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Plant metabolism

O Plants provide crucial benefits to the ecosystem and humanity

O A better understanding of plant metabolism may contribute to:

More nutritious foods

New medicines

More pest-resistant plants

Higher photosynthetic capacity and yield in crops
Better biofuel feedstocks

Improved industrial inputs (e.g. oils, fibers, etc.)

. .. many more applications

O These efforts require access to high quality plant metabolism data




Plant Metabolic Network goals

O Capture and organize published data to create metabolic pathways

O Facilitate data analysis

O Make proteome-based metabolic pathway predictions for many
plant species

O Support research and education

O Provide public resources : www.plantcyc.org
= PlantCyc
= AraCyc
= PoplarCyc
=  more on the way
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Plant Metabolic Network collaborators

EDMETACYC

A member of the BloCyc database collection

0 SRI International — BioCyc project
m Created Pathway Tools software

= Provide on-going Pathway Tools software support and development

= Maintain and update MetaCyc (multi-kingdom) reference metabolic pathway database

o Other collaborators / contributors include;
m  Sol Genomics Network (SGN) / Boyce Thompson Institute

Gramene d
Maize GDB E | BTl
MedicCyc / Nobel Foundation AN

SoyBase

ChlamyCyc
PlantMetabolomics group

. and more MaizeGDB® »

Maize Genetics and Genomics Database




Plant Metabolic Network data

O Pathway-based access to multiple data types

PlantCyc Pathway: choline biosynthesis Il
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PMN data content statistics

O Latest PMN release — April 2011

PlantCyc 5.0 AraCyc 8.0 PoplarCyc 3.0
Pathways * 737 393 309
Enzymes ** 11217 5520 3422
Reactions 3142 2525 1758
Compounds 3146 2825 1406
Organisms 366 1 x>

* These represent “base pathways” that are composed entirely of reactions. A base pathway may be joined with additional base pathways
and/or reactions to create a superpathway. Superpathways are not included in this statistic.

** The term "enzyme" refers to both monomers and complexes found in the databases.

*** The vast majority of the enzymes present in the database are from Populus trichocarpa but experimentall supported enzymes and pathways
from other species or hybrids in the Populus genus can be included in PoplarCyc.




Searching at the PMN

O Pathway Tools quick search bar
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Quick search results
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Specific search pages
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Specific search pages
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PlantCyc Gene/Protein/RNA Search
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Specific search pages
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PlantCyc Query Results
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Sequence-based search options
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PMN BLAST 228
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Advanced searching in PMN databases

O Advanced search page
m Allows the construction of very complex queries

~
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I M <.
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1. Enter your query here: f

:
In databaselPIant@c v search for | Compounds (2679 instances) ¥ add acondition | o
! insert a new search component here | ﬁ

2. Select fields to include in the query output:

Column 1
® Sort based on this column

|| NAME v

add a column |

3. Select query output format:

@ HTML O Tab Delimited Text {(columns are separated by tabs)

4. Submit Query Reset Query




Advanced searching in PMN databases

O Find all of the 30-carbon compounds that @ppear as products in reactions

m Construct query

1. Enter your query here:

In database || PlantCyc v search forlCompounds (2679 instances) ¥ add a condition I
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In databaselPIantQ/C ¥ search forlCompounds (2679 instances) ¥ remove condition |
Where | Chemical-Formula v | contains the substring v |03[I

and v |the number of objects of ¥ lAppears-ln-Right—Side—Of v lis greater than v |l]

add a condition ¥




Advanced searching in PMN databases

m Select output fields

2. Select fields to include in the query output:

Column 1 add a column | -|
® Sort based on this column .

| NAME v
Column 1 Column 2 Column 3 Column 4 |
® Sort based on this column O Sort based on this column O Sort based on this column O Sort based on this column
| NAME v | Chemical-Formula v |Appears-ln-Right—Side—Of v |MOIecular-Weight “

m Select file format and retrieve

3. Select query output format:

®HTML O Tab Delimited Text {columns are separated by tabs)

4. Submit Query




O Alist of 30-carbon compounds that appear as products in reactions
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New search options at the PMN

PMN’
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New database analysis tools at the PMN

PMN’
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Improved Metabolic Map / Omics Viewer

Purt Meliboln Netwurk
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Improved Metabolic Map / Omics Viewer

PMN’
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Data analysis with the Metabolic Map / Omics Viewer

O Display experimental data a on metabolic map

m Data types:
o Genes - transcriptomics
o Enzymes — proteomics
o Reactions - fluxomics
o Compounds — metabolomics

m Data inputs:
o Single or multiple values for each object
o Absolute or relative values

m Data comparisons

o Wild type vs. mutant
Stressed vs. unstressed
Time course after stimulus
Ecotype-specific responses
Development-driven changes
Organ / tissue — based analyses
. . . and many more

O OO0 O 0O




Preparing the input files
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Displaying the data
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superpathway of cytosolic glycolysis (plants), pyruvate dehydrogenase and TCA cycle

O fructose & phosphate

S-Phosghofmcfokinase:
HaE 415056630

1612008 hos?hofrucfokinase:
515061530

Splebpqetokinse

PROSPN
[+ 3 1502ymes]

[+ 2 1502ymes]

T

fructose 1,6 bisphosphate

~

se-bis hos hm
ase: AT GO

[+5 ISOZ'JTIES]

dihydronsecetone Bhosphate— traldehyde >-phosphate____

Es.dn:; enase

?lﬁ mg}ﬁage anng): GapC- 1

dehyde 3 phosphate
e ;-?J gerra%e Ggoog

hospho rate
kﬁwaseDAT?g(%? 80

1,>diphosphateglycerate _&lio_zﬂs]__’ <4
o Fphosphoglycerate

3-(0

+ 2 1502Vme

2-phosphoglycerate

DSERboPY e 550

[+ 2 is02ymes]

phosphoenolpyruvate

pyruvate kinase: PKp3 PEp1
pyruvate kinase: PKp2 PKp1
[+ 10 is024mes)

dehyde > h sphafe

rogengj

PROTEIN

B-phosphofructokinase

Gene: AT4G29220

In pathway: superpathway of cytosolic
lycolysis (plants ruvate dehydrogenase

-and TCA cucle

Expression data value: 12.4

Step: 1

PROTEIN

B-phosphofructokinase
Gene: AT4G26270

In pathway: superpathway of cytosalic
lycolysis (plants ruvate
dehydrogenase and TCA cycl

Expression data value: 0.004 .ISteD: 1

T A ,. * I

\ ’

[ * P &
?«\pDH \ /¥ "

i
“

)
.




Data and software downloads

m Install a local copy of the Pathway Tools software
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Pathway Tools — desktop version

O Desktop version offers additional features
m Create new pathways
m Modify existing pathways
m Generate and work with groups of items
m Perform metabolite tracing on metabolic map
m See Omics Viewer results on pathway pages

0 Demonstrations available throughout the conference
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On the horizon .. ..

O Develop a better enzyme annotation pipeline

O Predict plant metabolic pathways for many species with predicted proteomes

m First round candidates:
o Selaginella moellendorfii

O MOSS
o papaya o soybean
L e O maize
el o Medicago
o Chlamydomonas o poplar

o cassava

o wine grape

O Solicit help from experts for pathway validation

m Remove mis-predictions
m  Add missed pathways

O Release new databases at the PMN




Questions, contributions, volunteering to validate?

O To submit data, report an error, or ask a question . . .

m ... stay tuned for the next portion of my talk
m Send an e-mail:

m Use our feedback form:
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Data Submission m
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m Stop by the Plant Genome Resources Outreach Booth (415)
m Visit the PMN poster — P02029

m Schedule an individual meeting with me
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Plant metabolic NETWORKING

O Please use our data

O Please use our tools

O Please help us to improve our databases!

O Please contact us if we can be of any help!
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Advanced searching in PMN databases

O Other queries

m |dentify all of the “glycosyltransferase” enzymes associated with no more than two
reactions in AraCyc
o List their:
" name
= subcellular localization
= reactions catalyzed

m  Find all of the biochemical pathways in PoplarCyc that have more than 5 reactions
and where NADPH is used at least once in the pathway
o List their:
" npname
= reactions
= citations and evidence codes




Improved Metabolic Map / Omics Viewer
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Advanced Query Results
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Plant Metabolic Network goals

O Capture and organize published data

O Facilitate data analysis

O Make proteome-based metabolic pathway predictions for
many plant species
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PlantCyc Pathway: ethylene biosynthesis from methionine
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Ontology-based search options
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Plant metabolic NETWORKING

O

O

O

Please use our data

Please use our tools

Please help us to improve our databases!

Please contact us if we can be of any help!
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Plant metabolic NETWORKING

O Please use our data

O Please use our tools

O Please help us to improve our databases!

O Please contact us if we can be of any help!
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