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What is the PMN?

o PMN = The Plant Metabolic Network P M I\Q’r
m Created in 2008
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http://www.plantcyc.org/

What is in the PMN?

O Databases contain detailed information about:
Pathways

Enzymes

Reactions

Compounds

Genes

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

O Pathways are generated through:

m Manual curation when a curator reads scientific literature

m Computational predictions made by the Pathologic software




What is in the PMN?

O Databases created and maintained by the PMN
m  PlantCyc, AraCyc, PoplarCyc (new in October 2009!)

O Other plant databases accessible through the PMN:

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

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




What is in the PMN?

O Most recent release of PMN databases: October 15, 2009

Database contents PlantCyc 3.0 AraCyc 6.0 PoplarCyc 1.0

Base pathways® (no superpathways) 643 360 285

Experimentally-supported (EV-EXP) 585 299 25
Enzymes** (monomers and complexes) 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 ***
Citations 4803 2691 903

O How can | access all this information?




Searching in PMN databases

O Quick search bar
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m Provides access to all PMN-created databases
m Allows Google-based text-mining of summaries, comments, etc.
o For example, search “plant defense”
m PMN searches:
o Match partial words
o Search across all fields (compound, enzyme, etc.)
o Return a list of items grouped by data type




Searching in PMN databases
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Getting information from PMN pathway pages
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O Better . .. but what about compound structures?
m Keep clicking on “More Detail” — sometimes several times



Getting information from PMN pathway pages

PlantCyc Pathway: choline blosynthesis I8
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Getting information from PMN pathway pages
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Getting information from PMN pathway pages

PlantCyc Pathway: choline blosynthesis I8
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PMN compound pages
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Getting information from PMN pathway pages

PlantCyc Pathway: choline blosynthesis I8
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PMN enzyme pages

Multifunctional
protein

Arabidopsis Enzyme: phosphatidyltransferase
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PMN enzyme pages

Arabidopsis Enzyme: phosphatidyltransferase
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Getting information from PMN pathway pages

PlantCyc Pathway: choline blosynthesis I8
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Getting information from PMN pathway pages

O Download a complete gene list
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Getting information from PMN pathway pages

O Download the pathway in BioPAX format
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Getting information from PMN pathway pages

O Set organism viewing preferences on PlantCyc pages
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Getting information from PMN pathway pages

O View predicted or experimentally supported enzymes

Exzyme View Al Qegasiami v | ShowFredicted Ennymes ¥

PlantCyc Pathway: choline biosynthesis Ill

Custorrize Diogram | Mo Datad | Less Dot | Cross-Spaces

1 tevtiaed

Eazyme View AR Oegtninm v
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Searching in PMN databases

O Search page
m Provides more selective searches
m Allows browsing

PUrg Mehobs Netwaork, - . "r-

o ' “
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Searching in PMN databases

Pathway Tools Query Page

This farm provdes seversd dferert mechanisms for querying Pathy £ Al J ol A l
Select a database: icz:; nchoceps ¥ 3wl o
il PARAA Cod :
. QU.I'Y All (by name o Praeny e Bimlhnb
© Degradation Usiizatien Assimilation
Y
warch S nu!n;l] Y Alcohols Degradatien

cosdanng that

.
t
”~
-

-

Caoten 2y rave x LA
l.N.' P, rm—a
e Ly, e LA

v Aldedygde Degradatien

-

Compound By " Amines and Polyamines Degradation
® Each sone [y '-ﬁ_ v “mm e Select s
Classd POV Buy s £ 1 Poaenichy :

Compowmds * Aromatic Compeunds Dagradatien

(e Onitogy "1 Compesmds Milizatian and Assimilatien

|MFn Gavo Tompmamny | | o
* Caboxylates Degradation
* l"d“m“ E|m8 fuﬂm Eh‘m!n rllhﬂ lh’ﬂ‘lﬂ!l’




Advanced searching in PMN databases

O Advanced search page

m Allows the construction of very complex queries

L 2, |
: .
. b5 r
1. Enter your query here:
In databaselPIantC,yc v search for | Compounds (2679 instances) ¥ add a condition |

g insert & new search component here I

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 databaselPlantQ/c 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 datahaselPlantch v search forlCompounds (2679 instances) v add a condition

Where IChemicaI-FormuIa v Icontainsthe substring v |C3[l
add a condition ¥
Where NAME v Ieamarns-the—subs&rng— v
ANTERC-Sron
CAAN . . . . .
s | “Appears as product in reaction” is not in the list
Coap-ra
and s-In-Right-Side-Of v |is greater than v IIJ
o od doe N
TF Yy 0 Chi X O s A
Ho " kot soel v
~ T T —
CE IV T " Ay B
- AN e Oor U ©
PN I
LATE - T Akt ”,'l"'"""""'.'“‘
0 e 2




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
Column 1 for (x142 a2 fou it = ¢ Codumn ) for {x1 *2 APPEARS. 122 s
NAME) "“"‘f}" ‘mmcm SIDEOF) MOLECULAR. [Cotmn S for {x1 47 NAMES)
WEIGHT)
L OHNT 017351 {nmmmu!.fmnmm: &E: 8 {EL-Lionamuyt Ol




Advanced searching in PMN databases

O Other queries?

m |dentify all of the “glycosyltransferase” enzymes associated with more than two
reactions in AraCyc
o List their:
" name
= subcellular localization
= molecular weight
= inhibitors, activators, etc.

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

o List their:

= name
= reactions
= citations and evidence codes

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

o What if | only have a gene or protein sequence?
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Comparing across species

m Use species selection tool on pathway pages

MentCyc Pattrwary: choline blosynthesis 8
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Comparing across species

m Use general Comparative Analyses tools

Comparative Analysis and Statistics

Thet page Wlows you 10 Compute sEatmlics for & uingh Pathwig/Genceme Ditabase, ind 10 COMpUle COMPINIOnsg acaias muliple
Pathwig/Gesome Databases for the 46 of arganams lrited Dalow Note that computing summiey sLatstcs for the osgasiam datsbises
you Bave chasen may 1ake soveral minutes For faster operatn, indtsll Pathway Took on your own Computes Chck toss for detads

Chzk heoe 10 g0 85 the Webenar page, whees you can watch the Comparstve ard Omecs Tools in BoCyc wstructonal wdeos

Nete In addeon 10 sefecting dfarences in Bulogy of dfferant organsms these stabistics will refloct dforences in the levels of Coraton
data anadaddny, and complietaness of the PGOEBEsS far these organiams

Select which setis) of comparative-analysis tables you wish to generate:

-—

. Reactions beeakdowns Dy type of substrate, by EC Number, by number of sozymes, slc

. Breakdown by pathway cliss, nlarmidan on pithwiy holes

¢ L Compounds smak molecules that act 35 substrates, enZyme actvatorsnhbtors/cofaction
.

LIPtoteing beaakdown of protien complenes by 1ype and number of aubunds, rumbaer of enzymes, susbir of @aymes with
IVt SRR cofacices, muliunthinnal anzymed

] Orthologs protens shared among organsms of unkque 10 an organism
o O Tramspodters peotans that faZicate the movement of COMEounds across coll mambianes
o Ul Tramscription Units ramber of genes per transcrption urd, number of opercns per pathway

Select one or more organism databases:

L) Arabidopens alians col |LIPtareCye | Popubss tnchocapa




Comparing across species
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Comparing across species

m Use Phytozome links on enzyme pages

for Integrative Genomics

\) Center

BioMart

phytozome

sl N QIZCEPDON V'
N 29 m wie Mypott sl gerw (032631 B 1.2 ¢ 103 2
N 29 Tract t ( o gene (#118° B 12 ¢t 1Y 21
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" 29 T e e (# 1524 R 2 Yy TR g

® 25 ; HVDUIOOC Al £one (# 5 L584487) § 7 1 2 Y 2
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O PlantCyc| ¥ Populus trichocarpa

Overview of the AraCyc Metabolic Map
&
[

Ths dagram prowdes § schemabc of o paPwirys of AsCyc metabolsm n e at
metabolte (see key 0 nght) Lines repeesent reachons. Move e mouse over a
[
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———
- -
o—
>~
o—a
N

£aQe o a rcated patfway page

Comparing across species
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Visualizing OMICs data

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




Visualizing OMICs data

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

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

m Perform a microarray analysis
o Measure transcript levels in wild-type and mutant plants

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

= Do these transcript differences highlight possible metabolic perturbations?




Visualizing OMICs data
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Visualizing OMICs data

m Upload data in the OMICs viewer

PMN’ o8

Pt Melabold Network ™y »>f;

Fopbet Uy (Pognidim )




Visualizing OMICs data

m Upload data in the OMICs viewer

hmrway Tools Omics Viewers

| Select 2 dataset Arabrdopes halana col ¥

Browse.

Fée contanng expenments data (NOT »
UAL)

|D: you want 10 display asokite or relatee
dats values?

Helstro w

= asngle data column

0 the ratio of two dats columng

#) O.contered scake (09 log scak)

L 1-corternd scal (ragatve values will be dascarded)

F daglaying relatwe data values, use

Data values vse o

The dees i e Gegt! (Deroth) colyrmn of
your datafle e

Gune namet andd'or Hentberns v

Data column (numerator in ratuos).l If using two columns, denominator data column:

1

Note: For column numbering purposes, the first column, which contains the gene name, is column number 0. The
first potential data column is column number 1




Visualizing OMICs data

m  Set display parameters in the OMICs viewer

Choose a color scheme:
|@ Full color spectrum, computed from data provided (default)
O Full color spectrum with a maximum cutoff |

O Three color display with specified threshold: I

Display Type

By Sofault, data values e palod on the cellalar overtew Chat Mowover a0 alemnatve daplay 15 10 enthar pant
Salh values 0N The SONOIMSC Map Of 10 genecale a Ladie Contanng al nomdud pathways which have 0ne of mote
Sath vilues Tt xcetd S0 theeshold (o are eas than the inveese of That theashold) To select cne of these

slematim daglays, Choote the Conpipandng sptan below snd spacty the threshald f agpropnate Note that o Boeh

he Calluiae And Genome owermiws Sk SpecEied, The SRnome oviview will Bppadt N & New Deow i witdow (you
_seust have sosuss enabled for iy st or this sell nol work)

¥l Pant data en colular oversew chan (defaut)
— [ TP3nd dsla on gerorms oveeview chad I
%] Generate a 1abie of indmdual pathwiays axcosdng threshals [&

o that thes request will fake several menutes 10 complete (possibly longer for large datasets) For

pEeration, malal Pathway Teoks o0 your own computed Chck bate for detads




Visualizing OMICs data
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Data Statistics  All Genes |Overview Geanes
Number of values: 71 |67

10 [-10

1" (11

1.0 [1.0

7 7667

Standard deviation 53016076 [5.451982

......
A Y SN S
B ANl en o

O The mutant with “no phenotype” has
m decreased levels of transcripts related to phospholipid biosynthesis
m elevated levels of transcripts related to carotenoid biosynthesis g

O Future targeted experiments can be planned!




Visualizing OMICs data

O Many applications

O View changes in transcript, protein, or metabolite levels related to:
Mutant phenotype

Biotic stresses

Abiotic stresses

Natural variation

Developmental stage

Tissue type

O Display static measurements or changes over time
= Animation feature is available




Data and software downloads

m  Get pathway data sets from pathway pages

Arabidopsis thallana col Pathway: transdycopene blosynthesis
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Data and software downloads

m  Obtain large data sets
PMN Data Downloads _

SHELe T8 AL ANS SUBMH e Reandd Apeement em

The compiete downlaad, together wilh e Pafrway Tools sofware, will 20w 2 usor 2 nstall ang
Barve 3000 Copy of ArRCrtP LAy, Jutt Be Tie Ofe ViR DN 30Mm e PMN wabd 208 18 addtos, M
of he BT fomat i fles and & compiete leoparcand Sie are availadie a5 pant of s cownioad
Yog Can Oft MAre ORAES A0t e 1rmal of a0 i Ne Wt Tom B0l

P ‘ To downioad 3l Of e piant metahols gty databases hosted by e PMN, Inchusieg MaCYX.
Pl

Adanenal custom fial Ses contaning o0ty edracked Tom the et FNN release can bo Prey
SOWNHOM0N] WO & Seonse

o Pty pathwars Pl umrg)

o PlasiCpt cOmpaUnds This fle ONLY cOntaing compounds uied in PlastCyt pathwiays)
® ArwCys palfvwerys Jump)

¢ AraCyt compaunds This e ONLY COntaing compounds used in AraCyt palhwiys)

o Popia Tyt pattworys ey _oumgl

o PoplarCyt cOmpounds This fle ONLY containg compounds used in PopiarCet pathwiys)
The Sen DLAST sefs poowided by the PN c30 3150 D8 downiodoed wihout regutaden
¢ PiamiCwt Ercymes

o Hafecancs Fadymes




Data and software downloads

FMN Compiste Databasa Downicad
Weicome to PN and AraCyc users!
Approxamately one businass day after you agree to the terms of the iicense and submit the compiated form, a staff

membeér will réviéw your réeguest and email you downkoad instructions
if you have any queshons please emal curatorplantcyc org

Title
Name *
=mail* - = —
rce . P b P b Lo
R a0 - YOS Howewe gt Bogwrozioen B owvran
OO YOUr €
y ,..—qnp.b qgm.\ ’:\'— '.}v.q_voo.-o
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N Data formats include:
m  ocelot, Biopax (OWL), SBML, .dat



Data and software downloads

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

m  Desktop version offers additional features
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Data and software downloads
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Data and software downloads

m Trace metabolites through metabolic pathways
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Data and software downloads

Coming soon . . . create and work with “groups” of objects

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

o MetNetDB: http://metnet3.vrac.iastate.edu/index.php
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Creating new PMN content

m Manual curation
o Entering experimental data

m Computational prediction
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Creation of new PMN databases

m New sets of DNA sequences become available

o Genomes are sequenced
o Large EST data sets are created
= Unigene builds are generated

m PMN pipeline predicts enzyme functions
o Performed using computer algorithms based on sequence similarity

m Set of predicted enzymes is used to predict metabolic pathways

o The pathway program (Pathologic) uses:
= Enzyme functional annotations
= Areference set of pathways (e.g. PlantCyc)

m Curators validate predicted pathways in the new database
o Curators remove incorrect information and add additional data




Creation of new PMN databases

Phaseolus vulgaris

L

| Annotated enzymes | | PlantCyc

DNA sequences
1 JGI, etc.
Gene identification
Pv1234.56.a
1 PMN pipeline
Enzyme activity I Pathway prediction program I
Phenylalanine biosynthesis
chorismate prephenate arogenate
mutase aminotransferase dehydratase
e SEEE prephenate&l New database [4:2.1.91 L-phenylalanine
Pv1234.56.a BeanCyc

+ validation




Creation of new PMN databases

m BeanCyc will be added to the PMN databases

m BeanCyc enzymes will be added to PlantCyc




How can you put the PMN to work for you?

O Learn background information about particular metabolic pathways
O Create customized metabolic data sets

O Compare metabolism across plant species

O Analyze experimental OMICs data in a metabolic context

O Manipulate and study data offline

O Create new metabolic pathway databases




We are here to help: www.plantcyc.org

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!
m Stay around for the help session from 8-9 PM
m Visit the PMN poster - #322

m Make an appointment to meet with me during the conference
o Sign-up on sheet in the back of the room
o Send an e-mail
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P M N curator@plantcyc.org
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We are here to help: www.plantcyc.org

Plart Metibolc Netwurk o s Ni
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Summer 2009 Presentations

o AR ICARYYorkshop Resource Guide

Part I Hands.on exarcises and indeadual help

(Dreseniars and paricinams)

S S i . s s
o TARICAR Workshop Praclice Questions

o TAIR workshop - part 2 - data file

(Microarray ] OMICs viewer data file for Queshon #1)

o TARICAR Workshop Practice Queshons with Answers
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We are here to help: www.plantcyc.org

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!
m Stay around for the help session from 8-9 PM
m Visit the PMN poster - #322

m Make an appointment to meet with me during the conference
o Sign-up on sheet in the back of the room
o Send an e-mail
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What is in the PMN?

O Databases focus on “small” molecule metabolism

m “Small’
o No strict standards
o Generally exclude macromolecules that are built using templates

m “Large” molecules Not In the PMN:
o chromosomes, proteins (as substrates), mRNA transcripts
= but the building blocks of macromolecules are included
= nucleotides and amino acids are in the PMN

m “Large” molecules In the PMN:
o cellulose
o rubber
o homogalacturonan / pectin



