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What is the PMN?
p “A Network of Plant Metabolic Pathway Databases and Communities”

p Major goals:
n Create individual metabolic pathway databases for many plant species

p e.g. AraCyc

n Create PlantCyc – a comprehensive multi-species metabolic pathway 
database

n Create a  plant metabolism database “pipeline”:
p Newly annotated DNA sequences  . . . to a set of predicted metabolic pathways

n Create a website to bring together researchers working on plant metabolism

p PMN website: www.plantcyc.org

http://www.plantcyc.org/


What is in the PMN?
p Databases contain detailed information about:

n Pathways
n Enzymes
n Reactions
n Compounds
n Genes

p Data are entered and displayed using Pathway Tools software
n Peter Karp, et al, SRI International

p Pathways are generated through: 

n Manual curation when a curator reads scientific literature

n Computational predictions made by the Pathologic software



What is in the PMN?
p Databases created and maintained by the PMN

n PlantCyc, AraCyc, PoplarCyc 

p Other plant databases accessible through the PMN:

** Significant numbers of genes from these databases have been integrated into PlantCyc

PGDB Plant Source Status

RiceCyc ** Rice Gramene some curation

SorghumCyc Sorghum Gramene no curation

MedicCyc ** Medicago Noble Foundation some curation

LycoCyc ** Tomato Sol Genomics Network some curation

PotatoCyc Potato Sol Genomics Network no curation

CapCyc Pepper Sol Genomics Network no curation

NicotianaCyc Tobacco Sol Genomics Network no curation

PetuniaCyc Petunia Sol Genomics Network no curation

CoffeaCyc Coffee Sol Genomics Network no curation

(new in October 2009!)



What is in the PMN?
p Most recent release of PMN databases: October 15, 2009

p How can I access all this information?

 Database contents PlantCyc 3.0  AraCyc 6.0  PoplarCyc 1.0

Base pathways* 643 360 285

   Experimentally-supported (EV-EXP) 585 299 25

Enzymes** 10964 5501 3434

   in reactions (EV-EXP) in pathways 1974 858 1

Reactions 2709 2323 1668

  in pathways with enzymes (EV-EXP) 1614 829 2

Compounds 2679 2630 1363

Organisms 376 1 1***
Citations 4803 2691 903

(monomers and complexes)

(no superpathways)



p Quick search bar

n Provides access to all PMN-created databases
n Allows Google-based text-mining of summaries, comments, etc.

p For example, search “plant defense”

n PMN searches:
p Match partial words
p Search across all fields (compound, enzyme, etc.)
p Return a list of items grouped by data type

Searching in PMN databases

choline



Searching in PMN databases



Getting information from PMN pathway pages

p Look empty???
n Click on “More Detail”

p Better . . . but what about compound structures?
n Keep clicking on “More Detail” – sometimes several times



Pathway
Enzyme Gene

Reaction

Compound

Evidence 
Codes

Getting information from PMN pathway pages

Regulation

Upstream
pathway



Getting information from PMN pathway pages



Getting information from PMN pathway pages

Compound



PMN compound pages
Compound:
CDP-choline Synonyms

Appears as Product

Classification(s)

Molecular Weight / Formula

Appears as Reactant



Getting information from PMN pathway pages

Enzyme



PMN enzyme pages
Arabidopsis Enzyme: phosphatidyltransferase

Multifunctional
protein *

*



PMN enzyme pages

Pathway(s)

Summary

References

Inhibitors, Kinetic Parameters, etc.

Arabidopsis Enzyme: phosphatidyltransferase



Getting information from PMN pathway pages

Gene To TAIR . . . 



p Download a complete gene list

Getting information from PMN pathway pages



p Download the pathway in BioPAX format

Getting information from PMN pathway pages



p Set organism viewing preferences on PlantCyc pages

Getting information from PMN pathway pages



p View predicted or experimentally supported enzymes

Getting information from PMN pathway pages



p Search page
n Provides more selective searches
n Allows browsing

Searching in PMN databases



Searching in PMN databases



Advanced searching in PMN databases

p Advanced search page
n Allows the construction of very complex queries



Advanced searching in PMN databases

p Find all of the 30-carbon compounds that appear as products in reactions
n Construct query



Advanced searching in PMN databases

p Find all of the 30-carbon compounds that appear as products in reactions
n Construct query

“Appears as product in reaction” is not in the list



Advanced searching in PMN databases

p Find all of the 30-carbon compounds that appear in reactions as products

n Select desired data outputs



Advanced searching in PMN databases

p Find all of the 30-carbon compounds that appear in reactions as products
n Select file format and retrieve



Advanced searching in PMN databases

p Other queries?

n Identify all of the “glycosyltransferase” enzymes associated with more than two 
reactions in AraCyc

p List their:
§ name
§ subcellular localization
§ molecular weight
§ inhibitors, activators, etc.

n Find all of the biochemical pathways in PoplarCyc that have more than 5 reactions 
and where at least one of those reactions lacks enzymes 

p List their:
§ name
§ reactions
§ citations and evidence codes

n These searches can be used to span more than one PMN database

p What if I only have a gene or protein sequence?



BLAST searching in PMN databases

p PlantCyc enzymes:
n includes PlantCyc enzymes 

with available sequence 
information

p Reference Enzymes:
n includes enzymes with 

experimental support from 
both plant and non-plant 
species

MLSSKVIGDSHGQDSSYFLGWQEYEKNPFHESFNPSGIVQ
MGLAENQLSFDLIETWLEEHPEVLGLKKNEESVFRQLALF
QDYHGLPAFKDAMAKFMGKIRENKVKFDTNKMVLTAGSTS
ANETLMFCLANPGDAFLIPAPYYPGFDRDLKWRTGVEIVPI



Comparing across species

n Use species selection tool on pathway pages



Comparing across species

n Use Cross Species Comparison on pathway pages



Comparing across species

n Use general Comparative Analyses tools



Comparing across species



Comparing across species

n Use Phytozome links on enzyme pages



Comparing across species

n Use Metabolic Map



Comparing across species



Visualizing OMICs data

n Overlay “pre-cleaned” data sets on a metabolic map
p Gene transcription data
p Proteomic data
p Metabolomic data



Visualizing OMICs data

p Case study: Analyzing an Arabidopsis mutant with “no phenotype”

n Basic phenotypic analyses do not reveal any differences:
p growth
p development
p response to hormones
p etc.

n Perform a microarray analysis
p Measure transcript levels in wild-type and mutant plants

n Clean and process data
p Remove genes expressed below background levels
p Measure fold-increase or decrease in mutant vs. wild-type
p Discard statistically insignificant data

n Do these transcript differences highlight possible metabolic perturbations?



Visualizing OMICs data
p Prepare an input file

n Enter identifiers in first column
p Genes

§ AGI locus codes (e.g. At2g46990)

n Enter data in next column
p fold-increase / fold-decrease

n Save as a tab-delimited text file



Visualizing OMICs data
n Upload data in the OMICs viewer



Visualizing OMICs data
n Upload data in the OMICs viewer



Visualizing OMICs data
n Set display parameters in the OMICs viewer



Visualizing OMICs data



Visualizing OMICs data

p The mutant with “no phenotype” has
n decreased levels of transcripts related to phospholipid biosynthesis 
n elevated levels of transcripts related to carotenoid biosynthesis

p Future targeted experiments can be planned!



Visualizing OMICs data

p Many applications

p View changes in transcript, protein, or metabolite levels related to:
n Mutant phenotype
n Biotic stresses
n Abiotic stresses
n Natural variation
n Developmental stage
n Tissue type

p Display static measurements or changes over time
n Animation feature is available



Data and software downloads
n Get pathway data sets from pathway pages



Data and software downloads
n Obtain large data sets



Data and software downloads

n Data formats include:
n ocelot, Biopax (OWL), SBML, .dat



Data and software downloads
n Install a local copy of the Pathway Tools software



Data and software downloads
n Desktop version offers additional features



Data and software downloads
n Desktop version offers additional features

p Create new pathways

p Modify existing pathways



Data and software downloads
n Trace metabolites through metabolic pathways



Data and software downloads
n Trace metabolites through metabolic pathways



Data and software downloads
n Coming soon . . . create and work with “groups” of objects

p For some AraCyc pathways and other plant metabolic pathways, 
you can create and work with groups of objects NOW at:

p MetNetDB: http://metnet3.vrac.iastate.edu/index.php



n Manual curation
p Entering experimental data

n Computational prediction

Creating new PMN content



n PMN curators read the experimental literature
p . . . but we can’t keep up with all of your exciting research!

n We are particular eager to get new pathways and enzymes related to 
specialized metabolism

p We have pathways for several of the compounds mentioned this morning:
§ phenylethanol, xanthohumol, (-)-alpha-pinene, podophyllotoxin, etc.

p But, for these pathways, we may be missing enzymes, intermediates, etc.

p And, we are missing many more pathways, compounds, and enzymes

p You are the experts and best data sources!

n Please meet with me during the conference . . .

n Please send us your information

Adding experimental data





n New sets of DNA sequences become available
p Genomes are sequenced
p Large EST data sets are created

§ Unigene builds are generated

n PMN pipeline predicts enzyme functions
p Performed using computer algorithms based on sequence similarity

n Set of predicted enzymes is used to predict metabolic pathways
p The pathway program (Pathologic) uses:

§ Enzyme functional annotations
§ A reference set of pathways (e.g. PlantCyc)

n Curators validate predicted pathways in the new database
p Curators remove incorrect information and add additional data 

Creation of new PMN databases



Pathway prediction program

Annotated enzymes

Pv1234.56.a
chorismate mutase

chorismate 
mutase

prephenate 
aminotransferase

arogenate 
dehydratase

chorismate prephenate L-arogenate L-phenylalanine
5.4.99.5 2.6.1.79 4.2.1.91

Gene identification

Enzyme activity

DNA sequences

Pv1234.56.a

chorismate mutase

PlantCyc

New database

Phaseolus vulgaris

+ validation

Creation of new PMN databases

PMN pipeline

Pv6543.21.b
arogenate dehydrogenase

Phenylalanine biosynthesis

BeanCyc

JGI, etc.
Reference
pathways



Creation of new PMN databases
n BeanCyc will be added to the PMN databases

n BeanCyc enzymes will be added to PlantCyc



How can you put the PMN to work for you?
p Learn background information about particular metabolic pathways

p Create customized metabolic data sets

p Compare metabolism across plant species

p Analyze experimental OMICs data in a metabolic context

p Manipulate and study data offline

p Create new metabolic pathway databases



We are here to help: www.plantcyc.org
p Please use our data

p Please use our tools

p Please help us to improve our databases!

p Please contact us if we can be of any help!
n Stay around for the help session from 8-9 PM
n Visit the PMN poster - #322
n Make an appointment to meet with me during the conference

p Sign-up on sheet in the back of the room
p Send an e-mail

curator@plantcyc.org

www.plantcyc.org



We are here to help: www.plantcyc.org
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We are here to help: www.plantcyc.org
p Please use our data

p Please use our tools

p Please help us to improve our databases!

p Please contact us if we can be of any help!
n Stay around for the help session from 8-9 PM
n Visit the PMN poster - #322
n Make an appointment to meet with me during the conference

p Sign-up on sheet in the back of the room
p Send an e-mail

curator@plantcyc.org

www.plantcyc.org



What is in the PMN?
p Databases focus on “small” molecule metabolism

n “Small” 
p No strict standards
p Generally exclude macromolecules that are built using templates

n “Large” molecules Not In the PMN:
p chromosomes, proteins (as substrates), mRNA transcripts

§ but the building blocks of macromolecules are included
§ nucleotides and amino acids are in the PMN

n “Large” molecules In the PMN:
p cellulose
p rubber
p homogalacturonan / pectin


