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OVERVIEW

About data sources

MetScape is a plug-in for Cytoscape, the bioinformatics network visualization tool. The
plug-in can be used to visualize and interpret metabolomics and gene expression data in
the context of human metabolic networks.

MetScape uses a metabolite database developed by extracting and integrating information
from the following sources:

1. Edinburgh Human Metabolic Network (EHMN) —
http://www.ehmn.bioinformatics.ed.ac.uk/

2. KEGG COMPOUND Database —
http://www.genome.jp/kegg/compound/

MetScape allows users to load a list of metabolites with experimentally determined concentrations, a
list of genes with experimentally determined expression values, and a list of concepts or pathways,
and display them in the context of relevant metabolic networks.

Workflow overview

With MetScape, you can:

e Trace the connections between metabolites and genes.

e Integrate multidimensional data

¢ Visualize compound, reaction, enzyme and gene networks and display compound
structures, as well as information for reactions, enzymes, genes, and pathways.

e Visually animate changes in compound concentrations over time and across
experimental conditions.

The basic steps in the workflow include:

1. Enter data. You can type or paste a list of compounds and/or genes, load a file
containing experimental data, or start from a biological pathway.
2. Select compound and reaction attributes. Choose which attributes to display in a
table as you work with your visual network graph.
3. Explore the Visual network and table of attributes:
e Expand and collapse a network.
e Create a subnetwork
e Visualize your data in a wide variety of network layouts provided by
Cytoscape.
e Use color, size, and other effects to visually reflect a set of attribute values.
4. Save your session and reopen it later.
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INSTALLING CYTOSCAPE AND THE METSCAPE PLUGIN

You can use the MetScape plugin for Cytoscape in one of two ways:

e By launching Cytoscape and the MetScape plugin from the MetScape
Webpage. With this method, you launch a temporary copy of Cytoscape and the
MetScape plugin. Use this method when you don’t have the administrative
privileges to install software on your computer. You will not have access to other
plugins when you use this method.

e By installing Cytoscape and the MetScape plugin on your local computer.
With this method, you can use other plugins that work with MetScape data, such as
Shortest Path and MCODE.

Launching Cytoscape and the MetScape plugin from the Web
To launch Cytoscape and the MetScape plugin from the MetScape Webpage:
1. Go to http://metscape.ncibi.org/metscape?/.

2. On the Webpage, click the Launch Cytoscape w/ MetScape 2 via Java Web Start
link.

After launching the Web version, you can do anything described in this User Guide.

You can save your Cytoscape session on your local computer and reopen it at a later time
after launching the application from the MetScape Webpage again.

Installing Cytoscape and the MetScape plugin on your local computer

1. Install Cytoscape on your computer. For more information, go to the Cytoscape
website at http://cytoscape.org/.

2. After Cytoscape is installed, start the application.

3. To install the MetScape plugin, select Plugins -> Manage Plugins from the
Cytoscape menu.

4. Under Available to Install, click + (the plus sign) to expand the Integrated
Analysis group.
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Search | settings

Enter key words to search

[

[] Show only plugins verified to work in this release

Currently Installed: 26 | |

-- . Analysis: 3 .
G- . Core: 20 Click to expand the
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5. Find and click the most recent version of the MetScape plugin.

6. Click Install.

7. When installation is complete, click Close.
A MetScape option is added to the Cytoscape Plugins menu.
Registration: MetScape is a free program. We ask you to register because it helps us to
keep track of the number of downloads. Your information will be stored in a secure
database and we will not share it with anyone. We may send you infrequent e-mails about
future MetScape releases. You may also choose to decline the registration. If you decide

to register later, the registration window can be found on the main MetScape menu.

Note: This plugin requires Cytoscape 2.8 to run correctly.

ENTERING DATA

1. To begin a Cytoscape session with the MetScape plugin, first start Cytoscape.

2. Choose one of the following methods to get started.
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Option 1: Enter a list of compounds

1. Select Plugins -> MetScape-> Build Network from the Cytoscape menu.

2. A MetScape tab now appears on the left of the Cytoscape screen.
3. Select a species. Choices are: human, rat, mouse
4. Manually enter (or copy and paste) compound ID(s) or name(s) and/or Entrez gene
ID(s) or symbol(s). Click Add and enter the appropriate ID type in the popup box.
Lists of IDs should be separated by spaces.
File Edit Wiew S5elect Layout Plugins Help
SEQAAC Q| a8 B BBy EHyE -
Control Panel
| Tg Networkl VizMapper ™ I Editor I Filhersl = | » |
Build Metwork: | Clear All ” Close ||
Input )
Organism | Human Choose SpeCIeS
Experimental Data
Select...
Compounds: {none) Enter a list of compound names or KEGG IDs. KEGG IDs
Genes: (nor;e]l may be entered all on one line (separated by commas or
Conce[:ts: (none) spaces), or one per line. Compound names should be
entered one per line.
ompounds
- DL-Lipoyl-L-lysine
Input ID Input Mame trimethylamine
glucose
| Ad Remove ” Clear ” Reset |
Genes
nput ID - ut Symbol
Enter
Compounds Add Remove ” Clear | ot
and/or genes | iions J\
etwork Type a
Compound-Reaction-Enzyme-Gene - Enter Compounds |nt°
Query “Add Compounds”
@ Use compounds/genes ”ADD" buttons popup Window
Use selected pathway
TCA cyde
Build Network utput as File Node Attribute Browser | Edge Attribute Browser I Network Att
Welcome to Cytoscape 2.8.1 Right-click + drag to ZOOM Middle-click + drag to PAMN
5. Click OK
6. If you enter a compound name, it will map to its KEGG id; a popup window will

appear. If there is more than one potential match, use the dropdown arrow to

choose the best match. If the compound
Found.”

is not found in the system, it will say “"Not
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Select names for compounds

One or more of the compownds in your guery had multinle matohes in the database.
FPlease select the match that is best - ar (none)'if you do not wish the
compound o aooear i1 the results.

Potential Matches

KEGG ID

Input Name
DL -Lipoyl-L-ysine PL—LipoyI—L-Iysine CE2102

lucose | Glucose > | C00293

W ¥l

7. Click OK

8. After the experimental data has been loaded, if any of the genes/compounds that
you submitted were not mapped to the database objects, a Missing Data window
will appear. After viewing the Missing Data information, click SAVE to save the
data for later viewing or click OK to close the window without making it available
for future viewing. (See the Missing Data Window section below, under Option2:
Load an experiment file, for more information about missing data).

Why are these elements missing

The following input data could not be found in the
MetScape database:

Compaounds:
U Trimethylamine

[ Ok ” Save ]

e

9. Select a Network Type by selecting one of the following from the dropdown
menu:
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¢ Compound-Reaction-Enzyme-Gene (1)
¢ Compound-Reaction (2)
¢ Compound-Gene (3)

e Compound (4)

%

! !

01564

S, e
w okidase @ N N-E-W lycine:

Note: When selecting Compound as the Network Type, a dropdown menu appears under
Query, providing the option of choosing between compounds or genes. When any other
Network Type is selected, the only option is to use compounds/genes unless using a
selected pathway.

10. Click Build Network to query the database and create the network.
Option 2: Load an experiment file

Use to load experimental data to visualize and explore compound networks over time or in
varying experimental conditions. The input can be an Excel, comma, or tab delimited file.
MetScape allows users to load three types of files - compound file, gene file, and concept
file. Each type is optional, e.g. you can load only compounds, only genes, only concepts,
or any combination of the above.

Compound File

The compound data file must meet the following requirements:
e The first row must be a heading row, in which:
o The columns in the first row are column headings to label the data.
e All other rows contain experimental data, in which:
o The first column contains KEGG Compound IDs or names.

o The remaining columns contain experimental data. Multiple
experimental values are permissible in the same spreadsheet.

Below is a portion of an example compound file with Compound IDs, significance values,
and fold change values:
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A B C

1 Fold Change P-value

2 |Coo0o2 0.1  0.006174265
3 Coooo4 1.14  0.646801757
4 |Co000s8 0.99  0.970303452
5 |CO0020 2,12 0.068052875
6 CO0025 0,91  0.115376267
7 C00037 0.99  0.904658012
8 Ccooo4aL 0.95 0.574335153
5 Cooo42 1.09 0.809172269
10 Cooo44 0.56  0.100724407
11 Cooo4a7 1.36  0.189989302
12 |C00049 0.92 0.755789133
13 C0o0064 0.48 0.186707182
14 |C00065 1.22  0.805151078
15 CO0073 0.80  0.356405722

Gene File

The gene file must meet the following requirements:

e The first row must be a heading row that includes column headings to label the
data.

e The first column contains Entrez Gene IDs or Official Gene Symbols.

e The remaining columns contain experimental data. Multiple experimental
values are permissible in the same spreadsheet.

Below is a portion of an example gene file with Gene IDs, significance values, and fold
change values:

A B 2
1 |ENTREZ_GEME_ID Pvalue Log_fold_change
2 1 0.002335904 -0.02
3 2 2.07E-08 -0.06
4 2 2.03E-08 0.04
5 9 0.003915472 0.04
6 10 0.00026716 -0.08
7 12 0.000237925 0.05
] 13 0.002489364 -0.05
9 14 0.506396205 0.00
10 15 8.25E-06 -0.04
11 16 0.022222108 -0.01
12 18 1.47E-08 -0.07
13 18 5.24E-06 -0.09
14 18 2.12E-05 -0.07
15 19 0.820594937 0.00
16 19 1.76E-08 0.06
17 19 9.46E-09 0.04
18 19 0.6606321201 0.00
19 20 1.16E-07 -0.05
Concept File

The concept file can be generated by a gene set enrichment analysis tool such as
LRpath or GSEA from gene expression data.
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Note: Gene set enrichment testing is an approach used to test for predefined biologically-
relevant gene sets that contain more significant genes from an experimental dataset than
expected by chance.

Below

e GSEA (Subramanian at al., Proc. Natl. Acad. Sci. USA, 2005, 102:15545-
15550).

e LRpath (Sartor et al., Bioinformatics, 2009, 25(2):211-7).

is a portion of an example concept file:

W oo |~ oL R

glglglglglzlEIREB
W0 (00|~ [ AWM= D

A B C D E F G H |

Concept.name |ConceptType n.genes |coeff odds.ratio  |p.value FDR Direction |sig.genes

Citrate cycle (TCAKEGG Pathway 32| 0.44858373| 16.2447876 1.23E-08 1.67E-06|up 24368, 24399, 24401, 25179, 25721,
Fatty acid metab|KEGG Pathway 28| 0.40269739| 12.2142885 1.10E-06 7ABE-05|up 24158, 25363, 25618, 25757, 140547,
Alanine and aspgKEGG Pathway 18| 0.47651019| 19.323541 1.93E-06 8.75E-05|up 24379, 24401, 25721, 81670, 81829, :
Reductive carboyKEGG Pathway 11| 0.55839769| 32.143%9027 6.68E-06 2.27E-04|up 24368, 24399, 24401, 25721, 79250,
Oxidative phosp|KEGG Pathway 44| 0.27758123| 5.61284566 3.64E-05 9.89E-04|up 116550, 291103, 295923, 301011, 31/
Urea cycle and mKEGG Pathway 25| 0.32301096| 7.44383786 2.00E-04| 0.00441518|up 24368, 24379, 243599, 24401, 24600, .
PPAR signaling p|KEGG Pathway 32| 0.28585824| 5.90912002 2.33E-04| 0.00441518|up 24158, 24450, 25045, 25757, 29171, :
Carbon fixation |KEGG Pathway 11| 0.44333373| 15.7233268 3.59E-04| 0.00542234|up 24401, 25721, 81670, 81829, 114508,
Arginine and pro|KEGG Pathway 20| 0.33385131| 7.96259603 5.14E-04| 0.00699086|up 24368, 24379, 24399, 24401, 24600, .
Butanoate metall KEGG Pathway 30| 0.26301141| 5.12695967| 0.00101503| 0.01254945(up 24379, 24399, 24401, 24450, 25721, :
Valine, leucine a|KEGG Pathway 24| 0.27398384| 5.66198894| 0.00167291| 0.01625109|up 24158, 24450, 29711, 140547, 17046!
Glutathione met|KEGG Pathway 24| 0.27372392| 5.4799003| 0.00205204| 0.01860513(up 24379, 24399, 24401, 24422, 25721, :
Propanoate met{KEGG Pathway 16| 0.32105291| 7.35380592| 0.00265316| 0.02122524|up 24158, 140547, 170465, 171155, 298!
Nitrogen metabqKEGG Pathway 15| 0.30373897| 6.60362465| 0.00596513| 0.04056287(up 24379, 24399, 24401, 25721, 29242, !
C5-Branched dib{KEGG Pathway 19| 0.26819205| 5.29471153| 0.00686636| 0.04226683|up 24158, 24379, 24399, 24401, 25721, !
Pyruvate metabqKEGG Pathway 15| 0.26689922| 5.25234187| 0.00714807| 0.04226683(up 81829, 258942, 306138, 307858, 361/
Phenylalanine mKEGG Pathway 21| 0.25034932| 4.73898475| 0.00822755| 0.0447139|up 24368, 24401, 25721, 81683
Antigen processi|KEGG Pathway 21| 0.24956329| 4.71793226| 0.00841626( 0.0447133(up 24223, 24812, 25217, 25599

Instead of loading a concept file you can run LRpath directly from MetScape.

Running LRpath from MetScape:

If you choose to run LRpath directly from MetScape, the directional test against EHMN
metabolic pathways with a minimum number of genes in the concept = 5 will be
performed. Only the concepts with p-values < 0.05 will be reported. For more options, go

to the LRpath page.

1.

Select Plugins -> MetScape-> Select Experimental Data...from the Cytoscape

menu.

Select a species. Choices are: human, rat, mouse

Using the Import File... buttons, select the compound and/or gene files to load.

Select the appropriate column headings, using the dropdown menus, for fold
change and p-value. Choose the desired threshold.

Choose to select an input file with concepts or choose to generate concepts using
LRpath (generating the concepts with LRpath will take longer than loading a file
with the information).

Note: LRpath performs gene set enrichment testing, an approach used to test for
predefined biologically-relevant gene sets that contain more significant genes from an
experimental dataset than expected by chance (Sartor et al., 2009). To run LRpath, you
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need a Gene Expression file with fold change (or log fold change) values and p-values.
The Gene Expression file needs to contain all gene records, not just those for significant
genes; LRpath will determine the significant genes from the input.

5. Click OK.

Example of selecting experimental data, including importing files and designating fold

change, p-values, and thresholds:

-
&} Select Experimental Data

—

Data

Organism | Human

===

Choose species

Compounds
Select experimental data

P-value, Fold Change,
and Threshold

i{none}l

/

Import File...

P-value (none)
Fold Change| {(none)
Genes

Select experimental data

(none)

P-value (none)
Fold Change| (none)
Concepts

Select experimental data

(none)

» | Threshold

Import File
button

w | Threshold

% Import File...

» | Threshold

» | Threshold

- Import File...
| tmp |

Option to generate

| QK || Cancel |

concepts using LRpath
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Example of ID mapping window from a loaded compound experiment file:

Select names for compounds
Onie or more of the compounds in your guery had multiple matches in the database.
Flease select the match that is best - or {nonel' if you do nof wish the
compound to aopear it the results.
=
Input Name Potential Matches KEGG ID
Glutamine D-Glutamine = CO0810 -
e L-Glutamine
Frotein glutamine CE2800
Tnositol Protein L-glutamine C00137
| actate Frotein M5-alkylglutamine 05823
{none)
Leu 2o aipTig-Leaure | C00123
ot Found
H
ot Found
ot Found
ot Found
ot Found
Sphingomyelin sphingomyelin Co0550
Succinate :Succinate ) CO0042 5 i
TAG {+)-Prostaglandin F2a - | coog3e
ot Found
ot Found
ot Found
ot Found
yrosine .Tyrosine v. CO0082
Al | 2-5-43.4 . 5-tribvdrnxvnheny... | rz212. i
[ 0K ] [ Cancel ] [ Save ]

Note: If you select Save on the Select Compound Mappings window, you will get a
.csv file containing mapping information for all compounds that MetScape successfully
mapped.

Note: The Select Experimental Data window can also be accessed from the MetScape
tab.

Note: Multiple networks can be built within the same user session. After a network is
built, pull up the Select Experimental Data window and change the data files. Then build
the new network. Both networks will remain accessible. If you change species, however,
all existing data will be lost. The below warning window will pop up in this situation.

Warning ﬁ

e

All existing data will be lost. Continue?

—

~ -

| Ok |’ Cancel ]

Missing Data Window

After the experimental data has been loaded, if any of the genes/compounds that you
submitted were not mapped to the database objects, a Missing Data window will appear.

Genes, compounds, and concepts may appear on this missing elements list because:

e Genes and compounds that you supply may not be in the database. If they are not
found in the database then they are reported as missing.
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e If your input genes are not human (Rat, for example), then they are mapped to
human genes using homologs from NCBI's HomoloGene. If this mapping fails, then
those genes are reported as missing.

e MetScape will display only the genes that encode metabolic enzymes. If an input
gene does not encode metabolic enzymes, it will appear on the missing elements
list.

e A concept (pathway) will appear on the missing list if all of its significant genes are
missing. The list of significant genes for a concept comes from the input file or
from LRpath.

After viewing the Missing Data information, click SAVE to save the data for later viewing
or click OK to close the window without making it available for future viewing.

i N
£} Missing Data [ﬁ
Why are these elements missing

The following input data could not be found in the -
MetScape databaze:

Compounds:
Creatine+Crn
G5H+Lysine
Lysine +Arginine
OH-Butyrate
PtdCholine
PtdEthanolamine
PidSerine

TMAQ +Betaine
|| Total Glucose
Total Glutathione -

[ OK ][ Save l

m

VISUALIZATION

Access the MetScape Legend from Plugins -> MetScape -> Show Legend.
Legend ﬁ

Legend

Compound O
Reaction D
Enzyme D
Gene O
Input . .

Significant

Up-regulated O O

Down-regulated ) O
Expansion —-
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Additional information about the network is expressed through visualization:

e A compound is red in the original network and subsequent subnetworks if it was in
the original data loaded into MetScape.

e A green border surrounding a node represents significant gene/compound.

¢ Node size represents the direction of the change. Larger nodes represent an
increase and smaller nodes represent a decrease in gene/metabolite. The actual
amount of the change is not represented visually.

e When a node is expanded, the edges between the original node and the expanded
nodes become blue.

METSCAPE TAB

This tab has options for choosing Network Types, the data you entered, and more.
From this tab you can:
e Select the type of network that you want to build

Select Network Type by selecting one of the following from the dropdown menu:
o Compound-Reaction-Enzyme-Gene
o Compound-Reaction
o Compound-Gene
o Compound

Note: When selecting Compound as the Network Type, a dropdown menu appears under
Query, providing the option of choosing between compounds or genes. When any other
Network Type is selected, the only option is to use compounds/genes unless using a
selected pathway.

e Add or Remove data.
e Select a pathway

o Use to view all the compounds and reactions associated with a metabolic
pathway. Select a specific pathway from the drop-down list.

Saturated fatty acids beta-oxidation -
Selenoamino acid metabolism

Squalens and cholesterol biosynthesis
Trihydroxycoprostanoyl-Cod beta-oxidation

Tryptophan metabolism

Tyrosine metabolism

Irea cyde and metabolism of arginine, proline, glutamate, a =
|TCA cydle -

e Save the Output as a File.

e Build Network graph based on the data.
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Control Panel E]

twork | vizMapper™ | Editor | Filters ]
Build Metwork: Clear A Close

Input

Organism | Human - |
Experimental Data

Compounds:

human_metabolites4metscapez_MAMES
Genes: (none)
Concepts: (none)

Compounds

=
Inp... InputMNams
CO00... |Glutamats -
Co0... |Acetabe
CO0... |Succinate
C00... [Tyrosine

—

l Add ﬂl Plell:nc':re - Clear “ Reset ]

Genes

=
Input ID Input Symbal
34 |acapm

100 |aDa

[ add ” Remave ” Clear “ Reset ]

Select a pathway

Add or remove

Choose

(Options
Metwork Type

Note: When the organism is human, the Genes section will show Input ID and Input
Symbol. However, when the organism is not human (ex. rat), the Genes section will

_Compound—Reaction—Enzyme—Gene - |
Query

@ Use compoundsfgenes

71 Use selected pathway

TCA cyde

l Build Network ” QOutput as File. .. ]

network type

Save output as a file

show Input ID, Input Symbol, and Human Symbol.

RULES USED TO BUILD DIFFERENT NETWORK TYPES

¢ Compound-Reaction-Enzyme-Gene (C-R-E-G), Compound-Reaction (C-R),

and Compound-Gene (C-G) networks

The C-R-E-G, C-R, and C-G networks are all built from the same underlying data. That
data is derived, in each case, by finding compounds that participate in reactions that
are catalyzed by enzymes that are encoded by genes. If only genes are input, then all
the enzymes, reactions, and compounds that match those genes are used. If only
compounds are input, then all the reactions, enzymes, and genes that match those
compounds are used. If both genes and compounds are input, then only those C-R-E-
G couplings that match both a compound from the compound input and a gene from

the gene input are used.

If a concept file is provided, genes from that file will be used as input. If a gene file is
also provided it will be used only as input for LRpath (if user chooses that option).
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If only a gene file is provided, all genes from that file are used as input. In this case,
we recommend that you load a smaller set of genes (e.g. most significant differentially
expressed genes).

e Compound (C) networks built from compound input

If a list of compounds is provided, the resulting network will include the query
compounds (shown in red) plus any compounds that participate in the same reactions
as query compounds. The edges will be drawn between “seed” compounds and their
neighboring compounds

¢ Compound (C) networks built from gene input

If a list of genes is provided, the resulting network will include the compounds that are
related to the query genes via the reactions in which they participate, and the enzymes
that catalyze these reactions. The edges will be drawn between all compounds.

¢ Pathway networks

Pathway=-specific C-R-E-G, C-R, and C-G networks are built from a set of genes,
enzymes, reactions and compounds defined in the EHMN database. Pathway-specific
Compound networks are built similarly to the Compound networks built from a set of
input genes.

DATA PANEL DISPLAY

Attributes of compounds, reactions, pathways, and concepts that you have selected in the
network appear in the Cytoscape Data Panel.

Choosing attributes provided through MetScape

To choose which attributes to view:

1. To choose attributes for compounds, click the Node Attribute Browser tab in the
Data Panel. You can choose to view node, edge, or network attributes by
clicking on the respective tabs at the bottom of the Data Panel. Pathway data can
be viewed under the Pathway Filter tab and concept data can be viewed under
the Concept Filter tab in the Data Panel.

2. Click the Select Attributes icon in the Data Panel toolbar. A list of attributes with
check boxes will appear.
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Data Panel tabs

Select Attributes
icon

MNode Attribute Browser | Edge Atiribute Browser | Network Attribute Browser | Pathway Filter | Concept F\Iher|

3. Select the attributes you want displayed in the Data Panel. Attributes are listed
with item type before the attribute (ex. Compound.name; Enzyme.name). The
available attributes will depend on the type of network created.

r@ Data Panel
 —
[ Compound.data Treatment2_t2 E
Compound.formula
[ Compound.mw
Compound.name B
[ Compound.smile 3
= O] Compound.synonyms
[C] Enzyme.ecnum
Enzyme.name A
Ml Gene data ? we 1 fald rhanoe lll
1| 1] 3

4. When you are done, click anywhere outside of the list and the table will be
populated with the appropriate data.
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Below is a table of available attributes for each node type:

A B
Attribute El Description -
I Unigue identifier, required by Cytoscape
Compound.approximatehw Compound Molecular weight (integer, data source - EHMN database)
Compound.casnum Chemical Abtracts Service compound identifier
Compound.cid KEGG compound unique identifier
Compound file_name Rows with data specific to your experiments
Compound formula Molecular formula
Compound.mw Malecular weight
Compound.name Compound name
Enzyme.ecnum Enzyme Comission number
Enzyme.name Enzyme name
Gene file_name Relative gene data values
Gene.column_name Gene data p-value
Gene.descripticn Gene descripticn
Gene human.geneid Human gene identifier
Genesymbol Official gene symbol
Gene__geneid Ortholog gene 1D if the input organism is not human
Reaction.equation Equation for a reaction
Reaction.locations Reaction subcellular location (EHMN database)
Reaction.pathway Pathway involving reaction
Reaction.reversible T=reaction is reversible; F=reaction iz non reversible
Reaction.rid Reaction identifier
Type Mode type (gene, enzyme, reaction or compound)
canonicalName MNode name that is shown on node label
Gene.locations Subcellular location

*Please note that the reactions shown in the Reaction.equation attribute display all
compounds, while the networks built from the list of input genes/compounds show only
“main” compounds (see Ma et al., Mol. Syst. Biol., 2007, 3:135 for details). Pathway-
specific networks show all compounds.

Below is a table of available attributes for each edge:

A B
Attribute E| Description E
Enzyme.names Enzyme name
Enzyme.ecnums Enzyme Comission number
Reaction.equation Equation for reaction
Reaction.locations Reaction subcellular location (EHMMN database)
Reaction.pathway Pathway involving reaction
Reaction.reversible T=reaction is reversible; F=reaction is non reversible
Reaction.rid Unique identifier for reaction
canonicalName Common name
interaction Type of interaction |

5. Select compounds and/or edges in the graph to view their attributes in the Data
Panel.
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|2 Compound-Reaction-Enzyme-Gene Network 1

! ; "; ) i
L (BZA1Z14Z, eﬂ%’ﬁn\%& gk M}salenaanqyl-cm

—RE3 16,
o ! = is,cig crs-Z itk dcloclsapenlaenayl-CclA

aicosa-2E8Z 1MZ T4 Z 1 FE-pantaanay] clA

- ;r::_t__ : anaata -

cis-1 5-1e’fr<oi/ oyl-CoA

g, -2,15|§'t:;,adiamy|-c:a;\
frans-2-cis cis,cis-B 1], 14-gicosaks’ 'nclyl—CuA

|| "
18,605, Gisk2, 11"14-61 tanayl-CqA
k - L@L
Data Panel

HOm

Compound. formula Compound.name Enzyme.name

CE4812 C41HBONTO17P3S eicosa-2E 8Z 112,147,

CES5114 C41HBZNTO1TP3S trans-2-cig, cis,cis-8,11,...

CE5159 C45HTENTO1TP3S cis-18-tetracosenoyl-CoA

RE3236

C04734 1-{(5-Phosphoribosyl)-5...

RE3644

CE0347 C20H3103 12-hydroxyeicosatetrae...

CE5158 C45HTANTO1TPIS trans,cis-2,15-tetracos...

RE3104

Mode Attribute Browser | Edge Attribute Browser | Network Attribute Browser | Concept Selection

Notes:
e Some attributes (such as Formula, Mass, and Smile) apply only to compound

nodes, while others (such as Enzyme, Pathway, and Reversibility) apply only to
reaction nodes.

e Other plugins used earlier in your Cytoscape session may leave behind attributes
that don't apply to MetScape compound or reaction data.

Rearranging attributes in the data panel

To reorder attributes in the Data Panel, click on an attribute column heading and drag it to
a new location:
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ID

Compound. formula

RO1218

CE4852

C43HB4NTONTP3S

Compound.name f
trans,cis,cis cis,cis-2,10,13,16,19-d

516

Click on heading and drag

1.1.949.2

C05108

C29H480

14-Demethyllanosteral

with mouse (notice:

RO1G64

Compound.name is

RE3553

currently to the right of

131

Mode Attribute Browser | Edge Attribute Browser | Netwo

hte Browser | Concept 5elecﬁon|

Compound.formula)

D Compound.name Compound. formula
RO1218
CE4852 trans,cis,cis,cis,cis-2,10 13,16,19-docosapentaeno... O17P3S
516
1.1.99.2
C05108 14-Demethyllanosteral C28H480 S
RO1664 Drop heading in new location
RE3553 . .
131 (notice: Compound.name is now
Mode Attribute Browser | Edge Attribute Browser | Metwork Attribute Browser | Concept 52f next to ID and to the left of

Compound.formula)

To sort by an attribute, click the attribute column heading; to sort in the reverse direction,

click again.
] I Compound.name I Compound. formula
CE4814 (BZ,‘HZ,‘MZ,ﬂ!‘} e = elm& C4THEZNTOI1TP3S
G00119 (Gal)1 (GalMAc)T (Glc)1 (MeubAc)3 (Cer)l \
G00120 (Gal)2 (GalMAc)T (Glc)1 (MeubAc)3 (Cer)l
C01205 [R}3-Amino-2-methylpropanoate HIMNO2Z
CO467T 1-(5"-Phosphoribosyl}-5-amino-d-imidazolecarboxa... | CH M40aR
C04734 1-(5-Phosphoribosyl}-5-formamido-d-imidazolecar.
CE5944 10,11-dihydro-12-oxo-LTB4 Click on column title to sort.
COn?34 1N-Enrmultatrahvdrnfnlate .
Mode Attribute Browser | Edge Attribute Browser I Network Attribute Browd NoOtice the (arrow) appears

when a column is sorted A-Z (an
arrow in the reverse direction
appears when sorted Z-A).

Pathway filter in the data panel

MetScape provides two ways to access pathway information. The Pathway Filter tab lists
all pathways represented in the network. Selecting one or more pathways will highlight in
the network all nodes in the pathway(s). Pathways are also displayed as attributes in the

data panel.
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Data Panel ()

Select All Pathways H Deselect All Pathways | Create Subnetwork i Reapply Selection
3-ox0-10R-octadecatriencate beta-oxidation

Aminosugars metabolism B
Androgen and estrogen biosynthesis and metabolism b
Arachidonic acid metabalism

Bile acid biosynthesis

Butanoate metabolism

C21-steroid hormone biosynthesis and metabolism
De novo fatty acid biosynthesis

Di-unsaturated fatty acd beta-oxidation o

y |
Mode Attribute Browser | Edge Attribute Browser I Metwark Attribute Erowser! pamwai Fm-_erlcunoept Filter

A subgraph can be created for a given pathway. The subgraph consists of a subset of
nodes from an active network that belong to the selected pathway. To create a subgraph:

Pathways

1. Select a pathway in the Pathway Filter tab.

2. Click the Create Subnetwork button at the top of the Data Panel (make sure
you are on the Pathway Filter tab).

3. A new graph appears in the graph window. This is the subnetwork for the
selected pathway.

Concept filter in the data panel

The content of the created or loaded concept file is put into the Concept Filter tab.

Direction of the change

Concept names
Data Panel P-value &l
Select All Concepts ] [ Deselect All Concepts ] [ Create Subnetwork ] [ Save Concepts... I [ REEW‘W
=
Concept Name Mumber of Enriched-Driving Genes Number of Mapped Genes 1l P-value False Discovery Rate
Alzheimer's disease 127 El t 2.56E-6 3.64E-5 -
Base exdsion repair 26 3 t 3.08E-4 0.00229 E
Biosynthesis of alkaloids derived from histidine and purine 51 12 t 0.00108 0.00636 g
Biosynthesis of alkaloids derived from ornithine, lysine and nicotinic acid 45 7 T 0.00686 0.0293
Biosynthesis of alkaloids derived from shikimate pathway 44 7 T 0.0137 0.0457 FDR
Biosynthesis of alkaloids derived from terpenoid and polyketide 55 17 T &.31E-11 3.6E-9
Biosynthesis of phenylpropanoids 41 5 1 0.00408 0.0194
Biosynthesis of plant hormones 64 18 1 7.53E-9 1.84E-7
Biosynthesis of terpencids and steroids 50 15 t 5.72E4 1.63E-7 i

Mode Attribute Browser | Edge Attribute Browser I Network Attribute Browser I Pathway Fi\teI Concept Filter I

1. Concept Name - official name of the concept.

2. Number of Genes - the number of input genes that belong to the concept.
3. Direction - direction of the change.

4. P-value - the p-value for enrichment/depletion.
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5. False Discovery Rate - the FDR, estimated using the method of Benjamini and
Hochberg (When results are sorted by p-value, a FDR < 0.05 is interpreted to mean
that approximately 5% of the concepts with lesser or equal p-value are false
positives).

To map a concept on the graph, click on the concept name in the Data Panel. The
concept will then be highlighted in the graph (associated nodes turn yellow and
associated edges turn red).

concept edges turn re

Concept nodes turn yeIIY

|z Compound-Reaction-Enzyme-Gene

A o 09

Select

concept \..

[ Select All Concepts I [ Deselect All Concepts I [ Create Subnetwork ] [ Save Concepts... ] [ Reapply Selection I
Mumber of Enriched-Driving Genes Number of Mapped Genes P-valus False Discovery Rate
i plant hormones 64 18 7.53E-5 1.84E-7
Josyninesis ‘terpenoids and stercids il 15 5.72E-9 1.63E-7
B\osynﬁwesiswamrahed fatty acids 15 4 0.00867 0.0337
Cell cyde 100 2 1.6E-5 1.95E-4
Citrate cyde (TCA cyde) 25 8 T 4.73E-5 4,3E-4
(Cytokine-cytokine receptor interaction 132 6 3.05E-7 5.8E-6
DA replication 30 3 5.46E-11 3.6E-9
Focal adhesion 153 4 1.94E-4 0.00117
Glycine, serine and threonine metabolism 23 2 0.00723 0.0296
| Node Attribute Browser | Edge Attribute Browser | Network Attribute Browser | Pathway Filber| Concept Filter ‘

A subgraph can be created for a given concept. The subgraph consists of genes
considered to be significant to the concept (those genes that drive the concept), not all
genes in the concept. To create a subgraph:

4. Select a concept in the Concept Filter tab.

5. Click the Create Subnetwork button at the top of the Data Panel (make sure
you are on the Concept Filter tab).

6. A new graph appears in the graph window. This is the subnetwork for the
selected concept.
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Graph of subnetwork

Control Panel ) | |4 Compound-Reaction-Enzy hild.1
Te Metwork | VizMapper ™ | Editor | Filters | TR | . h
Hetwork Nodes _ =dges appears in grap
2485(55) 3071(... .
n o) 5459 window

Compound-Reaction-Enzym55(0)  61(0)

SN
e * *
L, sV Data Panel
P 2 [ select All Concepts | [ Deselect All Concepts | Save Concepts... | [ Reapply Selection |
p—— &
-
o *; L Concept Name ’ Number of Enriche@# Mumber of Mapped Genes m P-value False Discovery Rate
=l Siosynthesis of plant hormanes 54 18 f 7.5%-9 L84E-7
* o e Biosynthesis of terpencids and stercids 50 y 4 15 t 5.7E-9 1.63E-7
. Biosynthesis of unsaturated fatty adds 19 y 4 4 T 1000867 0.0337
Cell cyde 100 i 1.6E-5 1.95E-4
. N trate cyde (TCA cyde A “ 4,78k 4, 3E-4
- * Cytokine-cytokine receptor interaction 132 CIICk on create N 3.05E-7 5.3E-6
“ DNA replication ‘30 D I 5.46E-11 3.6E-9
Node Attribute Browser | Edge Attribute Browser | Network Attribute Erowsarl Concept su bn etwork button
Select
concept

The Reapply Selection button will re-select the last selected concept in the graph. If you
select a concept and then select off of it, clicking the Reapply Selection button will re-
select that concept.
The concept information can be saved as a file. To save this information:

1. Under Concept Filter tab, click the Save Concepts... button.

2. A new window pops up, asking where to save the file. Choose the desired location.

3. Click Save. The file saves as a CSV file that can be opened with most text editing
or spreadsheet programs. The file format is identical to the input concept file.
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METSCAPE RESULTS PANEL (ADDITIONAL NODE

INFORMATION)

Additional information can be obtained for each node by double clicking on it.

L& Subnd\ﬁ 1
2} Save Concepts
Save in: .LJ Local Disk {Q:) - 5 g El
L =
&}
Recent Items
Choose location for
L saving file
Desktop
I: "ﬂ
=)
My Documents
A Click Save
-
Computer \
- .
[T V- o
Metwork ; r .
Data Pang Fies of tyne: [ all Fies < [ canal |
— e — Save Concepts. ..
Concept Name - Number of Enriched-Driving Genes Mumber of Mapped Genes False Discovery
Citrate cyde (TCA cyde) 8
Cytokine-cytokine receptor interaction 132 [ 5.79931328275
DMA replication EN 3 = - |24
Focal adhesion 153 4 click on save i
Glycine, serine and threonine metabolism 23 2 33,
Glycosphingolipid biosynthesis - globo series 11 2 concepts 147
Hematopoietic cell ineage 64 1 o 57
Node Attribute Browser | Edge Attribute Browser | Metwork Attribute Browser | Concept Selection |

To get additional information about any compound, gene, reaction, or enzyme:

1. Double click on the node of interest.

2. On the right side of the screen, the MetScape Results Panel will show up.

L
3. Use the scroll bar or click on the undock icon to see all the data.
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Double click on node
of interest

RE644 |

““

h[orrﬂgaHAD T 'erJ/A;bﬂ =

cig, s, citc 10,13, 46

154 hydruzyp:u a ldl'ldll'l \_“‘h -1 s _\Btancyl-"‘

K{_—‘}hm on \E323

Mode,Edge Details

Close

Entrez Gene ID (Human):
6880

Entrez Gene ID (Rat):
373541

Additional Node
Details

Symbol:

RE3175 TAFS

[ l' A Ve,

Description:

h

TATA box binding
protein (TBF)-associated
factor, 32kDa

HE3 23
If
Resroly | | ”'
2-Cig A it
\ ‘ / E3180

Links:
Entrez (6830)

ANIMATION OF DATA

Create an animation of the data to see how it changes over time and across treatments.

Building an Animation

1. Create a subnetwork (for example, create a subnetwork for the TCA Cycle. See the

Concept Selection Data in the Data Panel section for how to do this).

Note: It is not necessary to create a subnetwork before doing data animation; the
animation can be done on any network.

2. From the Plugins menu, choose MetScape -> Animate data...

Manage Plugins

Update Plugins — G|v |_ Click Metscape , then
eaction-Enzyme-Gep Sansie -

Advanced Metwork Merge Animate data...

MetScape 4 Mew Session...

MIMI Plugin ' Animate data...

MIMI Plugin ' About MetScape

Start BINGO 2.42 Register

MCODE g

Shortest path... L4

Agilent Literature Search
ClueGO

3. A new window pops up, titled Initialize Coupled Animation of Multiple Data

Columns.

4. Column headings from your data are listed on the right side of the new window.
Determine how many animations (number of rows) and data items per animation
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(number of columns) you will need. Enter this information into the Rows and Cols
boxes. If you change these numbers from the default, click on Reconfigure

Layout.
Enter the # of Reconfigure =X
rows and # of e Coupled Animation of Multiple Data Colu Layout button
columns mpound-Reaction-Enzyme-Gene--child.1

Rows 3 Colg[3 [ Reconfigure Layout ][ Restart ][ Cancel ][ Build Animation
Column 0 Column 1 Column 2 Control_to
} Control_t1
DataSeries_0 |(Undefined) {Undefined) {Undefined) Contral £2
DataSeries_1 |(Undefined) {Undefined) {Undefined) Treatme_ntl 0

Treatment1_t1
Treatmentl_t2
Treatment2_t0
Treatment2_t1
Treatment2_t2

5. Click and drag the column names into the grid to build the animation.

® 18

)

Initialize Coupled Animation of Multiple Data Columns
etwark title: Subnetwork 1

\Drag and drop [abels fom the kst on the left into the table of data labels for each animation. Set the number of
snimstions (rumber of rows) and the number of data itams per animation (rumber of cokimns) in the fext fialds and
reconfigure Layout.

& 1B

[[Rows|3 Cols|3 ReconfigursLayout || Restart | Cancel |[Buld Animation [rows 3 (Cols| 3 Reconfipure Layour || Restart || Cancel |[ Buid Animaton |
Colunm Column 1 Column 2 0 om0 o 1 Freaments il |
DataSeries 0 [Contral_to [Treatment1_to (Undefined) ety 2 Dataseries 0 [Control_to fTreatment1_to reatment2_t2
DataSeries_1 |Control_t1 [Treatmentl_t1 (Undefined) - DataSeries_1 |Control_t1 Treatment1_tL
DataSeries 2 |Contral t2 [Treatment1_t2 Undefined) 4 Dataeries_2_|Control_t2 [Treatmentl_t2 |{Undefined)
. .
lick heading, dr : ;
Click heading, drag Heading dropped in
and drop in grid X : P
appropriate location in grid
|

==

Initialize Coupled Animation of Multiple Data Columns

Network title: Subnetwork 1
E&gsﬂdo&opx‘a\bﬂ(s from the dst on the left into the table of data fabels for each animation. Set the number of

imations (number of rows) and the number of data items per animation (humber of columns) in the text fields and
reconfigure Layout,

6. After grid is completely filled in, click on Build Animation.

Note: If you want to undo what you filled out in the grid, click on Restart and the grid

will be cleared.

7. Three new windows appear in the graph panel, each representing a different
treatment. In addition, an Animation Controls window appears.
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|/ DataSeries 01 o[-0 (3 | L) DataSeries 11 o [ @ |8 |2 DataSeries 21 o [E[®
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i i * o . R .
o P “ V7 “ L
ulf ~.', _.-.,
N 3 ) = i e - o
& y A @ ) v &2 CEIA ‘ i
= i Ly ) e
oy - i b - b
+ : " . B | %] Animation Controls . @ e'._ T .
e Subnetwork 1 A4 o
oy
N T Column 0 Column 1 Column 2
-.-’.\
+
20 4
Data Panel V'ET'S To U"k} 15 4 l 5]
select views
= o=
E D [¥/| Dataseries_2 w4 = B I
D | DataSeries_1
DataSeries_0 51
Realign Al o
-0 2 4 3 g 10
—————————)

Manipulating the animation: zooming

1. Zoom in on one graph to the appropriate view size (zoom the same way you do
with any Cytoscape graph).

2. On the Animation Controls window, click on Realign All. This brings all the
treatment graphs to the same view.
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| £ DataSeries 01 E@@ | £/ DataSeries 11 | £ DataSeries 21
Susny ~ (G .
2-0n 'am\ J,‘ 2-0n
T
| sokiryen orvdooiagen . ool
ramy -
r@l Animation Controls Iﬁ‘
[ Subnetwork 1
Column 0 Column 1 Column 2 ?
/ 20
. iews To Link 15 y |
Zoom in on (scect views) The other 2
DataSeries_2 n |
one graph [¥] Dataseries_t i graphs align to
Click Realign |- : . match the
1. -0 2 4 10 .
= All button ﬂ zoomed in graph
coo3n
Manipulating the animation: bar chart
. - - . 20 4
1. The bar chart in the Animation Controls window
shows the range of the data and its frequency. B9
The range of measurements are on the x-axis, 104
while the frequency with which they occur in the |
experimental data set are on the y-axis.
o -0 2 4 -] g 10

2. Click on a bar in the bar chart and a vertical line (slider) will show up on the bar
chart. The slider can be moved by clicking on the bar chart and dragging the line.
When moved, the values shown in black are also shown in black in the graph and
the set of the color scale is reset.

3. The selected portion of the graph determines what the animation will show. This
allows outliers to be removed if desired.

4. The color range can be changed by clicking the dropdown arrow next to Red-Blue.

Gelect Color Range:

;Red - Blue - |

Green - Blue
Red - Green

Black - White
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Playing the animation

To play the animation, click Play on the Animation Controls window. Colors change
within the three treatments, showing changes over time. To stop the animation, click
Stop on the Animation Controls window.

2l |4/ DataSeries 01 o = |3 | [£] DataSeries 11 |: |E |E |2 DataSeries 21 |E|E |E
Bdtor e /] o / N /
2 2“" e T 3 2 Q‘.m ¥ § B o‘ " . ’
1to the network view. \ \ \
1nte the source node, then click on \ \ \
REN 3| RED 3] REQ 36|
d edges specified in SIF format D w@\%g_ @” Dy W%L @,‘ w\g\&g_ @,.
e | ” i | ~ b | ”
A \ \
to create a node. \\ ‘ \ | Y |
3in an edge and specify the source '\, J— '3_3_ \ 1 '3.".'\1_ \'. ]
on the target node to finish the - ‘3.,\, i M T ‘3.,,“, R —— 8 R~ =
= ey et
ﬁ“” RN 2w
| ™ | ™,
Ao Ao
o ~ ; ‘ o ) };/' e ‘|‘ freg—" ) 3,’/ / e ‘|I i
%3 | * \ *F l, + \ 3 w, + \
f REOT / REGT i REIT
- Al h «‘M/ Al ; Al »
Data Panel R 4 )
[ ] 50 N AN / =K
o ] N N\ y i
£ Animation Control 1
|4 Animation Controls N Colors change representing
Subnetwork 1
change over time
Column 0 Column 1 Column 2
20 { I ‘ ser | Concept Selection

MANIPULATING NETWORKS
Expanding a network

From a compound node, you can expand the current network to include additional
reactions and related compounds, genes, and enzymes.

Option 1: Expanding a network in the current network window
(Example using Compound-Reaction Network)

1. Right click on the compound node you want to expand (this node is known as the
expansion seed node). A menu of options will pop up.

2. Go to MetScape -> Expand -> Expand in Existing Network
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[

In the menu,

4. Select MetScape

5. Select Expand

6. Select Expand in Existing
Network

Ky 2-Methylputanoyi:
/’ C00097 "
Visual Mapping Bypass  *
Right click on Nested Network 3 Z-met ety RE 242
node to K Use Web Services s
expand g Hide Node
LinkQut Y r—/-""/

/ MiMI Plugin » /
MiMI Plugj b

MetScape 4 Cr

I?C-ZC-‘ﬁ Expand * Bxp
) Collapse Exp
0 Ipropan Restore Criginal Network \
= i

3. Additional compounds and reactions are added to the
network is often redrawn.

:|/ Evid from Literature * mlﬁ%ti //
Subnetwork .

and in Existing Metwork
and in Subnetwork

/ I\

network. As a result, the

4. The edges between the original node and the expanded nodes are now blue.

e

Expansion seed node

Added reactions and
compounds due to
the expansion. New
edges are blue.

o1 ooagd s
N\ \ —

\
3

a
g

|ate R-S-Alanylgiyci

E22

/ L

prat
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Option 2: Expanding a network in a new window (Example using
Compound Network from Selected Genes)

1. Right click on the compound node you want to expand (this node is known as the
expansion seed node). A menu of options will pop up.

2. Select MetScape -> Expand -> Expand in Subnetwork

L@e be@ine In the menu,
——4 C00041

Rightclickonnodeto | | = viaimessingewpess | oodaos /1. Select MetScape
expand e > 2. Select Expand

Use Web Services .

g Hidenode 3. Select Expand in

LinkOut Subnetwork

MiMI Plugin

MiIMI Plugin

Evidence from

MetScape L4 Create Su

. . Expand 4 Expand isting Metwork
L-3-Amm<lg Collapse Expand in Subnetwork

Restore Original Metwork

RD&&
(S)-Me lonate
semi yde

3. A new network is created in a new window. This network includes only the
expansion seed compound and its related compounds, reactions, enzymes, and
genes (depending on the Network Type). The original color designations are used
when the graph is created in a new window.

(R)-S-Amino-ylpropanoate
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Collapsing a network

To collapse a network that is expanded in a current network window:

1.

2.

Right click on the expansion seed compound node.

Select MetScape -> Collapse and then:

e To collapse only the branch expanded from that expansion seed compound,
select Collapse.

e To collapse all expanded branches, select Restore Original Network.

Creating a subnetwork

A subnetwork of a current network can be created and will appear in a separate window.
A subnetwork will include all highlighted nodes and edges (selected nodes should be
yellow and selected edges should be red).

For example:

1.

2.

Select the compound IMP
Go to the Select menu in Cytoscape.

Choose Nodes -> First Neighbors of Selected Nodes. Now all the first
neighbors of IMP should be yellow.

Go to the Select menu in Ctyoscape.

Choose Edges -> Select Adjacent Edges. Now all the adjacent edges should be
red.

Right click on IMP. A menu of options will pop up.
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7. Choose MetScape -> Create Subnetwork.

Restore Original Netwerk ~ 5... Reapply Selection

Note: When choosing options from the menu, be careful not to move the cursor outside
the menu panels. Doing so will remove the highlighting of the nodes and edges, resulting

in an empty subnetwork.

8. A new subnetwork is created in the graph window.
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Destroying a network

To destroy a network no longer needed:

1. Make sure you really do want to destroy the network.
e Cytoscape will not ask you to confirm the deletion.
e Destroying the network is irreversible.

¢ Note: If you want to destroy a network view without destroying the
network itself, use Destroy View instead of Destroy Network.

2. On the Network tab in the Cytoscape Control Panel, right click on the network
you want to destroy and select Destroy Network.

Note: If you destroy a network that has subnetworks, the subnetworks are NOT
destroyed. They are promoted up one network level.

SAVING AND REOPENING A SESSION

Saving a session

To save a Cytoscape session containing one or more MetScape plugin networks:

1.

2.

3.

4.

Select File -> Save (or Save As...) from the Cytoscape menu.
Browse to a location for saving the file.
Name the file.

Click Save.

Reopening a session

To reopen a saved session containing MetScape plugin data:

1.

2.

Select File -> Open from the Cytoscape menu.
Navigate to the saved file location.

Select the file.

Click Open.

After Cytoscape reports that the session file was successfully loaded, click Close.
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