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Cytoscape is an open source software platform for integrating, visualizing, and analyzing measurement data in the
context of networks. This tutorial will cover:

Navigating Cytoscape

Visualizing Data on Networks

Network and Pathway Resources

Plugin Manager

M.

Plugin Demos

Navigating Cytoscape

This section will introduce the Cytoscape user interface. First of all we will look at the basic UI of Cytoscape. Then

we will show all menu features of Cytoscape and the extended functionality provided by plugins.

Cytoscape Layout and User Interface

Launch Cytoscape. You should see a window that looks like this:

800 Cy
56 QAR Q B 8 &

on)

Control Panel al
[ % Network [ »]
Metwark Nodes |Edges
Data Panel al
HO= =il
l D
[- Node Attribute Browser | Edge Attribute Browser Network Attribute Browser d
Welcome to Cytoscape 2.6.2 Right-click + drag to ZOOM Middle-click + drag to PAN 5

* At the top of the Cytoscape Desktop window is the toolbar, which contains the command buttons. The name of
each command button is shown when the mouse pointer hovers over it.

* In the upper right is the Main Network View window, where network data will be displayed. This region is
initially blank.

* Atleft is the Control Panel (Network Management) Panel. This lists the available networks by name and provides
information on the number of nodes and edges.

* Immediately below the Control Panel is the Network Overview Pane
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* At lower right is the Data Panel which can be used to display node, edge, and network attribute data

The Network Management and Data browser panels are dockable tabbed panels known as CytoPanels. You can
undock any of these panels by clicking on the Float Window control in the upper-right corner of the CytoPanel. The
Data Panel starts off with three tabs: Node Attribute Browser, Edge Attribute Browser, and Network Attribute
Browser; the Network Management panel starts off with four tabs: Network, VizMapper, Editor, and Filters.
Loaded plugins might add tabs to either of these CytoPanels.

Cytoscape Menus

We will briefly run through all the menus available in Cytoscape.

File

The File menu contains basic file functionality:

* File — Open for opening a Cytoscape session file

* File — New for creating a new network

* File — Save for saving a session 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 all windows of Cytoscape and exits the program

Edit

The Edit menu contains:

* Undo and Redo functions which undo and redo edits made in the Attribute Browser, the Network Editor and the
Layout.

* Options for creating and destroying views (graphical representations of a network) and networks

» Options for deleting selected nodes and edges from the current network.

* All deleted nodes and edges can be restored to the network via Edit - Undo.

» Edit — Preferences — Properties to edit preferences for properties and plugins

View

The View menu allows you to display or hide:

e The network management panel (Control Panel)

* The attribute browser (Data Panel)

* Results Panel

e VizMapper

Select

The Select menu contains:

* Options for selecting nodes and edges

* The Select — Use Filters option allows filters to be created for automatic selection of portions of a network
whose node or edge attributes meet a filtering criterion (see below for the filters section).

Layout

The Layout menu has an array of features for visually organizing the network:

* Rotate, Scale, Align and Distribute are tools for manipulating the network visualization.

* The bottom section of the menu lists a variety of layout algorithms which automatically lay a network out.

Plugins
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The Plugins menu contains options for managing your plugins (install/update/delete) and may have options added by

plugins that have already been installed, such as the Agilent Literature Search or Merge Networks.
¢ Depending on which plugins are loaded, the plugins that you see may be different than what appear here.
Help

* The Help menu allows you to launch the help viewer and browse the table of contents for this manual.
* The “About...” option displays information about the running version of Cytoscape.

Loading a Simple Network

¢ Go to File-> Import -> Network (multiple file types)

* You should see the Import Network File Dialog

» For Data Source Type select Local and then click Select

* Open the sampleData folder and select galFiltered.sif and then click on Open and then Import

You should see the following:
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The SIF file format is about as simple as it gets. It consists of 3 columns: source, interaction type, and target.

‘Source” and ‘target” are gene/protein identifiers that are used to define nodes, while ‘interaction type” serves to

label the edge connecting each pair of nodes.
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Manipulating Your Network

Now that you have a network loaded, you can interact with it in a number of ways:

» Start by clicking on the node at the upper left corner of the network. The node with turn

yellow. If you hold your mouse down over the node and drag it around the node will move on the screen.

* Now add another node to the selection by holding down the Shift key and clicking on a node. Note that both
nodes are now selected (yellow). Again, move the nodes around. Node that both nodes will move.
* To select a group of nodes, hold the mouse down in the upper left-hand corner and drag your mouse over a region

of the network. Again, a group of nodes will be selected and can be moved around on the screen.

¢ To zoom in on the selected nodes, click on the & icon.
¢ To move the window around the network, you can either use the middle mouse button, or drag the small window

outlined in blue around in the Network Overview Pane.

* Finally, zoom your network out by clicking on the ®s icon.
While useful, hand selecting nodes in dense networks can be error-prone and difficult. However, you can specifically

search for a node by name or attribute:

* In the Search: box at the top of the screen, type in ynr050c. This will select that node and zoom the display to
focus on it.

The Search: box will also allow you to select nodes by other attributes, but first, we need to import more attributes...

Visualizing Data on Networks

Cytoscape provides a number of features to load arbitrary data and visualize that data by mapping the attribute

values to visual styles.

Importing Your Data
Cytoscape can read file structures that are delimited Text or Excel files.

* Go to File-> Import->Attribute from Table (Text/MS Excel)

* You should see the Import Attribute from Table Dialog Box

¢ Make sure the Node radio attribute button is selected in Data Sources Attributes
e In Data Sources, click on Select File

¢ Select galExpData.pvals from the sampleData folder and then click on Open

* In the Advanced section, select Show Text File Import Options

* By default, Tab is selected in the Delimiter section. Instead, select Space.

¢ In the Attribute Names section, select Transfer first line attribute names

e Also in the Advanced section, select Import Everything

The ‘Tmport Everything’ option tells Cytoscape to load all of your data, not just the records that match currently
loaded networks.
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If you were to click ‘Import’ now you would see a pop-up message complaining about duplicate attribute names.
Notice that columns 6, 7 and 8 have the same names as 3, 4 and 5. The next steps show you how to fix column

names without having to start over from Excel.

* Right click on the column header of the first duplicate name (column 6, galIRG) to open the Set Attribute Name
and Type dialog box

» Add the suffix ‘pval’ to the name (e.g, ‘galIRGpval’) to distinguish the column as containing p-values

* Repeat these last two steps on columns 7 and 8 (gal4RG and galS8OR)

¢ Now click Import

You've successfully loaded data! Now explore the Data Panel to confirm the mapping of the data to the network.

e Locate the Select Attributes button E in the Data Panel
* Select the data attributes: galIRG, gal4RG, and gal80R

* Return to the Data Panel by click away from the attribute list
¢ Select some nodes in the network (ctrl-A selects all nodes) and see the associated data in the Data Panel

You now have access to your networked data and can begin playing with visualization.

¢ Go to Layout -> Cytoscape Layouts -> Force-Directed Layout
* Go to the VizMapper tab in the Control Panel and select Sample 1

These are default visual styles. In the next section you will customize a visual style to highlight your data values.
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Viewing Attributes

In the previous section, you were able to select a couple of attributes to display in the Data Panel. In this section, we

will explore a little more about attributes and the Data Panel.

* First click on the Configure search options icon: .
» Change the Select Attribute: to COMMON. You should see this screen:

® O Configure Search Options for: galFiltered.sif

Search:
® Nodes () Edges
Select Attribute:

| COMMON

4w

Attribute Description:

Mo description available.

Sample Attribute Values:

GNAL
GCY1
SKO1
YORI1SW
YPL222W

rd N RY
A

¢ Click on Apply
e Now type mcml in the Search: box. This will select the node:YMR043W, and display the attributes for that node
in the Data Panel.

* We're going add a new attribute for MCM 1. Click on the @ icon and select String Attribute.
* Type in pdb for the name of the attribute -- this will define a new string attribute for nodes, and add it to the Data

Panel.

* Now click into the empty cell for newly-created pdb attribute for YMRO043W and type /mnm, which is the PDB
ID for the yeast protein mcml. You need to hit Return or Tab to enter that data.

* Move the pdb attribute to be the second column by dragging the column header to be behind the ID column

* Finally, select a number of nodes and note that the attributes for all of the nodes are shown in the Data Panal

* By clicking on the column header, you can sort the columns. Clicking again changes the order of the sort.

Visualizing Data with VizMapper

* Go to File-> Open (click “Yes’ to losing current session)
* You should see the Open a Session File Dialog
* Open the sampleData folder and select galFiltered.cys and then click on Open

Notice how the galFiltered Style maps multiple data and annotation values to:

* Edge Color

* Edge Line Style
* Node Border

¢ Node Color

* Node Label

¢ Node Size

* Node Tooltip
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Modifying a Visual Style

Customising the way you visualize and manipulate networks is a key function of Cytoscape. This is achieved

through the use of the VizMapper tool.

To launch the VizMapper, either select the VizMapper tab on the Control Panel or click on the VizMapper icon
at the top of the tool bar

Find Node Color in the Visual Mapping Browser and expand it by clicking on the triangle icon for
expand/collapse

Click on the value ‘gal4RGexp’ to select an alternative data value to map to node color: select ‘gal80Rexp’. Notice
the changes in the network display.

Click on the gradient color mapping to open the Gradient Editor

Control the values and colors of the mapping by means of triangular handles and endpoint markers

Double-click on any handle or marker to change it’s color: change green to blue and change red to yellow. Notice
the immediate changes to the network

Click-and-drag any handle to slide its value between the min and max

To save your changes, close the editor

Find Edge Color in the Visual Mapping Browser and expand it by clicking on the triangle icon

Notice the discrete mapping of colors to values. Click on any color mapping to change the color.

Close the editor to save your changes

Creating a Visual Style (Advanced)

In the Current Visual Style section, start a new visual style by clicking the Options button B! and selecting

“Create new Visual Style”
Enter a name for your custom visual style when prompted, click on OK

Find Node Color in the list of Unused Properties and double-click to activate
For Node Color select the value ‘galIRGexp’ to map expression fold values. For Mapping Type select
‘Continuous’. For Graphical View click on the gradient to open the dialog:

* Click on Min/Max button and set to -1 and 1, respectively

* Double-click on gradient handles to set colors, e.g.

* below -1.0 = green
* -0.8 =green
e 0.8=red
* above 1.0 =red
* Click Add to add another gradient handle (added to max by default). Drag to center at 0.0. Leave as white
color.
* Close gradient dialog
Next, activate Node Size. Select ‘galIRGpval’ to map p-values. For Mapping Type select ‘Continuous’. Click on

gradient to open dialog:

* Note: We want smaller p-values (more significant) to show as larger nodes

* Set Min/Max to 1.0E-8 and 1.0E-3, respectively.

* Double-click on solid red box for p-values below the minimum (far left) to set the maximum node size. Set to
70.0

* Double-click on solid red box for p-values below the maximum (far right) to set the minimum node size. Set to
20.0

» Select handles along the top border to drag the x-position (p-value) of the gradient points. When selected, you
can also set the value by typing in the Range Setting field. Drag (or double-click) the open red boxes to set the
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y-position (node size). Set the following x and y values. Add new gradient points when needed:
e Minimum: x=1.0E-8, y=70.0

e Maximum: x=1.0E-3, y=20.0

* x=10E-4, y=30.0

* x=10E-5, y=40.0

* x=10E-6, y=50.0

* x=10E-7, y=60.0

This creates a pseudo-exponential gradient mapping:
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* Close the gradient dialog and explore the visualization you've created!
e Zoom by selecting an area and clicking Q
* Use the bird’s-eye-view panel (bottom-left) to pan around network

¢ Return to VizMapper and switch mappings to another column of data:

* For Node Color select ‘gal4RG’
» For Node Size select ‘gal4RGpval’

Notice the change in the view of the network! You can reuse the mappings across multiple datasets. Now is a good

time to save your Cytoscape session, to save the visual style you ve created.

Laying Out Your Network

A network layout is a process that positions the nodes and edges for the network. There are a large variety of layouts
in Cytoscape and plugins might add new layouts. All of the layouts will appear under the Layouts menu. In this
section, we'll explore some of the layouts in the Cytoscape Layouts category, which are the core layouts supported
by the Cytoscape team. All of the Cytoscape Layouts support the ability to only layout a portion of the network, and

most expose parameters that can be used to tune the layout algorithm.
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Simple Layouts

Grid Layout
The simplest layout that Cytoscape provides is the Grid Layout, which simply places all of the nodes in a grid
arrangement.

» Using the network you loaded before, select Layout->Cytoscape Layouts->Grid. You should see the image

below:
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* Now, select Edit->Undo Grid Layout Layout and notice how your network reverts to the previous condition.

e Many (but not all) of Cytoscape's actions may be undone.
* Select a group of nodes in your network and again select Layout->Cytoscape Layouts->Grid.

* Notice that this now has a sub-menu with two options: All Nodes and Selected Nodes Only.
¢ Choose Selected Nodes Only.

* Note that only the nodes you selected are changed.

Circular Layout
Grid is very fast, but often not very helpful. Alternatives:
* Circular Layout places all of the nodes in a circular arrangement.

* Very quick
* Usually not very informative.
* Partitions the network into disconnected parts and independently lays out those parts.
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Hierarchical Layout

Circular Layout

» Hierarchical Layout forces the nodes into a tree structure.

*  Works best when the network is naturally tree-structured

» Also works reasonably well when the network is mostly hierarchical.

§IC2  ASN1 YKL161C KNS1 NCE103

Hierarchical Layout
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Data-Driven Simple Layouts

Often what is desired is to organize the nodes in space to reflect some data property of the nodes themselves. We'll

look at three of the simple ones:

* Degree Sorted Circle: Orders the node around a circle based on node degree (number of edges)
* Attribute Circule Layout: Orders the node around a circle based on the value of some attribute
* Group Attributes Layout: Groups the nodes based on the value of some attribute

Degree Sorted Circle Layout
For example, assume you are interested in hubs (nodes with high degree):
* Select Layout->Degree Sorted Circle Layout.

* Note the highest degree nodes are in the same region of the circle and the degree decreases as you proceed
counter-clockwise around the circle.

* Also note that this layout supports partitioning of the network into disconnected components.

Degree Sorted Circle Layout
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Attribute Circle Layout
* Now try Layout->Attribute Circle Layout->Degree.

 This should give you a very similar layout to the Degree sorted circle layout.

* You should also try using other attributes to layout.

Attribute Circle Layout
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Group Attributes Layout
* Finally, select Layout->Cytoscape Layouts->Group Attributes Layout->Degree.

* Note that this layout organizes all of the nodes with the same degree into a circle and then positions the circles
into a grid.
 Partitions the graph before layouts.

Group Attributes Layout

These layouts are useful to represent data attributes associated with the nodes of a network, however, they
don't provide much information about the network structure itself. For that, using more complicated layouts

are required.

Force-Directed Layouts

The force-directed methods for laying out graphs all use some kind of physical simulation that models the nodes as
physical objects and the edges as springs connecting those objects together.

* Cytoscape provides 4 force-directed layouts:

» Edge-weighted Force directed (BioLayout)
* Edge-weighted Spring Embedded
* Spring Embedded

¢ Force-Directed

In this exercise, we'll use the Force-Directed Layout, which is a port of the layout by the same name in the
prefuse package (see http://prefuse.org http://perfuse.org).
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Force-Directed Layout

* We'll do all of our work from the Layout settings dialog, so —_—
(. TeNs) Layout Settings

bring up the dialog by Layout->Settings... Ly At

| Force-Directed Layout v ]

¢ In the Layout Settings dialog:

Force-Directed Layout Settings

* Select Force-Directed Layout under Select algorithm to Standard settings
. . Partition graph before layout ™
view Settlngs. Only layout selected nodes =)

Edge Weight Settings

¢ The result should look like the image on the right
The edge attribute that contains the weights | (unweighted) |5

* Lets start by creating a layout using the default parameters. e —— =
The minimum edge weight to consider 0.0
* Select Execute Layout. —
The maximum edge weight to consider 1.7976931348¢
* Note how this exposes more of the structure of the network Algorithm settings
tha.n any Of the preViOuS layouts. Default Spring Coefficient 9.99999974737
Default Spring Length 50.0
| | Default Node Mass 3.0
Number of Iterations 100
Integration algorithm to use | Runge-Kutta |4
[ Execute Layout | [ Save Settings ) [ Cancel ) [ Done )

Force Directed Settings Dialog

Force Directed Layout

Now, let's see what the parameters do.
» Start by changing the Default Spring Length to 20, and select Execute Layout.

¢ The default spring length is the length of a spring (edge) with no forces exerted upon it. Essentially, it's the
length of an edge connecting two nodes with no other connections.

* Note how the layout has changed.

* The resulting network tends to be more closely packed in the denser regions.
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Force Directed Layout (default spring length 20)

* Finally, lets change Default Spring Length back to 50 and the Default Spring Coefficient to 1E-3.
* The spring coefficient is a measure of the strength of the spring.
* Now click Execute Layout.

* Note that the network remains pretty compact, even though we've reset the default spring length back to 50.

Force Directed Layout (default spring coefficient 1E-3)

Force-Directed Layout is also a good layout to use for circumstances when you want to have the length of your
edges reflect some numeric weight on each edge.

* Select the attribute containing your edge weights from the menu The edge attribute that contains the weights.

* This often requires some tuning of the spring coefficient and the spring length to get an aesthetically pleasing

layout.
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Plugin Manager

The Plugin Manager allows users to quickly and conveniently add extra features to Cytoscape directly from within

Cytoscape, eliminating the need for manual searches through different websites to install and update plugins.

If you do not have Internet access enabled, you will not see the list of available plugins or be able to automatically

update existing ones; however, you will still be able to view and delete previously installed plugins.

Install new plugins

Go to the Plugin Manager at Plugins -> Manage Plugins. On the left side of the window that pops up, you will
see plugin folders labeled Currently Installed and Available for Install. Double-clicking on these will show

sub-folders, and then the plugins themselves. To find out more about a specific plugin, click on its name to

display some basic information on the right-hand side of the window.

i 8,06 Manage Plugins
Plugins available for download from
¢ Change Download Site )
Cytoscape
"1 Show Outdated Plugins
i@ Currently Installed: 16 BiINGO
> [ Core: 14 Version: 2.31
» [ Network and Attribute 1/O: 2
[ Available for Install: 101 Category: Functional Enrichment
» [ CommunicationScripting: 7 .
» [ Theme: 2 ks Description:
Eime: ) BINGO is a tool to determine which Gene Ontology (GO) categories are statistically
» (L3 Newwork and Attribute 1/0: 24 overrepresented in a set of genes or a subgraph of a biological network,
¥ [ Functional Enrichment: 9
7 BiNGO v.2.3 Released By:
o Steven Maere, VIB
+ BubbleRouter v.1.1
¥ ClueGOw.1.1

¥ CommonAttributes v.1.3
+ CommonAttributes v.2.0
~ HyperEdgeEditor v.2.61
~ HyperEdgeEditor v.2.62
+ HyperEdgeEditor v.2.65

» [0 Network Inference: 6

» ([ Other: 18

» (@ Analysis: 35

Messages

( instal ) ( Close )

Currently Installed folder contains a number of default plugins that are fully integrated in every copy of

Cytoscape, as well as any additional installed plugins

Available for Install folder displays plugins that may be installed.

To install jActiveModules: Go to the Available for Install folder, select the Analysis folder and then select
jActiveModules v2.22. Click on the Install button at the bottom of the window

Click on close to exit the Plugin Manager

Go to the Plugins menu and jActiveModules should appear in the list of plugins

To manually install a plugin

Go to the Cytoscape plugins page (http://cytoscape.org/plugins),

Scroll down to find the plugin

Click on the appropriate link to download the file, and then save it in the Cytoscape/plugins folder on your hard

drive.

Cytoscape will require a restart in order to load the manually installed plugin.
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Network and Pathway Resources

But what if you don’t have a network? In this section we will cover some of the ways you can retrieve, construct and

infer networks and pathways from public sources using Cytoscape and selected plugins.

WikiPathways

* Begin by downloading the GPML-Plugin from the Plugin Manager, which can be found under the Network and
Attribute I/O folder.

¢ Select File-> Import -> Network from web services

* From the drop-down menu, select the WikiPathways Web Service Client

* Enter a search term (‘TCA’) and select a species (‘Saccharomyces cerevisiae’)

* A list of relevant pathways is returned

* Double-click on ‘Glycolysis and Gluconeogenesis’ to import the pathway

800 Glycolysis and Gluconeogenesis

WikiPathways uses the GPML data format, which includes curated coordinates, graphical annotations and labels, in
addition to the node and edge network. You can hide the annotation layer using View>Toggle GPML Annotations
and then treat the network like any other network in Cytoscape.
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Agilent Literature Search

Agilent Literature Search uses text mining technology to generate an "association" network from information
extracted from the scientific literature. This can be useful in understanding how genes and proteins may interact in

the context of a disease or other biological process.

e To open Agilent Literature Search, go to Plugins->Agilent Literature Search
e In Terms, enter "pdal" and "adhl1"

* In Context, enter "glycolysis"

* Select Use Aliases. Notice the synonym for "adh1"

* Select Concept Lexicon: Saccharomyces cerevisiae

* Select Interaction Lexicon: "relaxed"

* Click the blue Play button to execute the search. Your results will appear in the Query Matches window.

800 Agilent Literature Search 2.7 (LitSearch version 2.64)
Terms Context
pdal glycolysis
adhl "Saccharomyces cerevisiaa”
yeast

Search Controls
]
Max Engine Matches: 10 r: Use Aliases: E Use Context: E Concept Lexicon Restricts Search: E

Extraction Controls

Concept Lexicon: | Saccharomyces cerevisiae '%{ Interaction Lexicon: | relaxed B‘

Query Editor

(pdal) AND iglycolysis OR "Saccharomyces cerevisiae® OR yeast)
({adc1 OR adhl)) AND (glycolysis OR "Saccharomyces cerevisiae” OR yeast)

x| (| [
0
Refresh Query Matches Reanalyze
Completed:
L @T)i!-‘l'l]i'llil!l‘l of genes encoding pyruvate dehvdrogenase kinases leads to retarded growth on acetale and ethanol in Saccharomyees cerevisiag ( by
Steensma HY Tomaska L Reuven P Nosek J Brandi B).[Yeast, 2 ort, Non-1.S. GGov't Q
Two open reading frames. YILI "KP1) and YGLOS9w, with 25% sequence similarity to hunsan pyruvate . E]
Source: |PubMedhupiiwww.nc fentrex/query fogiTomd=Retrieveddbepubmed &dopt= Abstractéclist_uids=17915780 %
2. B aroe-scale 13C -flux analvsis reveals mechanistic pringiples of metabolic network robustnes ®
L.Sauer U) [Genome Biol, 6:(6), 2005][ Journal Article.Research Support. Non-U.8. Gov't s
BACKGROUND: Quantification of intracellular metabolite fluxes by 13C-tracer experiments is maturing .. i
Source: |PubMedhitp:iwww nchinlmonih. govientreziquery fogi Tomd=Retrievefdb=pubmed &dopt=/, bstrm.klisl uids=159608] b
4 Page: 1 |, ofl P |
v
| 4

Non-default Data Mapping

When mapping data onto imported networks and pathways, you have to be aware of the key identifiers used in both

your data and the imported network. The Attribute Importer provides advanced mapping options for such cases.

¢ Return to File-> Import->Attribute from Table (Text/MS Excel)

¢ Select galExpData.pvals from the sampleData folder and then click on Open.
¢ In the Advanced section, click Case Sensitive to deselect

e In the Advanced section, select Show Text File Import Options

 In the Delimiter section, select Space

¢ In the Attribute Names section, select Transfer first line attribute names

* Now select Show Mapping Options

* Change “GENE” to “COMMON?”, and change “ID” to “canonicalName”
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* Click on the headers of the second set of redundant columns in the Preview to simply exclude them from import,
or rename them by right-clicking

¢ Click Import

* Now go to the VizMapper tab in the Control Panel and locate the Node Color property. Double-click to
activate.

* Choose “galIRG” and then choose “Continous”

* Click on the color gradient to open the Gradient Editor

* Set colors for end points and handles to create a color gradient

* Notice the visualization of data on all imported pathways and networks!

oo 3

Mo homdrion

Extending Networks
This plugin also has an interactive feature that lets you expand a network using literature search results.

* Go to the imported pathway “Glycolysis and Gluconeogenesis” and use the Search box to find “ADH1”

* Right-click on the node and select Evidence from Literature > Extend Network from Literature

¢ Select and drag new nodes near ADH1, go to Layout > CyLayouts > Grid > Selected Only, reposition grid in
available space near ADH1
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® OO Glycolysis and Gluconeogenesis |
s

* Notice the automatic data mapping
* Right-click on edges to new nodes to Show Sentences from Literature

* You can use this procedure to extend known pathways based on literature findings and your visualized data

More Plugin Demos
If continuing from the above tutorial, you may want to restart Cytoscape at this time to clean the slate of unused
networks, nodes and attributes. The following plugins all use the same demo file:

* Go to File-> Open (click ‘Yes’ to losing current session)
* You should see the Open a Session File Dialog
* Open the sampleData folder and select galFiltered.cys and then click on Open

Plugin 1: Vista Clara

Usage: explore data in an interactive, visual spreadsheet
The VistaClara plugin is available from the Plugin Manager (refer to Section 1.3)

¢ Select the VistaClara tab below the Data Panel
¢ Click sync
e It may be helpful to expand or undock the Data Panel
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The first column on the left displays the automatically generated heatmap for all of your data. The last columns show

the heatmap values for the selected range of data. Note: some columns of data may not be recognized (e.g., galSOR),

or may not be properly formatted.

* To fix the formatting of any column of data, simply right-click on the column header, choose format and the
correct value. Try ‘log2 ratio’ for all the fold values in the galFiltered dataset.

* Right-click on any column and select sort to sort by values

e Select or drag anywhere in the heatmap to scroll through the data values

* Select a column of heatmap data to visualize the data on the network

* Click the play button to cycle through all heatmap columns

* Notice that a “VistaClara’ visual style has been created in the VizMapper. You can select your previous visual

styles to return to your custom view at any time

Plugin 2: Cluster Maker

The clusterMaker plugin provides a general framework for clustering and visualizing clusters of Cytoscape node and
edge attributes. One of the primary use cases for clusterMaker is to support the analysis of expression data using
either hierarchical or k-means clustering. Other uses include the analysis of epistatic mapping (E-MAP) data as well
as clustering protein similarity networks to assign nodes to putative protein families.

Usage: perform and visualize cluster analyzes

The ClusterMaker plugin is available from the Plugin Manager (refer to Section 1.3)

¢ Select Cluster->Hierarchical cluster from the Plugins menu

» Use ctrl (or cmd on Macs) to select the three columns of fold value data (gal1RGexp, gal4RGexp, and gal§ORexp)
¢ Click Only use selected nodes/edges for cluster to deselect

¢ C(Click Create Clusters
¢ Click Visualize Clusters
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This is a standard cluster view with the complete heatmap on the left, the selection heatmap in the middle and the

gene names on the right.

¢ Click Settings... to adjust the contrast, color gradient, or data range

¢ Click and drag on the heatmap to select rows; Shift-click on heatmap to select individual columns

* Select a column and then click Map Colors Onto Network... to create a visual style from the cluster heatmaps,
visualizing the data on your network

e If you select a row in the heatmap and then click Map Colors Onto Network..., a dialog will pop up asking

which columns you want to use; select all three and click Animate Vizmap

Now zoom out and watch your network come alive with data! You can use this view to identify ‘hot spots” in your

network. Hit Stop Animation to end the cycle. And use VizMapper to switch back to any prior visual style.

Plugin 3: BiINGO
Usage: perform and visualize overrepresentation analyzes
The BiNGO plugin is available from the Plugin Manager (refer to Section 1.3)

* Select BINGO from the Plugins menu
* Select a subset of nodes from the network, e.g.

* Select a cluster from the ClusterMaker analysis
* Select based on sorted or filtered data values in the Data Panel
* Provide a name for the cluster
* Review other settings (optional for this tutorial)
* Click ‘Start BINGO’
* You will be greeted with a table of ranked GO terms and statistics, and a network visualization of the GO terms

colored by significance, and a legend window explaining the color gradient
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The long GO term names can make the network difficult to read. You can use Force-directed layout and

Layout>Scale to increase the spacing between nodes. Hierarchical layout is also nice, though the names overlap

even worse.
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* Play with the cluster selection and BiNGO parameters to explore the analytical possibilities with your data.
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