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Introduction

Background and rationale
- Plants (food, feed, forest, medicine, biofuel...)

- An ocean of sequences

* More than 60 species in genome sequencing projects, hundreds
in EST projects

- Putting individual genes onto a network of metabolic
reactions and pathways
- Annotating, visualizing and analyzing at system level
- AraCyc (Arabidopsis thaliana, TAIR/PMN)

» predicted by using the Pathway Tools software, followed by
manual curation



Browsing Pathways

PlantCyc Pathways Class: Alkaloids Biosynthesis

Summary:
This class contains biosynthetic pathways of alkaloids. Most alkaloids contain cydic nitrogen.
function as defense compounds. Many alkaloids, induding morphine and cocaine, have a high
receptors of neurotransmitters and have pharmacological activities.

Parent Classes:
Nitrogen-Containing Secondary Compounds Biosynthesis
Child Classes:
Betalaine alkaloids (8) ,
Indole alkaloids (9) ,
Isoquinoline and Benzylisoquinoline alkaloids (9)
Peptide alkaloids (0)
Polyketide alkaloids (0) ,
Purine alkaloids (4) , Instances:
Pyrrolidine, Piperidine and Pyridine alkaloids (3) (S)-reticuline biosynthesis |,
Pyrrolizidine alkaloids (0) , berberine biosynthesis ,
Quinoline alkaloids (2) , bisbenzylisoquinoline alkaloid biosynthesis ,
Quinolizidine alkaloids (1), dehydroscoulerine biosynthesis ,
Terpenoid Alkaloids Biosynthesis (3) , laudanine biosynthesis ,
Tropane alkaloids (4) magnoflorine biosynthesis ,
morphine biosynthesis ,
palmatine biosynthesis ,
sanguinarine and macarpine biosynthesis




Searching Databases
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A Typical Pathway Detail Page

PlantCyc Pathway: choline blosynthesis Hli
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Linking to Other Data Detail Pages

PlantCyc Pathway: choline Bosynthesis I8




Compound Detail Pages

Molecular Weight / Formula

Smiles / InChl

Appears as Reactant

Appears as Product




Enzyme Detail Pages

Arabidopsis Enzyme: phosphatidyltransferase

o
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Visualizing and Interpreting
Omics Data in a Metabolic
Context

* Gene expression data

* Proteomic data

* Metabolic profiling data
* Reaction flux data



Pathway: abscisic acid biosynthesi
Compound: violaxanthin

violaxanthin
|
frans-neoxanthin
|
9'-cis-neoxanthin

CCD1 MNCEDS 7.0

NMCED2 40 NCEDB 2.0
MCED3 6.0 AT2G44990
ATIG301002.0

#anthoxin

ABA2 50
abscisic aldehyde
AT3G43600 AO1
As04 250370
{+rabscisate

Printable version of this pathway d
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Pathways

Table 1: Breakdown of Pathways by Pathway Class
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Introduction (cont)

Background and rationale

Plants (food, feed, forest, medicine, biofuel...)

An ocean of sequences
* More than 60 species in genome sequencing projects, hundreds
in EST projects
Putting individual genes onto a network of metabolic
reactions and pathways
* Annotating, visualizing and analyzing at system level

AraCyc (Arabidopsis thaliana, TAIR/PMN)

» predicted by using the Pathway Tools software, followed by
manual curation

Other plant pathway databases predicted by using the
Pathway Tools

* RiceCyc (Oryza sativa, Gramene)

* MedicCyc (Medicago truncatula, Noble Foundation)

» LycoCyc (Solanum lycopersicum, SGN), ...



Pathway Prediction and Pathway
Database Creation

- Infer the reactome of an organism from
the enzymes present in its annotated
genome

* Mapping annotated enzyme sequences to
reactions

- Infer the metabolic pathways of the
organism from its reactome

» Pathway-calling based on supporting evidence of
reactions



Protein sequence — X
MetaCyc
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Limitations

» Creating pathway databases includes three major
components, and is resource-intensive
- Sequence annotation
- Reference pathway database
- Pathway prediction, validation, refinement

+ Heterogeneous sequence annotation protocols and
varying levels of pathway validation impact quality and
hinder meaningful cross-species comparison

- Using a non-plant reference database causes many false-
positive and false-negative pathway predictions



Introducing the PMN

Scope
- A platform for plant metabolic pathway database creation
- A community for data curation

» Curators, editorial board, ally in other databases,
researchers

Major goals

- Create a plant-specific reference pathway database
(PlantCyc)

- Create an enzyme sequence annotation pipeline

- Enhance pathway prediction by using PlantCyc, and including
an automated initial validation step

- Create metabolic pathway databases for plant species
- e.g. PoplarCyc (Populus trichocarpa), SoyCyc (soybean)
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PlantCyc Creation

* Nature

- Multiple-species, plants-only, curator-reviewed
pathways, primary and secondary metabolism

* Major Source
- All AraCyc pathways and enzymes
- Plant pathways and enzymes from MetaCyc

- Additional pathways and enzymes manually curated
and added

- Enzymes from RiceCyc, LycoCyc and MedicCyc



PMN Database Content Statistics

PlantCyc 4.0 AraCyc 7.0 PoplarCyc 2.0

Pathways 369 288
Enzymes 5506 3420

Reactions 2418 1707
Compounds 2719 1397

Valuable plant natural products, many are specialized metabolites that are
limited to a few species or genus.
* medicinal: e.g. artemisinin and quinine (treatment of malaria),
codeine and morphine (pain-killer),
ginsenosides (cardio-protectant),
lupenol (antiinflammatory),
taxol and vinblastine (anti-cancer)
- industrial materials: e.g. resin and rubber
» food flavor and scents: e.g. capsaicin and piperine (chili and pepper
flavor), geranyl acetate (aroma of rose) and menthol (mint).



Enzyme Sequence Annotation
(version 1.0)

* Reference sequences, enzymes with known
functions

- 14,187 enzyme sequences compiled from UniProft,
Brenda, MetaCyc, and TAIR

- 3805 functional identifiers (full EC number,
MetaCyc reaction id, GO id)

- Annotation methods

- BLASTP

+ Cut-off

- unique e-value threshold for each functional
identifier



Enzyme Sequence Annotation
(version 2.0)

Reference sequences, proteins with known functions
(ERL)
- SwissProt
» 117,000 proteins, 26,000 enzymes, 2,400 full EC numbers
- Additional enzymes from MetaCyc, TAIR, Brenda and UniProt
- Functional identifiers, full EC number, MetaCyc reaction id,
GO id,
Annotation methods
- BLASTP
- Priam (enzyme-specific, motif-based)
- CatFam (enzyme-specific, motif-based)
Function calling
- Ensemble and voting




Enzyme Sequence Annotation
(version 2.0)

A) Individual classification of query sequence B) Ensemble classification outputs final prediction

Lee Chae (unpublished)
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Automated Initial Pathway
Validation

- Remove non-plant pathways
* A list of 132 MetaCyc pathways

- Add universal plant pathways
* A list of 115 PlantCyc pathways



Enzyme
sequence
anhnotation

Pathway
Prediction

Automated
pathway
validation

Manual
curation




Manual Curation

- Who

» Curators identify, read and enter information from
published journal articles

- What
- Remove false-positive pathway predictions
 Remove false-positive enzyme annotations
- Add missing pathways (pathway diagrams)
- Add missing enzymes
- Curate enzyme properties, kinetic data
- Update existing pathways (pathway diagrams)
* Add new reactions
- Add new compounds and curate compound structures



Conventions Used in Curation and
Data Presentation

* A pathway, as drawn in the text books, is a
functional unit, reqgulated as a unit

* Pathway displayed is expected to operate as such in
the individual species listed



PlantCyc Pathway: caffeine biosynthesis |
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Conventions Used in Curation and
Data Presentation

* Pathway, as drawn in the text books, is a functional
unit, requlated as a unit

* Pathway displayed is expected to operate as such in
the individual species shown

* Alternative routes that have been observed in
different organisms are curated separately as
pathway variants




PlantCyc Pathway: caffeine bxcsynthesm

meethylx anth

sdene syl | et Marire




Conventions Used in Curation and
Data Presentation

* Pathway, as drawn in the text books, is a functional
unit, requlated as a unit

* Pathway displayed is expected to operate as such in
the individual species shown

- Alternative routes that have been observed in
different organisms are curated separately as
pathway variants

* Mosaics combined of alternative routes from several
different species are curated as superpathways

- Connected pathways, extended networks, are curated
as superpathways




PlantCyc Pathway: phospholipid blasynthesis
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Future Work

Enhance pathway prediction and validation

- Usin% additional evidence, such as presence of compounds,
weighted confidence of enzyme annotations

Refine pathways, hole-filling

- Including non-sequence homologz based information in
enzyme function prediction, such as phylogenetic profiles,
co-expression

Add new data types, critical for strategic planning of metabolic
engineering

- Rate-limiting step

- Transcriptional regulator

Create new pathway databases
- moss (P. patens), Selaginella, maize, cassava, wine grape ...



Thank you!



