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Institut Pasteur
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.2 Agilent Technologies

Funding for Cytoscape is provided by afederal grant from the U.S. National Institute of General Medical
Sciences (NIGMS) of the National Institutes of Health (NIH) under award number GM070743-01.
Corporate funding is provided through a contract from Unilever PLC.

Introduction

Cytoscapeisan open-source community software project for integrating biomolecular interaction networks
with high-throughput expression data and other molecular state information for visualization and analysis.
Although applicable to any system of molecular components and interactions, Cytoscape is most powerful
when used in conjunction with large databases of protein-protein, protein-DNA, and genetic interactions
that are increasingly available for humans and model organisms. A software “Core” provides basic
functionality to layout and query the network; to visually integrate the network with expression profiles,
phenotypes, and other molecular state information; and to link the network to databases of functional
annotations. The Core is extensible through a plug-in architecture, allowing rapid development of
additional computational analyses and features. The central organizing metaphor of Cytoscape is
a network (graph), with genes, proteins, and molecules represented as nodes and interactions
represented aslinks, i.e. edges, between nodes.

Development Cytoscape is a collaborative project between the Institute for Systems Biology (Dr. Leroy
Hood), the University of CaliforniaSan Diego (Dr. Trey Ideker), Memorial Sloan-K ettering Cancer Center
(Dr. Chris Sander) and the Institut Pasteur (Dr. Benno Schwikowski).

Visit http://www.cytoscape.org for more information.

License Cytoscape is protected under the GNU LGPL (Lesser Genera Public License). The License
is included as an appendix to this manual, but can also be found online: http://www.gnu.org/copyleft/
lesser.txt Cytoscape also includes a number of other open source libraries, which are detailed in
Acknowledgements [#acknowledgements] below.

What'sNew in 2.3

Cytoscape version 2.3. contains several new features, plusimprovements to the performance and usability
of the software. These include:

» A much faster rendering engine. Cytoscape can now render at interactive speed graphswith over 100,000
nodes and edges.

e The ability to save asession. Y ou can now save all of your work in Cytoscape to asingle file. When re-
opened, thisfilewill return Cytoscape to the state in which you left it including all networks, attributes,
and properties.
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A node grouping plugin. Thiswill allow one node to contain and display subnetworks.
» Enhanced Undo/Redo support.

* An enhanced attribute browser.

» An enhanced Ontology Server Wizard.

» Animproved command line interface.

» The ability to rename networks.

» The GraphMerge [/cgi-bin/moin.cgi/GraphMerge] plugin included by default.

» Enhanced context or pop-up menus for nodes.

» Many performance improvements and bug fixes.

» A rewritten "bird's eye view" of the network that is enabled by default.

» Theability toload expression dataaccording to node attribute (such asacommercial probeset identifier)
instead of ndoe ID.

Areyou an experienced Cytoscape user? If so, you should definitely read the following sections because
important parts of Cytoscape have changed and what used to work, may no longer work as you expect!!!

* Properties (cytoscape.props and vizmap.props) handling. [#properties]
» Rendering Engine. [#renderer]

» Command line arguments. [#command_line_args]

» Themenu system. [#menus]

» Network Panel Navigation. [#navigation]

Launching Cytoscape

Cytoscape is a Java application that runs on Linux, Windows, and Mac OS X.

System requirements. The system requirements for Cytoscape depend on the size of the networks the
user wantsto load, view and manipulate. We recommend arecent computer (1GHz CPU or higher) with a
high-end graphics card and at least 512MB of free physical RAM. Cytoscape expects a minimum screen
resolution of 1024x768.

There are anumber of options for downloading and installing Cytoscape:

» For Windows and Linux platforms, one-step installation is available via InstallAnywhere [/cgi-bin/
moin.cgi/Install Anywhere] . For one-step installation, go to http://www.cytoscape.org, click Download
Cytoscape, and follow the on-screen instructions.

e For Mac OS X, weprovidean adternativeinstallation, availableasa.dmg.zip file. Wheninstalled viathis
method, Cytoscape functions as a regular Mac application, and can be accessed via your Applications
folder.
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* Finally, you can download and install acompressed archive distribution. Instructions for this option are
provided below.

(1) Download and unpack the distribution. Cytoscape is distributed as a compressed archive (tar.gz or
zip) containing the following files and directories:

cytoscape.jar Mai n Cyt oscape application (Java archive)
cytoscape. props User-configurable properties and preferences

Vi zmap. pr ops User - confi gurabl e vi sual mappi ng preferences
cytoscape. sh Script to run Cytoscape fromcommand |ine (Linux, Mac CS X)
cytoscape. bat Script to run Cytoscape (W ndows)
LI CENSE. t xt Cytoscape GNU LGPL License
Cytoscape2_3Manual . pdf Cytoscape 2.3 Manual (the docunent you are readi ng now)
sanpl eDat a/

gal Filtered. gn Sanpl e nol ecul ar interaction network file *

gal Filtered.sif Identical network in Sinple Interaction Format *

gal ExpDat a. pval s Sanpl e gene expression nmatrix file *

gal Filtered. cys Sanpl e session file created from datasets above *

Bl NDyeast.sif Network of all yeast protein-protein interactions in the
BI ND dat abase as of Nov, 2005 **
Bl NDhunan. si f Network of all human protein-protein interactions in the
BI ND dat abase as of Nov, 2005 **
yeast HighQuality.sif Sanple nolecular interaction network file ***
annot ati on/ Directory containing Gene Ontol ogy database entries (currently
for yeast only). Info in this directory is used to associate gene nanes
with synonyns as well as process, function, and cellular |ocation data.
pl ugi ns/ Directory containing cytoscape Pluglns, in .jar format.
* From | deker et al, Science 292:929 (2001)
** (Obtained fromdata hosted at
http://www. bl ueprint. org/ bi nd/ bi nd_downl oads. ht m
** Fromvon Mering et al, Nature, 417:399 (2002) and Lee et al,
Sci ence 298:799 (2002)

(2) If necessary, install Java. If not already installed on your computer, download and install the Java 2
Runtime Environment, version 1.4.2 or higher. It can be found at:

http://java.sun.com/j 2se/1.4.2/downl oad.html

(3) Launch the application by running "cytoscape.sh” from the command line (Linux or Mac OS X) or
double-clicking "cytoscape.bat" (Windows). Alternatively, you can passthe .jar fileto Javadirectly using
the command "java -Xmx512M -jar cytoscape.jar -p plugins'. The -Xmx512M flag tells java to allocate
more memory for Cytoscape and the -p plugins option tells cytoscape to load al of the plugins in the
plugins directory. Loading the pluginsis important because many key features like layouts, filters and the
attribute browser are included with Cytoscape as plugins in the plugins directory. See the Command Line
chapter for more detail. In Windows, it is aso possible to directly double-click the .jar file to launch it.
However, this does not allow specification of command-line arguments (such as the location of the plugin
directory). On Mac OS X, userswho downloaded the Mac OS X version of Cytoscape, can double-click on
the Cytoscape icon to start Cytoscape. Either double-clicking or dragging onto the Cytoscape application
icon any .sif or .gml file will load that file into Cytoscape.

Table 2.

Important Note: For the application to work properly, al files should be left in the directory in which
they were unpacked. The core Cytoscape application assumes this directory structure when looking for
the various libraries needed to run the application. If you are adventurous, you can get creative with the
$CLASSPATH and/or the cytoscape.jar manifest file and run Cytoscape from any location you want.

Cytoscape Window When you succeed in launching Cytoscape, awindow will appear that lookslikethis:
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Quick Tour of Cytoscape

When a network is loaded, Cytoscape will look something like the image below:
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The main window here has several components:

1. The menu bar at the top (See below for more information about each menu).

2. Thetoolbar, which containsicons for commonly used functions. These functions are also available via
the menus. Hover the mouse pointer over an icon and wait momentarily for a description to appear

as atoaltip.

3. The network management panel (top-left ). This contains an optional network overview pane (bottom-
left overview of the network).

4. The main network view window, which displays the network.

5. The attribute browser panel (bottom panel), which displays attributes of selected nodes and edges and
enables you to modify the values of attributes.

The network management and attribute browser panels are dockable tabbed panels known as CytoPanels
[/cgi-bin/moin.cgi/CytoPanels]. You can undock any of these panels by clicking on the Float Window
control in the upper-right corner of the CytoPanel [/cgi-bin/moin.cgi/CytoPanel].
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L
n
|
s you select thiscontrol, e.g. on the attribute browser panel, you will now havetwo Cytoscape
windows, the main window, and a new window labeled CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 2,

similar to the one shown below.

CytoPanel 2 = B B
-

Mode Attnbute Erovwser

| J gallRGexp gallRGsig

YERD74W =0.262 1.8517E-5 -
YMLO2 4W =0.551 6.9725E=11 I:
YILOGSC =0.313 7.7038E-6 :
YOL120C -0.408 1.7242E-7

YHR174W -0.816 7.175E=11 | |
YGR2S4AW -0.737 £.5621F-11 (=

i Mode A1ribute Browmser Edge attribute Browser | Mevaark Anribute Browser

=

Note that CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 2 now has a Dock Window control. If you select this
control, the window will dock onto the main window.

Cytoscape also has an editor that enables you to build and modify networks interactively by dragging
and dropping nodes and edges from a pal ette onto the main network view window. The Node shapes and
Edge arrows on the palette are defined by the currently used Visual Style. To edit a network, just select
the Editor tab on CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 1. An example of an editor, with the palette
contained in CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 1 and defined by the BioMoleculeEditor Visual
Style, is shown below.
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The Menus

File The File menu contains most basic file functionality: File # Open for opening a Cytoscape session
file, File # Save for saving asession file, File # Import for importing data such as networks and attributes,
File # Export for exporting data and images. File # Print allows printing. File # Quit closes al windows
of Cytoscape and exits the program. File # New creates a new network, either blank for editing, or from
an existing network.
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Edit The Edit menu contains Undo and Redo menu items which undo and redo edits made in the Attribute
Browser and the Network Editor.

» There are also options for creating and destroying views (graphical representations of a network) and
networks (the network data— not yet visualized), as well as an option for deleting selected nodes and
edges from the current network. All deleted nodes and edges can be restored to the network viathe Edit
# Undo menu item. The Edit Menu also supports Preferences editing for properties and plug-ins viaa
Preferences Dialog.

m‘ufiew Select  Lavout  Pluginzs Help

Undo Ctrl-2
Redo Ctrl -
]' Create Wiew Alt-y o
- Deztroy YWiew el =i
- Deztroy Metwork Ctrl+5Shift -y
Preferences...

View The View menu allows you to display or hide the network management panel (CytoPanel [/cgi-bin/
moin.cgi/CytoPanel] 1), the attribute browser (CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 2), the Network
Overview (in CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 1), and the Advanced window. The View menu
aso allows you to open the VizMapper [/cgi-bin/moin.cgi/VizMapper] and lock the VizMapper [/cgi-
bin/moin.cgi/VizMapper]. The View # Desktop provide futher control over the various CytoPanels [/cgi-
bin/moin.cgi/CytoPanels].
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MSEIEEI Layvout Plugins  Help

Show/Hide advanced window
v Show/Hide attribute browser  FS :
v  ShowfHide network tree viewer i
v  ShowSHide Metwork Overview
% Dpen YizMapper™

Lock VWizMapper™

Dezktop b

Select The Select menu contains different options selecting nodes and edges. It also contains the Select #
Use Filters option which allowsfilters to be created which can be used to automatically select portions of
a network whose node or edge attributes meet afiltering criterion.

Lavout  Plugins  Help

Mouze Drag Selects k
Modes b

Edges= k-

Select all nodesz and edges Cirl+Al-A
Dezelect All Nodez and Edges Ctrl+AR+5hift-A

FE Use Filters F7

L ayout The Layout menu hasan array of featuresfor organizing the network visually. Thetop of the menu
containstoolsfor manipulating sections of networks. Thesetoolsinclude scale, rotate, distribute, and aign.
The bottom section of the menu lists avariety of layout algorithms which automatically lay a network out.

v Flugins  Help

Rotate
“cale

Align and Diztribute

Cytoscape Layouts k|
JGraph Layouts k

B vriles b
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Plugins The Plugins menu has menu items or choices added by plugins that have been loaded, such as
"Import BioPAX Document from file".

Help

Search cPath...

Merge netwarks

Table 3.

Note: A list of available Cytoscape Plugins [/cgi-bin/moin.cgi/Plugins] with descriptions is available
online at: http://cytoscape.org/plugins2.php

Help The Help menu alows you to launch the online help viewer and browse the table of contents
(Contents...), or view the help text associated with a context-sensitive selection (Context Sensitive...).
By selecting Context Sensitive... menu item and then selecting a GUI component, the help related to the
selected item is launched. The “About...” menu item displays information about the running version of

Cytoscape.

Contents.. F1

B Context Sensitive... Shift-F1

About

Network Management

Cytoscape 2.3 allows multiple networks to be loaded at atime, either with or without aview. A network
stores all the nodes and edges that are loaded by the user and a view displays them. You can have
many views of the same network. Networks (and their optionally associated views) can be organized

hierarchically.

An example where a number of networks have been loaded and arranged hierarchically is shown below:

12
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The network manager (top-right tree view in CytoPandl [/cgi-bin/moin.cgi/CytoPanel] 1) shows the
networks that are loaded. Clicking on a network here will make that view active in the main window, if
the view exists (green highlighted networks only). Each network has a name and size (number of nodes
and edges), which are shown in the network manager. If anetwork isloaded from afile, the network name
isthe name of thefile.

Some networks are very large (thousands of nodes and edges) and can take along timeto display. For this
reason, a network in Cytoscape may not contain a ‘view’. Networks that have a view are highlighted in
green and networks that don’t have a view are highlighted in red. Y ou can create or destroy aview for a
network by right-clicking the network namein the network manager or by choosing the appropriate option
in the edit menu. Y ou can also destroy previously loaded networks this way. In the picture above, seven
networks are loaded, six green ones with views and one red one without a view.

Certain operationsin Cytoscapewill create new networks. If anew network is created from an old network,
for example by selecting a set of nodesin one network and copying these nodes to a new network (viathe
File # New # Network option), it will be shown as a child of the network that it was derived from. In this
way, the relationships between networks that are loaded in Cytoscape can be seen at a glance. Networks
in the top part of the tree in the figure above were generated in this manner.

The available network views are also arranged as multiple, overlapping windows in the network view
window. Y ou can maximize, minimize, and destroy network views by using the normal window controls
for your operating system.

13
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The Network Overview Window

The network overview window shows an overview (or ‘bird’s eye view') of the network. It can be used
to navigate around a large network view. This feature can be turned on or off viathe View # Show/Hide
Network Overview menu. The blue rectangle in the overview window shown below can be dragged with
the mouse to navigate to a part of the network. The size of the navigation rectangle depends on the size
of the active view and the zoom level of the view. The rectangle is smaller if the view is zoomed in and
larger if zoomed out.

Command Line Arguments and Properties

Command Line Arguments

Table4.

Important! The command line arguments have changed in version 2.3, so please read this section
carefully.

Cytoscape recognizes a number of optional command line arguments, including run-time specification of
network files, attribute files, and session files. Thisisthe output generated when the cytoscape is executed
with the"-h" or "--help" flag.

usage: java -Xnmx512M -jar cytoscape.jar [OPTI ONS]

h, --hel p Print this nessage.

-v,--version Print the version number.

-s,--session <file> Load a cytoscape session (.cys) file.

-N, --network <file> Load a network file (any format).

-e,--edge-attrs <file> Load an edge attributes file (edge attribute fornat).

-n,--node-attrs <file> Load a node attributes file (node attribute fornat).

-m--matrix <file> Load a node attribute nmatrix file (table).

-p,--plugin <file> Load a plugin jar file, directory of jar files,
plugin class nanme, or plugin jar URL.

-P,--props <file> Load cytoscape properties file (Java properties
format) or individual property: -P nane=val ue.

-V, --vizmap <file> Load vizmap properties file (Java properties fornat).

14
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Any file specified for an option may be specified as either apath or asaURL. For example you can specify
a network as a file (assuming that myNet.sif exists in the curret working directory): cyt oscape. sh
-N nyNet.sif. Or you can specify a network as a URL: cytoscape.sh -N http://

exanpl e. coml nyNet . si f.

Tableb.

Argument Description

-h,--help This flag generates the help output you see above
and exits.

-V,--version Thisflag printsthe version number of cytoscape and

exits.

-s,--session <file>

This option specifies a session file to be loaded.
Since only one session file can be loaded at a given
time, this option may only specified once on agiven
command line. The option expects a .cys cytoscape
sessionfile. It is customary, although not necessary,
for session file names to contain the .cys extension.

-N,--network <file>

This option is used to load al types of network
files. SIF, GML, and XGMML files can al be
loaded using the-N option. Y ou can specify asmany
networks as desired on a single command line.

-e,--edge-attrs <file>

This option specifies an edge attributes file. You
may specify as many edge attribute files as desired
on asingle command line.

-n,--node-attrs <file>

This option specifiesanode attributesfile. Y ou may
specify as many node attribute files as desired on a
single command line.

-m,--matrix <file>

This option specifies a data matrix file. In a
biological context, the data matrix consists of
expression data. All data matrix files are read into
node attributes. You may specify as many data
matrix files as desired on a single command line.

-p,--plugin <file>

This option specifies a cytoscape plugin (jar)
file to be loaded by cytoscape. This option aso
subsumes the previous "resource plugin option".
You may specify a class name that identifies
your plugin and the plugin will be loaded if
the plugin is in Cytoscape's CLASSPATH. For
example, assuming that the class MyPlugin [/
cgi-bin/moin.cgi/MyPlugin] can be found in the
CLASSPATH, you could specify the plugin like:
cytoscape.sh -p MPlugin.class. A
final means of specifying pluginsisto specify afile
name who's contents contain alist of pluginjar files.

-P,--props <file>

This option specifies cytoscape properties.
Properties can be specified either as a properties
file (in Javas standard properties format), or
as individua properties. To specify individua
properties, you must specify the property name
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followed by the property value where the name and
value are separated by the '=' sign. For example to
specify the defaultSpeciesName: cyt oscape. sh
-P def aul t Speci esName=Human. If
you would like to include spaces in your
property, simply enclose the name and vaue
in quotation marks. cytoscape. sh -P
"def aul t Speci esNanme=Honp Sapi ens".
The property option subsumes previous options -
noCanonicalization, -species, and -bioDataServer.
Now it would look like: cytoscape. sh
-P def aul t Speci esName=Human -
P noCanoni cal i zati on=true -P
bi oDat aSer ver =nySer ver.

-V,--vizmap <file> This option specifies avisual propertiesfile.

Aside from plugins, all options described above can be loaded from the GUI once cytoscape is running.

Additional command line argumentsthat are not recognized by the Cytoscape core are passed to the Plugln
[/cgi-bin/moin.cgi/Pluglin] modules. Please refer to the documentation for each specific Plugin [/cgi-bin/
moin.cgi/Plugin] for more details.

Cytoscape Properties

Table6.

Important! If you have used previous versions of Cytoscape, you will notice that handling of properties
has changed. The most important change is that properties are no longer saved by default to the current
directory or to your home .cytoscape directory. Properties are stored by default in Cytoscape Session
files. The cytoscape.propsfile still existsin the .cytoscape directory but is only written to when the user
explicitly requests that the current settings be made the defaults for al future sessions of Cytoscape.
Unless you have something important in your .cytoscape/cytoscape.props file, your best bet will be to
delete the file and use the defaults.

The Cytoscape Preferences Dial og, accessed via Edit # Preferences.. ., has sections for general properties
display/editing and plugins specification via the properties mechanism. Preferences are now stored in
Cytoscape session files. Any changes made to properties while running Cytoscape will be saved to the
current session when you save the session. If you do not save the session, export the properties (File #
Export), or set them as defaults (see below), the propertieswill be lost and the next time Cytoscape starts,
defaults will be used.

Cytoscape propertiesare displayed in the Properties section of the dial og. These propertiesare configurable
viaAdd, Modify and Delete operations.
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‘:Y’:ﬂﬁtape Preferences Editor : : : e =ik

Properties
Property Name | Value |
bioDataberver Pleasespecify -
cananicalizeMames True E
defaultSpeciesMame Saccharomyces cerevisias
defaulthis ualsnyle default -
Add
Flugins

Flugin Location |
feellarfusers fmesfeytoscape fbuild foytoscape-v2. 3 fpluging fAutomatic... | a
feellarfusersfmesfovtoscape/bulldfoytoscape-vz 3 /pluging fCraphMer, ., E
feellarfusersfmesfoytoscape fbuildfoytoscape=-v2 3 fplugins fManuallay ..
feellarfusers/mesfoytoscape/bulldfcytoscape-v2.3/pluging forowser Jar | |

| Local *|| Add

MOTE: Changes 1o these properties and plugins are used in the current session
ONLY unless otherawdze specified below:

Detault Yisual Styles

Only check this option if you want the current visual styles to be defaults in ALL
future cytoscape sessions. Your current wisual styles are automatically saved in
your Cytoscape session file and won't be [ost.

| Make Current Visual Styles Default

Default Cytoscape Properties

Only check this option if you want the current Cyloscape properties 1o be
defaults in ALL future cytoscape sessions. Your current Cyloscape properties
are automatically saved inyour Cytoscape session file and won't be lost,

[ ] Make Current Cytoscape Properties Default

| QF, H Cancel |

- -

Some common properties are described below.

Table?.

Property name Default value Valid values

defaultSpeciesName
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PleaseSpecify [/cgi-bin/moin.cgi/|Species name. This value
PleaseSpecify] must match the name in
the first line of the file
specified in the bioDataServer's
manifest for synonyms eg.,
for yeast synonyms, specify
Saccharomyces cerevisiae

bioDataServer PleaseSpecify [/cgi-bin/moin.cgi/|annotation/manifest, and other
PleaseSpecify] manifest file locations

viewThreshold 10000 integer >0

secondaryViewThreshold 30000 integer >0

viewType tabbed tabbed

plugins comma-separated list of jar files

containing plugins, or URL’s to
jar files containing plugins (e.g.,
http://server/my-plugin.jar)

defaultWebBrowser A path to the web browser on
your system. Thisonly needsto be
specified if Cytoscape can't find
the web browser on your system.

The specification of pluginsto beloaded into Cytoscape at startup timeisal so supported in cytoscape.props
and accessible in this dialog under the Plugins section. In this special case, the plugins property specifies
a comma-separated list of jar files or URLs to jar files containing plugins. This property is parsed and
presented and managed in the Pluginstable, as at |eft.

Setting Default Properties It is possible to alter the default properties for Cytoscape. In the Cytoscape
Preferences Dialog, accessed via Edit # Preferences. .., edit any preferences, then click the "Make Current
Cytoscape Properties Default" checkbox in the "Default Cytoscape Properties” section of the dialog. This
will save any propertiesto the .cytoscape directory contained in your home directory. Y ou should only do
thisif youwant specific propertiesto apply to all of your Cytoscape sessions. Y ou can rely onthe Cytoscape
session file to maintain the properties used for that particular session, so making certain properties default
is not necessary to save the properties.

Building and Storing Interaction Networks

Cytoscape reads an interaction network in three ways: a simple interaction file (SIF or .sif format), a
standard format known as Graph Markup Language (GML or .gml format), and an XML standard called
XGMML (extensible graph markup and modelling language). SIF specifies nodes and interactions only,
while GML and XGMML store additional information about network layout and allows network data
exchange with avariety of other network display programs. Typically, SIF is used to import interactions
when building a network for the first time, since it is easy to create in a text editor or spreadsheet.
Once the interactions have been loaded and layout has been performed, the network may be saved to
and subsequently reloaded from GML or XGMML format in future Cytoscape sessions. SIF, GML, and
XGMML are text files and you can edit and view them in a regular text editor. Additionally, GML and
XGMML are supported by some other network visualization tools.

SIF FORMAT:

The simpleinteraction format is convenient for building agraph from alist of interactions. It also makesit
easy to combine different interaction setsinto alarger network, or add new interactions to an existing data

18


/cgi-bin/moin.cgi/PleaseSpecify
/cgi-bin/moin.cgi/PleaseSpecify
/cgi-bin/moin.cgi/PleaseSpecify
/cgi-bin/moin.cgi/PleaseSpecify
/cgi-bin/moin.cgi/PleaseSpecify
/cgi-bin/moin.cgi/PleaseSpecify
http://server/my-plugin.jar

Cytoscape 2.3.1 User Manual

set. The main disadvantage is that this format does not include any layout information, forcing Cytoscape
to re-compute a new layout of the network each time it is loaded.

Linesinthe SIF file specify asource node, arelationship type (or edgetype), and one or more target nodes:

nodeA <rel ati onship type> nodeB

nodeC <rel ati onshi p type> nodeA

nodeD <rel ati onshi p type> nodeE nodeF nodeB
nodeG

nodeY <rel ati onship type> nodeZ

A more specific exampleis:

nodel typeA node2
node2 typeB node3 node4 node5
node0

The first line identifies two nodes, called nodel and node2, and a single relationship between nodel and
node2 of type typeA. The second line specifies three new nodes, node3, noded, and nodeb; here "node2"
refers to the same node as in the first line. The second line also specifies three relationships, al of type
typeB and with node2 as the source, with node3, node4, and node5 asthe targets, respectively. Thissecond
formissimply shorthand for specifying multiple relationships of the same type with the same source node.
The third line indicates how to specify a node that has no relationships with other nodes. Thisform is not
needed for nodes that do have relationships, since the specification of the relationship implicitly identifies
the nodes as well. Duplicate entries are allowed and indicate multiple edges between the same nodes. For
example, the following specifies three edges between the same pair of nodes, two of type pp and one of

type pd:

nodel pp node2
nodel pp node2
nodel pd node2

Edges connecting a node to itself (self-edges) are also allowed:

nodel pp nodel

Every node and edge in Cytoscape has an identifying name, most commonly used with the node and edge
dataattribute structures. Node names must be unique asidentically named nodeswill betreated asidentical
nodes. The name of each node will be the namein this file by default (unless another string is mapped to
display on the node using the visual mapper. Thisis discussed in the section on visua styles. The name
of each edge will be formed from the name of the source and target nodes plus the interaction type: for
example, sourceName edgeType targetName.

The tag <interaction type> should be one of

PP o protein — protein interaction
pd .. protein -> DNA
(e.g. transcription factor binding upstreamof a regulating gene.)
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Any text string will work, but the above are the conventions that have been followed thus far.

Additional interaction types are also possible, but not widely used, e.g.:

Pr o protein -> reaction

FC o reaction -> conpound

[ conpound -> reaction

gl genetic lethal relationship
PM o protein-netabolite interaction
NP ot netabolite-protein interaction

Even whole words or concatenated words may be used to define other types of relationships
e.g. geneFusion, coglnference, pullsDown, activates, degrades, inactivates, inhibits, phosphorylates,
upRegulates

Delimiters. Whitespace (space or tab) is used to delimit the names in the simple interaction file format.
However, in some cases spaces are desired in a node name or edge type. The standard is that, if the file
contains any tab characters, then tabs are used to delimit the fields and spaces are considered part of the
name. If the file contains no tabs, then any spaces are delimiters that separate names (and names cannot
contain spaces).

If your network unexpectedly contains no edges and node names that look like edge names, it probably
means your file contains a stray tab that's fooling the parser. On the other hand, if your network has nodes
whose names are half of afull name, then you probably meant to use tabs to separate node names with
spaces.

Networks in simple interactions format are often stored in files with a ".sif" extension, and Cytoscape
recognizes this extension when browsing a directory for files of thistype.

GML FORMAT:

In contrast to SIF, GML is arich graph format language supported by many other network visualization
packages. The GML file format specification is available at:

http://www.infosun.fmi.uni-passau.de/Graphlet/ GML/

It is generally not necessary to modify the content of a GML file directly. Once a network isbuilt in SIF
format and then laid out, the layout is preserved by saving to and loading from GML. Visua attributes
specified in a GML file will result in a new visua style named “Filename.style” when that GML fileis
loaded.

XGMML FORMAT:

XGMML isthe XML evolution of GML and is based on the GML definition. The XGMML file format
specification is available at:

http://www.cs.rpi.edu/~puninj/XGMML/

XGMML is now preferred to GML because it offers the flexibility associated with all XML document
types. If you're unsure about which to use, choose XGMML.

COMMANDS:

Load and save network files using the File menu of Cytoscape. Network files may also be loaded directly
from the command line using the —N option (works for SIF, GML, and XGMML).
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FOR EXAMPLE:

To load a sample molecular interaction network in SIF format, use the menu File # Import # Network.
In the resulting file dialog box, select the file “ sampleData/gal Filtered.sif”. After afew seconds, a small
network of 331 nodes should appear in the main window. To load the sameinteraction network asaGML,
use the menu: File # Import # Network again. In the resulting file dialog box, select the file “ sampleDatal
galFiltered.gml”. Node and edge attribute files as well as expression data and extra annotation can be
loaded as well.

NODE NAMING ISSUESIN CYTOSCAPE:

Typically, genes are represented by nodes, and interactions (or other biological relationships) are
represented by edges between nodes. For compactness, a gene also represents its corresponding protein.
Nodes may also be used to represent compounds and reactions (or anything else) instead of genes.

If anetwork of genesor proteinsisto beintegrated with Gene Ontol ogy (GO) annotation or gene expression
data, the gene names must exactly match the names specified in the other datafiles. We strongly encourage
naming genes and proteins by their systematic ORF name or standard accession number; common names
may be displayed on the screen for ease of interpretation, so long as these are available to the program in
the annotation directory or in a node attribute file. Cytoscape ships with all yeast ORF-to-common name
mappings in a synonym table within the annotation/ directory. Other organisms will be supported in the
future.

Why do we recommend using standard gene names? All of the external data formats recognized by
Cytoscape provide data associated with particular names of particular objects. For example, a network
of protein-protein interactions would list the names of the proteins, and the attribute and expression data
would likewise be indexed by the name of the object.

The problem is in connecting data from different data sources that don't necessarily use the same name
for the same object. For example, genes are commonly referred to by different names, including aformal
"location on the chromosome” identifier and one or more common names that are used by ordinary
researchers when talking about that gene. Additionally, database identifiers from every database where
the geneis stored may be used to refer to a gene (e.g. protein accession numbers from Swiss-Prot). If one
data source uses the formal name while a different data source used a common name or identifier, then
Cytoscape must figure out that these two different names really refer to the same biological entity.

Cytoscape has two strategies for dealing with this naming issue, one simple and one more complex. The
simple strategy is to assume that every data source uses the same set of names for every object. If thisis
the case, then Cytoscape can easily connect all of the different data sources.

To handle data sources with different sets of names, asis usually the case when manually integrating gene
information from different sources, Cytoscape needs a data server that provides synonym information
(Seel2. Annotation.). A synonym table gives a canonical name for each object in a given organism and
one or more recognized synonyms for that object. Note that the synonym table itself defines what set of
names are the "canonical" names. For example, in budding yeast the ORF names are commonly used as
the canonical names.

If asynonym server isavailable, then by default Cytoscape will convert every name that appearsin adata
fileto the associated canonical name. Unrecognized names will not be changed. This conversion of names
to acommon set allows Cytoscape to connect the genes present in different data sources, even if they have
different names — as long as those names are recognized by the synonym server.

For this to work, Cytoscape must also be provided with the species to which the objects belong, since the
data server requires the species in order to uniquely identify the object referred to by a particular name.
Thisisusually donein Cytoscape by specifying the species name on the command line with the —P option
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(cyt oscape. sh - P "def aul t Speci esNanme=Sacchar omyces cer evi si ae") or by editing
the properties in the Preferences Dialog (Edit # Preference...).

The automatic canonicalization of nhames can be turned off using the -P option (cyt oscape. sh -
P canoni cal i zeNane=f al se") or by editing the properties in the Preferences Dialog (Edit #
Preferences...). This canonicalization of names currently does not apply to expression data. Expression
data should use the same names as the other data sources or use the canonical names as defined by the
synonym table.

Loading Gene Expression (Attribute Matrix)
Data

Interaction networks are useful as stand-alone models. However, they are most powerful for answering
scientific questions when integrated with additional biological information, such as gene or protein
expression levels. Once loaded, expression ratios/levels may be visually superimposed on the network,
used in afilter to select a subset of nodes, or used to identify active modules and subsystems (via plugin
analysis tools). An expression data set can be loaded at any time, but are only relevant once a network
has been |oaded.

FORMAT: Gene expression ratios or values are specified over one or more experiments using a text
file. Ratios result from a comparison of two expression measurements (experiment vs. control). Some
expression platforms, such as Affymetrix, directly measure expression values, without acomparison. The
file consists of aheader and anumber of space- or tab-delimited fields, oneline per gene, with thefollowing
format:

Identifier [CommonNane] valuel value2 ... valueN [pvall pval2 ... pvalN

Brackets|[ ] indicate fields that are optional.

The first field identifies which Cytoscape node the data refers to. In the smplest case, this is the gene
name - exactly as it appears on the Cytoscape canvas (case sensitive!). Alternatively, this can be some
node attribute that identifies the node uniquely, such as a probeset identifier for commercia microarrays.

The next field is an optional common name. It is not used by Cytoscape, and is provided strictly for the
user's convenience. With this common name field, the input format is the same as for commonly-used
expression data anaysis packages such as SAM (http://www-stat.stanford.edu/~tibs/SAM/).

The next set of columns represent expression values, one per experiment. These can be either absolute
expression values or fold change ratios. Each experiment is identified by its experiment name, given in
thefirst line.

Optionally, significance measures such as P values may be provided. These values, generated by many
microarray data analysis packages, indicate where the level of gene expression or the fold change appears
to be greater than random chance. If you are using significance measures, then your expression file should
contain them in a second set of columns after the expression values. The column names for the expression
significance measures should match those of the expression values exactly.

For example, hereis an excerpt from the file gal ExpData.pvals in the Cytoscape sampleData directory::
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GENE COWDON gal 1RG gal 4RG gal 80R gal 1RG gal 4RG gal 80R

YHRO51W COX6 -0.034 0.111 -0.304 3.75720e-01 1.56240e-02 7.91340e- 06
YHR124W NDT80 - 0. 090 0.007 -0.348 2.71460e-01 9. 64330e-01 3.44760e-01
YKL181W PRS1 -0.167 -0.233 0.112 6.27120e-03 7.89400e-04 1.44060e-01
YGRO72W UPF3 0.245 -0.471 0.787 4.10450e-04 7.51780e-04 1.37130e-05

Thisindicates that thereis data for three experiments: gal 1RG, gal4RG, and gal80R. These names appear
two times: the first time gives the expression values, and the second gives the significance measures. For
instance, the second linetells us that in Experiment gal 1RG, the gene Y HRO51W has an expression value
of -0.034 with significance measure 3.75720e-01.

Some variations on this basic format are recognized: see the formal file format specification below for
more information. Expression data files commonly have the file extensions ".mrna" or ".pvals’, and these
file extensions are recognized by Cytoscape when browsing for datafiles.

COMMANDS: Load an expression attribute matrix file using the Cytoscape menu options File # Import
# Attribute/Expression Matrix to bring up the import dialog box, or by specifying the filename using the
-m option at the command line. If you use the command line input, you must enter your expression data
by node ID. If you use the dialog box, then you can either load expression data by node ID (the default
option), or can optionally select anode attribute to use in assigning your expression datato your Cytoscape
nodes. If you do use a node attribute, then (1) the attribute should already be loaded, and (2) the node
attribute value must match the first column in your matrix file.

FOR EXAMPLE:

For the sample network file sasmpleData/gal Filter ed.sif:

1. Load a sample gene expression data set using the menu: File # Import # Attribute/Expression Matrix.
In the resulting file dialog box, in the field labeled " Please select an attribute or expression matrix file...",
select sampleData/galExpData.pvals. The identifiers used in this file are the same ones used in the
network file sampleData/galFiltered.sif, so you do not need to touch the field labeled "Assign values to
nodesusing...". A few lines of thisfile are shown below:

GENE COMMON gal 1RG gal 4RG gal 80R gal 1RG gal 4RG gal 80R

YHRO51W COX6 -0.034 0.111 -0.304 3.75720e-01 1.56240e-02 7.91340e- 06
YHR124W NDT80 - 0. 090 0.007 -0.348 2.71460e-01 9. 64330e-01 3.44760e-01
YKL181W PRS1 -0.167 -0.233 0.112 6.27120e-03 7.89400e-04 1.44060e-01

_Or_

2a. After loading the network, load the node attribute file sampleData/gal .pr obeset.na, using the menu
options File # Import # Node attributes.... Thisfile is shown in part below:

Pr obeset

YHRO51W = pr obeset 2
YHR124W = pr obeset 3
YKL181W = probeset 4

2b. Aftr loading the node attribute file, select the expresson data file
sampleData.gal ExpPvals.probeset.pvals, shown in part below:

GENE COWON gal 1RG gal 4RG gal 80R gal 1RG gal 4RG gal 80R

probeset2 COX6 -0.034 0.111 -0.304 3.75720e-01 1.56240e-02 7.91340e-06
probeset 3 NDT80 -0.090 0.007 -0.348 2.71460e-01 9.64330e-01 3.44760e-01
probeset4 PRS1 -0.167 -0.233 0.112 6.27120e-03 7.89400e- 04 1.44060e-01
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After selecting this file, in the field labeled Assign values to nodes using..., select Probeset. You will
see that this loads exactly the same expression data asin Case 1, but provides extra flexibility in case the
node name cannot be used as an identifier.

Detailed file format (Advanced users) In all expression data files, any whitespace (spaces and/or tabs)
is considered a delimiter between adjacent fields. Every line of text is either the header line or contains all
the measurements for a particular gene. No name conversion is applied to expression data files.

The names given in the first column of the expression data file should match exactly the names used
elsewhere (i.e. in SIF or GML files).

Thefirst lineisaheader line with one of the following three formats:

<text> <text> condl cond2 ... condl cond2 ... [NunSi gConds]
<text> <text> condl cond2 ...
<t ab><t ab>RATI OS<t ab><t ab>. . . LAVBDAS

The first format specifies that both expression ratios and significance values are included in the file.
The first two text tokens contain names for each gene. The next token set specifies the names of the
experimental conditions; these columns will contain ratio values. This list of condition names must then
be duplicated exactly, each spelled the same way and in the same order. Optionally, afinal column with
the title NumSigConds [/cgi-bin/moin.cgi/NumSigConds] may be present. If present, this column will
containinteger valuesindicating the number of conditionsin which each gene had astatistically significant
change according to some threshold.

The second format is similar to the first except that the duplicate column names are omitted, and there
is no NumSigConds [/cgi-bin/moin.cgi/NumSigConds] fields. This format specifies data with ratios but
no significance values.

Thethird format specifiesan MTX header, which isacommonly used format. Two tab characters precede
the RATIOS token. Thistoken isfollowed by anumber of tabs equal to the number of conditions, followed
by the LAMBDAS token. This format specifies both ratios and significance values.

Each line after the first is a data line with the following format:

For mal GeneName CommonGeneNane ratiol ratio2 ... [lanbdal | anbda2 ...] [nunSi gConds]

The first two tokens are gene names. The names in the first column are the keys used for node name
lookup; these names should be the same as the names used elsewhere in Cytoscape (i.e. in the SIF, GML,
or XGMML files). Traditionally in the gene expression microarray community, who defined these file
formats, the first token is expected to be the formal name of the gene (in systems where thereis aformal
naming scheme for genes), while the second is expected to be a synonym for the gene commonly used by
biol ogists, although Cytoscape does not make use of the common name column. The next columns contain
floating point values for the ratios, followed by columns with the significance values if specified by the
header line. Thefinal column, if specified by the header line, should contain an integer giving the number
of significant conditions for that gene. Missing values are not allowed and will confuse the parser. For
example, using two consecutive tabs to indicate amissing value will not work; the parser will regard both
tabs as a single delimiter and be unable to parse the line correctly.

Optionally, the last line of the file may be a special footer line with the following format:
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NunBi gGenes intl int2 ...

This line specified the number of genes that were significantly differentially expressed in each condition.
Thefirst text token must be spelled exactly as shown; the rest of the line should contain one integer value
for each experimental condition.

Node and Edge Attributes

Cytoscape allows the user to add arbitrary node and edge information to Cytoscape as node and edge
attributes. Attributes could be, for example, annotation data on a gene or confidence valuesin a protein-
protein interaction. These attributes can then be visualized in a user-defined way by setting up a mapping
from dataattributesto visual attributes (colors, shapes, etc.) Seethe section on visual stylesfor adiscussion
of this.

Node and edge attribute files are simply formatted: A node attribute file begins with the name of the
attribute on thefirst line, and on each following line, has the name of the node, followed by an equals sign,
followed by the value of that attribute. Numbers and text strings are the most common attribute types. All
values for a given attribute must have the same type. For example:

Funct i onal Cat egory
YALO01C = net abol i sm
YAROO2W = apopt osi s
YBLOO7C = ri bosonme

An edge attribute file has much the same structure, except that the name of the edge is the source node
name, followed by the interaction type in parentheses, followed by the target node name. Directionality
counts, so switching the source and target will refer to a different (or perhaps non-existent) edge. The
following is an example edge attributes file:

InteractionStrength

YALOO1C (pp) YBRO43W = 0. 82
YVMRO22W (pd) YDL112C = 0. 441
YDL112C (pd) YNMRO22W = 0. 9013

Cytoscape treats edge attributes as directional, so note that the second and third edge attribute values refer
to two different edges (source and target are reversed, though the nodes involved are the same).

Each attribute is stored in a separate file. Node and edge attribute files use the same format. Node attribute
file names often use the suffix ".noa", while edge attribute file names use the suffix ".eda’'. Cytoscape
recognizes these suffixes when browsing for attribute files.

Node and edge attributes may be loaded at the command line using the —n and —e options or via the File
# Import menu.

When expression data is loaded using an expression matrix, it is automatically copied into the Node
Attributes data structure unless explicitly specified not to.

Node and edge attributes are attached to nodes and edges, NOT to networks. If two different networks
have the same nodes, then those nodes will have the same attributes. Even if a network is loaded after
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attributes have been loaded, if the nodes or edges found in the new network already exist, then any existing
attributes will be applied to those nodes.

Detailed file format (Advanced users) Every attribute file has one header line that gives the name of the
attribute, and optionally some additional meta-information about that attribute. The format is as follows:

attributeName (class=formal.class. of.val ue)

The first field is always the attribute name: it cannot contain spaces. If present, the class field defines
the formal (package qualified) name of the class of the attribute values. For example, java.lang.String for
Strings, javalang.Double for floating point values, java.lang.Integer for integer values, etc. If the valueis
actually alist of values, the class should be the type of the objects in the list. If no class is specified in
the header line, Cytoscape will attempt to guess the type from the first value. If the first value contains
numbers in a floating point format, Cytoscape will assume javalang.Double; if the first value contains
only numbers with no decimal point, Cytoscape will assume java.lang.Integer; otherwise Cytoscape will
assume java.lang.String. Note that the first value can lead Cytoscape astray: for example,

floatingPointAttribute
firstName = 1
secondNane = 2.5

In this case, the first value will make Cytoscape think the values should be integers, when in fact they
should befloating point numbers. It's safest to explicitly specify the valuetypeto prevent confusion. Every
line past the first line identifies the name of an object and the String representation of the attribute value.
The delimiter is always an equal s sign; whitespace (spaces and/or tabs) before and after the equalssignis
ignored. This means that your names and values can contain whitespace, but object names cannot contain
an equals sign and no guarantees are made concerning leading or trailing whitespace. Usually the object
names should be the same as the names in your graph file, unless name conversion is being used (see the
section on name resolution in section). Edge names are al of the form:

sourceNane (edgeType) target Nanme

Note that thisformat is different from the specification of interactionsin the SIF fileformat. To be explicit:
inaSIFfile, an interaction looks like

sour ceName edgeType target Nane

To set an attribute for the edge defined by this interaction, the matching line in an attributes file should
look like

sour ceName (edgeType) targetNane = val ue

* (Yes, thisis confusing; we're planning on fixing this in the next file format update for Cytoscape). To
specify lists of values, use the following syntax:

listAttributeNane (class=java.lang. String)
firstObjectName = (firstValue::secondVal ue::thirdVal ue)
secondObj ect Nane = (onl yOneVal ue)
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Thisdefinesan attribute which isalist of Strings. Thefirst object hasthree strings, and thus three elements
initslist, whilethe second object hasalist with only one member. In the case of alist every attribute value
should be specified as a list, and every member of the list should be of the same class. Again, the class
will be inferred if it is not specified in the header line. Lists are not supported by the visual mapper, so
can’t be mapped to visual attributes.

Attribute Browser When Cytoscape is started, the Attribute Browser appears in the bottom Cytopanel.
Thisbrowser can be hidden and restored using the F5 key or the View # Show/Hide attribute browser menu

option. Like other Cytopanels, the browser can be undocked by pressing the little icon in the browser’s
top right corner.

- O M

Mode Attnbute Erovwser

AW o0 |

gallRCexp gallRGsig
YEROT4W -0.262 1.8517E-5 -
YMLOZ 4W -0.551 6.9725E-11 L
YILOGOC -0.313 7.7038E-6
YOL120C -0.409 1.7242E-7
YHR174W -0.815 7.175E-11

| YGR2S4W -0.737 £.5621E-11 b

| Mode Atribute Browser | Edge Attribute Browser | Metwork Attribute Browser |

=l To
swap between displaying node, edge, and network attributes use the tabs on the bottom of the panel:
“Node Attribute Browser”, “Edge Attribute Browser”, and "Network Attribute Browser". The attribute
browser displays attributes bel onging to selected nodes and/or edges and the currently selected network.
To populate the browser with rows (as pictured above), simply select nodes and/or edges in a loaded
network. By default, only the “ID” of nodes and edges is shown. To display more than just the ID, click

the “ Select Attributes” ! button and choose the attributes that are to be displayed. Each attribute
chosen will result in one column in the attribute browser (in the screenshot above there are 5 columnstotal
including the D). Most attribute val ues can be edited by double-clicking an attribute cell; list values cannot
be edited, and neither can the ID. Attribute rows in the browser can be sorted alphabetically by specific
attribute by clicking on acolumn heading. A new attribute can be created using the “ Create New Attribute”

_I button. Attributes created using the attribute browser must be one of four types — integer, string,

|
real number (floating point), or boolean. Attributes can be deleted using the "Delete Attributes..." ®
button. NOTE: Deleting attributes removesthem from Cytoscape, not just the attribute browser! Toremove

attributes only from the browser simply unsel ect the attribute using the " Select Attributes’ ! button.
The right-click menu on the Attribute Browser has several functions. This menu is useful for exporting
attribute information to spreadsheet applications. For example, choose “ Select All” and then “ Copy” from
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the right-click and then paste into a spreadsheet application. Each attribute browser panel has a button for

importing new attributes: ‘ .

The Node Attribute Browser panel has additional buttons for loading Gene Expression attribute matrices

( ' ) and for selecting Gene Ontology (GO) terms ( ) as node attributes. The Ontology
selection button is only available if an Ontology Server has been imported. Y ou can import an Ontology
server through the File # Import # Ontology # Ontology Server menu option.

Navigation and Layout

Navigation

Use the zooming buttons located on the toolbar to zoom in / out of the interaction network shown in the
current network display. Zoom icons are detailed below:

= o B A
R +
From Left to Right:
» Zoom Out
e ZoomIn
» Zoom Selected Region

e Zoom out to Display all of Current Network

Zoom You can also zoom infout by holding down the right mouse button and moving the mouse to the
right (zoom in) or left (zoom out).

Pan Y ou can pan the network image by holding down the middle mouse button and moving the mouse.
You can aso pan the image by holding down the left mouse button over the blue box in the Network
Overview panel in the lower left hand of the Cytoscape desktop.

Select Click the left mouse button on a node or edge to select that object. Y ou can hold down the Shift
key to select more than one node/edge or you can hold down the left mouse button and drag the mouse
to select groups of nodes/edges.

Context Click the right mouse button on a node/edge to launch a context sensitive menu with additional
information about the node/edge.

Automatic Layout Algorithms
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The Layout menu has an array of features for organizing the network visually according to one of several
algorithms, aligning and rotating groups of nodes, and adjusting the size of the network. Most of these
features are available from plugins that are packaged with Cytoscape 2.3. Some of the layout algorithms
provided with Cytoscape 2.3 are:

Cytoscape Spring-embedded L ayout

Spring-embedded layout is based on a“force-directed” paradigm. Network nodes are treated like physical
objects that repel each other, such as electrons. The connections between nodes are treated like metal
springs attached to the pair of nodes. These springs repel or attract their end points according to a force
function. The layout algorithm sets the positions of the nodes in away that minimizes the sum of forcesin
the network. This algorithm is available from the Layout # Cytoscape L ayouts # Spring Embedded menu
item. A sample screen shot is provided below:

A U 2
".___ s
- e AN . ad
@ | - A
XN N - 2
& © i
: b —
i -
@
A
e iz
' ke it
e e -~ i
o .-__.-'- =
o B :
& e
)l oY
i
ey

yFiles Circular Layout

This agorithm produces layouts that emphasize group and tree structures within a network. It partitions
the network by analyzing its connectivity structure, and arranges the partitions as separate circles. The
circlesthemselves are arranged in aradial tree layout fashion. Thisagorithm is available from the Layout
# yFiles# Circular menu item.
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yFilesHierarchical Layout

The hierarchical layout algorithm is good for representing main direction or flow within anetwork. Nodes
are placed in hierarchically arranged layers and the ordering of the nodes within each layer is chosen in
such away that minimizes the number of edge crossings. This algorithm is available from the Layout #
yFiles # Heirarchical menu item.
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yFiles Organic L ayout

The organic layout algorithmis akind of spring-embedded algorithm that combines elements of the other
algorithms to show the clustered structure of agraph. Thisalgorithm is available from the Layout # yFiles
# Organic menu item.
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Several other aignment agorithms, including a selection from the JGraph project (http://
jgraph.sourceforge.net), are also available under the Layout menu.

Manual Layout

The simplest method to manually layout a network is to click on a node and drag the node. If you select
multiple nodes, all of the selected nodes will be moved together.

Edge Handles
A little known feature! If you select an edge and then Ctrl-left-click on the edge, an edge "handle" will

appear. This handle can be used to change the shape of the line. To remove ahandle, simply Ctrl-left-click
on the handle again.
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FFH

' galFitered.sit

The Select # Edges menu has two menu itemsthat provide further control: "Smooth Selected Edges’ turns
an edge consisting of line segments into a smoothed bezier curve, and "Straighen Selected Edges’ turns
a curved edge back into line segments.

m Layout Plugin:g Help
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‘)ﬁ LS Smooth selected edges

Jtraighien selected edges

Rotate
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Rotate in Degrees:

0 a0 150 270 360

J

The Layout # Rotate menu opensthe Rotate dialog. Rotate will either rotate the entire network or aselected
portion of the network. The image below shows a network with selected nodes rotated.

| | Rotate Selected Nodes Cnly
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Loale:
L m 1
1/58 1/4 1/2 1 z q o]

[ ] Scale Selected Modes Cnly

The Layout # Scale menu opens the Scale dialog. Scale will scale the position of the entire network or
of the selected portion of the network. Note that only the position of the nodes scale, not the node sizes.
Node size can be adjusted using the VizMapper [/cgi-bin/moin.cgi/VizMapper]. The image below shows
selected nodes scaled.
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Align/Distribute
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The Layout # Align/Distribute menu opens the Align/Distribute dialog. The Align buttons of the dialog
provides different options for either vertically or horizontally aligning selected nodes against a line. The
differences are in what part of the node gets aligned, e.g. the center of the node, the top of the node, the
left side of the node. The Distribute buttons evenly distribute sel ected nodes between the two most distant
nodes along either the vertical or horizontal axis. The differences are again a function what part of the
node is used as a reference point for the distribution. The table below provides a mapping from button
to name to resullt.

Starting position for all aligned examples.

[Frmpre— e B

(a)

b

Table8.

Button Description Result

= Vertical Align Top - The tops| s sesss Ty
. of the selected nodes are aigned

with the top-most node. @If’f _-\@
B

Vertical Align Center - The|Bss=== L
centers of selected nodes are
aligned along a line defined by
the midpoint between the top and '
bottom-most nodes. (af » j,i; )

io Vertical Align Bottom - The
= bottoms of the nodes are aligned
with the bottom-most node.
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e rilf B

O Horizontal Align Left - The left| Bss=== Ca

— hand sides of the selected nodes r,
are aligned with the left-most

node. 'f?']

¢
L
E% Horizontal Align Center - The| Fes=n o
centers of selected nodes are (x)
aligned aong a line defined by
the midpoint between the left and
right-most nodes. b
_/
D
r.
(= Horizontal Align Right - Theright| Fe == Foa
C_ hand sides of the selected nodes (=)
are aligned with the right-most Pl
node. b /,l
Starting position for all vertically distributed examples.
B
TableO.
Button Description Result

Vertical Distribute Top - The
tops of the selected nodes are
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T distributed evenly between the
L__J top-most and bottom-most nodes, ()
which should stay stationary.
N
II ] I|
S
©
=== Vertical Distribute Center - The "
- centers of the selected nodes are 0]
distributed evenly between the
top-most and bottom-most nodes, r/"'“w\
which should stay stationary. | v ]
L
()
L
=] Vertical Distribute Bottom - The e
= bottoms of the selected nodes 0]
aredistributed evenly between the — N
top-most and bottom-most nodes, [ & 1}
which should stay stationary. L
()
Starting position for all horizontally distributed examples.
©
Table 10.
Button Description Result
bk Horizontal Distribute Left - The| msesas .
left hand sides of the selected
nodes are distributed evenly
between the left-most and rigth- —
most nodes, which should stay ) bﬁ""-} I.fl‘a.l
stationary. E AY.

Horizontal Distribute Center - The
centers of the selected nodes are
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A

distributed evenly between the
left-most and rigth-most nodes,
which should stay stationary.

dd

Horizontal Distribute Right -
The right hand sides of the
selected nodes are distributed
evenly between the left-most and
rigth-most nodes, which should
stay stationary.

& B

Visual Styles

With the Cytoscape Visua Style feature, you can easily customize the visual appearance of your network.
For example, you can:

* gpecify adefault color and shape for all nodes.

« use specific line types to indicate different types of interactions, or

* visualize gene expression data along a color gradient.

All these features are available by selecting the View # Open Viz Mapper menu item or clicking on the

color whesdl % button on the main button bar.

Introduction to Visual Styles

The Cytoscape distribution includes severa predefined visual styles to get you started. To demonstrate

these styles, try out the following example:

* Load asample network: From the main menu, select File # Import # Network, and select sampleData/

galFiltered.sif.

* Layout the network: select Layout # yFiles # Organic.

» Load asample set of expression data: From the main menu, select File # Import # Attribute Matrix and

select sampleData/gal ExpData.pvals.

By default, the Visual Style labeled “default” will be automatically applied to your network. This default

style has a blue background, circular pink nodes, and blue edges (see sample screenshot below).
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Figure: Using the default Visual Style.

You can flip through different visual styles by making a selection from the Visua Style pull down menu
(available directly to the right of the color wheel).

For example, if you select “ Samplel”, anew visual style will be applied to your network, and you will see
awhite background and round blue nodes. Additionally, if you zoom in closer, you can see that protein-
DNA interactions (specified with the label: pd) are drawn with dashed red edges, whereas protein-protein
interactions (specified with the label: pp) are drawn with alight blue color (see sample screenshot below).
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aaa Cytoscape Deshnog (New Sesihon)
File Edit Wiew Select Layout Fluging Help
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Wl 19 Cyloicane 2.3 Lfeschack &
Figure: Using the Samplel Visual Style. Protein-Protein interactions (solid blue lines) are now

distinguishable from Protein-DNA interactions (dashed red lines).

Finally, if you select “Sample2”, gene expression values for each node will be colored along a color
gradient between red and green (where red represents a low expression ratio, and green represents a
high expression ratio - with thresholds set for the gal IRGexp experiment bundled with Cytoscape in the

sampleData/gal ExpData.pvalsfile). See sample screenshot below:
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Figure: Usingthe Sample2 Visual Style. Geneexpression valuesarenow displayed along ared/green
color gradient.

Visual Attributes, Graph Attributes and Visual Mappers

The Cytoscape Visual Mapper has three core components: visual attributes, network attributes and visual
mappers:

» A visual attributeisany visual setting that can be applied to your network. For example, you can change
al nodes to squares by setting the node shape visual attribute.

» A network attribute is any attribute associated with a node or an edge. For example, each edge in a
network may be associated with a label, such as “pd” (protein-DNA interactions), or “pp” (protein-
protein interactions).

A visual mapper maps network attributesto visual attributes. For example, avisual mapper can map all
protein-DNA interactions to the color blue, and all protein-protein interactions to the color red.

Cytoscape includes alarge number of visual attributes. These are summarized in the tables below.

Table11.

Visual Attributes Associated with Nodes:
Node Color
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Node Border Color

Node Border Type. followi ng options are available:
\ \ \ \ ‘ ‘ ‘ : : : :
1 ] a L]
L 1 B |

Node following options available:

O[:] GDO&UEE\

Node Size: width and height of each node.
Node Label: the text label for each node.
Node Font: node font and size.

Visual Attributes Associated with Edges:

Edge Color
Edge Line Type. followi ng options are available:
\ \ \ ‘ ‘ ‘ ‘ : : : :
] ] | R
L 1 [ ] |
Edge Source Arrow. following options available:
I e 2
Edge Target Arrow. following options are available:

1 2 0 2

Edge Label: the text label for each edge.
Edge Font: edge font and size.

Global Visual Properties:

Background Color

For each visual attribute, you can specify a default value or define a visual mapping. Cytoscape currently
supports three different types of visual mappers:

 Passthrough Mapper : network attributes are passed directly throughto visual attributes. A passthrough
mapper only works for node / edge labels. For example, a passthrough mapper can draw the common
gene name on all nodes.

» Discrete Mapper: discrete network attributes are mapped to discrete visual attributes. For example, a
discrete mapper can map all protein-protein interactions to the color blue.

» Continuous Mapper: continuous graph attributes are mapped to visual attributes. Depending on the
visua attribute, there are two types of continuous mappers:

e continuous to continuous mapper: for example, you can map a continuous value (0..1) to a
continuous color gradient (red..green) or node/font size (10..100).

 continuousto discrete mapper: for example, all values below 0 are mapped to square nodes, and all
values above 0 are mapped to circular nodes. However, there is no way to smoothly morph between
circular nodes and square nodes.
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The matrix below shows visual mapper support for each visual property.

Table 12.

Node Properties Passthrough Mapper  |Discrete Mapper Continuous M apper

Node Color - X X

Node Border Color - X X

Node Border Type - X o]

Node Shape - X o]

Node Size - X X

Node Label X X 0

Node Font Family - X o]

Node Font Size - X X

Edge Properties Passthrough Mapper | Discrete Mapper Continuous Mapper

Edge Color - X X

Edge Line Type - X o]

Edge Source Arrow - X o]

Edge Target Arrow - X o]

Edge Label X X o]

Edge Font Family - X o]

Edge Font Size - X X

Legend

Table 13.

Symbol Description

- Mapping is not supported for specified visual
property.

X Mapping is fully supported for specified visual
property.

0 Mapping is partially supported for specified visual
property. Support for “continuous to continuous”
mapping is not supported.

Visual Styles Tutorials

Tutorial 1: Creating a Basic Visual Style

To create anew visua style, select the View # Open Viz Mapper menu item, or select the color wheel icon
in the main button bar. Y ou will now see anew Visua Styles dialog box (shown below.)
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B8 6 Visual Styles
Visual Styles
[ default T-' Define
New Duplicate Rename Delete Close
A

Click the New button, and enter a name for your new visual style when prompted. Then click the Define
button. Y ou will now see the main Visua Styles Properties dialog box (shown below.)

From this dialog box, you can flip between Node Attributes, Edge Attributes, and Global Defaults. You
can also specify default values for any visual property, or define a new custom mapping.

For example, to set the default node shape to triangles, select Node Attributes # Node Shape. Then, click
the Change Default button, and select the Triangle icon from the selection list.

GO 6 VizMapper™

Node Attributes) ( Edge Attributes ) ( Global Defaults )

! Node Border Type Node Shape  MNode Size ] r O

Default
( Change Default ) O
Mapping
None ¢4
New Duplicate Rename Delete

( Apply to Network ) ( Close )

“ To
apply your visual style to your network, hit the Apply to Network button, available in the bottom of the
dialog panel.

Tutorial 2: Creating a New Visual Style with a Discrete Mapper

The following tutorial demonstrates how to create a new visual style with a discrete mapper. The goal is
to draw Protein-DNA interactions with blue edges, and Protein-Protein interactions with red edges.

 Load a sample network: From the main menu, select File # Import # Network, and select sampleData/
gaFiltered.sif.
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Click the color whee| % button on the tool bar.

» Select New to create anew Visua Style. Name your new style: “ Sample3”.
* Click the Define button to define the newly created Visua Style.

* Inthe“Set Visual Properties’ Dialog box, select Edge Attributes # Edge Color.

 Click the New button in the mapping panel.

* You will be prompted to select a mapping type: passthrough mapper, discrete mapper or continuous
mapper (for an overview of the differences between these mappers, please refer to the text above) Select
“discrete mapper”, and enter a descriptive name. For example, enter: Interaction_Type Color.

* From the “Map Attribute” pull-down menu, select “interaction.” Y ou should now see two buttons, one
for pd (Protein-DNA interactions), and one for pp (Protein-Protein interactions).

* Click the“pd” button and select ablue color.
» Click the“pp” button and select ared color.
» Click the “Apply to Network" button.

Y ou network should now show “pd” interactionsin blue, and “pp” interactions in red. Sample screenshot
isbelow
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Tutorial 3: Visualizing Expression Data on a Network

The following tutorial demonstrates how to create a new continuous mapper. The goal is to superimpose
gene expression data onto a network, and to display gene expression values along a color gradient.

» Load asample network: From the main menu, select File # Import # Network, and select sampleData/
galFiltered.sif.

» Load asample set of expression data: From the main menu, select File # Import # Attribute Matrix and
select sampleData/gal ExpData.pvals.

Click the color whee Q button on the tool bar.

» Select “New” to create anew Visual Style. Name your new style: “ Sampled”.

 Click the “Defing” button to define the newly created Visual Style.

* Inthe“Set Visual Properties’ Dialog box, select Node Attributes # Node Color.

* Click the New button in the mapping panel.
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* You will be prompted to select a mapping type: passthrough mapper, discrete mapper or continuous
mapper (for an overview of the differences between these mappers, please refer to the section above)
Select “continuous mapper”, and enter a descriptive name. For example, enter: Color_Gradient.

» Fromthe “Map Attribute” pull-down menu, select “gal 1IRGexp.”
* Click the *Add Point” button twice to add two data points.

» Setthefirst point to “-1", Below = Yellow, Equal = White.

* Set the second point to “2", Equal = Red, Above = Black.

* Click the “Apply to Network" button.

This visual mapper will set all nodes with agal IRGexp value lessthan —1 to Y ellow, and all nodes with a
ga 1RGEXp value greater than 2 to Black. Additionally, all values between —1 and 2 will be painted with
awhite/red color gradient. Sample screenshot is below.
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Managing Visual Styles

All CytoscapeVisua Stylesettingsareinitially loaded from aadefault file called vizmap.propsthat cannot
be altered by users. When users make changes to the visual properties, avizmap.props fileis saved in the
session file. This means that assuming you save your session, you will not lose your visual properties. No
other vizmap.props files are saved during normal operation.
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Saving Visual Styles

Visua styles are automatically saved with the session they were created in. Before Cytoscape exits, you
will be prompted to make sure you save the session before quitting. It is also possible to save your visual
stylesin afile separate from the session file. To do this, navigate to the File # Export # Vizmap property
file... menu and choose the file the properties should be saved to. This feature can be used to share visual
styles with other users.

Importing Visual Styles

To import existing visual styles navigate to the File # Import # Vizmap Property File menu option and
select a vizmap.props file. Imported properties will supplement existing properties or override existing
properties if the properties have the same name. You can also specify a visua properties file using the
-V command line option (cytoscape.sh -V myVizmap.props). Visual properties|oaded from the command
line will override any default properties.

Default Visual Styles

It is possible to change the default visual properties for all sessions of cytoscape. To do this, navigate
to the Edit # Preferences... menu, check the "Make Current Visual Styles Default" box in the "Default
Visua Styles" section, and click "Ok". This will save the current visua styles as a vizmap.props file to
your .cytoscape directory (found in your home directory). These visual styles will be loaded each time
Cytoscape is started.

Editing Networks

Using Cytoscape's Editor, you can build and modify networks interactively by dragging and dropping
nodes and edges from a pal ette onto the main network view window. The palette contains a set of shapes
(for nodes) and arrows (for edges). The shapes on the palette are defined by the current Visua Style,
with Node Shape and Node Color mapping into the shape and color of a node, and Edge Target Arrow
mapping into the target arrow of an edge. An example of an editor, with the pal ette contained in CytoPanel
[/cgi-bin/moin.cgi/CytoPanel] 1, is shown below.
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edit an existing network, just select the Editor tab in CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 1. To start
editing a new network, use the File # New # Network menu item.

The figure below shows the editor with palette defined by "Default” visual style.
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add a node to a network, drag and drop a node shape from the pal ette onto the canvas.

To connect two nodes with an edge, drag and drop an arrow shape onto a node on the canvas. This
node becomes the source node of the edge. Move the cursor and a rubber-banded line follows the cursor.
As the cursor passes over another node, that node is highlighted and the rubber-banded line will snap
to a connection point on that second node. Click the mouse while over this node and the connection is
established.

Y ou can abort the drawing of the edge by clicking on an empty spot on the palette.

Note that if you change the Visual Style, the palette used by the current network view will also change to
be consistent with the mappings in the new Visual Style.

There is also an Edit # Connect Selected Nodes menu item that, when chosen, creates a clique amongst
the selected nodes.

The editor provides accelerators for adding nodes and edges. Control-clicking at a position on the
canvas creates a node at that position. The NODE_TYPE attribute of the node will be the same as
the NODE_TYPE of the node most recently added, defaulting to "DefaultNode [/cgi-bin/moin.cgi/
DefaultNode]" type. Inthismanner, you can use control-clicking asakind of "stamp" to add multiple nodes
of the same type to the network. Control-clicking on a node on the canvas starts an edge with source at
that node. Move the cursor and a rubber-banded line follows the cursor. Asthe cursor passes over another
node, that node is highlighted and the rubber-banded line will snap to a connection point on that second
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node. Control-click the mouse again and the connection is established. The EDGE_TY PE attribute of the
edge will be the same as the EDGE_TY PE of the edge most recently added, defaulting to "DefaultEdge
[/cgi-bin/moin.cgi/DefaultEdge]” type. Y ou can abort the drawing of the edge by control-clicking on an
empty spot on the palette.

Y ou can del ete nodes and edges by selecting anumber of nodes and edges, then selecting the Edit # Delete
Selected Nodes and Edges menu item. Y ou can recover any nodes and edges deleted from a network by
selecting the Edit # Undo menu item. Note that this will restore all nodes and edges that were previously
deleted from the network, not just those deleted by the most recent delete operation.

CytoPanels

What are CytoPanels [/cgi-bin/moin.cgi/CytoPanels]?

CytoPanels [/cgi-bin/moin.cgi/CytoPanels| are floatable / dockable panels designed to cut down on the
number of pop-up windows within Cytoscape and to create a more unified user experience. For example,
in Cytoscape 2.1, the cPath Plugin [/cgi-bin/moin.cgi/Plugin] enables users to click on a node and
immediately view nodedetailsin apop-up window. Now with CytoPanels [/cgi-bin/moin.cgi/CytoPanels],
we can how show these node detailsin an embedded CytoPanel [/cgi-bin/moin.cgi/CytoPanel]. Theimage
below shows a screenshot of the latest BioPAX Plugin [/cgi-bin/moin.cgi/Plugin]. When you click on a
node, the node details appear directly in the left CytoPanel [/cgi-bin/moin.cgi/CytoPanel].
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The
user can then choseto resize, hide or float the left CytoPanel [/cgi-bin/moin.cgi/CytoPanel]. For example,
in the screenshot below, the user has chosen to float the CytoPanel [/cgi-bin/moin.cgi/CytoPanel]:
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Basic Usage

Cytoscape 2.2 includes three CytoPanels [/cgi-bin/moin.cgi/CytoPanels]: CytoPanel [/cgi-bin/moin.cgi/
CytoPanel] 1 (appears on the left), CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 2 (appears on the bottom),
and CytoPanel [/cgi-bin/moin.cgi/CytoPanel] 3 (appears on the right). By default, only CytoPanel [/cgi-
bin/moin.cgi/CytoPanel] 1 will appear, and it will automatically contain the network list and network
Overview component. The other panels may appear depending on the mix of Pluglns [/cgi-bin/moin.cgi/
Plugins] currently installed in your Cytoscape distribution.

CytoPanels [/cgi-bin/moin.cgi/CytoPanels] can be shown or hidden by selecting the desired menu
item within the CytoPanels [/cgi-bin/moin.cgi/CytoPanels] menu or by entering the proper keyboard
accelerator short-cut (in order for the keyboard short-cuts to work, the Cytoscape Desktop must have the
focus).

o CyboParel 1 T

v CptoHaned £ Okl

e 25 | n addition, CytoPanels [/cgi-bin/moin.cgi/CytoPanels] can be floated or docked by
selected the icon at the top-right corner of each CytoPanel [/cgi-bin/moin.cgi/CytoPanel]. The icon and
tooltip will change based on the CytoPanel [/cgi-bin/moin.cgi/CytoPanel] state. If the CytoPanel [/
cgi-bin/moin.cgi/CytoPanel] is docked, clicking on the icon will float the CytoPanel [/cgi-bin/moin.cgi/
CytoPanel], asindicated by the* Float Window” tooltip. Alternatively, if the CytoPanel [/cgi-bin/moin.cgi/
CytoPanel] is floating, clicking on the icon will dock the CytoPanel [/cgi-bin/moin.cgi/CytoPanel], as
indicated by the “Dock Window” tooltip.

ol =
Float Dock
Window Window
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Rendering Engine

In Cytoscape 2.3 anew network rendering engine is being introduced. The goal of the rendering engineis
to be able to display large networks (>10,000 nodes) yet retain interactive speed. To accomplish this goal
atechniqueinvolving level of detail isbeing used. Based on the count of objects (nodes and edges) being
rendered, an appropriate level of detail is chosen. For example, by default, node labels (if present) are only
rendered when less than 100 nodes are visible because drawing text is a relatively expensive operation.
This can create some unusual behavior. If the screen currently contains 98 nodes, node labels will be
displayed. If you pan the screen, such that now 101 nodes are displayed, the node labels will disappear.
As another example, if the sum of rendered edges and rendered nodes is greater than or equal to adefault
value of 2000, a very coarse level of detail is chosen, where edges are always straight lines, nodes are
always rectangles, and no antialiasing is done. The default values used to determine these thresholds can
be changed by setting properties in the Edit # Preferences menu. Beware! The greater these thresholds
become, the slower performance will become. If you work with small networks (afew hundred nodes), this
shouldn't be a problem, but for large networks it will produce noticeable slowing. The various thresholds
are described below.

Table 14.

render.coarseDetail Threshold If the sum of rendered nodes and rendered edges equalsto or exceeds
this number, avery coarse level of detail will be chosen and all other
detail parameters will be ignored; this value defaults to 2000.

render.nodeBorderThreshold If the number of rendered nodes equals to or exceeds this number,
node borders will not be rendered; this value defaults to 200.

render.nodel abel Threshold If the number of rendered nodes equals to or exceeds this number,
node labels will not be rendered; this value defaults to 100.

render.edgeArrowT hreshold If the number of rendered edges equals to or exceeds this number,
edge arrows will not be rendered; this value defaults to 300.

render.edgelabel Threshold If the number of rendered edges equals to or exceeds this number,
edge labels will not be rendered; this value defaults to 150.

When printing networks or exporting to formats such as PostScript [/cgi-bin/moin.cgi/PostScript], the
highest level of detail is always chosen regardless of what is currently being displayed on the screen.

Annotation

Annotations in Cytoscape are stored as a set of ontologies (e.g. the Gene Ontology - GO). An ontology
consists of aset of controlled vocabulary termsthat annotate the genesfor agiven organism and asynonym
tablefor gene names. For example, using the Gene Ontology, the Saccharomyces Cerevisiae GAL 4 gene's
biological process is described as “regulation of transcription”, to which GO has assigned the humber
45449 (aGO ID). Y ou can see below that “regulation of transcription” isa subcategory of “transcription”,
which is a subcategory of “nucleobase, nucleoside, nuclectide and nucleic acid metabolism”, etc.

GO 8150 bi ol ogi cal _process
GO 7582 physi ol ogi cal processes
GO 8152 net abolism
GO 6139 nucl eobase, nucl eoside, nucleotide and nucleic acid netabolism
@GO 6350 transcription
GO 45449 regul ation of transcription
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Cytoscape can use this ‘hierarchical’ ontology to annotate recognized genesif the user chooses alevel of
the hierarchy to use for a given set of annotations. The ontology provided to Cytoscape does not have to
be hierarchical, but if it is not, there is no real advantage to storing annotations this way compared to just
storing the annotation terms in a node attribute file.

The Gene Ontology Server (originally called the biodata server) is a Cytoscape feature which allows you
to load, navigate, and assign annotation terms to nodes in a network.

In version 2.3, Cytoscape has enhanced the Gene Ontology Server Wizard, which enables users to select
alocal ontology and annotation files from the user interface. Although 2.3 remains backwards compatible
with the old file formats (the manifest file, which includes alist of anno (annotation) and onto (ontology)
files), we strongly suggest using the new file formats. See Appendix B for a description of how the old
file formats can be created and used.

New Ontology and Annotation Files

The standard file formats used in this rel ease are OBO and gene association. The GO website details these
file formats:

 Ontologies and Definitions: http://www.geneontol ogy.org/GO.downl oads.shtml#ont
 Current Annotations: http://www.geneontology.org/GO.current.annotations.shtml

Cytoscape provides a copy of the Gene_ontology.obo text file in the annotation directory for use with
the software. An up-to-date Gene_ontology.obo file is maintained by the GO project (updated every 30
minutes). Please download the latest version of thisfile (from http://www.geneontology.org) if you intend
to use it during analysis. In addition to the gene ontology file, we also provide gene association files
for Yeast and Human (gene_association.sgd and gene _association.goa_human, both in the annotations
directory). Other gene association files can be found at the gene ontology web site.

Sample Files gene_ontol ogy.obo:

format-version: 1.0

date: 11:08:2005 16:57

saved-by: mdori

auto-generated-by: DAG Edit 1.419 rev 3

def aul t - namespace: gene_ont ol ogy

remark: cvs version: $Revision: 1.1 $

subset def: goslimyeast "Yeast GO slinft
subset def: goslimgoa "GOA and proteone slinft
subsetdef: goslimplant "Plant GO slint
subset def: goslimgeneric "Generic GO slint
subset def: gosubset _prok "Prokaryotic GO subset”
[Terni

id: GO 0000001

nanme: mitochondrion inheritance

nanespace: bi ol ogi cal _process

def: "The distribution of mtochondria\, including the mitochondrial genonme\, into daughter cells after mtosis or neiosis\,

is_a: GO 0048308 ! organelle inheritance

is_a: GO 0048311 ! mitochondrion distribution

[ Terni

id: GO 0000002

nane: nitochondrial genome nmintenance

nanespace: bi ol ogi cal _process

def: "The mai ntenance of the structure and integrity of the mitochondrial genome." [GO ai]
is_a: GO 0007005 ! mitochondrion organization and bi ogenesis

gene_association.sgd (annotation file for yeast):
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SGD S000003916 AAD10 GO 0006081 SGD_REF: S000042151| PM D: 10572264 1SS P aryl - al cohol dehy
SGD S000005275 AAD14 GO 0008372 SGD_REF: S000069584 ND aryl - al cohol dehydrogenase (putat
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Gene Ontology Server Wizard

The Gene Ontology Server Wizard is a graphical user interface used to select ontology and annotation
files. By following the wizard, you do not have to write manifest files, which were used in older versions
of Cytoscape to specify the file location of the ontology and gene annotation files.

Step 1. Select Data Format

Welcome to Gene Ontology Wizard

Which Tile formar do youwant 1o load?

Cylagcape BoDaraierdnr (anno snd grag)
¥ Gang Oenclogy {obd and gens_iiiociatiany

Cyioscape supports the fellowing file formats:
& Cytoscape BioDataServer Forrmat

& Onta, synme and canns files.
& Manifast file requirad.

& GO Annetation and Ontelegy Format

& OBO and Cene Association files,

@ Latest data i available at Open Biomedical Ontologies

Taxenemyy table is ebtained frem MNCE:

HCEI Taxonomy name/id Status Report Page

' ‘ Bk u{ln-:cl

In this panel you can select two types of data formats: Cytoscape BioDataServer [/cgi-bin/
moin.cgi/BioDataServer] or Gene Ontology. Select Gene Ontology to use the new formats (obo and
gene_association files). If you want to use the old file formats, select Cytoscape BioDataServer [/cgi-bin/
moin.cgi/BioDataServer] . A description of how the old formats can be created and used can be found
in Appendix B.

Step 2. Select OBO File

56


/cgi-bin/moin.cgi/BioDataServer
/cgi-bin/moin.cgi/BioDataServer
/cgi-bin/moin.cgi/BioDataServer
/cgi-bin/moin.cgi/BioDataServer
/cgi-bin/moin.cgi/BioDataServer
/cgi-bin/moin.cgi/BioDataServer

Cytoscape 2.3.1 User Manud

ene Cntaltgy yeizard g =

Select Ontol ogy File
Please select an ontology data fle in OB formmat:

DI File
ShomemesSkfoyioscape MestDakafanmoiaivon fgens _ontology. obo

Header Preview

farmal=werfiorn: L0

dare: 11082005 1657

saved-by: midari

aute=generued=by DAG-Edn 1,419 riv 3
TR =N A EEPACE” GERE_OFabogy

remark s wversicn: $Redciorc 11 ¥

Tubfe1del gorln_yertr “vease GO fim®
subseidel: gorlm_goa "G4 and protecme slim®
Fubsetdel: goflin_plar "Flam GO flim®
subEe1del gorha_genenic "Gentric SO ghim®
subs#idel: gosubsel_prok"Prokaryatic OO swbset”

Select

. ' itk | | 'He:-:t | . ‘(mﬂl |
= = |f
you choose Gene Ontology in the first step, this panel appears to help you first select an OBO (ontology)
file. The wizard displays the header information of the OBO file loaded. Once an OBO file is loaded, the
Next button becomes enabled. Click the Next button to proceed.

Step 3. Select Gene Association File
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Y ou can add agene_association fileto thelist by pressing Add button. Once you select afile, the file name
will be showninthelist inthe left. If you click on the file name, the header information will be displayed
in the center window. Y ou can select multiple gene_association files.

The "Transfer GO Species Name to Nodes' can be used to apply the species name (taxon) found in the
selected Gene Association file to the nodes of the currently selected network. This may be an important
feature if the nodes of your network do not have a species attribute set. You can can see the current
network's nodes and species attribute for the nodesin the left hand window. Y ou can see the GO symbols,
terms, aspects, synonyms, and taxons (species), in the bottom window. For nodes in your network to map
to GO terms, either a symbol or synonym of aterm must match the node ID.

Step 4.

Once you have finished specifying the options, click on finish. The OBO file and gene_association files
specified in this panel will be automatically loaded. Thiswill then open up the Ontology Mapper dialog.
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The Ontology Mapper is used to reduce the number of node attributes created from the gene ontology.
Selecting a term in the left hand column and clicking the >> button will select that term to create an
attribute for. You can unselect a term using the << button. The Apply All button will select all terms
for attribute creation. In most cases, Apply All should be used to import all GO Terms for the network.
Otherwise, only subset of GO Terms in the tree is imported. Once the desired terms have been selected,
click the OK button. This will create node attributes for all selected GO terms. If you select some GO
Terms in the right-side window, nodes with the GO Terms will be shown in the Node AttributeBrowser
[/cgi-bin/moin.cgi/AttributeBrowser]. By right-clicking on a GO Term in the GO Data as Attributes
window, you can search the GO Term in AmiGO (this function requires internet connection and a web
browser). The GO terms will now be visibile in the Node Attribute Browser by clicking on the Select

button ( ! ).

If you would like to choose deifferent GO terms from the same gene association file, you do not need to

re-import the files. Instead, you can click the GO button ( ™ ) in the Attribute Browser panel or on
the File # Import # Ontology # Ontology Mapper menu and the Ontology Mapper dialog will open.

Note 1: The OBO fileand gene_association filesMUST bein the same directory, and you must have write
permission for the directory.

Note 2: Please make sure that your network file uses exact same ID’s used in the gene association file
(Symbol or Synonym column). Otherwise, the annotations will not appear in the Annotation Panel.

Filters

The Cytoscape Filter plugin, which is packaged with the official Cytoscape 2.2 release and is active by
default, allows for awide variety of filtering on node and edge attributes loaded onto Cytoscape networks.
For example, you can easily select all the nodes whose name contains a specific pattern that you define.
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Several types of filtersare available. Basic filters allow the selection of multiple nodes or edges according

to attribute data:

» String filters alow selection of nodes or edges with attributes matching specified patterns. These

patterns may include the wildcards * and ?.

* Numerical filters allow selection of nodes or edges according to numerical attributes and the

mathematical operators >, =, and <.
Compound filters allow selection based on the application of pre-existing filters:

» Topology filters allow selection of nodes with neighbors that match some pre-existing filter.

» Boolean filters alow the combination of multiple filters using the AND, OR and XOR operators.

Example filters are shipped with the plugin to get started.
Using the Plugin

If the Filter plugin is loaded, then you should see afilter icon on the toolbar.

Manage Filters There is no filter curmently selected. To edit a

filter, select it from the “Available Filters® list, If
Create new filter thi list is &mply, you can create o mew filtes
wiath the “Create new Filter” button,
Avallable Filters

Hode © nidl=D,0
Ecige : null={.0

the first filter is selected, then the dialog |ooks as shown:

Manage Filters Mumeric Attribute Filter

Create new filter Remove selected filver Filter Marme Mode : null=0.0
Available Filters Select graph objects of type | Mode 15
Mode - pull=(.0
Edge - null=0.0 . | with a valise for numenic attribute _I‘
that is L _=] 0.0

Apphy selected filver

for the colors:

If you pressthefilter icon, you will see afiltersdialog which looksinitially likethefollowing:

As
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The Purple Box: An existing or newly created filter can be edited in this area. Each filter type hasits own
user interface for editing.

The Orange Box: All available filters are shown in this list. Initially, this list will contain sample filters,
but as you create more, they will be added here.

The Cyan Box: Pressing “Create new filter” adds a filter to the “Available Filters’ box, and “Remove
selected filter” deletes the currently selected filter.

Creating Filters

The " Create new filter” button brings up the Filter creation dialog box, shown below.

rFilter types— Filter Type Description

'‘Numeric Filter | | Select nodes or edges based on the value of a
5“1”,'; F“t&r text ﬂ.ttfihutﬂ |

Topology Filter
Boolean Meta- |
Node Interacti

Edge Interactic |

s BRIE

The
important thing to realize when creating a filter is that the filter does not do anything by itself. Once
created, the filter must be run.

String Filter:
Mlare Filters Sreing Pascern Filver
i
Create new filter Remioyve selected fiker Filver Mame ode  canenicalMName - ¥0L® |
Available Filters Select graph objects of type | Node — |
pcxde ¢ pagllm (0
Fdge : null=0.0 | with a walue for text attribute | canonicalMamse Fed
bcde : candeicalName = YL " " = - I
podde Topology thar matches the pattern YD
Bl 1 niklip Lh

Apply selecied Tilber
i The

String Filter allows you to filter nodes or edges by a given string node or edge attribute. Attributes that
are loaded on the network are available for filtering against. Search terms are entered in the text box at
the bottom. For example to match any Node whose canonicalName starts with “YDL” you would select
“Node”, “canonicalName” and type “YDL*”. The * isimportant as it matches any number of characters
after YDL. If you want to be more specific and only select nodes whose canonicalName startswith Y DL0O
followed by any other two characters, you would type “YDLO00??". The“?" denotes any single character,
whilethe “*” represents zero or more characters. Full regular expression searching is supported, although
is not covered here. Once the filter is defined, it will be assigned a default descriptive name.
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Numerical Filter:

Manage Fliuers Musmeric Attribute Filtes £
[, Create new filter | | Remowe selected filter Filter Mame Mode - gal IRGexp> 1.0 ]
Avallable Filvers Select graph objects of type | Mode _=_:| m
Wode : gallRGexp>1.0 ' I4RGs |
Edge - null=0.0 . | with a valee for numeric attribute m
Mode ; canceialMame - YOL® galdRlexp
Nede Topmogy thatis | = ?]' 1.0 galS0Rsig
Book aribeta gal IRGsig
gal&0Rexp

i Apply selected filter

The
Numerical Filter also allowsyouto filter nodes or edges, and presentsyou with alist of available attributes.
This filter matches greater-than, less-than, or equal-to a number you type in the search box.

Node Topology Filter:

Manage Filvers Mode Topolegy Filter

i, Create new filter | Remave selected filter ) Filter Mame ModeTopology

Ayailable Filvers Select nodes with |1 nedghbars
Node | gIMRGsIg<0.0010 ' -
Edge : Aull=0.0 E] = within distance 1
Mode | canonialName = ¥D®
Hode Topology: that pass the fileer | Wode : canonicall.... ?l
Booleankiang +

Kils © maldB i M L

| Apply selected filter )

The
node topology filter allows you to select nodes with at least n neighbors of distance m or less that pass
some other selected filter. For instance, to select all the nodes adjacent to a node with the canonical name
matching ‘YD*’, you would “select nodes with 1 neighbors’, “within distance 17, “that pass the filter
Node: canonicalName ~ Y D*”.

Boolean Filter:

Manape Filners Boolean beda-Filler
Cirndite i Bl Remrgve wilecbed e Filier Mamee Bopleanisdesy
dwailable Fihers Select ohjects thas pass _‘ of the velegted filtery
Hode - gEMRCHG<0.00L0 Mosde - gaHRGHg<0.0010) g;t&’g:f”i [
Edige | rall=00 ok | full= 00
Mol  cancnacalsms ~ YO = Mol  cancrcalisme ~ T
4 0ot T O gy Miad i T GOy
Bassd inblets = fcesbeanbdaly
Yrwfa - ol B ks i 0 Mosde - gaHRCag=0,0
Apply velected figer — Megate?

The
Boolean Meta-Filter alows you to define a new filter that is a logical combination of existing filters.
Available filters are displayed. By selecting one or more filters, you can then choose whether Nodes or
Edges pass “ALL” (AND), “AT LEAST ONE” (OR), or “ONLY ONE” (XOR) of the selected filters.
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Once created Bool ean filters can then themsel ves be combined using the Boolean filter to create arbitrarily
complex logical combinations of filters. Note that unlike the String and Numerical Filters, Boolean Filters
will need to be assigned a name manually.

Once created, filters are saved for future sessions, as long as you exit Cytoscape normally via the exit
command in the File menu (i.e. not viactrl-c on Linux).

RunningfiltersAny availablefilter can berun by pressing the‘ Apply selected filter’ button. When afilter
is applied and multiple nodes or edges are selected, all of the normal selection-related operations may be
performed, such as Delete Selected Node/Edges, Copy To New Network, and Invert Selection.

LinkOut

The LinkOut [/cgi-bin/moin.cgi/LinkOut] plugin provides a mechanism to link nodes to external web
resources within Cytoscape. Right-clicking on a hode item in Cytoscape view opens a popup menu with
alist of web links.

The external links are specified inthel i nkout . pr ops file, which includes a number of default links
such asEntrez, SGD, iIHOP, Google, aswell asanumber of species-specificlinks. In addition to the default
links, users can customize the LinkOut [/cgi-bin/moin.cgi/LinkOut] menu by adding (or removing) links
without the need to restart Cytoscape or reload the network.

External links are listed as ‘key'-‘value' pairsinthel i nkout . pr ops file where key specifies the name
of thelink and value is the search URL. The LinkOut menus are organized in a hierarchical structure that
is specified in the key. All key terms start with the keyword | i nkout ur | .

For example, the following entry: | i nkout ur | . yeast . SG=htt p: // db. yeast genone. or g/
cgi - bi n/ 1 ocus. pl ?l ocus\ =% D%

places the SGD link under the yeast submenu. This link will appear in Cytoscape as:

Y[@\ LinkCut ) Entrez /3“:

iHOP

Biological rezources EioCRID

Web resources

driPraot
iy
halayi!

hiuman

- v v v v

maulze
P

In asimilar fashion one can added new submenus.

The % D% string inthe URL is aplace-holder for the node label. When the popup menu is generated this
marker is substituted with the node label. In the above exampl e the generated SGD link for YIM protein
is;http://db. yeast genone. org/ cgi - bi n/ | ocus. pl ?l ocus\ =Yl ML
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Currently there is no mechanism to check whether the constructed URL query is correct and if the node
label is meaningful. Similarly there is no ID mapping between various identifiers. For example, alink to
NCBI Entrez from anetwork that uses ensembl gene identifiers as node label will produce alink to Entrez
using ensembl D, which results in an incorrect link. It is the users responsibility to ensure that the node
label that is used as the search term in the URL link will result in a meaningful link.

Adding or Removing links The default links are defined in a | i nkout . props file contained
in the linkout.jar. These links are normal java properties and can be editited while running in the
Edit &#8594; Preferences menu. New links can be defined this way as well. New links can be
defined at startup in a separate file and loaded from the command line, either by specifying a
file containing the links cyt oscape. sh -P new_| i nout. props or as individua properties

cytoscape.sh -P linkouturl.yeast.SG=http://db.yeastgenone.org/cgi-
bi n/ 1 ocus. pl ?I ocus\ =% D% Any links defined on the command line will supersede the default
links.

To remove alink from the menu simply delete the property from the Edit & #8594; Preferences menu.
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Appendix A: Old Annotation Server Format

The following section is still valid, however we strongly recommend using the new formats described
in the previous section, since they are easier to download directly from the Gene Ontology project and

use directly.

Gene Ontology Server Wizard

The Gene Ontology Server Wizard isanew graphical user interface used to select ontology and annotation
files.

Step 1. Select Data Format

= Gene Ontolopy Wizard EJ

Welcome to the Gene Ontology Wizard

Wrhickh Fil Format cho yiow weant bo load?

() Gene Onibology (. oba and gers_sszecistion)

Mete: Please put all data Fies (both snrotation and ertology)
in bhe came dirschony. Obherwiss, Hhe Gers Onbobsgy Wizard
cannot load the Files,

Prizss bhe Tosd’ buthon bo conbinue, ...

@ (@] (@]
If

you want to use the old manifest file to load annotations, select Cytoscape BioDataServer [/cgi-bin/
moin.cgi/BioDataServer] .

Step 2. Specify Manifest File
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Gene Ontology Wicard

Marif et file should inchude both annokstion ard onbology files.

\eytoscape-2, 2lannokationimanifest] | |_Select Marifest Fie |

Plesse press the Finich button to koad BaoDat sServer,

uﬂnﬁt |Ij'—'nﬂ'- | | !Cai:d | y

you selected Cytoscape BioDataServer [/cgi-bin/moin.cgi/BioDataServer] in the first step, you need to
specify manifest file (which lists ontology and annotation filesto load). Then click on finish. All datafiles
will be loaded into Cytoscape. For more information about manifest file and how to create it, please read
the section below.

Building your own annotation files

The annotation server requiresthat the gene annotations, and associated ontology on controlled vocabulary
terms, follow asimpleformat. Thissimpleformat was chosen becauseit isefficient to parseand easy to use.

Theflat file formats are explained below:

The Ontology Format

By example (the Gene Ontology - GO):

(curator=Q0) (type=all)
0003673 = Gene_Ont ol ogy
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0003674 = nol ecul ar _function [partof: 0003673 ]
0008435 = anticoagul ant [isa: 0003674 ]
0016172 = antifreeze [isa: 0003674 ]
0016173 = ice nucleation inhibitor [isa: 0016172 ]
0016209 = antioxidant [isa: 0003674 ]
0045174 = gl utat hi one dehydrogenase (ascorbate) [isa: 0009491 0015038 0016209 0016672 ]
0004362 = gl utathione reductase (NADPH) [isa: 0015038 0015933 0016209 0016654 ]
= nyosi n phosphatase catal yst [partof: 0017018 ]

0017019

A second example (KEGG pathway ontology):

(curator=KEGG) (type=Metabolic Pathways)

90001 = Metabolism
80001 = Carbohydrate Metabolism[isa: 90001 ]
80003 = Lipid Metabolism[isa: 90001 ]
80002 = Energy Metabolism[isa: 90001 ]
80004 = Nucl eotide Metabolism[isa: 90001 ]
80005 = Anmino Acid Metabolism[isa: 90001 ]
80006 = Metabolismof CQther Amino Acids [isa: 90001 ]
= Metabol i sm of Conpl ex Carbohydrates [isa: 90001 ]

80007

The format has three required features:

1. The first line contains two parenthesized assignments, for curator and type. In the GO example
above, the ontology file (which is created from the XML GO provides) nests all three specific
ontologies (molecular function, biological process, cellular component) below the ‘root' ontology,
named 'Gene_Ontology'.

(type=all)

tellsyou that all three ontologies are included in that file.

1. Following the mandatory title line, there are one or more category lines, each with the form;

nunber0 = nane [isa:|partof: nunberl nunmber2 ...]

'isa’ and 'partof' are terms used in GO; they describe the relation between parent and child terms in the
ontology hierarchy.

1. Thetrailing blank before each left square bracket is not required; it is an artifact of the python script
that creates these files.

The Annotation Format

By example (from the GO biological process annotation file):

(speci es=Saccharonyces cerevisiae) (type=Biological Process) (curator=060)
YMRO56C = 0006854
YBRO85W = 0006854
YJR155W = 0006081

and from KEGG:
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(speci es=Mycobact eri um tubercul osis) (type=Metabolic Pathways) (curator=KEGS
RVO761C = 10

RVO761C = 71

RV0761C = 120

RV0761C = 350

RV0761C = 561

RV1862 = 10

The format has these required features:

1. Thefirst line contains three parenthesized assignments, for species, type and curator. In the example
just above, the annotation file (which we create for budding yeast from the flat text file maintained by
SGD for the Gene Ontology project, and available both at their web site and at GO's) shows three yeast
ORFs annotated for biological process, with respect to GO, described (further above).

2. Following the mandatory title line, there are one or more annotation lines, each with the form:

canoni cal Name = ontol ogyTerm D

1. Once loaded, this annotation (along with the accompanying ontology) can be assigned to nodes in a
Cytoscape network. For thisto work, the species type of the node must exactly match the species
named on thefirst line of theannotation file. The canonicalName of your nhode must exactly match
the canonicalName present in the annotation file. If you don’t see the expected results when using
this feature of Cytoscape, check this again, as getting either of these wrong is a common mistake.

Load Data into Cytoscape

The easiest way to make annotations available to Cytoscape is by |oading annotations into the Cytoscape
annotation server. Thisisthe default behavior for the official release of Cytoscape.

The Annotation Manifest

You must first create atext file to specify the files you want Cytoscape to load. Here is an example, from
afilewhich (for convenience) we usualy call “manifest”

ont ol ogy=goOnt ol ogy. t xt

annot at i on=yeast Bi ol ogi cal Process. t xt
annot at i on=yeast Mol ecul ar Functi on. t xt
annot at i on=yeast Cel | ul ar Conponent . t xt

Use the Cytoscape -b command line argument to specify the annotation manifest file to read (e.g. -b
manifest). Please note that the -s switch, which sets the default speciesfor your datais required to exactly
match the species named in any annotation file you wish to use.

Getting and Reformatting GO Data

The Gene Ontology (GO) project is a valuable source of annotation for the genes of many organisms. In
this section we will explain how to:

1. Obtain the GO ontology file
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2. Reformat it into the simpler flat file Cytoscape uses
3. Obtain an annotation file (we illustrate with yeast and human annotation)
4. Reformat the annotation files into the simple Cytoscape format

Obtain the GO ontology file Go to the GO XML FTP (ftp://ftp.geneontology.org/pub/go/xml/) page.
Download the latest go-YYYYMM-termdb.xml.gz file.

Reformat GO XML ontology fileinto aflat file

gunzi p go- YYYYMwtt er ndb. xnl . gz
pyt hon parseCGoTernsToFl at Fi |l e. py go- YYYYMterndb. xm > goOnt ol ogy. t xt

(See below for Python script listing)

Obtain the 'association’ file for your organism GO maintains a list of association files for many
organisms; these files associate genes with GO terms. The next step is to get the file for the organism/
s you are interested in, and parse it into the form Cytoscape needs. A list of files may be seen at
http://www.geneontol ogy.org/GO.current.annotations.shtml. The rightmost column contains links to tab-
delimited files of gene associations, by species. Choose the species you are interested in, and click
'‘Download'.

Let's use 'GO Annotations @ EBI Human' as an example. After you have downloaded and saved the
file, look at thefirst few lines:

SPTR C00115 DRN2_HUMAN GO 0003677 PUBMED: 9714827 TAS F Deoxyri bonucl ease Il precursor | Pl 000103
SPTR C00115 DRN2_HUMAN GO 0004519 GOA: spkw | EA F Deoxyri bonucl ease Il precursor | Pl 000103

SPTR C00115 DRN2_HUMAN GO 0004531 PUBMED: 9714827 TAS F Deoxyri bonucl ease Il precursor | Pl 000103

Note that line wrapping has occurred here, so each line of the actual file is wrapped to two lines. The goa
isto create from these lines the following lines:

(speci es=Honp sapi ens) (type=Mbl ecul ar Function) (curator=60

1 PI 00010348 = 0003677
1 PI 00010348 = 0004519
1 PI 00010348 = 0004531
or

(speci es=Honp sapi ens) (type=Biol ogical Process) (curator=60

NP_001366 = 0006259
NP_001366 = 0006915
NP_005289 = 0007186

= 0006899

NP_647593

The first sample contains molecular function annotation for proteins, and each protein is identified by its
[Pl number. IPI isthe International Protein Index, which maintains cross references to the main databases
for human, mouse and rat proteomes. The second sample contains biological process annotation, and each
protein isidentified by its NP (RefSeq [/cgi-bin/moin.cgi/RefSeq]) number. These two naming systems,
IPl and RefSeq [/cgi-bin/moin.cgi/Ref Seq], are two of many that you can use for canonical names when

69


ftp://ftp.geneontology.org/pub/go/xml/
http://www.geneontology.org/GO.current.annotations.shtml
/cgi-bin/moin.cgi/RefSeq
/cgi-bin/moin.cgi/RefSeq
/cgi-bin/moin.cgi/RefSeq
/cgi-bin/moin.cgi/RefSeq

Cytoscape 2.3.1 User Manual

you run Cytoscape. For budding yeadt, it is much easier; the yeast community always uses standard ORF
names, and so Cytoscape uses these as canonical names. For human proteins and genes, there is no such
single simple standard. See section 5. Building and Soring Interaction Networks for more information.

The solution (for those working with human genes or proteins) is, once you have downloaded the
annotationsfile, to:

1. Decide which naming system you want to use.

2. Download ftp://ftp.ebi.ac.uk/pub/databases/GO/goalHUMAN/xrefs.goa. This cross-reference file,
when used strategically, allows you to create Cytoscape-compatible annotation files in which the
canonical name is the one most meaningful to you.

3. Examine xrefs.goa to figure out which column contains the names you wish to use.
4. Make avery slight modification to the python script described below, and then
5. Run that script, supplying both xrefs.goa and that annotation file as arguments.

Here are afew sample linesfrom xrefs.goa:

SP Q00115 1P 00010348 ENSP00000222219; NP_001366; BAA28623; AAC77366; AAC35751; AAC39852; BAB55598; AABE
SP Q00116 |1 PI 00010349 ENSP00000324567; ENSP00000264167; NP_003650; CAA70591; 327, AGPS €

SP Q00124 1P 00010353 ENSP00000265616; ENSP00000322580; NP_005662; BAA18958; BAA18959; AAH20694;

Note that line wrapping has occurred here — each line in this example starts with the letters SP. See the
README file for more information (ftp://ftp.ebi.ac.uk/pub/databases/ GO/goa/ HUM AN/README)

Finally, run the script to create your three annotation files for human proteins:

* bioproc.anno (GO biological process annotation)

» molfunc.anno (GO molecular function annotation)

« cellcomp.anno (GO cellular component annotation)

using the supplied python script. It may be necessary to modify this script slightly if RefSeq [/cgi-bin/

moin.cgi/RefSeq] identifiers are not used as canonical names or if you are using a more recent version
of Python.

pyt hon par seAssi gnment sToFl at Fi | eFr onGoaPr oj ect. py gene_associ ati on. goa_hunman xrefs. goa

(See below for Python script listing)
Python script examples: These scripts, described above require Python version 2.2 or later.

Script 1 - parseGoTermsToFlatFile.py

# parseCoTernifoFl atFile.py: translate a GO XM. ontology file into a sinpler
# Cytoscape flat file

def flatFilePrint (id, nane, isalDs, partoflDs):
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isa =""
if (len (isalDs) > 0):
isa = "[isa:
for isalDin isalDs:
isa += isalD
isa += "'
isa +="']"
partof ="'
if (len (partofiDs) > 0):
partof = '[partof:
for partofI D in partoflDs:
partof += partoflD
partof +="'
partof +="']"

result = '~np~%/ np~s = ~np~%/ np~s ~np~%/ np~s ~np~%-/ np~s' ~np~%/ np~ (id, nane, isa, partof)

result = result.strip ()
if (result == 'isa = isa or result == 'partof = partof'):

print >> sys.stderr, 'neaningless term -~np~%/ np~s' ~np~%/ np~ result
el se:

print result

Hecemmeeeeeeeeeeeeeeeeeeeecceeeeeemeeeemeseemessemessemessemessemessemesmememmen—n—-
if (len (sys.argv) != 2):
print 'usage: ~np~%/ np~s <soneFile.xm > ~np~%-/ np~ sys.argv [O0]
sys.exit ();
input Fi |l enane = sys.argv [1];
print >> sys.stderr, ‘reading ~np~%/np~s...' ~np~%/ np~ inputFilenanme
text = open (inputFilenanme).read ()
print >> sys.stderr, ‘read ~np~%/ np~d characters' ~np~%/ np~ len (text)
regex = '<go:term.*?>(.*?)</go:term';

cregex = pre.conpile (regex, re.DOTALL) # . matches new ines
m= pre.findall (cregex, text)
print >> sys.stderr, 'nunber of go terms: ~np~%/ np~d" ~np~%/ np~ len (M

regex2 = '<go:accessi on>G0 (. *?) </ go: accessi on>. * ?<go: name>( . *?) </ go: name>'

cregex2 = re.conpile (regex2, re.DOTALL)

regex3 = '<go:isa\s*rdf:resource="http://ww. geneontol ogy. or g/ go#GO (.*?)"\s*/ >
cregex3 = re.conpile (regex3, re.DOTALL)

regex4 = '<go:part-of\s*rdf:resource="http://ww. geneontol ogy. org/ go#GO (.*?)"\s*/>'

cregex4 = re.conpile (regex4, re.DOTALL)
goodEl enents = 0
badEl enents = 0
print '(curator=G0) (type=all)"
for terminm
n2 = re.search (cregex2, term
if (n2):
goodEl enents += 1;
id = nR2.group (1)
name = n2.group (2)
isalDs =[]
nB = re.findall (cregex3, term;
for ref in nB:
i sal Ds. append (ref)
m = re.findall (cregex4, term;
partofIDs = []
for ref in mk:
partof | Ds. append (ref)
flatFilePrint (id, nane, isalDs, partoflDs)
el se:
badEl ements += 1;
print >> sys.stderr, 'no match to n2..."

print >> sys.stderr, "--------------- \n~np~%-/np~s\n------------------ " ~np~%-/ np~ term

print >> sys.stderr, 'goodElements ~np~%/ np~d'" ~np~%-/ np~ goodEl enents
print >> sys.stderr, 'badEl ements ~np~%-/ np~d' ~np~%-/ np~ badEl enents

Script 1 - parseAssignmentsT oFlatFileFromGoaProject.py

inport sys

def fixCanonical Nane (rawNane):
# for instance, trim'YBRO85WANC3' to ' YBRO85W
bar = rawNane.find ('|")
if (bar < 0):
return rawNane
return rawNane [: bar]

def fixGolD (rawiD):
bar = rawD.find (":') + 1
return raw D [bar:]

def readGoaXrefFile (filenane):
lines = open (filename).read().split ("\n")
result = {}
for line in lines:
if (len (line) < 10):

71



Cytoscape 2.3.1 User Manual

conti nue

tokens = line.split ("\t')

ipi = tokens [2]

np = tokens [5]

semicolon = np.find (';")

if (semicolon >= 0):
np = np [:senicolon]

if (len (ipi) >0 and len (np) > 0):
result [ipi] = np

return result

if (len (sys.argv) != 3):
print "error! parse <gene_associ ations file from GO> <goa xrefs file> "'
sys.exit ()

associ ationFil enanme = sys.argv [1];

xrefsFil ename = sys.argv [2]

species = 'Honp sapiens'
i pi TONPHash = readGoaXref File (xrefsFilenane)
tester = '1PI 00099416

print 'hash size: ~np~%/ np~d" ~np~%/ np~ | en (ipi ToNPHash)
print 'test map: ~np~%/ np~s -> NP_054861: ~np~%/ np~s ' ~np~%/ np~ (tester, ipi TONPHash [tester])

bi oproc = open ('bioproc.txt', 'w)
nmol func = open ('nol func.txt', '"w)
cellcomp = open ('cellconp.txt', '"w)

bi oproc.write (' (speci es=~np~%/ np~s) (type=Biol ogical Process) (curator=G)\n' ~np~%-/ np~ species)
mol func.write (' (speci es=~np~%-/ np~s) (type=Mdl ecul ar Function) (curator=G)\n' ~np~%/ np~ species);
cellcomp.wite (' (speci es=~np~%-/ np~s) (type=Cellular Conponent) (curator=G0)\n' ~np~%-/ np~ species);
|I'i nes=open(associ ati onFil enane).read().split('\n")

sys.stderr.wite ('found ~np~%/ np~d |lines\n' ~np~%-/ np~ len (lines))

for line in lines:

if (line.find ("!") == 0 or len (line) < 2):
conti nue

tokens = line.split ("\t')

goOntol ogy = tokens [8]

gol Draw = tokens [4]

golD = golDraw.split (':")[1]

i pi Nane = fixCanoni cal Name (tokens [10])

if (len (ipiName) < 1):
conti nue

if (not ipi ToNPHash. has_key (i pi Nanme)):
conti nue
ref seqName = i pi ToNPHash [i pi Nane]
printNane = refseqNanme
#printName = i pi Name
if (ipiName == tester):
print '~np~%-/ np~s (~np~%/ np~s) has go term ~np~%-/ np~s' ~np~%-/ np~ (tester, printName, golD)

if (goOntology == 'C):

cellcomp.wite (' ~np~%/ np~s = ~np~%/ np~s\n'" ~np~%-/ np~ (printNane, golD))
elif (goOntology == 'P'):

bioproc.write (' ~np~%/ np~s = ~np~%/ np~s\n'" ~np~%-/ np~ (printNane, golD))
elif (goOntology == "F'):

mol func.write (' ~np~%/ np~s = ~np~%/ np~s\n'" ~np~%-/ np~ (printNane, golD))

Appendix B: GNU Lesser General Public
License

GNU LESSER GENERAL PUBLIC LICENSE

» Version 2.1, February 1999 Copyright (C) 1991, 1999 Free Software Foundation, Inc. 59 Temple Place,
Suite 330, Boston, MA 02111-1307 USA Everyoneis permitted to copy and distribute verbatim copies
of thislicense document, but changing it is not allowed. [Thisisthe first released version of the L esser
GPL. It a'so counts as the successor of the GNU Library Public License, version 2, hence the version
number 2.1.]

Preamble

Thelicensesfor most software are designed to take away your freedom to share and changeit. By contrast,
the GNU General Public Licenses are intended to guarantee your freedom to share and change free
software--to make sure the software is free for al its users.
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Thislicense, the Lesser General Public License, applies to some specially designated software packages-
-typically libraries--of the Free Software Foundation and other authors who decide to use it. Y ou can use
it too, but we suggest you first think carefully about whether this license or the ordinary General Public
Licenseisthe better strategy to use in any particular case, based on the explanations below.

When we speak of free software, we arereferring to freedom of use, not price. Our General Public Licenses
are designed to make sure that you have the freedom to distribute copies of free software (and charge for
this service if you wish); that you receive source code or can get it if you want it; that you can change the
software and use pieces of it in new free programs; and that you are informed that you can do these things.

To protect your rights, we need to make restrictions that forbid distributors to deny you these rights or
to ask you to surrender these rights. These restrictions trandlate to certain responsibilities for you if you
distribute copies of the library or if you modify it.

For example, if you distribute copies of the library, whether gratis or for afee, you must give the recipients
all the rights that we gave you. You must make sure that they, too, receive or can get the source code.
If you link other code with the library, you must provide complete object files to the recipients, so that
they can relink them with the library after making changesto the library and recompiling it. And you must
show them these terms so they know their rights.

We protect your rights with a two-step method: (1) we copyright the library, and (2) we offer you this
license, which gives you legal permission to copy, distribute and/or modify the library.

To protect each distributor, we want to make it very clear that there is no warranty for the free library.
Also, if thelibrary is modified by someone else and passed on, the recipients should know that what they
have is not the original version, so that the original author's reputation will not be affected by problems
that might be introduced by others.

Finally, software patents pose a constant threat to the existence of any free program. We wish to make
surethat acompany cannot effectively restrict the users of afree program by obtaining arestrictivelicense
from apatent holder. Therefore, we insist that any patent license obtained for aversion of the library must
be consistent with the full freedom of use specified in thislicense.

Most GNU software, including some libraries, is covered by the ordinary GNU General Public License.
Thislicense, the GNU Lesser General Public License, appliesto certain designated libraries, and is quite
different from the ordinary General Public License. We use this license for certain libraries in order to
permit linking those libraries into non-free programs.

When a program is linked with alibrary, whether statically or using a shared library, the combination of
the two is legally speaking a combined work, a derivative of the original library. The ordinary General
Public License therefore permits such linking only if the entire combination fits its criteria of freedom.
The Lesser General Public License permits more lax criteria for linking other code with the library. We
call this license the "Lesser" General Public License because it does Less to protect the user's freedom
than the ordinary General Public License. It also provides other free software developers Less of an
advantage over competing non-free programs. These disadvantages are the reason we use the ordinary
General Public License for many libraries. However, the Lesser license provides advantages in certain
specia circumstances. For example, on rare occasions, there may be a special need to encourage the
widest possible use of a certain library, so that it becomes a de-facto standard. To achieve this, non-free
programs must be allowed to use the library. A more frequent case is that a free library does the same
job as widely used non-free libraries. In this case, thereis little to gain by limiting the free library to free
software only, so we use the Lesser General Public License. In other cases, permission to use a particular
library in non-free programs enables a greater number of people to use a large body of free software.
For example, permission to use the GNU C Library in non-free programs enables many more people to
use the whole GNU operating system, as well as its variant, the GNU/Linux operating system. Although
the Lesser General Public License is Less protective of the users freedom, it does ensure that the user
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of a program that is linked with the Library has the freedom and the wherewithal to run that program
using a modified version of the Library. The precise terms and conditions for copying, distribution and
modification follow. Pay close attention to the difference between a "work based on the library" and a
"work that uses the library”. The former contains code derived from the library, whereas the latter must
be combined with the library in order to run.

GNU LESSER GENERAL PUBLIC LICENSE TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

0. This License Agreement applies to any software library or other program which contains a notice
placed by the copyright holder or other authorized party saying it may be distributed under the terms of
this Lesser General Public License (also called "this License"). Each licensee is addressed as "you". A
"library" meansacollection of software functionsand/or data prepared so asto be conveniently linked with
application programs (which use some of those functions and data) to form executables. The "Library",
below, refersto any such software library or work which has been distributed under these terms. A "work
based on the Library" means either the Library or any derivative work under copyright law: that isto say,
awork containing the Library or a portion of it, either verbatim or with modifications and/or translated
straightforwardly into another language. (Hereinafter, trandation isincluded without limitation in theterm
"modification™.) "Source code" for awork meansthe preferred form of the work for making modifications
to it. For alibrary, complete source code means all the source code for all modules it contains, plus any
associated interface definition files, plus the scripts used to control compilation and installation of the
library. Activities other than copying, distribution and modification are not covered by this License; they
are outside its scope. The act of running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based on the Library (independent of the
use of the Library in atool for writing it). Whether that is true depends on what the Library does and what
the program that uses the Library does.

1. You may copy and distribute verbatim copies of the Library's complete source code as you receive it,
in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact all the notices that refer to this License and to the
absence of any warranty; and distribute a copy of this License along with the Library.

Y oumay chargeafeefor thephysical act of transferring acopy, and you may at your option offer warranty
protection in exchange for afee.

2. You may madify your copy or copies of the Library or any portion of it, thus forming a work based
on the Library, and copy and distribute such modifications or work under the terms of Section 1 above,
provided that you also meet al of these conditions:

a) The modified work must itself be a software library.

b) You must cause the files modified to carry prominent notices stating that you changed the files and
the date of any change.

¢) You must cause the whole of the work to be licensed at no charge to al third parties under the terms
of this License.

d) If afacility inthe modified Library refersto afunction or atable of datato be supplied by an application
program that usesthe facility, other than asan argument passed when thefacility isinvoked, then you must
make a good faith effort to ensure that, in the event an application does not supply such function or table,
the facility still operates, and performs whatever part of its purpose remains meaningful. (For example,
afunction in alibrary to compute square roots has a purpose that is entirely well-defined independent of
the application. Therefore, Subsection 2d requires that any application-supplied function or table used by
this function must be optional: if the application does not supply it, the square root function must still
compute square roots.)
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These requirements apply to the modified work as awhole. If identifiable sections of that work are not
derived from the Library, and can be reasonably considered independent and separate worksin themselves,
then thisLicense, and itsterms, do not apply to those sections when you distribute them as separate works.
But when you distribute the same sections as part of a whole which is a work based on the Library, the
distribution of the whole must be on theterms of this License, whose permissionsfor other licensees extend
to the entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely by
you; rather, the intent is to exercise the right to control the distribution of derivative or collective works
based on the Library. In addition, mere aggregation of another work not based on the Library with the
Library (or with awork based on the Library) on avolume of a storage or distribution medium does not
bring the other work under the scope of this License.

3. You may opt to apply the terms of the ordinary GNU General Public License instead of this License
to agiven copy of the Library. To do this, you must ater all the notices that refer to this License, so that
they refer to the ordinary GNU General Public License, version 2, instead of to this License. (If a newer
version than version 2 of the ordinary GNU General Public License has appeared, then you can specify
that version instead if you wish.) Do not make any other change in these notices.

Once this change is made in a given copy, it isirreversible for that copy, so the ordinary GNU Generad
Public License applies to all subsequent copies and derivative works made from that copy.

This option is useful when you wish to copy part of the code of the Library into a program that is not
alibrary.

4. You may copy and distribute the Library (or a portion or derivative of it, under Section 2) in object
code or executable form under the terms of Sections 1 and 2 above provided that you accompany it with
the complete corresponding machine-readabl e source code, which must be distributed under the terms of
Sections 1 and 2 above on a medium customarily used for software interchange.

If distribution of object code is made by offering access to copy from a designated place, then offering
equivalent access to copy the source code from the same place satisfies the requirement to distribute the
source code, even though third parties are not compelled to copy the source along with the object code.

5. A program that contains no derivative of any portion of the Library, but is designed to work with the
Library by being compiled or linked with it, is called a "work that uses the Library". Such a work, in
isolation, is not a derivative work of the Library, and therefore falls outside the scope of this License.

However, linking a"work that usesthe Library" with the Library creates an executable that is a derivative
of the Library (because it contains portions of the Library), rather than a"work that usesthe library". The
executable istherefore covered by thisLicense. Section 6 states termsfor distribution of such executables.

When a"work that uses the Library" uses material from a header file that is part of the Library, the object
code for the work may be a derivative work of the Library even though the source code is not. Whether
thisistrueis especially significant if the work can be linked without the Library, or if the work isitself a
library. The threshold for thisto be true is not precisely defined by law.

If such an object file uses only numerical parameters, data structure layouts and accessors, and small
macros and small inline functions (ten lines or lessin length), then the use of the object fileis unrestricted,
regardless of whether it islegally aderivative work. (Executables containing this object code plus portions
of the Library will still fall under Section 6.)

Otherwise, if thework isaderivative of the Library, you may distribute the object code for the work under
the terms of Section 6. Any executables containing that work also fall under Section 6, whether or not they
are linked directly with the Library itself.
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6. As an exception to the Sections above, you may also combine or link a "work that uses the Library"
with the Library to produce awork containing portions of the Library, and distribute that work under terms
of your choice, provided that the terms permit modification of the work for the customer's own use and
reverse engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the Library is used in it and that the
Library and itsuse are covered by thisLicense. Y ou must supply acopy of thisLicense. If thework during
execution displays copyright notices, you must include the copyright notice for the Library among them,
aswell asareference directing the user to the copy of this License. Also, you must do one of these things:

a) Accompany the work with the complete corresponding machine-readable source code for the Library
including whatever changes were used in the work (which must be distributed under Sections 1 and 2
above); and, if the work is an executable linked with the Library, with the complete machine-readable
"work that usesthe Library", as object code and/or source code, so that the user can modify the Library and
then relink to produce a modified executable containing the modified Library. (It is understood that the
user who changes the contents of definitions filesin the Library will not necessarily be able to recompile
the application to use the modified definitions.)

b) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that
(1) usesat runtime acopy of thelibrary already present on the user's computer system, rather than copying
library functions into the executable, and (2) will operate properly with a modified version of the library,
if the user installs one, as long as the modified version is interface-compatible with the version that the
work was made with.

¢) Accompany thework with awritten offer, valid for at least threeyears, to givethe same user the materials
specified in Subsection 6a, above, for a charge no more than the cost of performing this distribution.

d) If distribution of the work is made by offering access to copy from a designated place, offer equivalent
access to copy the above specified materials from the same place.

€) Verify that the user has already received a copy of these materials or that you have already sent this
user a copy.

For an executable, the required form of the "work that uses the Library" must include any data and utility
programs needed for reproducing the executable from it. However, as a special exception, the materials
to be distributed need not include anything that is normally distributed (in either source or binary form)
with the major components (compiler, kernel, and so on) of the operating system on which the executable
runs, unless that component itself accompanies the executable.

It may happen that this requirement contradicts the license restrictions of other proprietary libraries that
do not normally accompany the operating system. Such a contradiction means you cannot use both them
and the Library together in an executable that you distribute.

7. You may place library facilities that are a work based on the Library side-by-side in a single library
together with other library facilities not covered by this License, and distribute such a combined library,
provided that the separate distribution of the work based on the Library and of the other library facilities
is otherwise permitted, and provided that you do these two things:

a) Accompany the combined library with a copy of the same work based on the Library, uncombined with
any other library facilities. This must be distributed under the terms of the Sections above.

b) Give prominent notice with the combined library of thefact that part of itisawork based ontheLibrary,
and explaining where to find the accompanying uncombined form of the same work.

8. Y ou may not copy, modify, sublicense, link with, or distribute the Library except as expressly provided
under thisLicense. Any attempt otherwiseto copy, modify, sublicense, link with, or distributetheLibrary is
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void, and will automatically terminate your rights under this License. However, partieswho have received
copies, or rights, from you under this License will not havetheir licensesterminated so long as such parties
remain in full compliance.

9. You are not required to accept this License, since you have not signed it. However, nothing el se grants
you permission to modify or distribute the Library or its derivative works. These actions are prohibited by
law if you do not accept this License. Therefore, by modifying or distributing the Library (or any work
based onthe Library), you indicate your acceptance of thisLicenseto do so, and al itstermsand conditions
for copying, distributing or modifying the Library or works based on it.

10. Each time you redistribute the Library (or any work based on the Library), the recipient automatically
receives alicense from the original licensor to copy, distribute, link with or modify the Library subject to
these terms and conditions. Y ou may not impose any further restrictions on the recipients' exercise of the
rights granted herein. Y ou are not responsible for enforcing compliance by third parties with this License.

11. If, asaconseguence of acourt judgment or allegation of patent infringement or for any other reason (not
limited to patent issues), conditions are imposed on you (whether by court order, agreement or otherwise)
that contradict the conditions of this License, they do not excuse you from the conditions of this License.
If you cannot distribute so as to satisfy simultaneously your obligations under this License and any other
pertinent obligations, then as a consequence you may not distribute the Library at al. For example, if a
patent license would not permit royalty-free redistribution of the Library by all those who receive copies
directly or indirectly through you, then the only way you could satisfy both it and this License would
be to refrain entirely from distribution of the Library. If any portion of this section is held invalid or
unenforceable under any particular circumstance, the balance of the section is intended to apply, and the
section asawhole isintended to apply in other circumstances. It is not the purpose of this section to induce
you to infringe any patents or other property right claims or to contest validity of any such claims; this
section has the sole purpose of protecting the integrity of the free software distribution system which is
implemented by public license practices. Many people have made generous contributionsto thewiderange
of software distributed through that system in reliance on consistent application of that system; it is up
to the author/donor to decide if he or she is willing to distribute software through any other system and
alicensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of therest of this
License.

12. If the distribution and/or use of the Library is restricted in certain countries either by patents or by
copyrighted interfaces, the origina copyright holder who places the Library under this License may add
an explicit geographical distribution limitation excluding those countries, so that distribution is permitted
only in or among countries not thus excluded. In such case, this License incorporates the limitation as if
written in the body of this License.

13. The Free Software Foundation may publish revised and/or new versions of the Lesser General Public
Licensefrom timeto time. Such new versionswill be similar in spirit to the present version, but may differ
in detail to address new problems or concerns. Each version is given a distinguishing version number. If
the Library specifiesaversion number of this License which appliestoit and "any later version”, you have
the option of following the terms and conditions either of that version or of any later version published by
the Free Software Foundation. If the Library does not specify alicense version number, you may choose
any version ever published by the Free Software Foundation.

14. If you wish to incorporate parts of the Library into other free programs whose distribution conditions
are incompatible with these, write to the author to ask for permission. For software which is copyrighted
by the Free Software Foundation, write to the Free Software Foundation; we sometimes make exceptions
for this. Our decision will be guided by the two goals of preserving the free status of all derivatives of our
free software and of promoting the sharing and reuse of software generally.

NO WARRANTY
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15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE LIBRARY "ASIS"' WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESSFOR A PARTICULAR PURPOSE. THE ENTIRERISK ASTO
THEQUALITY AND PERFORMANCE OF THELIBRARY ISWITH YOU. SHOULD THE LIBRARY
PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE LIBRARY ASPERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING OUT OF THE USE OR INABILITY TO USE THE LIBRARY (INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES
SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE LIBRARY TO OPERATE
WITH ANY OTHER SOFTWARE), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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