5 -steroid

2-iminopropanoate
deaminase:
Solyc10g006290.3

a β-(1,4)-mannan
oligosaccharide

D-ribulose

L-ascorbate

sucrose synthase:
Solyc02g081300.3

3-mercaptopyruvate

[+ 5 isozymes]

pheophorbide b

a 3-oxoglutaryl-
[acp] methyl ester

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

pentakisphosphateUDP

(4aS,10bR)-
noroxomaritidine

β-D-fructofuranose

(E)-ω-(methylsulfanyl)
heptyl-thiohydroximate

D-galactopyranuronate

UDP-glucose:
anthranilate
glucosyltransferase:
Solyc02g068210.1

UDP-2-acetamido-
2,6-beta-L-
arabino-hexul-4-
ose reductase:
Solyc10g076930.2

UDP

3-epi-6-
deoxocathasterone

(+)-pulegone

Solyc04g055120.3

α-aminoadipic
semialdehyde
dehydrogenase:
Solyc01g081050.4

cytidine

glutamate-1-
semialdehyde
aminotransferase:
Solyc04g009200.3

3-phospho-
D-glycerate

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

valine--tRNA ligase:
Solyc09g007540.3

adenylosuccinate
lyase:
Solyc07g006530.3

sucrose 3-decanoyl-
4-isovaleroyl-
3’-isovaleroyl-2-
acetyltransferase:
ASAT4

(S)-ureidoglycine
aminohydrolase:
Solyc08g077840.3

[+ 2 isozymes]

[+ 3 isozymes]

[+ 2 isozymes]

[+ 2 isozymes]

[+ 2 isozymes]

triose-phosphate
isomerase:

Solyc01g111120.3

ent-kaur-16-
en-19-oate

glutathione-
glutaredoxin

redox reactions

a holo-[L-seryl-
carrier protein]

a primary amine

H-antigen α-D-
galactosaminyltransferase:
Solyc08g074495.1

(+)-
dihydromyricetin

4-O-β-D-glucosyl-4-
hydroxycinnamate

[+ 25 isozymes]

3-deoxycapsidiol
3-hydroxylase:
Solyc11g007980.2

sulfite oxidation IV

[+ 2 isozymes]

proline
dehydrogenase:
Solyc02g089620.3

an S-sulfanyl-
[L-cysteine
desulfurase]

β1-tomatine

D-glucopyranose
6-phosphate

Triokinase:
Solyc06g072380.3

[+ 2 isozymes]

(Z)-6’-
hydroxyferulate

α-D-Glc-(1->3)-α-D-Man-(1->2)-α-
D-Man-(1->2)-α-D-Man-(1->3)-[α-

D-Man-(1->2)-α-D-Man-(1->3)-[α-D-
Man-(1->2)-α-D-Man-(1->6)]-α-D-Man-
(1->6)]-β-D-Man-(1->4)-β-D-GlcNAc-
(1->4)-α-D-GlcNAc-diphosphodolichol

(22S)-22-hydroxy-
5alpha-campestan-
3-one C-23
hydroxylase:
Solyc02g084740.3

quercetin 3, 3’,
4’, 7-tetrasulfate

acetylornithine
deacetylase:
Solyc08g076970.3

PRPP

a 1,2-diacyl-sn-glycerol

[+ 9 isozymes]

acyl-carrier protein

UDP-N-acetyl-α-D-muramate

asparagine
synthetase:
Solyc04g055200.3

a cis,cis-
delta15,27-3-
hydroxyC46:2-

[acp]

[+ 30 isozymes]

trans-cinnamate
glucosyltransferase:
Solyc01g107770.2

[+ 3 isozymes]

an N 6 -L-
threonylcarbamoyladenine 37

in tRNA

L-arginine biosynthesis I (via L-ornithine)

L-threonate

[+ 2 isozymes]

coniferyl alcohol
dehydrogenase:
Solyc01g107590.3

3-ketodihydrosphingosine
reductase:
Solyc06g054330.3

octanoate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

sucrose 6 F -phosphate

(S)-1-pyrroline-
5-carboxylate

O-succinylhomoserine(thiol)
-lyase: Solyc02g067180.3

D-sorbitol
6-phosphate

a 3-oxosteroid

his

serine-glyoxylate
aminotransferase:
Solyc12g099930.2

[+ 4 isozymes]

angelicin synthase:
Solyc03g111883.1

AMP

a 1-phosphatidyl-
1D-myo-inositol

succinate

[+ 4 isozymes]

AMP

porphobilinogen
synthase:
Solyc08g069030.3

linuron hydrolase:
Solyc08g014470.3

trans-docos-
2-enoyl-CoA

(-)-menthone

prostaglandin
E synthase:
Solyc04g081740.3

[+ 3 isozymes]

UDP

ureidoglycolate
amidohydrolase:
Solyc09g083410.3

isopentenyladenosine-
5’-diphosphate-
hydroxylase:
Solyc02g085880.2

(-)-β-caryophyllene

kanamycin B

a palmitoyl-[acp]

glycine
decarboxylase:

Solyc02g068740.3

an N-acyl-
neuraminate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

diaminohydroxyphosphoribosylaminopyrimidine
deaminase: Solyc01g094500.3

an XLXG
xylogulcan

[+ 2 isozymes]

17-O-
deacetylvindoline

UDP-glucose:trans
-zeatin 7-N-

glucosyltransferase:
Solyc03g078780.2

GGPP

an oxidized
thioredoxin

Solyc02g080800.3:
Solyc02g080800.3

5-epi-aristolochene
3-hydroxylase:
Solyc11g007980.2

(S)-methylmalonate-
semialdehyde

UDP-β-L-arabinose
biosynthesis II

(from β-L-arabinose)

[+ 8 isozymes]

xyloglucan 6-
xylosyltransferase:
Solyc01g067930.3

[+ 14 isozymes]

an acyl-CoA

L-glutamate-5-
semialdehyde

oleoyl-CoA

glyoxylate

[+ 10 isozymes]

butanal reductase:
Solyc01g098850.3

an anthocyanidin-
3-O-β-D-glucoside

salvigenin

a ferricytochrome
b

5

peptide:N-
glycanase:
Solyc01g097440.3

ajmaline

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

D-ribofuranose

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

[+ 4 isozymes]

[+ 8 isozymes]

a dolichyl phosphate

geranyl β-
primeverosidase:
Solyc01g074060.1

a (9Z)-3-
oxohexadec-

9-enoyl-[acp]

a 7,8-dihydrofolate

Solyc08g075360.2

trans-zeatin
riboside

monophosphate

4-coumarate

α-D-mannosyl-(1->3)-N-
acetyl-α-D-glucosaminyl-
diphospho-ditrans,octacis

-undecaprenol

a carotenoid
β-end group

a reduced
glutaredoxin

[+ 20 isozymes]

a (2R,3R)-
dihydroflavonol

a long-chain
acyl-CoA

UDP-D-apiose

magnesium-
protoporphyrin-IX
13-monomethyl
ester,NADPH:oxygen
monooxygenase:
Solyc06g007760.3

benzoate

acyl-carrier protein

an [E2 NEDD8-
conjugating

enzyme]-L-cysteine

tRNA
dimethylallyltransferase:
Solyc04g007240.1

a cis,cis-delta9,21-
3-hydroxyC40:2-

[acp]

inorganic
pyrophosphatase:
Solyc00g112810.2

a nucleoside
cyclic 3’,5’-
monophosphate

ferroheme a

3-(2-methylbutanoyl)-3’,4-
di(3-methylbutanoyl)sucrose

cinnamate

phylloquinol

thr

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

formyltetrahydrofolate
deformylase:
Solyc08g078490.3

phytol

SAH

coniferyl alcohol

[+ 23 isozymes]

[+ 4 isozymes]

tyr

phosphatidylinositol-
3,4,5-trisphosphate
3-phosphatase:
Solyc01g107750.3

3-methoxy-
4’,5-dihydroxy-
trans-stilbene

hydroxymethylbilane
synthase:
Solyc07g066470.3

[+ 2 isozymes]

[+ 3 isozymes]

AMP

2-iminopropanoate
deaminase:
Solyc10g006290.3

UDP-α-D-xylose

5-amino-6-(5-
phosphoribosylamino)
uracil reductase:
Solyc01g089930.2

[+ 2 isozymes]

(+)-lariciresinol
reductase:
Solyc06g066160.3

UDP-sugar
pyrophosphorylase:
Solyc04g058065.1

[+ 6 isozymes]

urea-1-carboxylate

maltodextrin
phosphorylase:
Solyc02g077680.3

Solyc02g080790.3:
Solyc02g080790.3

typhasterol

an N-acetyl-
α-neuraminyl-

(2->3)-β-D-
galactosyl-(1->
3)-N-acetyl-α-D-
galactosaminyl-R

[+ 18 isozymes]

stearoyl-[acp] elongase/
decarboxylase:
Solyc01g006640.1

5-epi-aristolochene
1-hydroxylase:
Solyc11g007980.2

tropinone

UDP-α-D-glucose

(gibberellin-44), 2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g093980.3

3β-hydroxy sterol
glucosyltransferase:
Solyc01g104410.3

a malonyl-[acp]

a malonyl-[acp]

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

ketohexokinase:
Solyc00g033860.2

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

13 1 -oxo-magnesium-
protoporphyrin IX

13-monomethyl ester

a 5’-hydroxy-3’-
methoxyflavonoid

1-deoxy-L-
glycero-tetrulose

4-phosphate

[+ 2 isozymes]

glu

6-deoxocathasterone

gibberellin A
25

4,5-DOPA dioxygenase
extradiol: Solyc01g090180.3

[+ 9 isozymes]

succinate

butyl benzoate

9,9’-di-cis-
ζ-carotene

Fe 2+

Solyc07g008320.3

trans-2,3-dihydro-
3-hydroxy-
anthranilate
isomerase:
Solyc09g064940.2

(2R)-2,3-dihydroxy-3-
methylbutanoate:NADP +

oxidoreductase
(isomerizing):
Solyc07g053280.3

a [disordered-
form [Fe-S] cluster
scaffold protein]

a holo acyl-
carrier protein

vicenin-2

an ω-
(methylsulfinyl)

alkyl-glucosinolate

[+ 4 isozymes]

1-deoxy-D-
xylulose 5-
phosphate

[+ 3 isozymes]

9-cis-β-carotene

menaquinol-9

[+ 6 isozymes]
magnesium-

protoporphyrin IX
13-monomethyl ester

2-carboxy-
D-arabinitol
1-phosphate

antheraxanthin
epoxidase:
Solyc01g009080.3

[+ 16 isozymes]

hydrocaffeoyl-CoA

a [glycerolipid]-
(7Z)-

hexadecenoate

methylenetetrahydrofolate
dehydrogenase:
Solyc01g094280.3

glu

UTP

a 1-acyl-sn-glycerol
3-phosphate

phenylacetaldehyde
reductase:
Solyc01g008530.3

a malonyl-[acp]

[+ 5 isozymes]

[+ 5 isozymes]

uroporphyrinogen-
III synthase:
Solyc04g079320.3

glu

cortisol
dehydrogenase:
Solyc03g097440.3

1-acyl
dihydroxyacetone
phosphate
reductase:
Solyc04g054400.3

cyanidin 3-O-[6-O-
(4-O-β-D-glucosyl-
p-coumaroyl)-2-
O-(2-O-sinapoyl-
β-D-xylosyl)-β-D-
glucosyl]-5-O-(6-
O-malonyl-β-D-
glucoside) synthase:
Solyc12g088280.2

D-serine ammonia-
lyase (pyruvate-
forming):
Solyc00g031360.2

[+ 4 isozymes]

Cu +

a flavanone

Aldehyde
dehydrogenase
(NAD(P)(+)):
Solyc01g013885.1

α-D-galactose 1-phosphate

phosphoenol
pyruvate
carboxykinase (ATP)
: Solyc04g009900.3

GDP-β-L-fucose

an N-acetyl-β-
D-hexosaminide

[+ 13 isozymes]

2’-deoxycytidine

[+ 3 isozymes]

(-)-trans-carveol

acyl-[acp]
thioesterase:
Solyc12g006930.2

1-(18-hydroxyoleoyl)-
sn-glycrol 3-phosphate

9’-cis-neoxanthin

[+ 5 isozymes]

an all-trans
-retinyl ester

monoterpene biosynthesis

S-methyl-5’-
thioadenosine
phosphorylase:
Solyc00g126430.1

5-amino-6-(5-
phospho-D-

ribosylamino)uracil

2-aminoprop-
2-enoate

palmitate-CoA ligase:
Solyc12g009040.2

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

1,4-benzoquinol

[+ 37 isozymes]

[4-alkanoyl-5-
oxo-2H-furan-3-
yl]methyl phosphate
reductase:
Solyc12g049280.2

[+ 4 isozymes]

a flavonol

L-dopa

[+ 3 isozymes]

gln

Viridiflorene
synthase:
Solyc01g101170.3

geranylgeranyl
diphosphate
synthase:
Solyc02g085700.1

a fatty acid

an aldose

5,6-
dihydroxyindole-

2-carboxylate

hydroxyphenyl-
thiazolinyl-[PchE

non-ribosomal
peptide synthase]

adenylyl-
sulfate kinase:
Solyc02g064640.3

butan-1-ol

superpathay of heme b
biosynthesis from glutamate

(Z)-β-ocimene

spermidine synthase:
Solyc04g026030.3

[+ 6 isozymes]

DMAPP

L-saccharopine

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

3-dehydrosphinganine
(C18)

asn

1-acylglycerophosphocholine
O-acyltransferase:
Solyc01g099710.3

[+ 5 isozymes]

glutamine
synthetase:
Solyc01g056450.2

shikimate O-
hydroxycinnamoyltransferase:
Solyc01g107050.3

a carboxylate

1,2-dibutyrin

an aldehyde

felinine and 3-methyl-3-
sulfanylbutan-1-ol biosynthesis

D-ribulose
5-phosphate

Farnesol
dehydrogenase
(NAD(+)):
Solyc12g088880.2

a malonyl-[acp]

(2Z)-2-
hydroxypenta-
2,4-dienoate

[+ 2 isozymes]

adenosine
tetraphosphate

GTP 3’,8’-cyclase:
Solyc05g050570.3

acyl-CoA:1-acyl-
sn-glycerol-3-
phosphate 2-O-
acyltransferase:
Solyc11g065890.2

imidazole acetol-
phosphate

[+ 2 isozymes]

gibberellin A
20

(R)-methylmalonyl-
CoA

D-mannitol

nitric oxide

spermidine

a phosphate
monoester

very long chain fatty acid biosynthesis I

[+ 6 isozymes]

alkaline peroxidase:
Solyc00g072400.3

stearoyl-[acp]
9-desaturase:
Solyc01g009960.3

[+ 4 isozymes]

tryptamine

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc07g006095.1

phosphatidyl-N-
methylethanolamine
N-methyltransferase:
Solyc06g068470.3

dihydrozeatin-
7-N-glucose

nucleoside
diphosphate kinase:
Solyc12g049370.2

an ADP-sugar

oleate epoxidase:
Solyc02g080330.3

anthocyanidin
reductase [(2S,3R)-
flavan-3-ol-forming]:
Solyc03g031470.3

Solyc07g062130.3:
Solyc07g062130.3

spermidine

a [3-methylcrotonoyl-
CoA-carboxylase]-

L-lysine

an N-terminal N α -
acetyl-L-methionyl-
L-seryl-[protein]

a 2,3,4-saturated
fatty acid

methylchavicol

3,5-
dihydroxyanisole

2,3-dihydroxy-
isovalerate
dehydratase:
Solyc12g043020.2

cys

Bilirubin oxidase:
Solyc05g008290.3

4-coumaryl alcohol

flavanoid 3’,5’-
hydroxylase:
Solyc11g066580.2

superpathway of glycoalkaloid metabolism (Solanaceae)

cis-zeatin

L-glutamate-5-
semialdehyde

crinosterol

H
2

O

a [procollagen]-
L-proline

phloretin 3-C-
glucosyltransferase:
Solyc02g068220.1

Acetyl-CoA C-
acyltransferase:
Solyc09g091470.3

benzoyl-
CoA:benzyl alcohol
benzoyltransferase:

Solyc05g015770.1

UDP

vitamin E biosynthesis (tocopherols)

D-glt

[+ 4 isozymes]

L-arabinan (1,5)-α-L-
arabinofuranosidase:
Solyc01g079570.3

[+ 9 isozymes]

arachidonate

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

γ-tomatine

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

[+ 14 isozymes]

a dodecanoyl-[acp]

glucoraphanin

(3R,4R)-3,4-
bis(4-hydroxy-3-
methoxybenzyl)

tetrahydro-2-furanol

[+ 2 isozymes]

N-3-fumaramoyl-(S)-
2,3-diaminopropanoyl-
[DdaD non-ribosomal
peptide synthase]
oxygenase:
Solyc03g121040.3

GGPP

Glucosinolate
gamma-glutamyl
hydrolase:
Solyc07g006095.1

ethanolamine kinase:
Solyc04g072020.3

5-(2-hydroxyethyl)
-4-methylthiazole

a long-chain
alcohol--
long-chain

acyl wax ester

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

DIMBOA UDP-
glucosyltransferase:
Solyc08g008450.2

4-hydroxy-
tetrahydrodipicolinate
synthase:
Solyc03g044660.3

cyanidin 3-O-glucoside-
7-O-(6-O-(4-O-(glucosyl)
-oxybenzoyl)-glucoside)

[+ 2 isozymes]

(+)-7-epi-12-
oxojasmonoyl-
L-isoleucine

serine racemase:
Solyc08g008010.3

GTP

acyl-carrier protein

fatty acid β-oxidation II (peroxisome)

acyl-carrier protein

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

galactokinase:
Solyc01g058390.3

L-allo-threonine

4-methylumbelliferyl
glucoside

5-β-pregnan-
3,20 dione

oleamide

[+ 8 isozymes]

glutamate synthase
(ferredoxin):
Solyc03g063560.3

succinate

indole-3-acetyl-
tyrosine synthetase:
Solyc00g167300.2

fatty acid (ω-1)
-hydroxylase:
Solyc10g083400.1

glucose

prephenate
dehydratase:
Solyc11g072520.2

trans-zeatin-
9-N-glucoside

acetyl-CoA
synthetase
(AMP-forming):
Solyc01g060180.3

β-D-glucopyranose

[+ 11 isozymes]

(S)-methylmalonyl-
CoA

D-xylulose
5-phosphate

a 3-[(ω-
methylsulfanyl)

alkyl]malate

α-terpinene

[+ 2 isozymes]

[+ 2 isozymes]

[+ 2 isozymes]

a 3-methoxy-4-hydroxy-5-
all-trans-polyprenylbenzoate

UDP-N-acetyl-
α-D-glucosamine

glycerol-3-
phosphate
dehydrogenase:
Solyc03g031630.3

3-isopropylmalate
dehydratase:
Solyc03g005730.3

S-(2-hydroxyacyl)
glutathione

trp

phosphatidylinositol-
3-phosphate 3-
phosphatase:
Solyc11g007670.2

[+ 2 isozymes]

monodehydroascorbate
radical

spermidine

6-phosophogluco-
3-phosphogluco-
starch phosphatase:
Solyc11g007830.2

pyruvate

L-dopachrome

succinate

β-D-fructose 1,6-
bisphosphate

octanoyl-[acyl-carrier
protein] biosynthesis
(mitochondria, yeast)

α-tomatine

UTP

prolyl 3-hydroxylase:
Solyc01g005100.3

glycolate
dehydrogenase:
Solyc01g111630.3

(gibberellin-12), 2-
oxoglutarate:oxygen
oxidoreductase:
Solyc01g093980.3

biotin carboxylase:
Solyc12g056940.2

dihydrolipoamide
dehydrogenase:

Solyc12g099100.2

ATP

7-epi-α-selinene
synthase:
Solyc10g052745.1

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

an aliphatic
glucosinolate

a chlorophyllide

[+ 4 isozymes]

copal-8-ol
diphosphate
synthase:
Solyc08g005710.3

ceramide II
desaturase:
Solyc05g050090.3

[+ 4 isozymes]

L-serine deaminase:
Solyc08g008010.3

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

[+ 2 isozymes]

linoleoyl-CoA

A(H2)

UDP-glucose:α-
D-galactose-
1-phosphate
uridylyltransferase:
Solyc10g050850.2

(R)-S-
lactoylglutathione

(+)-5-epi-
aristolochene

myo-inositol-1,4,5-
trisphosphate
6-kinase:
Solyc12g042430.2

a cis-delta15-3-
oxo-C34:1-[acp]

2,4’,5,7-
tetrahydroxyisoflavanone

2-undecanone

delphinidin 3-
O-rutinoside-
7-O-(6-O-(4-

O-(glucosyl)-
oxybenzoyl)
-glucoside)

cys

[+ 4 isozymes]

(22R,23R)-28-
homobrassinolide

2-oxoglutarate

α-D-
glucopyranose

1-phosphate

[+ 2 isozymes]

ala

a polyamine

a 2,3,4-saturated  (3S
)-3-hydroxyacyl-CoA

[+ 7 isozymes]

a cyclic N 6 -L-
threonylcarbamoyladenosine

37 in tRNA

gln

D-serine
ammonia-lyase:
Solyc00g031360.2

UDP-glucose:cis-
zeatin 7-N-

glucosyltransferase:
Solyc03g078780.2

glutathione
peroxidase:
Solyc06g073460.3

ornithine-citrulline shuttle

a 5-L-glutamyl-
[peptide]

Solyc11g009100.2

a 1,4-α-D-glucan

15-cis-phytoene

galactokinase:
Solyc01g058390.3

a glycerophosphodiester

heptaprenyl
diphosphate
biosynthesis

lys

a (7Z)-3-
oxohexacos-

7-enoyl-[acp]

(Z)-1-(glutathion-
S-yl)-N-hydroxy-2-
phenylethan-1-imine

acyl-CoA hydrolysis

lutein

D-lysine

β-D-apiofuranosyl-
(1->6)-D-glucose

Delta(7)-sterol
5(6)-desaturase:
Solyc02g063240.3

Solyc11g069820.2

norajmaline

trans-dienelactone

Alcohol Degradation

galactosylxylosylprotein 3-
β-galactosyltransferase:
Solyc07g018200.1

violaxanthin

[+ 24 isozymes]

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

tetrahydrodipicolinate

naringenin-
chalcone synthase:
Solyc05g053170.3

glutathione hydrolase:
Solyc12g008640.2

3-demethylubiquinol-8

GMP

holo-[acyl-carrier-
protein] synthase:
Solyc11g006930.2

D-glucopyranose

a phthiotriol

biotin-[acetyl-CoA-
carboxylase] ligase:
Solyc11g013200.2

[+ 2 isozymes]

an N-terminal-
L-methionyl-L-

asparaginyl-[protein]

2-oxoglutaramate

SOLANESYL-
PYROPHOSPHATE

5-carboxymethylaminomethyluridine-
tRNA synthase: Solyc04g072775.1

mannanase:
Solyc00g231680.2

6-deoxocathasterone

germacra-
1(10),4,11(13)
-trien-12-ol

benzaldehyde

Glycolysis

monogalactosyldiacylglycerol
synthase: Solyc07g007620.3

4-amino-4-
deoxychorismate

D-cystine
L-djenkolate
lanthionine
[+ 3 more]

succinate

loganate O-
methyltransferase:
Solyc00g029190.3

alkaline α-
galactosidase:
Solyc03g058970.3

trans-zeatin
riboside

myo-inositol (1,4,5,6)
-tetrakisphosphate
3-phosphatase:
Solyc03g118000.1

gln

met

vinyl acetate

UDP-N-
acetylmuramate--L-
alanine ligase:
Solyc03g007970.2

protoporphyrinogen
oxidase:
Solyc03g005080.3

unspecific
monooxygenase:
Solyc01g088760.3

3-methoxy-
4’,5-dihydroxy-
trans-stilbene
methyltransferase:
Solyc00g005285.1

adenosine

a 10-
formyltetrahydrofolate

a reduced
thioredoxin

a 1-acyl-sn-glycerol
3-phosphate

1-18:2-2-16:0-
monogalactosyldiacylglycerol
desaturase: Solyc03g116730.3

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

val
leu
ile
phe

cycloartenol
biosynthesis

glu

(S)-2-aceto-2-
hydroxybutanoate

3-methyl-2-butenal

(S)-perillyl alcohol
dehydrogenase:
Solyc01g010490.3

putrescine

L-glutamate
degradation I

1-18:1-2-16:0-
monogalactosyldiacylglycerol
lipase: Solyc01g095720.3

17-β-hydroxy-5-α-
androstan-3-one

glutathione

asn

allysine

3-epi-6-
deoxocathasterone
C-23 hydroxylase:
Solyc03g121510.3

Putrescine N-
hydroxycinnamoyltransferase:
Solyc06g074710.1

m7 GTP

[+ 5 isozymes]

4α-carboxy-5α-
cholest-7-en-3β-ol

[+ 20 isozymes]

a [carboxyl-carrier
protein dimer]-N 6 -

carboxybiotinyl-L-lysine

phytol

[+ 2 isozymes]

GAR

[+ 2 isozymes]

3-(all-trans-octaprenyl)
benzene-1,2-diol

adenine

quercetin 4’-
O-glucoside

lipid IV
A

an aldehyde

multiflorenol

met

UDP-N-acetyl-
α-D-glucosamine

prostaglandin-H
2

16-hydroxypalmitate

1-deoxy-D-xylulose
5-phosphate
reductoisomerase:
Solyc06g060860.2

an N-terminal N α -
acetyl-L-methionyl-

L-glutaminyl-[protein]

Degradation/Utilization/Assimilation - Other

[+ 3 isozymes]

(R)-S-
lactoylglutathione

(+)-2-carene

N,N-dimethylaniline-
N-oxide

[+ 2 isozymes]

asn

3’,5’-ADP

arg

decanoyl-CoA

[+ 6 isozymes]

4-(3-methylbutanoyl)sucrose

3-hydroxy-3-
phenylpropanoyl-

CoA

2-oxoglutarate

(5α)-campestan-3-one

uroporphyrinogen
decarboxylase:
Solyc06g048730.3

CMP-N-
acetylneuraminate:type
3 precursor disaccharide
α-2,3-sialyltransferase:
Solyc03g097780.3

(-)-4’-demethyl-
epipodophyllotoxin

(+)-pinoresinol
reductase:
Solyc06g066170.3

glucose-6-
phosphate
isomerase:
Solyc04g076090.3

glutathione
peroxidase:
Solyc12g056230.2

1-18:3-2-16:0-
monogalactosyldiacylglycerol
desaturase: Solyc03g116730.3

xylan biosynthesis

[+ 17 isozymes]

[+ 5 isozymes]

GDP-α-D-
mannose

kaempferol 3-O-β-D
-glucosylgalactoside

3-oxo-dodecanoyl-
ACP hydrolase:
Solyc04g007190.3

vinylacetyl-CoA
∆-isomerase:
Solyc01g095470.3

15-oxoprostaglandin
13-reductase:
Solyc03g095313.1

(-)-jasmonate

coenzyme A biosynthesis I (prokaryotic)

Solyc08g067620.2

[+ 6 isozymes]

an oxidized
rubredoxin

but-3-en-2-one

homoserine kinase:
Solyc04g008760.2

O-carbamoyl-
deacetylcephalosporin
C hydroxylase:
Solyc01g096380.1

(1E,2S)-2-
methylbutanal

oxime

diadenosine 5’,5’’’-
pentaphosphate
hydrolase:
Solyc03g058460.1

a nucleoside 5’-
monophosphate

8-(methylsulfanyl)octyl-
desulfoglucosinolate

3-decanoyl-4-(3-
methylbutanoyl)sucrose

glutamate removal
from folates

phthalate 3,4-
dioxygenase:
Solyc11g071990.2

phe

Solyc12g019620.2

5,10-methylenetetrahydrofolate:glycine
hydroxymethyltransferase:
Solyc01g104000.3

trans-zeatin

Glucan 1,4-alpha-
glucosidase:
Solyc09g014400.3

2-aminoprop-
2-enoate

S-methyl-5’-
thioadenosine degradation I

nucleoside
diphosphate
phosphohydrolase:
Solyc12g098540.2

a (3R)-2’-
hydroxyisoflavanone

Solyc12g017420.2

cyanidin 3-O-[6-O-
(4-O-β-D-glucosyl-
p-coumaroyl)-2-O-

(β-D-xylosyl)-β-D-
glucosyl]-5-O-(6-O-

malonyl-β-D-glucoside)

nitrite

2-oxo-acid
carboxy-lyase:
Solyc12g099270.2

UDP

a medium
chain fatty acid

UDP

1-deoxy-D-xylulose-5-
phosphate synthase:
Solyc01g067890.3

glycogen synthase:
Solyc01g016655.1

inositol 1,4-
bisphosphate 1-
phosphatase:
Solyc05g056490.3

inositolphosphorylceramide
synthase: Solyc04g071560.3

[+ 6 isozymes]

mannose-6-
phosphate
isomerase:
Solyc02g063220.3

caffeoyl-CoA O-
methyltransferase:
Solyc01g107910.3

protochlorophyllide a

acetoacetyl-CoA

L-glutamate-5-
semialdehyde a membrane

compartment

C33-phthiodiolenone
A reductase:
Solyc02g088510.3

flavin reductase:
Solyc02g085820.3

superpathway of pyrimidine deoxyribonucleotides de novo biosynthesis

5-(methylsulfanyl)
pentyl-

desulfoglucosinolate

molybdopterin
synthase
sulfurtransferase:
Solyc11g068930.2

CO

[+ 2 isozymes]

[+ 108 isozymes]

7-dehydrocholesterol
reductase:
Solyc06g074090.3

brassinolide
22-O-sulfate

[+ 7 isozymes]

a ribonucleoside

dCMP kinase:
Solyc01g088480.3

1-18:1-2-16:0-
monogalactosyldiacylglycerol
desaturase: Solyc03g116730.3

nicotinate adenine dinucleotide

suberin monomers biosynthesis

UDP-N-acetyl-
α-D-glucosamine

Sarcosine/
dimethylglycine N-
methyltransferase:
Solyc06g051000.2

guanine

dUMP

[+ 3 isozymes]

a palmitoyl-[acp]

[+ 11 isozymes]

β-ketoacyl [acyl-
carrier protein]
synthase:
Solyc09g031528.1

scopoletin

palmitoleate
biosynthesis II

(plants and bacteria)

7,8-dihydroneopterin

[+ 11 isozymes]

D-xylulose
5-phosphate

a (2E)-octadec-2-enoyl-[acp]

(+)-germacrene A

eugenol O-β-D-
xylopyranosyl-(1->6)-
O-β-D-glucopyranoside

∆ 1 -pyrroline-
2-carboxylate
reductase:
Solyc06g036330.1

glutathione

PRPP

homoserine
dehydrogenase:
Solyc06g064550.3

(+)-γ-muurolene

delphinidin 3-
O-rutinoside-
7-O-(6-O-(p-

hydroxybenzoyl)
-glucoside)

7-(methylsulfinyl)
heptyl-glucosinolate

F6P

cholesterol oxidase:
Solyc00g306830.1

histidinol

jasmonic acid biosynthesis

a jasmonoyl-
L-valine

ethanolamine

fatty-acyl-[acp]
elongase/
decarboxylase:
Solyc10g083270.3

9(R)-HPOTE
xylan

Aldehyde reductase:
Solyc09g015070.3

K+

L-aspartyl-
4-phosphate

a cis-delta11-3-
hydroxyC30:1-

[acp]

tomatid-3-one

cis-vaccenate

ascorbate oxidase:
Solyc01g005510.3

1-octadecene

siroheme biosynthesis

D-erythro-
imidazole-glycerol-

phosphate

an ω-(methylsulfinyl)
alkyl-glucosinolate

leukotriene A
4

[+ 27 isozymes]

(2E,6E)-farnesyl
diphosphate

an isoflavone

Man
9

GlcNAc
2

 1,2-
α-mannosidase:
Solyc12g098670.2

IAA-Ile

cathasterone

xanthoxin
dehydrogenase:
Solyc04g071940.3

[+ 23 isozymes]

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

benzoquinol

[+ 11 isozymes]

Solyc05g055330.3

2-iminobutanoate

IMP

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

D-arabinofuranose
5-phosphate

a malonyl-[acp]

NADH:ubiquinone
oxidoreductase
(H + -transporting):
Solyc00g013130.3

[+ 23 isozymes]

putrescine

val

3-phytase:
Solyc06g050990.3

trehalose synthase:
Solyc02g084820.3

molybdopterin-
synthase
adenylyltransferase:
Solyc07g064850.3

[+ 3 isozymes]

a carboxylate

caffeoyl-
CoA:pelargonidin-
3,5-diglucoside-6’’-
O-acyltransferase:
Solyc10g008650.2

[+ 2 isozymes]

N6 -(∆ 2 -isopentenyl)
-adenosine 5’-
monophosphate
phosphoribohydrolase:
Solyc01g005680.3

D-specific enoyl-
CoA hydratase:
Solyc06g075000.3 (R)-3-(4-

hydroxyphenyl)
lactate

DIBOA

uridine 955/2504/

2580 in 23S rRNA

[+ 17 isozymes]

(Z,Z)-
biliverdin-IX α

3-butenylnitrile-
specifier protein:
Solyc05g024415.1

asparaginase:
Solyc04g078460.3

diamine N-
acetyltransferase:
Solyc09g082260.1

15,9’-di-cis-
phytofluene

zeaxanthin
dioxygenase:
Solyc01g087250.3

desacetoxyvindoline
4-hydroxylase:
Solyc01g016633.1

pyrimidine ribonucleotides interconversion

cis-hydroxy-
prenyl-tRNA

[+ 7 isozymes]

geranylgeranyl
diphosphate
reductase:
Solyc01g088310.3

violdelphin

an oxidized
ferredoxin [iron-
sulfur] cluster

a 1,2-diacyl-
sn-glycerol

met

N-acetylneuraminate
7-O(or 9-O)-
acetyltransferase:
Solyc01g058270.3

xylulokinase:
Solyc00g104630.2

Solyc01g044550.2:
Solyc01g044550.2

D-glucopyranose

a (2E,4E)-alka-
2,4-dienoyl-CoA

D-glyceraldehyde
3-phosphate

[+ 3 isozymes]

carbonic anhydrase:
Solyc02g067750.3

caryophyllene synthase:
Solyc06g059930.3

a di-trans, poly-
cis-polyisoprenyl

diphosphate

gibberellin A
12

18-hydroxyoleate
dehydrogenase:
Solyc00g156980.3

Glucuronoxylan 4-O-
methyltransferase:
Solyc01g103360.3

a homogalacturonan

Man
8

GlcNAc
2

isomer 8A
1,2,3

B
1,3

1,2-α-mannosidase:
Solyc02g070520.3

PAPS

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

tetrakisphosphate

[+ 3 isozymes]

ethanolamine
kinase:
Solyc08g066820.3

prephenate

glutathione

methanesulfonate

8-hydroxygeraniol
dehydrogenase:
Solyc04g048970.1

pyochelinyl-[PchF
non-ribosomal

peptide synthase]

scyllo-inosose

[+ 2 isozymes]

[+ 2 isozymes]

[+ 5 isozymes]

all-trans-4,4’-
diaponeurosporene

cinnamoyl-CoA

an (2R)-2-alkyl-
3-oxoalkanoate

glycerol degradation V

Ap6A

a levan

AMP

a donor Xyloglucan
with cleaved

xyloglucanyl segment

[+ 7 isozymes]

Solyc09g008670.3:
Solyc09g008670.3

trans-zeatin

propanoyl-CoA

acetaldehyde
biosynthesis I

2-dehydro-3-
deoxygalactonokinase:
Solyc01g008480.3

K+

(+)-
dihydromyricetin

DNA N(6)-methyladenine
demethylase:
Solyc04g045590.3

[+ 11 isozymes]

a long-chain
acyl-CoA

[+ 9 isozymes]

heptadecanoyl-[acp]
elongase/decarboxylase:
Solyc10g083270.3

[+ 5 isozymes]

an anthocyanidin-3-O-
[6-O-(hydroxycinnamoyl)

-β-D-glucoside]

daphnetin 3-O-
glucosyltransferase:
Solyc02g081690.1

[+ 2 isozymes]

[+ 6 isozymes]

a malonyl-[acp]
methyl ester

α-D-Man-(1->2)-α-D-Man-(1->2)-α-D-
Man-(1->3)-[α-D-Man-(1->3)-α-D-Man-
(1->6)]-β-D-Man-(1->4)-β-D-GlcNAc-
(1->4)-α-D-GlcNAc-diphosphodolichol

N-acetyl-β-
glucosaminylamine

D-ribulose-1,5-
bisphosphate

[+ 26 isozymes]

a [glycerolipid]-
(7Z,10Z,13Z)-

hexadecatrienoate

Protein-disulfide
reductase
(glutathione):
Solyc02g082200.3

a (3Z)-alk-3-
enoyl-CoA

a uridine 34

in tRNA

(S)-malate

Aldehyde
dehydrogenase
(NAD(P)(+)):
Solyc12g007030.2

[+ 20 isozymes]

O-fucosylpeptide 3-beta-N-
acetylglucosaminyltransferase:
Solyc00g101700.1

a trans-2-
enoyl-CoA

hexanoyl-CoA

4-hydroxy-
tetrahydrodipicolinate
reductase:
Solyc01g098380.3

uroporphyrinogen
decarboxylase:
Solyc10g007320.3

α-D-mannosyl-(1->3)-α-D-
mannosyl-(1->3)-N-acetyl-α-
D-glucosaminyl-diphospho-

ditrans,octacis-undecaprenol

acyl-[acp]
thioesterase:
Solyc12g006930.2

2-iminopropanoate

3-methyl-2-
oxobutanoate

3-hydroxybutyryl-
CoA epimerase:
Solyc01g066620.3

formate

[+ 2 isozymes]

PAPS

N-acetyl-D-
glucosamine kinase:
Solyc07g044750.3

UDP-α-D-glucuronate
biosynthesis

(from myo-inositol)

a long-linear
α-D-glucan

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

3-oxo-5-alpha-
steroid 4-
dehydrogenase
(acceptor):
Solyc06g068970.3

a cis,cis-
delta15,27-
C46:2-[acp]

a phospholipid

GGPP

3-oxo-myristate
decarboxylase:
Solyc09g014970.3

(3Z)-hex-
3-en-1-ol

[+ 7 isozymes]

an alcohol

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

hypusine biosynthesis

(+)-sesaminol 2-
O-β-D-glucosyl
(1->2)-O-[β-D-
glucosyl (1->6)
]-β-D-glucoside

a (2R,3S,4S)-
leucoanthocyanidin

carbamoyl
phosphate

5’-nucleotidase:
Solyc12g098830.2

phosphatidylserine
decarboxylase:
Solyc01g104880.3

3-phenyl-2-
oxopropanoate

syringetin

glycerol 1-
phosphate

a 6-(N-acetyl-α-D-
glucosaminyl)-1-

phosphatidyl-1D-myo-inositol

glutamyl-tRNA(Gln)
amidotransferase:
Solyc01g111210.3

[+ 3 isozymes]

an anthocyanidin-
3-O-β-D-glucoside

pentose phosphate pathway

Sterol 14-alpha-
demethylase:
Solyc01g008110.3

ala

quercetin

methylsalicylate
esterase:

Solyc01g108720.2

[+ 4 isozymes]

Solyc01g018025.1:
Solyc01g018025.1

IPP

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

ornithine
decarboxylase: odc

all-trans-octaprenyl-
diphosphate
synthase:
Solyc07g061990.3

UDP-α-D-glucose

IMP

a reduced
thioredoxin

[+ 5 isozymes]

(S)-tetrahydroberberine
oxidase:
Solyc02g022850.1

(3R)-3-
hydroxylignoceroyl-

CoA

3’,5’-cyclic-nucleotide
phosphodiesterase:
Solyc07g009460.3

phenylalanine
ammonia-lyase:
Solyc00g282510.2

PLP

m7 GTP
pyrophosphatase:
Solyc02g085290.3

oxidized polyvinyl
alcohol

(n)

all-trans-10’-
apo-β-carotenal

[+ 2 isozymes]

cinnamate 4-
hydroxylase:
Solyc05g047530.3

[+ 15 isozymes]

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

L-aspartyl-
4-phosphate

CTP:phosphocholine
cytidylyltransferase:
Solyc02g068430.3

arg

cis-12-
sulfojasmonate

an epoxide

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

an [E1 NEDD8-
activating

enzyme]-L-cysteine

dTDP-3,4-diketo-2,6-
dideoxy-D-glucose
3-ketoreductase:
Solyc11g011840.2

L-fucopyranose

dTMP

[+ 11 isozymes]

sn-glycerol
3-phosphate

flavonol biosynthesis

(7Z,10Z)-
hexadecadienoyl-
lipid 13-desaturase:
Solyc06g051400.3

HMG-CoA 18-hydroxyoleate

a queuosine 34

in tRNA

D-allose

a malonyl-[acp]
a 1-phosphatidyl-
1D-myo-inositol
4,5-bisphosphate

2,3,4-saturated fatty
acyl-[acp]:NAD+
oxidoreductase:
Solyc01g006450.3

[+ 10 isozymes]

oleate

nucleoside
diphosphate kinase:
Solyc12g049370.2

UDP-β-L-
arabinofuranose

dCDP

[+ 5 isozymes]

[+ 17 isozymes]

[+ 3 isozymes]

Fatty Acid and Lipid Degradation

[+ 6 isozymes]

a [glycerolipid]-
(E)-11-methyl-

12-octadec-
12-enoate

[+ 4 isozymes]

xyloglucan with an α-
D-xylosyl sidechain

a 3-O-[β-D-GlcA-(1->3)-α-D-GlcNAc-
(1->4)-β-D-GlcA-(1->3)-β-D-Gal-(1->3)-

β-D-Gal-(1->4)-β-D-Xyl]-L-seryl-[protein]

2-dihydro-
NAD oxidase:
Solyc10g005620.3

[+ 5 isozymes]

a 6-methoxy-3-methyl-
2-all-trans-polyprenyl-

1,4-benzoquinol

[+ 21 isozymes]

[+ 2 isozymes]

UDP-α-D-glucose

linalool synthase:
Solyc01g105890.3

5’-deoxyadenosine

2-(3-amino-3-
carboxypropyl)
histidine synthase:
Solyc06g066300.1

tartronate
semialdehyde
reductase:
Solyc01g081510.3

maltose

D-sedoheptulose
7-phosphate

3-oxo-2-(cis-2’-pentenyl)-
cyclopentane-1-butanoyl-CoA

[+ 9 isozymes]

[+ 3 isozymes]

(E)-4-
coumaroyl-CoA

UDP-N-acetyl-
α-D-glucosamine

glucokinase:
Solyc02g091830.3

9,9’-dicis-ζ-carotene
desaturase:
Solyc01g097810.3

mRNA N(6)-
methyladenine
demethylase:
Solyc01g104130.3

NAD +

1-pyrroline-
4-hydroxy-2-
carboxylate

(+)-valencene

purine
cytosine
caffeine

[+ 4 more]

[+ 11 isozymes]

a long-chain
acyl-CoA

[+ 2 isozymes]

hydrogencarbonate

allysine

oleate

H+

phosphocholine
phosphatase:
Solyc03g121430.2

α,α-trehalose

[+ 4 isozymes]

aldehyde
dehydrogenase:
Solyc12g099290.2

succinate
semialdehyde
dehydrogenase
(NAD + ):
Solyc09g090700.1

UDP-α-D-
galactose

tryptophan--pyruvate
aminotransferase:
Solyc01g017610.1

(-)-jasmonate

4-methylumbelliferone

Lipoate--
protein ligase:
Solyc06g065310.3

13-DPG

(S)-usnate

2,3-bisphosphoglycerate-
independent
phosphoglycerate
mutase: Solyc06g005370.3

cinnamate

an oligosaccharide

glu

(3R)-2’-
hydroxyisoflavanone
reductase:
Solyc01g094070.3

an electron-
transfer quinone

Dynein ATPase:
Solyc01g005460.3

N-demethylnarwedine
synthase:
Solyc10g080815.1

1-pyrroline

A

castasterone C-
26 hydroxylase:

Solyc03g120060.2

UDP

starch biosynthesis

2-alkenal reductase
(NADP(+)):
Solyc01g020115.1

UTP--glucose-
1-phosphate

uridylyltransferase:
Solyc01g081520.3

H+

AMP

flavonol 3-O-
glucosyltransferase:
Solyc02g067690.3

a (1,6)-α-D-glucosyl-
(1,4)-α-glucan

[+ 4 isozymes]

glutamate
formimidoyltransferase:
Solyc07g054430.3

[+ 17 isozymes]

3-demethylubiquinol
3-O-
methyltransferase:
Solyc07g055850.3

AICAR

D-glyceraldehyde
3-phosphate

coproporphyrinogen III

[+ 15 isozymes]

2-cis-abscisate

fatty acid synthase:
Solyc01g067730.3

α-chaconine

adenosine

D-ribofuranose
5-phosphate

H
2

O

4α-carboxy-4β-
methyl-5α-cholesta-

8,24-dien-3β-ol

an octanoyl-[acp]

[+ 2 isozymes]

[+ 2 isozymes]

taxadiene 5α-
hydroxylase:
Solyc07g064470.3

anthocyanidin
synthase:
Solyc08g080040.3

neurosporene
β-monocyclase:
Solyc04g040190.1

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

(2E,6E)-farnesyl
diphosphate

ornithine
aminotransferase:
Solyc08g048450.3

nicotinate-
mononucleotide
adenylyltransferase:
Solyc07g065590.3

galactosyltransferase:
Solyc01g079300.3

β-alanine
biosynthesis II

3-oxoacyl-[ACP]
reductase:
Solyc12g044940.2

isochorismate

stearate

geraniol
dehydrogenase:
Solyc04g082180.4

a 1-phosphatidyl-
1D-myo-inositol

3-phosphate

8-amino-7-
oxononanoate
synthase:
Solyc06g034150.3

an L-cysteine-
S-conjugate

Solyc03g033270.3

2-oxoglutarate

1-linoleoyl-2-
α-linolenoyl-

phosphatidylcholine

4-aminobutyrate
aminotransferase:
Solyc07g043310.3

TomatoCyc: Solanum lycopersicum Cellular Overview
Authors: Bo Xue
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An online version of this diagram is available at BioCyc.org. Biosynthetic pathways are positioned in the left of the cytoplasm, degradative pathways 
on the right, and reactions not assigned to any pathway are in the far right of the cytoplasm. Transporters and membrane proteins are shown on the membrane.
Periplasmic (where appropriate) and extracellular reactions and proteins may also be shown.  Pathways are colored according to their cellular function.  
Connections between pathways are omitted for legibility.
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Table S1. List of primers used for qRT-PCR analysis for folate biosynthesis pathway in AV and 

PKM-1 fruit. The primers were designed using SOL ITAG 2.3. 

ADCS, aminodeoxychorismate synthase; ADCL, aminodeoxychorismate lyase; GCHI, GTP cyclohydrolase I; DPP, 

dihydroneopterin triphosphate pyrophosphatase; DHNA, dihydroneopterin aldolase; DHFS, dihydrofolate synthetase; 

DHFR, dihydrofolate reductase; HPPK-DHPS, hydroxymethyldihydropterin pyrophosphokinase – dihydropteroate 

synthase; FPGSm, folylpolyglutamate synthase (mitochondrial); FPGSp, folylpolyglutamate synthase (plastidial); 

GGH, γ-glutamyl hydrolase. 

  

′Gene SGN id. Primer Sequence (5′→3′) 

Amplico

n size 

(bp) 

ADCS Solyc04g049360 
Fp TGAAAGAAGGGCTCATTATGCT 

148 
Rp CTGGATGTGATAGATTTAAGGTTCC 

ADCL1 Solyc11g071280 
Fp TCGATAGGGAAAGCATAAGACAGA 

110 
Rp ATAGTTGAAAATCACCAGGTCCTG 

GCH1 Solyc06g083230 
Fp AGGATGCTGTTAGAGTCCTATTGC 

103 
Rp TGTTCCTTGTCTTAGAGCCTTAGC 

DPP Solyc03g043860 
Fp ATGAGGAAAATCTTGCATCACACT 

116 
Rp CATACCATTCCCATCCATCACATT 

DHNA Solyc10g079830 
Fp CAAGTATCCAGAGGTATCTGCTGTT 

99 
Rp GTATCTAATGATCTCGACACCCAAG 

DHFS Solyc06g051900 
Fp CACTTCGAGTACCCTATGTAGCAAT 

113 
Rp CGTAAAGTTCAGATGCTACATCCTT 

DHFR Solyc01g109830 
Fp GTTCAGGAAGTTTTGACATTGCTAC 

103 
Rp AATAGAGAGACAATAAGGCGAGGAT 

HPPK-DHPS Solyc05g012090 
Fp ACTTTATGCAACTTAGGATCAGTGG 

114 
Rp GTTGACGTTAGCTTTAGACTTCTGC 

FPGSm Solyc04g016550 
Fp GAGCT TGGACAAACG GTAGTATTTA 

114 
Rp TTTCCAGGAGTGTATGAGGGTATAG 

FPGSp Solyc05g052920 
Fp TACTTCTCTGCTC TACGCTTCAAAT 

111 
Rp AGTTGGCTTTATCTCATCCTTACCT 

GGH1 Solyc07g062270 
Fp GAAGATTTCCCCCCGTGTTGCTAAAGA 

128 
Rp CAATACCCTGAAAAAGCTACTCAAA 

GGH2 Solyc10g007410 
Fp CCCGATTATATATACAGAGCCTCCT 

140 
Rp CTTCAAAGTAGAGACCCTTCTTGCT 

GGH3 Solyc07g062280 
Fp ACCAGAAGCTCAAAAAGTACTTGAC 

104 
Rp GACTGTTGAAAACGTAAACCTCATC 

β-ACTIN FJ532351.1 
Fp GTCCCTATTTACGAGGGTTATGC 

108 
Rp CAGTTAAATCACGACCAGCAAGATT 

UBIQUITIN 3 X58253.1 
Fp GCCGACTACAACATCCAGAAGG 

110 Rp TGCAACACAGCGAGCTTAACC 
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Table S2. List of primers used for qRT-PCR analysis for carotenoid biosynthesis pathway in AV 

and PKM-1 fruit. The primers were designed using SOL ITAG 2.3 

 
Gene SGN id. Primer Sequence (5′→3′) Amplicon size (bp) 

DXS Solyc01g067890 
FP AAATGGGATCGGTGTAGAGC 

115 
RP TGCTGAGCCATATCCCAATA 

GGPPS2 Solyc04g079960 
FP ATCAATGGAGCAGCTTTGTG 

128 
RP GCGGTTGATAAAACGACGTA 

PSY1 Solyc03g031860 
FP TGAATTAGCACAGGCAGGTC 

140 
RP TCAATTCTGTCACGCCTTTC 

PDS Solyc03g123760 
FP TATCATCAACGTTCCGTGCT 

122 
RP TATCGGTTTGTGACCAGCAT 

ZISO Solyc12g098710 
FP AGAGCGTGCTTTTCGTGTATTG 

107 
RP ATTGCCATAACTGCACTCCATC 

ZDS Solyc01g097810 
FP TCCAAAAGGGCTATTTCCAC 

115 
RP TTGATCCAAGAGCTCCACAG 

CRTISO Solyc10g081650 
FP GAGATCGCCAAATCCTTAGC 

118 
RP CAGAAAGCTTCACTCCCACA 

LCYB1 
Solyc04g040190 

 

FP CGATGCAACTGGCTTCTCTA 
149 

RP AATGAGAATCTCGCCAATCC 

CYCB Solyc06g074240 
FP TCTTCTCAAGCCTTTTCCATC 

92 
RP TGGTGGGACTTAGAAAAGAAGG 

LCYE Solyc12g008980 
FP TTAGTCGCCATTTTCTGCAC 

130 
RP TCACCCTCGCACTCTACAAG 

ZEP Solyc02g090890 
FP GGTCGTGTTACATTGCTTGG 

118 
RP TGCATGCTTTTTCAAGTTCC 

VDE Solyc04g050930 
FP GTGCAGCTAATGTTGCCTGT 

126 
RP GGGAGACTGCACACTCATTG 

CYP97A Solyc04g051190 
FP GTGCCATTGTACCAGCATTG 

101 
RP TGCAGCAACATCAAGCTTTT 

CYPC11 Solyc10g083790 
FP TGCTGAGAGAATGGTGGAGA 

107 
RP GTGCAAGGCCAATAACATCA 

NCED Solyc07g056570 
FP TGACACCACCAGACTCCATT 

130 
RP ACTTGTTCATCCGGGTTTTC 

DXS, deoxy-xylulose 5-phosphate synthase; GGPPS, geranylgeranyl diphosphate synthase; PSY1, phytoene synthase 

1; PDS, phytoene desaturase; ZISO,  -carotene isomerase; CRTISO, carotenoid isomerase; ZDS, -carotene 

desaturase; LCYB1, lycopene β-cyclase1; CYCB, chromoplast specific lycopene β-cyclase; LCYE, lycopene -cyclase; 

ZEP, zeaxanthin epoxidase; VDE, violoxanthin deepoxidase; CYP97a, cytochrome P450 carotenoid β-hydroxylase 

A29; CYP97C11, cytochrome P450 carotenoid ε-hydroxylase C11; NCED, 9-cis-epoxycarotenoid dioxygenase.  
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Table S3. Carotenoids profiles of AV and PKM-1 at MG, BR, and RR fruits. Values in bold 

show the significant difference (P ≤ 0.05) with respect to AV. Data are mean ± SE (n =4) and 

expressed as µg/gm FW. The ND (Not detected) refers to the stages where the carotenoid analysis 

was carried out, but respective carotenoid was not detected, perhaps due to being below the limit 

of the detection. 

Carotenoid 

MG BR RR 

AV PKM-1 AV PKM-1 AV PKM-1 

Lycopene 0.3±0.02 0±0 0.42±0.04 0.58±0.08 56.63±4.56 78.7±3.05 

β-Carotene 0.68±0.09 0.87±0.21 0.99±0.23 1.56±0.08 2.95±0.21 4.94±0.2 

Lutein 0.94±0.06 0.99±0.05 0.6±0.05 2.61±0.14 0.94±0.12 2.29±0.22 

Phytoene ND ND ND ND 32.33±2.55 50.43±5.31 

Violaxanthin 0.54±0.04 0.5±0.1 0.44±0.07 0.75±0.03 ND ND 

Neoxanthin 0.26±0.02 0.96±0.33 0.06±0.01 0.9±0.05 ND ND 

β-Cryptoxanthin ND ND ND ND 2.33±0.49 2.38±0.29 

α-Carotene ND ND ND ND 1.02±0.08 1.18±0.12 

ζ-Carotene ND ND ND ND 8.98±0.92 11.8±1.57 

δ-Carotene ND ND ND ND 2.15±0.47 3.69±0.38 

γ-Carotene ND ND ND ND ND 1.71±0.14 

 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.502140doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.502140
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table S4. The relative proportions of different functional categories of mutations in genes and in 

noncoding regions including promoters and introns in PKM-1. 

Type SNPs Genes 

Whole Genome 350316 2359 

CDS 5664 1765 

3' UTR 1323 515 

5' UTR 967 430 

Nonsynonymous 3568 1377 

Synonymous 1921 843 

Noncoding 2290 878 

START-lost 14 14 

STOP-gain 142 118 

STOP loss 19- 19 

SIFT Deleterious 1307 679 

 

The total number of unique SNPs (350,316) in whole genome of PKM-1 was calculated after 

subtracting the SNPs present in Arka Vikas compared to reference genome of tomato cultivar 

Heinz. The total number of 828,076,956 nucleotide predicted by ITAG3.2 tomato genome 

assembly were taken as denominator to calculate the percent difference of genome of PKM-1 

compared to Arka Vikas (350316/828076956   X 100 = 0.0423%).  
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