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Outline

o MetaCyc
= Goals and application
= Curation Progress
= MetaCyc - main functions
= Pathway tools

o AraCyc
= Build of AraCyc
= Curation progress
= Introduction to the database
=  Omics viewer
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MetaCyc

http:/ /www.metacyc.org

Caspi R, Foerster H, Fulcher CA, Hopkinson R, Ingraham J, Kaipa P,

Krummenacker M, Paley S, Pick J, Rhee SY, Tissier CP, Zhang P, Karp PD
MetaCyc: a multiorganism database of metabolic pathways and enzymes
Nucleid Acids Res., 34, D511- 516 (2006)
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What 1s MetaCyc ?

o MetaCyc is a multi-organism database that
collects any known pathways across all
kingdoms

o MetaCyc is a curated, literature-based
biochemical pathways database

0 Collaboration between SRI International
and Carnegie Institution
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Goal and Applications

Goal

= Universal repository of metabolic pathways

Up-to-date, literature-curated catalogue of
commented enzymes and pathways for use in
research, metabolic engineering and education

Applications

= Database of reference used to generate
predicted Pathway/Genome DataBases
(PGDBs)
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The Content ot MetaCyc

o Pathways from primary and secondary
(specialized) metabolism

= Reactions with compound structures
Proteins
Genes

= Does not contain sequence information
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Curation Team

o PhD-level curators

0 Extract data from literature
= experimentally verified data
= ideally protein information

o Follow MetaCyc Curator’s guide

m http://bioinformatics.ai.sri.com/ptools/curatorsguide. pdf
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MetaCyc Version 11.1
released May 25th, 2007
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The Taxonomic Distribution in MetaCyc

= Mostly from microorganism and plant
kingdoms, and several animal pathways

= Plants: 219 species from 69 plant families

m Share about 220 pathways involved in
primary metabolism and 180 pathways of
secondary (specialized) metabolism
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Taxonomy/Metabolism Ratio in MetaCyc

= Plant families with the highest number of annotated
pathways:

Brassicaceae (Arabidopsis thaliana)
Legumes (Glycine max)
Poaceae (Zea mays)

Solanaceae (Solanum tuberosum, Nicotiana tabacum)

= Plant families with the highest nhumber of contributing

species:
Legumes (36) Solanaceae (16)
Poaceae (12) Brassicaceae (10)
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MetaCyc — Browse the Database
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MetaCyc — Browse the Database (o)
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MetaCyc — Discover the Metabolic Universe
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MetaCyc — Query Page
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MetaCyc — Query Result Page
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MetaCyc — Pathway Detail Page - Part I
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MetaCyc — Pathway Detail Page - Part 11
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MetaCyc — More Detail
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Extend or collapse
the detail level of the
pathway detail page
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MetaCyc — More Detail (contd)
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MetaCyc — More Detail (contd)
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MetaCyc — More Detail (contd)
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MetaCyc — Reaction Detail Page
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MetaCyc — Enzymes and Genes
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MetaCyc — Enzymes and Genes (cont?d)
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Variants, Related Pathways and Links

o Pathway variants are created as separate
pathways

IAA biosynthesis I (tryptophane-dependent)
IAA biosynthesis II (tryptophane-independent)

O Links are added between interconnected
pathways

0 Related pathways are grouped into
superpathways
e.g.superpathway of choline biosynthesis
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Creation of a Superpathway
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Applications: Pathways Prediction

Goal

m Universal repository of metabolic pathways

o Up-to-date, literature-curated catalogue of
commented enzymes and pathways for use in
research, metabolic engineering and education

Applications

= Database of reference used to generate
predicted Pathway/Genome DataBases
(PGDBs)
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Pathway Tools Sottware Suite

o Software for generating, curating, querying,
displaying PGDBs

o Developed by Peter Karp and team

= PatholLogic - Infers pathways from genome or
transcripts sequencing

= Pathway/Genome Editors — Curation interface

= Pathway/Genome Navigator — Query, visualization,
analysis and Web publishing

m OMICS Viewer
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The Family of Species-specific Databases

Pathway/Genome
Database (AraCyc)
Annotated Genome Pathways
Arabidopsis thaliana
- Reactions
PatholLogic
Software ™ '
compounds
Reference Pathway Gene -
Database (MetaCyc) ‘— products genes
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AraCyc:
The Arabidopsis thaliana specitic

metabolic database

http:/ /www.arabidopsis.org/tools/aracyc

Zhang P, Foerster H, Tissier CP, Mueller L, Paley S, Karp PD, Rhee SY
MetaCyc and AraCyc. Metabolic pathway databases for plant research
Plant Phys., 138(1), 27-37 (2005)
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AraCyc — Birth of the .A. #haliana Specitic Database

initial
build
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The Computational Build of AraCyc

o In 2004, the Arabidopsis genome
contained 7900 genes annotated
to the GO term ‘catalytic activity’

o 4900 loci in small molecule
metabolism (19% of the total
genome)

o PatholLogic inferred 219 pathways
and mapped 940 (19% enzyme-coding)
genes to the pathways
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Cleaning of a Newborn Database

o PatholLogic errs on the side of
over-prediction

O First round of curation to remove
false-positives

o Add missing pathways

o Improve the quality of information
Introduce new pathways
Increase number of pathway and protein comments
Refine computational assignment of protein
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Pathway Validation Criteria

o A pathway that is described in the
Arabidopsis literature

o A pathway whose crucial
metabolites are described in the
Arabidopsis literature

o A pathway that contains unique reactions
and having genes assigned to those
unigue reactions
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Validation Procedure

0 Delete non-plant pathways:
= Pathway variants of bacteria-origin
= Pathways not operating in plants at
all (e.g. glycogen biosynthesis)

o Add new plant-specific pathways:
= Pathway variants of plant-origin

= Plant-specific metabolites
(e.g. plant hormones)

= Plant-specific metabolism
(e.g. xanthophyll cycle)

™0
= yate AraCyc
V4 . e S A D ‘
tair 0,




AraCyc - Curation Progress

AraCyc AraCyc AraCyc AraCyc AraCyc
(2.1) (2.5) (2.6) (3.5) (4.0)
April October May February July
2005 2005 2006 2007 2007
Total 221 197 228 262 285
pathways
New R 37 35 51 50
Updated - 0 2 37 42
Deleted K 61 6 12 16
Pathways 71 170 201 233 285
manually (32%) (86%) (88%) (89%) (100%)
reviewed
o /‘{;}’ AraCyc
¢ . o' AN
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How to Link to AraCyc
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home page click on
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AraCyc — The Home Page
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AraCyc — All the Help you Can Get
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AraCyc’s Content

AraCyc Pathway: flavonol biosynthesis St Ga—
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Evidence Codes (contd)
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AraCyc: Pathway Detail Page
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AraCyc: Metabolic Map
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AraCyc: Metabolic Map (contd)




AraCyc: OmicsViewer
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OMICS Viewer

o Part of the Pathway Tools Software Suite

o Displays bird-eye view of the Metabolic Overview
diagram for a single organism

= KEGG pathways are ‘superpathways’ without
consideration of species specificity and pathway variants

o Allows to paint data values from the user's high-
throughput onto the Metabolic Overview diagram

Microarray Expression Data
Proteomics Data
Metabolomics Data

o o
m,—é,-.;_,_-:i*».s, —"\‘»:fi ~
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OmicsViewer Submission Page

/ Load sample file
- and provide
Pathway Tools Omics Viewer . P :
information
ics Vi Step | about your data
The Pathway Tools Omlps Vllewer (formerly the Tselect a dataset: lArabidpésis thaliana CO| y
Pathway Tools Expression Viewer) paints data = e I
values from the user's high-throughput and lle containing
other experiments onto the Metabolic Overview ~ experimental data (NOT i Browse... | Step 2
diagram for an organism. a URL):

Do you want to display

The Omics Viewer can be used for: absolute or relative data

values?
» Microarray Expression Data: Reaction  |f djspl Asstndeopis lime pomt | Smme piast D teme pot 3 time poiat 4
lines (and protein icons, where present)  yalyes. o id
are color-coded according to the relative
or absolute expression level of the gene R 2 14 ~a o . 14
that codes for the enzyme that Datavq % :C FIes ‘- - - o -~ 42
catalyzes that reaction step. The Omics Aglaxsd 0O 233 V3
Viewer allows a scientist to interpret the Theitel M Ag1030 11 g0" ] & 114
results of gene-expression experiments (zeroth| A1 310230 N et . £ 1 13 1 23
in a pathway context. datafile]l As3e0] 13 ! O ALe ' 9 B L
» Proteomics Data: Reaction lines (and ) Y Cxfan A p > i 2 =
protein icons, where present) are color-  MNote' B Asighitod 00 v L& ‘e
AAAAA A ..‘(l\.." 00s 5 53 1hi : “2
Atdglld™ 038 204 Vo, 06
/ Atdgllss0 068 DA 008 0 44
. A gl 580 1 1¢ » DOs 06
Sample data file AUROOMD - 18 v oy 0 0
(text tab-delimited) Atdgleldo  01f L 012
Aighsi 41 o8 2 0.8 O 3

& t - - %aCyc
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OmicsViewer Submission Page (cont4)

/7 choose o display a |

[The Pathwary Toclks Omucs Viewsr (Sormady the
Fathasy Tosls Expeasticn Viewsr) pants dats
Vaiued roms the user’'s high-theoughpat and
hat expanmeats 2nes the Matatohe Owreew
R0 fof an SIgaresm

IPhe Omecs Viewes can be used for

o Microamay Exgression Data: Reachon
nes (and proten icons, whare present)
are color <oded accordng 1o the relative
of absoite expresson evel of the gene
Dt codes for the eazyme that
catalyzes Hat reaction step. The Omics
Viewer aflows 2 soontist 10 inderpret the
results of QENE-CXPrESION SXpenMments
n 2 pathway context

s Proteomics Data: Reaction knes (and
profem ions, where present) ave color-
coded accordng 10 the concentration of
the enzyma Bt catalyres that reaction
sep

s Metabolomics Datn: Compond wons

Select 2 dataant

Fio contareng
expenmental data (NOT
a URL)

Do you want 10 desplay
abscite of relatne data
abes?

Aot a Select the type of
data you want to
display (refers to
Lk » Step 3| Yyour loading file)

¥ daplyying relatne dsta

datafie ate

Note By selectng Any pf
QPrassnn and mataboje

dangers mhatont n ths
ambsguous d it 5 oot
adotion. data valses Yo

o Arry of the above

protens of metaboltes o
mants may nat be drectly

X fair
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OmicsViewer Submission Page (cont1)

0 1 2 3

4

Ashidepis  time point | Sme poist D time poin_3 time_peint 4 / For single/multiple or

oo il

ime &tep or An{  th€ ratio of time points

215 add the corresponding

nt time step, ente

number fields below column number(S)

AMigTT8 LS e3 LI

Alglixd pP°7 8353 0 073

Arigl0.30 i Q0! ] & Rk
asSSIgNed 10 genes. protems, reactons

or metabolites can be viewed in a
pathway context using the Omics
Viewer.

More information about the Omics Viewer
ncluding sample datafiles and displays.

The Omics Viewer takes as input a tab-
delimited data file that is stored on your local
computer. The file contains relative or absolute
data for a set of genes, proteins, reactions,
metabolites, or some combination. Each row of
the file contains data for a single gene, protein,
reaction, or metabolite, and begins with the
pbject name, ID or EC number. You may
choose to display either data from a single
column, the ratio of two columns, or a time
series animation of multiple columns. Data

To display an animated time series, enter a list of column numbers (with
each column number corresponding to a single timepoint), one per line, in the
first column nurrber field below. If you wish to include a denominator column
for a ratio calculation, you can enter either a single column number (in which
case the same data column will be used as the denominator for all
timepoints), or one column number for each numerator column number. Note
that zoomed views of individual pathways are not available with animations.

Data column (numerator in If using two columns, denominator data
ratios): column:
2 1

3 1 Step 7
2 2

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.

¥ tair

@f{(QAraCyc



OmicsViewer Submission Page (cont1)

Choose your cutoff
to visualize your
expression values

%)ose a color scheme:
Full color spectrum, computed from data provided (default)
Step 8

" Full color spectrum with a maximum cutoff:
" Three color display with specified threshhold: -

Display Type

By default, data values are painted on the cellular overview chart. However an
alternative display is to generate a table containing all individual pathways
which have one or more data values that exceed some threshhold (or are less
than the inverse of that threshhold). To select this alternative display, choose
the corresponding option below and specify the threshhold.

@ Paint data on overview chart (default) Step 9

" Generate a table of individual pathways exceeding threshhold: -
" Combine both displays (not yet implemented for animations)

ote that this request will take several minutes to complete

(p@ =<\ longer for large datasets).
i\ ; %raCyc
ta’r © ’ oH
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The Omics Viewer Result Page (contd)
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the page

Total rasvSet Of CAlA NOws {008 NCLING COomyrint Sors ) 45
Number of rows o0 which Hhe gene could not be foung 1

NuTter of 10wWs 100 Which T D8 rarme wis armbeguoss 4
NUMEOr Of rows 100 Which e 08nd 15 wald s 500 wihech 2 0ala value Aas Messng o malomed

The Solowing talie Shows Sadancs for the SelaCiod Colmnr CoRaTyy a0 100 af genes and for JHose

= 1

06
t side =
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side =
es not in overview

Data Stansics Al Geres Overdow Genes
Number of values  &57 403
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Saving Results
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