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The PMN Resources (plantcyc.org)

* A pipeline for high quality enzyme function prediction and
metabolic pathway inference from sequenced plant
genomes

* Metabolic pathway databases for 22 plant genomes
* A pan-plant metabolic pathway database PlantCyc

* Experimental information of enzymes and pathways for over
400 plant species



The PMN Pipeline
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Ensemble Enzyme Prediction Program (E2P2)
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Training Data and Performance of E2P2
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Pathway Inference by Pathway Tools
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Semi-automated Validation of Pathway-Inference (SAVI)

* Manual curation of rules for each reference pathway
e Ubiquitous Plant Pathway
Accept-if-Predicted Pathway

Conditionally Accepted Pathway
* Key reaction(s)

* Taxonomic range
Non-PMN Pathway
Manually Check Pathway

* Rule-based automatic screening of inferred pathways



Examples of missing pathways and removed pathways
(e.g. TomatoCyc)

* Missing then added
e photorespiration
 sulfate assimilation pathway

* Removed
e protein ubiquitylation
e glycogen degradation
* serotonin and melatonin biosynthesis
e C4 photosynthetic carbon assimilation cycle
* capsaicin biosynthesis
e dehydroscoulerine biosynthesis



Semi-automated Validation of Pathway-

Inference (SAVI)
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http://plantcyc.org

PlamCyc

PMN’

Planmt Metabobc Network

PLANT METABOLIC PATHWAY DATABASE

The PMN currently houses one mults species reference database called PlantCye and 22 speCiesNason
databases

o PMN Coment SEatinnics - stats sboul patwviys, enymmed, redctions, compoundy, and more
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PMN use case-1: my gene

e Search for the gene

* find reaction

e find homologs
e find pathway
e find upstream and downstream genes of the pathway
* compare the pathway to other species
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m-l - l - l - 2.5
GCene ID Gene Accession Gene name Enzymatic activity Evidence
G2QC~-107929 GRMIM2G048121 P01 GRMZIM2GO4B8121 P01 GRMZIM2GO48121 PO1 EV-COMP
GDQC~1075713 GRM2M2G1132875 P02 GRMZM2G132875 P02 GRMZM2G132875 P02 EV-COMP
CDQC-114339 GRMZIN2C060952 P01 CRMEIM2G060952 P01 CRMIM2G060552 P01 EV-CONMP
GDOC-111722 CRMIM2GO0B7507_P01 GRNIM2GO87507_p01 GRMZM2GO87507_PO1 EV-CONP
GOQC~104580 GRMEIM2G415579_p01 GRMZIM2G415579_pO1 GRMIM2G415579 POl EV-COMP
GOQC~-104554 GRMZIM2G126062 P01 CRMIM2G126062 P01 GRMIM2G126062 PO1 EV-COMP
CoQC-114475 GRMZIM2C000268 P03 CRMZM2G000268 P03 CRMIM2C000268 P03 EV-COMP
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‘—W\ > TR

0
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= Ad;;mmle] Zea mays mays Compound: 2'-deoxymugineate
Synonyms: 1-azetidinebutanoic acid, 2-deoxymugineic acid

Chemical Formuta: CyH N0,

Molecular Weight: 303.29 Daltons
Monoisotopic Molecular Weight: 306.1427010713 Daltons

%N 0. 0 o0o. O
zNHJNH? \IOH
SMILES: C1(CC(C([0-])=0)[N+]1CCC(IN+]CCC(O)C(=0)O-1IC(=0){0-])

InChi: InChi=15/C12H20N207/¢15-9(12(20)21)1-4-13-7(10(16)17)2-5-14-6-3-8(14)11(18)19/h7-9,13,15H,1-6H2,(H,16,17)
(H,18,19)(H,20,21)/p-1/t7-,8-9-/m0/s1

InChiKey: InChiKey~CUZKLRTTYZOCSD-CIUDSAMLSA-M
Unification Links: ChEBI: 58487, HMDB:HMDBI3909, KEGG:C15485, PubChem:25244997
Reactions known to consume the compound:

hydroxylated mugineic acid phytosiderophore blosynthests :
2-deoxymugineate + 2-oxoglutarate « oxygen -« J-epihydroxy-2 -deoxymugineate + succinate « CO; + H*
2 -deoxymugineate + 2-axoglutarate « oxygen -« mugineate + succinate +« CO, + H*

Reactions known to produce the compound:

2'-deoxymugineic acid phytosiderophore blosynthesss :
2 -deoxymugineate + NAD(P)' «- 3"-deamino-3"-oxonicotianamine + NAD(P)H + H*




|Evidence Glyph [Enzymes and Genes for hydroxylated mugineic acid phytosiderophore biosynthesis

f

pathway is not marked as present in this organism.

enzymes or genes have been identified for this pathway

;.

[EC 1.14.11.24

MLOC_ 76208 1
MLOC_48351.2: MLOC 48351,
MLOC_1079.1: MLOC_1079.1
MLOC_19745.1: MLOC_19745.1

C1.14.11.25

mugineic-acid 3-dioxygenase: ids2

rc 1.14.11.25'

mugineic-acid J-dioxygenase: ids-2
mugineic-acid 3-dioxygenase: ids2

0. sativa Japonica Group

[EC 1.14,11.24 {LOC_0507g07410.1: LOC_0507g07410.1

[EC 1.14.11.25|

None

[EC 1.14,11.25

None

P. patens

This pathway s not marked as present in this organism,
[No enzymes or genes have been identified for this pathway

S. bicolor

C1.14.11.24

[EC 1.14.11.25

None

[EC 1.14.11.25 [None

L. mays mays

rc 1.14.11.24

GRMIM2G110369_PO1: GRMIM2G110369_PO1
GRMIM2G146234_PO1: GRMIM2G146234_PO1
GRMZM2G086231_PO1: GRMIM2G086231_PO1

[€C 1.14.11.25]

None

[EC 1.14.11.25

None




Use case-2: given a list of genes, find
enrichment of pathways
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Overlay omics data on pathways

Omics Viewer / Metabalic Map ¥ .
Dead-end Metabolites opsis thaliana, Strain col, version 14.0
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Future Development

Further enhance accuracy of enzyme function predictions
Annotate transporters and subcellular location of reactions
Create 100 pathway databases for sequenced genomes
Provide online database creation service

Develop genome-scale metabolic models

Provide web app for integrated view of metabolism with other
information such as gene expression



Team and Funding Sources

Sue Rhee (PI)
Pascal Schlapfer (Postdoc)
Michael Banf (Postdoc)

Bo Xue (Programmer)

Garret Huntress (System Admin)

Peter Karp (Collaborator)

CARNEGIE




