Cytoscape demonstration

Cytoscape is an open-source tool used for visualizing complex networks and pathways 1. A number of third-party plugins are available that are able to integrate various data types with Cytoscape.

More on Cytoscape: www.cytoscape.org 

Learning Goals:

· Become familiar with the basic features of Cytoscape
· Visualize protein interaction networks using Cytoscape

For your personal machines, please follow the download instructions at: https://cytoscape.org/download-platforms.html. For this workshop we will be working with Cytoscape v3.8.1. 

Two data files called ‘CytoscapeMatrix.csv’ and ‘CytoscapeProtein.csv’ are uploaded on the shared Google folder. Please download these files and save them on your Desktop or any folder that you can easily navigate to. 

When you open Cytoscape, the program screen looks as follows with several panels seen in the screen:
[image: ]Apps, styling, etc.  can be used here

Applications for Cytoscape: For this Cytoscape hands-on session, you will need to install the ‘aMatReader’ and ‘cytoHubba’ applications or as Cytoscape calls them as Apps. Open Cytoscape and under ‘Apps’ click on ‘App Manager’. A new window will open with a search bar. Type in ‘aMatReade’r and once you enter the name in the search bar, the App will appear on the menu below the search bar. Highlight the name and click on ‘Install’. 
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Do the same for the cytoHubba App. More on apps can be found at: http://apps.cytoscape.org/.







PART A – Importing data from matrix files:

1. Open the CytoscapeMatrix.csv file in Excel. The column and row names represent the different Chlamydia pneumoniae phages. The numbers in the matrix represent the percent similarity of the putative replication initiation protein or PRIP sequence among the different phages based on BLAST results2. 

For example, the PRIP protein sequence from the Chp1 phage shares 60.1 % sequence similarity with the PRIP sequence from Chp2. 


[image: ]

We will import this sheet into Cytoscape using the aMatReader app

2. Open Cytoscape and under ‘Apps’, choose ‘aMatReader’ -> ‘Import Matrix File’. A new box will open that will help you locate the matrix file on your computer. Once you locate the folder where the CytoscapeMatrix.csv file is, select the file and click on ‘Import Files’.

[image: ]
3. A new window will open where you can import the file. Change the field in ‘column name’ to ‘Weight’ and then click on ‘Import’
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A network should appear in Cytoscape that looks similar to the picture below:

[image: ]


4. We will remove some of the self-loops (see blue highlights) that are seen in the network.
[image: ] 

On the top menu, click ‘Edit’ -> ‘Remove Self Loops’. A new pop-up window appears that will ask you to select the name of the file that you are working with (in your case – CytoscapeMatrix.csv).

[image: ]
Click on the file CytoscapeMatrix.csv name and select ‘Ok’. The network should be updated to the picture shown below:

[image: ]
5. In the next step, we will change the styling on the node and edge attributes. The steps outlined below can be generally used to change the styling for any of the node or edge attributes. 

Let’s remove the color from the nodes. Click on the toggle button next to ‘Network’ in the Control Panel and select ‘Style’.
[image: ]

The Style Panel will open. For the Nodes, we have changed the ‘Border Paint’ to purple, ‘Border Width’ to 1.0, ‘Fill Color’ to None and ‘Shape’ to ‘Ellipse’.
[image: ]

To change these attributes, scroll over the ‘Properties’ related to the attribute and click on the Property that you would like to change. Select the option that you would like to see on the network.

For example, to change the Shape, click on the ‘def. area near the Shape. A new pop-up window will open, where you can select the option you want:
[image: ]def. value


You can use these steps to change the ‘Border Paint’ (Purple), ‘Border Width’ (1.0) and ‘Fill Color’ (No Fill) for the nodes.

6. We will now change the width of the edges, based on similarity shared between the phages.

Select the ‘Edge’ option in the Style panel and the click on the ‘Map’ or mapping option under the ‘Width’ attribute.
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           Once you click on the ‘Map.’ options, you can select the column that you would like to display on the network. 
           
           Use the drop-down menu to select, ‘Weight’ and Mapping Type to ‘Continuous’:
[image: ]

Click on the figure next to ‘Current Mapping’ and an editor window will open. 

Click on the left-hand square (highlighted in red), to change the minimum value of the width to 1.  
Next, click on the right-hand square (highlighted in purple) to change the maximum value of the width to 10. Click ‘Ok’ on the editor window:
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The edges on the network will now have variable thickness depending on the percentage similarity shared between the phage sequences:

[image: ]

To save your work, click on ‘File’ -> ‘Save As’ and save your session as a .cys session. If you would like to Export the image, click on ‘Export’ -> ‘Network to Image’ and you can save it as a .png, .pdf or .jpeg image 1.


























PART B – Importing Data using Comma Separated or csv files:

We will work with the ‘CytoscapeProtein.csv’ file for this part. This file shows the results of BLAST search of a phage protein (query) in bacteria (subject). Take a look at the file and you will notice four columns: Query, Subject, Similarity and E-value. 

The query protein is a hypothetical Listeria phage protein from LP-101 (Accession number: YP_009044870.1).  The subject column has protein accession numbers of the hits in Listeria monocytogenes strains. The similarity columns shows the percentage similarity between the query sequence and the subject. The E-value represents the E-value results from the BLAST search


1. In Cytoscape, click ‘File’ -> ‘Import’ -> ‘Network from File’. A new window will open and can be used to navigate to the ‘CytoscapeProtein.csv’ file on your machine. When you locate this file, click on it. 

Another window will open, where you will be asked to assign the ‘Source’ and the ‘Target’. 

Click on the ‘Query’ column and select the green or ‘Source’ button.  
Once you have selected the source, click on the ‘Subject’ column and assign it as the ‘Target’ which is denoted by same symbol that is used for the Target retail store:

[image: ] 
 

Click on ‘OK’ and after some time (depending on the amount of data), a network will be created:

[image: ]

Notice the source protein is in the center with the target proteins around the periphery.

2. Under the Control Panel, select the cytoHubba app. We will use this app to filter the 30 nodes that are highly connected to the source.


Once you select the ‘cytoHubba’ app, make sure your file is seen under the ‘Target Network’ option. Click on ‘Calculate’ under ‘Nodes’ Score’:

[image: ]

Once you click on calculate, select ‘Top’ under ‘Hubba nodes’ and enter 30 in the number of nodes you want to be ranked. Cytoscape ranks nodes using various methods and we have will use the Maximal Clique Centrality or MCC method to rank the nodes. This is one of the more reliable methods according to the developers of the cytoHubba app 2.

Under the ‘Display Options’, select all the options and click on ‘Submit’:

[image: ]

3. Depending on the data, a new network with the Top 30 highly connected nodes to the source protein, will be displayed. On the results panel, you will see a new table with the rankings.
[image: ]Results Panel


Also notice under the ‘Table’ panel, a new ‘Unassigned Table’ is created. This table has some of the metrics, e.g. Closeness Centrality that we discussed earlier in the presentation.

To save your work, click on ‘File’ -> ‘Save As’ and save your session as a .cys session. If you would like to Export the image, click on ‘Export’ -> ‘Network to Image’ and you can save it as a .png, .pdf or .jpeg image 1.
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