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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 databases

O Capture and organize published data

O Make metabolic predictions for “new” species

O Facilitate data analysis

O Focus on different aspects of metabolism

m Pathways
o KEGG
o Reactome
o BioCyc / Pathway tools family




BioCyc / Pathway Tools databases

o Multiple data providers: 0 One software package:
m SRl International m Pathway Tools
= Plant Metabolic Network (PMN) = SRI International
m Gramene o Common set of data types
= Sol Genomics Network (SGN) o Common tools

o Common display modes
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Pathway tools pathways

PlantCyc Pathway: choline biosynthesis Il
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PlantCyc Enzyme: phosphatidyitransferase
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Plant metabolic databases

PGDB Plant Source
AraCyc Arabidopsis Plant Metabolic Network
PoplarCyc Poplar Plant Metabolic Network
PlantCyc PLANT KINGDOM Plant Metabolic Network

LycoCyc Tomato Sol Genomics Network
PotatoCyc Potato Sol Genomics Network
CapCyc Pepper Sol Genomics Network
NicotianaCyc Tobacco Sol Genomics Network
PetuniaCyc Petunia Sol Genomics Network
CoffeaCyc Coffee Sol Genomics Network
MedicCyc Medicago Noble Foundation




Data curation in databases

PGDB Plant Source Status
AraCyc Arabidopsis Plant Metabolic Network extensive curation
PoplarCyc Poplar Plant Metabolic Network some curation
PlantCyc PLANT KINGDOM Plant Metabolic Network mixed curation
RiceCyc ** Rice Gramene some curation
SorghumCyc Sorghum Gramene all computational
MaizeCyc (beta) Sorghum Gramene all computational
BrachyCyc (beta) Brachypodium Gramene all computational
LycoCyc ** Tomato Sol Genomics Network some curation
PotatoCyc Potato Sol Genomics Network all computational
CapCyc Pepper Sol Genomics Network all computational
NicotianaCyc Tobacco Sol Genomics Network all computational
PetuniaCyc Petunia Sol Genomics Network all computational
CoffeaCyc Coffee Sol Genomics Network all computational
MedicCyc ** Medicago Noble Foundation some curation




Database content statistics

o Plant Metabolic Network

PlantCyc 4.0 AraCyc 7.0 PoplarCyc 2.0
Pathways 685 369 288
Enzymes 11058 5506 3420
Reactions 2929 2418 1707
Compounds 2966 2719 1397
Organisms 343 1 1*
O Gramene / SGN
RiceCyc 3.0 LycoCyc 2.0 PetuniaCyc 2.1
Pathways 339 343 136
Enzymes 9315 5216 294
Reactions 2109 1793 758
Compounds 1592 1379 637
Organisms 1 1 1




Searching in plant metabolic databases

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

Irter » pane
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PMN BLAST 228

PlantCyc Pathway: ethylene biosynthesis from methionine
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Searching by topic / keyword
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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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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
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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 forl Compounds {2679 instances) v add a condition
Where IChemical-FormuIa v Icontainsthe substring v |C3[l
| add a condition ¥

Withere | NAME v | contains the-substring— v|

| add a condition ¥ ~

AT On

LAY

|

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

Crances

and v

s-In-Right-Side-Of v | is greater than v IIJ

T hs Lid

1:.1"0 aliwvae

Lol Sowce

¥
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Advanced searching in PMN databases

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

In databaselPlantQ/c v search forlCompounds (2679 instances) ¥ remove condition |
Where IChemicaI-FDrmuIa v |containsthe substring v |C3EI

and v Ithe number of objects of ¥ lAppears—ln-Right—Side-Of s lis greater than ¥ |0

add a condition ¥

m  Select desired data outputs

2. Select fields to include in the query output:

Column 1 Column 2 R R
® Sort based on this column O Sort based on this column
[NamE B[ Griemical-Formula v

Column 1 Column 2 Column 3 Column 4 Column 5

® Sort based on this column | O 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-In-Right-Side-Of v || MolecularWeight ¥ “ Names




Advanced searching in PMN databases

Thet quary sescled m & fngle 1able of 53 rows

Advanced Query Results

Your query » BoVelo 1s sort ([(x1"7NAME. x1° ?CHEMICAL-FORNULA. x1° 7APPEARS-IN-RIGET-SIDE-OF. x1° "MOLECULAR-VEIGHT, x!° 7MAMES)
x1¢~FLANT "Compounds. ("C30" instringci x1 CHEMICAL-FORMULA) & ((#x1”APPEARS~IN-RIGHT-SIDE-QOF) > 0)].1)

7y | Column 4 fas I
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NAME) "“"‘f}" ‘mmcm SIDEOF) MOLECULAR. [Cotmn S for {x1 47 NAMES)
WEIGHT)
L OHNT 017351 {nmmmu!.fmnmm: &E: 8 {EL-Lionamuyt Ol




Data and software downloads

m Install a local copy of the Pathway Tools software
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Building better databases together

O To submit data, report an error, or ask a question . . .
m Send an e-mail:
m Use data submission “tools”

are * | et ’

Data Submission E ‘

= Meet with me individually at this conference

o Plant Genome Database Outreach Consortium booth: # 427
o Poster: C891

S asdnctd | b



mailto:curator@plantcyc.org

Building better databases together

O PMN future plans

= Develop a better enzyme annotation pipeline = Potential candidates:
o wine grape
m Predict plant metabolic pathways for many : Cassaya .
species with sequence data o Selaginella moellendorfii
O MOSS
o eucalyptus
m  Solicit help from experts who work on different o sunflower
species for pathway validation o apple
O cowpea
o Remove mis-predictions o ice plant
o Add missed pathways o papaya

o YOUR FAVORITE SPECIES??
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Building better databases together

Owe

m oty search
’ .

sol genomics network

home | oram | contact | helg

maps genomes ool 394 search
’ L ﬂﬂ .d_
v ‘:9 \n ' h o 1
Contact SGN
&l felds are requred
Your name | z
Your email [
Subject [
Body
Sutens l
t mail
sgnteadback@solgenomics notd




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!

®
PM N' curator@plantcyc.org

Plant Metabolic Network

}’;‘(\ AraCyc www.plantcyc.org
L 1

A
W'

oM
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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




1. Enter your query here:

Query datadaie Bpuly Sxbocoras for Pafways (323 estances) ¥ ety el e 1) mM__J
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Advanced Query Results

Your Query b BVl Is Bealesortcascending ([ (21 MKANE, I1-YPEACTION-LIST, I1*ICITATIONS) :

2IC-POPLAR Pathways, 12 t= (22 : 22 <« Z1°PEACTION-LIST,

| O < #2335 2 I3 <+ J2°ENIYRATICDEACTION, | O < {24 ¢ T4 <~ I3"PEACTION, (| O < o258 2 I8 <+ Z4°LEFT, ("NADIHE™ snatcinges I5°MAME))) 1 (O <
P26 : 26 <- Z4'RIGHT, ("NADPN" inaczingcs ZCCBAMK)III1DD) ), ((OZL“REACTION-LIST) >+ 5) ¢ | © < #12)),1) (Wich tha Quiry 10 ot It in the Free Form

Advanced Query Page)
Thit query reduited n & dindle table of 29 rows
MANE A 7 Reactisnlint A 7 CHlatlesn A ¥
2ATP + L.gutaming » bicardonate « w0 = L.gutamate » 2 ADP « phosphate » carbamoyiphasphate » 4 H°,
L-gutamate « Jcotyt-Con = M-acetyl-L-glutamate » coensyme A = H', L-ghutamate » M-acetd-L -omithise =
wginies N-acotyl-L-gletamate « L-omithine, M-acetyt-L-ghutamate » ATP = A acetyigletarmd-phasphate « ADP « H', o 38or09:-EV-
blagynitests 0 N-acetyl-L-ghetamate S-semiakdetyde « NADP® « phosphate = Nacetyighitaod. phosphate « NADIH « H', COMP-MINE : MS2006714; peiterc
(acend cycle} N-acetyl-L-orniding « 2 ketogiutarate = M- acetyl L glutamate 5.semiaidetyde + L.ghutamate, L-ornithing +
carbamigt-phesphate = cltrolins « phosphate « ', L-arginne-seccinate = L-argiaine « fomarate,
L-aspartate « citnline « ATP = L-argising-succinate « diphosphate « AMP « 20"
ITESSA2EY.
, XD 25T 185877 (dreher,
L-afoohate » Op » S M = sonodetnpdroascoate « 2 M0, 2 menddatwdrosscorbata -» L-ascorbate « EDIOL 001 EV-
acorbate L-debydro-sscorSate « 2 M', 2 morodetydroascorbate « NADSH = 2 L-ascorbate « NADS" « JM°, 2 DE-00: J5TI009: dreher,
gutathiote oycle 1 yooorbate + Hp0; + 4 H' « 2 monodetydroascordate « 2 Hy0, 2 ghutathione + NADP" « glutathione diseihide | SMANIHOL V-
- DDA 35T 190509 draher
e . . 2 \Ad - (4 el Y '
* NADOH » o, L.debydro-ascorate « 2 gutathions « glulathione disufide « L-ascordate " earab BV
EXP DA 345T 120309  dreher
&-deonotyphasterol « Oy « sphasterol + M0, 60-hydroxy-castasterons = castasterone + 2 H',
6 0e0x0castastorone » Oy » 2 H' = £a ydrowy-castastercne » 0, s.dearotyphasterel » Oy + 2 W' »
G-deonocattastivone « 10, J-delrydre-4-deoratesitarone « 2 1" = G-decxotphatterol t-desaoteaitercon =
3-debydro-6-deonoteasterone « 2 H', &-deavocathasterone + 0p » 2 M » é-deonoteastersne « M0,
Campastanol + NADOH + Oy « H' » 6.deorocathastersne + NADP* + Mu0, castastercne » NALOH » Oy « H' »
100 = KADP® » : . - Casladt . an
Nabianats brassinelice DF* » HyO, typhasterol « & reduced slctron acompter » Op = Caslidtercns axddized s bV
bhasynthesks t electron scceptor « MO, 3.dehydroteasterons « 2 1" = hohasterod, teasternse = 3.debwdroteasterone « 2 COMP-HAF 3444506247 achi1

H*, cathasterane + 2 reduted alactron acceptor + Op » Beasterone + an oxidized electron acceptor + Hy0,
G-OnOZarPaitanal « NADEH » Oy « H* = cathastirens » NADO® + 10, [6a)-hpdroxycampeitingl
G-osocampestansl « 2 H', campestancl « & reduced electron acceptor « O; = [6a)-hydrornycampestanal « an
oxidized electran acceptor + M0, (Sa)-campestan-3.one + 2 W' « campastanol, campest-4.en-3.000 *




