

    
      
          
            
  
EnrichmentMap Cytoscape App 3.3.5
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Enrichment analysis (also known as functional enrichment) is an helpful technique for high-throughput
data interpretation. Given a list of genes resulting from an experiment, enrichment analysis enables
to identify functional categories that are over-represented. Such functional categories are typically
derived from functional annotations (such as the Gene Ontology), or from pathway databases (such as
KEGG), or other resources (such as the collection of disease signatures in MSig DB, or protein
complexes in MIPS).

However, enrichment results are often characterized by lots of redundancy and inter-dependencies
between gene-sets representing functional categories. For instance, Response to radiation,
DNA Integrity Checkpoint and p53 Pathway have several genes in common. Since the typical
enrichment analysis can output up to 300 hundred different gene-sets, some form of organization is
required to navigate results.

To address this, we organize gene-sets into a network, called enrichment map. Two gene-sets are
connected in the enrichment map network if they have a high overlap, i.e. if they share many genes.
Applying automatic layout techniques, groups of inter-related gene-sets tend to cluster together,
providing for a much easier and intuitive visualization.


Feature Requests and Reporting Bugs

The EnrichmentMap GitHub issue tracker can be used to report a bug or request a feature.

To Report a bug:


	Go to https://github.com/BaderLab/EnrichmentMapApp/issues


	Click on New Issue


	Write a short description of the issue. It is very helpful to provide a series of steps
that can be taken to reproduce the issue.


	If possible attach a session file (.cys) or example input files.


	Enter App version, Cytoscape version and operating system.


	Click on Submit new issue
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Installation


	Cytoscape minimum version 3.7 is required.




Install Cytoscape


Download and install the latest version of Cytoscape at

http://www.cytoscape.org/download.php.






Install EnrichmentMap 3.3



	Open Cytoscape


	In the main menu select Apps > App Manager


	In the App Manager select EnrichmentMap in the list of All Apps and click the Install button.


	Alternatively the EnrichmentMap Pipeline Collection can be installed. This will install
EnrichmentMap as well as a suite of other apps that work well with EnrichmentMap,
including AutoAnnotate, WordCloud and clusterMaker2.








EnrichmentMap can also be installed from the Cytoscape App Store at

http://apps.cytoscape.org/apps/enrichmentmap









          

      

      

    

  

    
      
          
            
  
What’s New


Release Notes


New in EnrichmentMap 3.3.5


	Better support for AutoAnnotate summary networks. They now work with the Heat Map panel.


	‘enrichmentmap mastermap’ command now has an argument for the GREAT filter.


	Bug fixes [https://github.com/BaderLab/EnrichmentMapApp/milestone/14?closed=1]






New in EnrichmentMap 3.3.4


	Created an options menu next to the Data Set list and moved all the buttons that used to be next to the Data Set list into this menu.


	Added ability to synchronize data set list with network selection.


	Creating a subnetwork from an EnrichmentMap network will copy the EnrichmentMap data to the subnetwork.


	Bug fixes.






New in EnrichmentMap 3.3


	An EnrichmentMap network can now be created from a STRING or GeneMania network.


	The colors used in the ‘Color by DataSet’ chart can be customized.


	It is no longer a strict error when gene sets are missing from the GMT file. The user may
choose to continue to create the network without the missing gene sets.


	The Heat Map panel can sort ranks automatically based on the leading edge.


	The Heat Map panel can filter Data Sets based on node/edge selection.


	The “Color by DataSet” chart is now filtered based on the selected Data Sets.


	Support for importing Enrichr files when creating an EnrichmentMap netwwork.


	New ‘Create Command’ button in the Create EnrichmentMap Dialog shows equivalent command for automation.


	Bug Fixes






New in EnrichmentMap 3.2


	Requires Cytoscape 3.7


	Integration with other analysis tools:


	GeneMania


	STRING


	Pathway Commons






	New commands for automating EnrichmentMap through CyREST.


	Export PDF


	Set chart options


	Show abd hide datasets


	Create an EM network from data in a table






	Column names are now prefixed with “EnrichmentMap::” to take advantage of
the column namespace feature added to Cytoscape 3.7.


	Bug fixes [https://github.com/BaderLab/EnrichmentMapApp/milestone/8?closed=1]






New in EnrichmentMap 3.1


	Requires Cytoscape 3.5.1


	Redesigned Post-Analysis UI


	Ability to preview signature gene sets before import


	Ability to import GMT files from the web (download.baderlab.org)






	New Chart: Color by DataSet.


	Support for g:profiler 2-phenotype analysis.


	Heat Map: Compress expressions by class.


	Export Legend to PDF.


	Export Heat Map to PDF.


	Ability to specify the name of the EnrichmentMap network.


	Drag-and-Drop folders onto the Create EnrichmentMap Dialog.


	Bug fixes [https://github.com/BaderLab/EnrichmentMapApp/milestone/7?closed=1]






New in EnrichmentMap 3.0

EnrichmentMap 3.0 is a major release, with the following new features:


	Requires Cytoscape 3.4


	EnrichmentMap networks can now be created from any number of enrichment data sets
(EnrichmentMap 2.0 supported maximum 2 data sets).


	New chart visualizations on nodes for visualizing NES scores, p-values or q-values.
Three new charts are available: radial heat-map, linear heat-map and heat-strips.


	New network creation dialog has the ability to scan a folder for files belonging to each dataset.
In most cases this removes the need to manually enter the required files.


	New control panel allows the contents and style of the network and charts to be updated
dynamically.


	New legend dialog.


	New streamlined HeatMap panel has the ability to summarize expression data.


	Several new commands that allow EnrichmentMap to be automated from external scripts and CyREST.


	Bug fixes [https://github.com/BaderLab/EnrichmentMapApp/milestone/6?closed=1]









          

      

      

    

  

    
      
          
            
  
Quick Tutorial


Open EnrichmentMap

To create an Enrichment Map network go to the Cytoscape main menu and select Apps > EnrichmentMap.

[image: _images/menu.png]
This will show the EnrichmentMap panels and open the Create EnrichmentMap Dialog.
If the Create EnrichmentMap Dialog does not appear then click the (+) icon at the top of
the EnrichmentMap Main Panel.



Prepare Data Files

The best way to import data is to first organize the data files into a folder.
EnrichmentMap will scan the folder and automatically detect enrichment, expression, class and gene set files.
These files are automatically assembled into data sets based on naming conventions.
This scanning process works well for GSEA because GSEA outputs a folder of results files.
For more details on how EnrichmentMap determines the type of each file see Scanning Heuristic.

Here is some sample GSEA data that can be used for the rest of this tutorial.
Download and extract enrichmentmap_gsea_tutorial_readthedocs.zip.



Load Data Files

Click the [image: icon_scan] icon and select the folder that contains the data files.
EnrichmentMap will scan the folder
for files containing enrichment data, expression data, ranks, classes and gene set definitions.
These files will be arranged into a List of Data Sets, each of which contains the data for
one experiment. You can also initiate a scan by dragging and dropping folders onto the Data Sets List panel.
Click the Build button to create the network.

[image: _images/create_dialog_dataset.png]

Note

For more details see Creating a Network
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Creating a Network

To start using EnrichmentMap go to the Cytoscape main menu and select Apps > EnrichmentMap.
This will show the EnrichmentMap panels and open the Create EnrichmentMap Dialog.

[image: _images/menu.png]
The dialog can also be opened by clicking the [image: plus_button_panel] button at the top
of the main EnrichmentMap panel.

[image: _images/plus_button_panel.png]

Note

See File Formats for details on the various file formats
accepted by EnrichmentMap.
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Network Visualization

[image: _images/network.png]

Style

EnrichmentMap creates a separate visual style for each network.
The visual style has the following characteristics:


	Nodes represent gene sets.


	Node size represents the number of genes in the gene set.


	Edges represent overlap (similarity) between gene sets.


	Edge width represents the number of genes that overlap between a pair of gene sets.


	Node fill represents…


	Enrichment scores, such as NES (for GSEA), p-value or q-value.


	When there is only 1 data set selected the enriched phenotype is conveyed using a color gradient.


	When there are 2 or more data sets then nodes are overlayed with charts, where each segment
of the chart shows enrichment using a color gradient.






	Data set membership


	The Color by Data Set chart shows which data sets a gene set is a member of.












The network is arranged by a force directed layout which causes gene sets with
high overlap to cluster together.

Expression data is visualized in a separate panel called the Heat Map panel.
For more details see Heat Map Panel.



Visual Properties


Warning

EnrichmentMap automatically maintains the visual properties described below.
If you manually change these visual properties EnrichmentMap will overwrite
your changes. If you want to create a custom visual style you must first create a
copy and then make changes to the copy.
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Columns

EnrichmentMap creates several columns in the node and edge tables. They can
be seen in the Node Table and Edge Table panels.

[image: _images/table_panel.png]
Columns created by EnrichmentMap have the following pattern:

EnrichmentMap::column_name (data_set_name)






	EnrichmentMap:: is the namespace prefix. This tells Cytoscape that
the column is in the EnrichmentMap namespace.


	data_set_name is used to differentiate between data sets.
There will be one such column for each data set.





Note

Older versions of EnrichmentMap used the format EM1_column_name for column names.
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  [image: _images/main_panel_red.png]

Main Panel

The main EnrichmentMap panel has the following sections:


	Toolbar


	Filter section


	Style section




Each of these sections will be explained in more detail below.

If the main panel is not visible go to the Cytoscape main menu and select Apps > EnrichmentMap.

To hide the panel click the Close button at the bottom right.


1) Toolbar

[image: _images/toolbar2.png]

	Network combo box


	This combo box can be used to quickly switch between EnrichmentMap networks without having
to navigate to the Network tab. Only networks created by EnrichmentMap are listed.






	Plus button [image: plus_button]


	Opens the Create EnrichmentMap Dialog.






	Gear button [image: gear_button]


	Opens the panel menu (explained in more detail below).









Panel Menu

[image: _images/gear_menu3.png]

	Show Legend


	Opens the Legend Dialog.






	Show Creation Parameters


	Opens the Creation Parameters Dialog.






	Create from Genemania…


	Creates an EnrichmentMap network from annotation data stored in a Genemania network.






	Create from STRING…


	Creates an EnrichmentMap network from enrichment data stored in a STRING network.






	Hide/Highlight filtered nodes and edges


	Changes the appearance of nodes and edges that are filtered out. See 2) Filter Section below.










	No Filter

	Highlight

	Hide





	[image: none]

	[image: highlight]

	[image: hide]









2) Filter Section

[image: _images/filter_section3.png]
The filter section is used to hide nodes and edges in the network.


	Node cutoff


	Use the radio buttons to switch between p-value and q-value.


	The slider is initially set all the way to the right, which corresponds to the value that was entered
in the Create EnrichmentMap Dialog when the network was created.


	As the slider is moved to the left nodes with a p-value/q-value greater than the cutoff are hidden.
Edges connected to hidden nodes are also hidden.


	P-values can be found in the Node Table in columns that start with pvalue.


	Q-values can be found in the Node Table in columns that start with fdr_qvalue.






	Edge cutoff


	This slider is initially set all the way to the left, which corresponds to the smallest edge similarity
score in the network.


	As the slider is moved to the right edges with a similarity score less than the cutoff are hidden.


	Similarity scores can be found in the Edge Table in the column named similarity_coefficient.






	Data Sets list


	The data set list shows then names of all the data sets as well as the number of gene sets in each data set.


	Initially the checkbox next to each data set is selected.


	De-selecting the checkboxes hides gene set nodes that are only contained in those data sets.






	Options button: Opens a pop-up menu with options for working with Data Sets.


	Change data set colors


	Opens a color chooser pop-up for choosing the colors used for each data set. This will change
the color of the network edges, colors of the ‘Color by Data Set’ chart, and the table header in the
Heat Map panel.






	Add Signature Gene Sets


	Opens the Post Analysis (Add Signature Gene Sets) dialog.






	Highlight data sets for selected nodes and edges


	When selecting nodes or edges in the network the corresponding data sets will be highlighted. This makes
it easy to know data set membership. Select this option to turn this feature on/off.












The number of hidden nodes and edges can be seen in the status bar under the network view.

[image: _images/hidden.png]


3) Style Section

[image: _images/style_section.png]
The style panel is mainly used to manipulate chart visualizations on nodes.

For more details on chart visualizations see Chart Visualization.


	Chart Data


	– None –


	If there is 1 data set then node shows a pre-computed color gradient for the p-value.
If there are 2 or more data sets then the node color has no meaning and is set to grey.






	NES Columns


	Enrichment values from the NES columns are used.


	Only available if the analysis type is GSEA.






	P-value Columns


	Enrichment values from pvalue columns are used.






	Q-value (FDR) Columns


	Enrichment values from fdr_qvalue columns are used.






	Color by Data Set


	Pie chart that shows which data sets each gene set is a member of.






	Phenotypes


	Only available for g:Profiler 2-data set analysis.


	The color gradient of each chart segment indicates the enriched phenotype.










	Chart Type


	Field is enabled if Chart Data is set to NES Columns, P-value Columns or Q-value Columns.


	Various chart types are available, for more details see Chart Visualization.






	Color Scheme


	Several Color Brewer [http://colorbrewer2.org/#type=diverging&scheme=BrBG&n=3] colorblind
safe palettes are available.


	When NES Columns is chosen for Chart Data then the RdBu-9 palette will be available.
This palette is the same as the standard color gradient used in EnrichmentMap 2.0.






	Show chart labels


	Enable this option to show enrichment values for each chart segment.






	Publication-Ready


	Makes the network view ready for printing. Removes node labels and sets the network background
to white.






	Set Signature Edge Width…


	Opens a dialog that has several options for how the width of signature edges is calculated.
For more details see Edge Width Dialog.






	Refresh Button [image: refresh_button]


	Resets the visual style.


	Sometimes Cytoscape does not update the visual style properly. To fix any inconsistencies
between the network view and the Style section of the main panel click this button.
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Heat Map Panel

The Heat Map panel shows expression values for genes that are associated with selected
nodes and edges.

[image: _images/heatmap1.png]
You may select any number of nodes and/or edges in the network.
Selecting an edge is equivalent to selecting the two gene set nodes that are connected to the edge.


Note

“Where are my expression values?”

If there are more than 50 expression values per gene then the Compress: Data Set Median option
will be automatically enabled. Set Compress to –None– to see the original values.
See below for more details.
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Legend Dialog

[image: _images/legend2.png]
The legend dialog provides a legend for the current network visualization.

The legend dialog can be left open. It will update automatically when
changes are made to the network visualization using the 3) Style Section
of the main panel.


Sections


Node Color

[image: _images/node_color_panel.png]

	Enabled when there is one data set and chart data is set to none.


	Shows the range for the node fill color gradient.






Node Shape

[image: _images/node_shape_panel.png]

	Shows the meaning of node shape.


	Shows signature nodes after post analysis has been run.






Node Chart

[image: _images/node_chart_panel.png]

	Shows the meaning of the node charts.


	Shows how the chart segments map to the data sets.






Node Chart Colors

[image: _images/node_chart_colors_panel.png]

	Shows the color range for the chart segment color gradients.






Data Set Colors

[image: _images/edge_color_panel.png]

	Shows the color for each data set when the Color by Data Set option is chosen.






Edge Color

[image: _images/edge_color_panel.png]

	Shows how edge color maps to data sets.







Export to PDF

The Export to PDF button at the bottom left of the dialog can be used to create a PDF file of the legend.

[image: _images/legend_pdf.png]


Creation Parameters Dialog

Click the Creation Parameters button at the bottom left of the dialog to open the Creation Parameters dialog.
This dialog shows the parameters that were originally entered in the Create EnrichmentMap Dialog
when the network was originally created.

[image: _images/creation_parameters.png]
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Post Analysis (Add Signature Gene Sets)

The Add Signature Gene Sets panel allows you to add more gene sets to an existing network
(also called Post Analysis).
This is done by calculating the overlap between gene sets of the current EnrichmentMap network
and all the gene sets contained in the provided signature gene set file.

To open the Add Signature Gene Sets Dialog click the Options button on the main panel
and select Add Signature Gene Sets…

[image: _images/pa_button2.png]
The result of running Post Analysis is a new node for each signature gene set (yellow triangle)
and edges from the signature gene set to each existing gene set when the similarity passes the
cutoff test.

[image: _images/signature_network.png]
A new data set is added to the data set list on the Main panel.
Signature data sets have a [image: star] next to their name.

[image: _images/sig_gene_set2.png]

Note

The Add Signature Gene Sets Dialog has been redesigned for Cytoscape 3.1. There
is no longer a distinction between Known Signature and Signature Discovery.
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Creating Networks in Other Apps

The genes in an EnrichmentMap network can be used to create a new network in the following tools:


	The GeneMANIA Cytoscape App


	The STRING Cytoscape App


	The Pathway Commons website




Start by selecting some nodes or edges in the EnrichmentMap network. The list of genes
associated with the selected gene sets will be shown in the Heat Map Panel.
The panel menu can then be used create a new network from the list of genes shown in the Heat Map.

[image: _images/panel.png]

GeneMANIA


	GeneMANIA Documentation [https://apps.cytoscape.org/apps/genemania]


	GeneMANIA on the Cytoscape App Store [http://pages.genemania.org/cytoscape-app/]




To create a GeneMANIA network in Cytoscape select Show in GeneMANIA… in the Heat Map panel menu.
If the GeneMANIA Cytoscape App is not yet installed you will be prompted to install it.

[image: _images/panel_menu_genemania.png]
A dialog for entering GeneMANIA parameters will be shown. Enter the parameters and click OK.
A GeneMANIA network will be created where each node represents a single gene.

[image: _images/genemania_dialog.png]
It is possible to view gene expression data for the genes in the GeneMANIA network.
See the section Working with Associated Networks below for more details.



STRING


	stringApp on the Cytoscape App Store [https://apps.cytoscape.org/apps/stringapp]


	stringApp Documentation [http://www.cgl.ucsf.edu/cytoscape/stringApp/index.shtml]


	stringApp Tutorial [https://jensenlab.org/training/stringapp/]




To create a STRING network in Cytoscape select Show in STRING… in the Heat Map panel menu.
If the stringApp Cytoscape App is not yet installed you will be prompted to install it.

[image: _images/panel_menu_string.png]
A dialog for entering STRING parameters will be shown. Enter the parameters and click OK.
A STRING network will be created where each node represents a single gene.

[image: _images/genemania_dialog.png]
It is possible to view gene expression data for the nodes in the STRING network.
See the section Working with Associated Networks below for more details.



Working with Associated Networks

GeneMANIA and STRING networks that were created from an EnrichmentMap network are linked
to the EnrichmentMap main panel and in the Heat Map panel.

[image: _images/associated_network.png]

	GeneMANIA and STRING associated networks can be selected from the network combo box in the main panel.
They are listed below the EnrichmentMap network they were created from.


	When an associated network is selected the main EnrichmentMap panel changes to show
chart data options.


	Selecting nodes in the Associated network causes the expression data for those genes
to be shown in the Heat Map panel. Each node represents a single gene.


	The Heat Map panel shows the expression data for the selected nodes in the associated network.





Data Charts

The chart settings are available from the main EnrichmentMap panel.

[image: _images/chart_panel.png]

	Chart Data



	Color by Data Set


	Pie chart that shows which data sets each gene set is a member of.


	When this option is selected the rest of the fields are disabled.



	Color by Data Set



	[image: chart_ds]












	Color by Expression Data


	The expression data for individual genes can be visualized on each node using this chart.


	Each node in an associated network represents a single gene.


	There are 2 charts available for visualizing expression values.


	The segments of the Radial Heat Map chart start at the 12 o’clock position and proceed clockwise.



	Radial Heat Map

	Heat Strips





	[image: chart_radial]

	[image: chart_strips]



















	Expressions



	Values


	Shows the raw values from the expression file(s). Expression values are rounded to
two decimal places.






	Row Norm


	Row normalizes the expression values. For each value in a row of expression the mean
of the row is subtracted followed by division by the row’s standard deviation.






	Log


	Takes the log of each expression value.













	Compress



	-None-


	Shows all of the expression values.






	Class: Median, Min, Max


	Only available if a class file was provided when the network was created.


	Shows a single column for each class where the value is the median, min or max of the values
in the class.






	Data Set: Median, Min, Max


	Shows a single column for each data set where the value is the median, min or max of all the
values.













	Data Set


	When there is more than one data set it is necessary to select which data set to use for the expression values.









Note

The expression data visualized on the network using charts is the same expression data found in the Heat Map panel.
However the options for Expressions and Compress are set separetely. If you want the expression data shown on the charts
to match what is shown in the Heat Map panel make sure you have selected the same options for Expresssions and Compress
in both places.
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Creating Networks from Other Apps

Enrichment data stored in networks created by the GeneMANIA and STRING apps can be
used to create EnrichmentMap networks.


GeneMANIA

Start by selecting a network that was created using the GeneMANIA app. Go to the
EnrichmentMap main panel, click the menu button, and select Create from GeneMANIA.

[image: _images/create_from_genemania.png]


STRING

Start by selecting a network that was created using the STRING app.

Before creating an EnrichmentMap network you must run functional enrichment task from the
STRING side panel. This will add the necessary enrichment data to the STRING network.

[image: _images/create_from_string_panel.png]
The enrichment data will show up in the bottom table panel.

[image: _images/create_from_string_table.png]
Now go to the EnrichmentMap main panel, click the menu button, and select Create from STRING.

[image: _images/create_from_string.png]
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GSEA Integration

An EnrichmentMap network can be created directly from the javaGSEA desktop application.


	Download javaGSEA desktop [http://software.broadinstitute.org/gsea/index.jsp]





Opening EnrichmentMap from javaGSEA

[image: _images/gsea.png]
The following steps require a completed GSEA analysis.


	Click the EnrichmentMap Visualization button.


	This will automatically launch Cytoscape if it is not already open.


	Please wait for Cytoscape to finish loading before attempting to create a network.









Warning

If you have multiple versions of Cytoscape installed GSEA will attempt to launch the latest version.
However there is an issue in GSEA where sometimes it launches the wrong version. You may need to
uninstall the older versions of Cytoscape in order to get GSEA to launch the correct version.
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File Formats


Gene sets file (GMT file)


	Each row of the gene set file represents one gene set and consists of:




geneset name (--tab--) description (--tab--) a list of tab-delimited genes


	The gene set names must be unique.


	The gene set file describes the gene sets used for the analysis. These files can be obtained…


	directly downloading our monthly updated gene-set collections from
Baderlab genesets collections [http://download.baderlab.org/EM_Genesets/current_release/]. Description of sources and methods used to create
collection can be found on the Download Gene Set Files page.


	directly downloading gene-sets collected in the MSigDB [http://software.broadinstitute.org/gsea/msigdb/index.jsp]


	converting gene annotations / pathways from public databases









Note

If you use MSigDB Gene Ontology gene-sets, please consider that they do not include all
annotations, as an evidence code filter is applied; if you are interested in achieving
maximum coverage, download the original annotations.
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Tips on Parameter Choice


Node (Gene Set inclusion) Parameters


	Node specific parameters filter the gene sets included in the enrichment map.


	For a gene set to be included in the enrichment map it needs to pass both
p-value and q-value thresholds.




P-value


	All gene sets with a p-value with the specified threshold or below are included in the map.




FDR Q-value


	All gene sets with a q-value with the specified threshold or below are included in the map.


	Depending on the type of analysis the FDR Q-value used for filtering genesets by EM is different


	For GSEA the FDR Q-value used is 8th column in the gsea_results file and is called “FDR q-val”.


	For Generic the FDR Q-value used is 4th column in the generic results file.


	For David the FDR Q-value used is 12th column in the david results file and is called “Benjamini”.


	For Bingo the FDR Q-value used is 3rd column in the Bingo results file and is called “core p-value”










Edge (Gene Set relationship) Parameters


	An edge represents the degree of gene overlap that exists between two gene sets, A and B.


	Edge specific parameters control the number of edges that are created in the enrichment map.


	Only one coefficient type can be chosen to filter the edges.




Jaccard Coefficient

Jaccard Coefficient = [size of (A intersect B)] / [size of (A union B)]





Overlap Coefficient

Overlap Coefficient = [size of (A intersect B)] / [size of (minimum( A , B))]





Combined Coefficient


	the combined coefficient is a merged version of the jacquard and overlap coefficients.


	the combined constant allows the user to modulate reciprocally the weights associated
with the jacquard and overlap coefficients.


	When k = 0.5 the combined coefficient is the average between the jacquard and overlap.




Combined Constant = k
Combined Coefficient = (k * Overlap) + ((1-k) * Jaccard)







Tips on Parameter Choice

P-value and FDR Thresholds

GSEA can be used with two different significance estimation settings: gene-set permutation
and phenotype permutation. Gene-set permutation was used for Enrichment Map application
examples.

Gene-set Permutation

Here are different sets of thresholds you may consider for gene-set permutation:



	Very permissive:

	
	p-value < 0.05


	FDR < 0.25






	Moderately permissive:

	
	p-value < 0.01


	FDR < 0.1






	Moderately conservative:

	
	p-value < 0.005


	FDR < 0.075






	Conservative:

	
	p-value < 0.001


	FDR < 0.05











For high quality, high coverage transcriptomic data, the number of enriched terms at the
very conservative threshold is usually 100-250 when using gene-set permutation.

Phenotype Permutation



	Recommended:

	
	p-value < 0.05


	FDR < 0.25











In general, we recommend to use permissive thresholds only if your having a hard time finding
any enriched terms.

Jaccard vs. Overlap Coefficient


	The Overlap Coefficient is recommended when relations are expected to occur between
large-size and small-size gene-sets, as in the case of the Gene Ontology.


	The Jaccard Coefficient is recommended in the opposite case.


	When the gene-sets are about the same size, Jaccard is about the half of the Overlap
Coefficient for gene-set pairs with a small intersection, whereas it is about the same
as the Overlap Coefficient for gene-sets with large intersections.


	When using the Overlap Coefficient and the generated map has several large gene-sets
excessively connected to many other gene-sets, we recommend switching to the Jaccard
Coefficient.




Overlap Thresholds


	0.5 is moderately conservative, and is recommended for most of the analyses.


	0.3 is permissive, and might result in a messier map.




Jaccard Thresholds


	0.5 is very conservative


	0.25 is moderately conservative








          

      

      

    

  

  
    

    EnrichmentMap Protocol
    

    
 
  

    
      
          
            
  
EnrichmentMap Protocol

The EnrichmentMap protocol provides comprehensive background and troubleshooting guidelines for using EnrichmentMap,
and uses freely available and frequently updated software, including gProfiler, Gene Set Enrichment Analysis (GSEA),
Cytoscape and EnrichmentMap.

The complete protocol can be performed in ~4.5 h and is designed for use by biologists with no prior bioinformatics training.

Please see Pathway enrichment analysis and visualization of omics data using gProfiler, GSEA, Cytoscape and EnrichmentMap [https://www.ncbi.nlm.nih.gov/pubmed/30664679] for
the complete protocol, and The EnrichmentMap Protocol [https://baderlab.github.io/Cytoscape_workflows/EnrichmentMapPipeline/index.html] for sample data used in the protocol.
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Download Gene Set Files

Annotation (gene set) sources are regularly updated as new
information is discovered. BaderLab has set up an automated system to update our
gene set collections so we are always using the most up-to-date annotations.

Gene Set Files can be downloaded from: Baderlab genesets collections [http://download.baderlab.org/EM_Genesets/current_release/]

If you use these gene sets, please cite our Enrichment Map paper.


Note

(January 2016) With the latest build of pathways we have removed KEGG from the
main compilation set of pathways. If you would like to include KEGG in your analysis
the sets are located in the misc/ directory and can be appended to your gmt file.
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Automating EnrichmentMap

EnrichmentMap provides several commands which allow basic features to be automated
via scripts, the command line or REST.


Note

For more details on the Command Line Dialog and Cytoscape command syntax see the
Cytoscape User Docs [http://manual.cytoscape.org/en/stable/Command_Tool.html]
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Properties

[image: _images/properties_dialog.png]
EnrichmentMap has some semi-hidden properties than can be used to customize
the behavior of the App.

To manually edit these properties go to the Cytoscape main menu and select
Edit > Preferences > Properties…. Then select org.baderlab.enrichmentmap
in the Cytoscape Preferences Editor.

Supported properties:


	heatmapAutofocus

	
	If true then selecting a node/edge in the network will automatically bring the
Heat Map panel to the front.


	This property can also be changed from the Heat Map using the Panel Menu.


	Default Value: false


	Allowed Values: true, false


	[image: img1]






	default.distanceMetric

	
	Specifies the how the Hierarchical Clustering algorithm calculates distance.


	This property can also be changed from the Heat Map using the Panel Menu.


	Default Value: PEARSON


	Allowed Values: PEARSON, EUCLIDEAN, COSINE


	[image: img2]






	create.warn

	
	When creating a network with the Create EnrichmentMap Dialog sometimes a validation warning
dialog will be shown if there are any issues that need to be brought to the user’s attention.
If this property is set to false then the warning dialog will never be shown even if there are issues.
Note: The dialog will still be shown if there are errors that prevent the network from being created.


	Default Value: true


	Allowed Values: true, false


	[image: img3]






	default.pvalue

	
	Default p-value in the Create EnrichmentMap Dialog


	Default Value: 1.0


	Allowed Values: > 0.0, < 1.0


	[image: img4]






	default.qvalue

	
	Default q-value in the Create EnrichmentMap Dialog


	Default Value: 0.1


	Allowed Values: > 0.0, < 1.0


	[image: img5]
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collapse_ExpressionMatrix.py

Download collapse_ExpressionMatrix.py.

This tool can process a gene expression matrix (in GCT or TXT format) ranked list
(RNK format) and:


	convert the Identifier based on a Chip Annotation file (e.g. AffyID -> Gene Symbol)


	collapse the expression values or rank-scores for Genes from more than one probe set.




Converting and collapsing can be done either individually or both at the same time.

In case you are collapsing a ranked list (RNK format) to perform a “preRanked GSEA” that
you later on want to analyze with EnrichmentMap and want to see an expression heatmap for
the genesets, you need to generate an expression matrix that contains the expression values
from the same probesets that were chosen to represent the gene in the ranked list. This can
by selecting the ranked List (RNK) as the primary input file (-i) and the expression Matrix
(GCT or TXT) as additional input Expression-table (-e). When using the GUI this can be done
by selecting the mode “Ranked List with Expression Matrix”.

In this use-case ID-conversion and collapsing have to be done in the same step. The DESCRIPTION
column of the collapsed expression matrix will for every given gene then contain the Probeset-ID
of the Probeset with the highest absolute Score in the RNK file and in brackets followed by a
list of Probeset-IDs that where omitted due to lower absolute rank-scores.

The option ‘Suppress gene “NULL”’ (–null) will drop all Probeset ID’s assigned to the Gene
Symbol NULL, as this is used for probesets that are not linked to any Gene in several
Chip-Annotation files available from the Broad Institute’s FTP server. (These will be dropped
by GSEA anyway).


Requirements


	Python 2.3 or newer (but not Python 3.x!)


	the Tkinter Library (comes with most Python installations) for the GUI




Supported Operating Systems:


	MacOS X 10.5 “Leopard” ore newer (probably also MacOS X 10.4 “Tiger”)


	Windows (download and install the most recent version of Python 2.x from:
http://www.python.org/download/ or http://www.activestate.com/activepython/downloads/


	Linux (Python and Tcl/Tk are probably already installed out of the box, otherwise
install the packages with your Distribution’s package manager)






GUI Mode

[image: _images/collapse_ExpressionMatrix_GUI.png]
collapse_ExpressionMatrix.py now has a Tk-based Graphical User Interface (GUI).
To use the GUI, just start the program without any arguments. This can be done:


	on Windows: double-click on the collapse_ExpressionMatrix.py-file


	on MacOS 10.5 or newer with installed “Developer Tools”:


	Control-click (or right-click) on the collapse_ExpressionMatrix.py-file in the finder
and choose “Open With/Build Applet.app”


	This will create an MacOS Application collapse_ExpressionMatrix.app which can be started
by double clicking.






	on MacOS, Linux or other Unix-like Systems in a Terminal/Shell: see in section
“Command Line Mode” how to make the program executable.




After starting the GUI:


	for collapsing either an expression matrix or Ranked gene list:


	select mode “Expression Matrix or Ranked List”


	use the first Browse-Button to select an Expression Matrix or Ranked gene list as an input file.


	use the second Browse-Button to choose a name and location of the output file (the program
will suggest to use the same name as the input file with an inserted “_collapsed” before the
extension)


	choose if the Identifiers should be converted or the file should be collapsed by checking
the check-boxes


	choose if the Gene Symbol “NULL” should be dropped


	if Identifiers are to be converted, choose a matching chip file


	start the conversion by clicking the Run button






	for collapsing a Ranked gene list and generating an expression matrix containing the same probesets:


	select Mode “Ranked List with Expression Matrix”


	use the first Browse-Button to select the Ranked gene list as an input file.


	use the second Browse-Button to choose a name and location of the Ranked gene list output
file (the program will suggest to use the same name as the input file with an inserted
“_collapsed” before the extension)


	choose if the Gene Symbol “NULL” should be dropped


	use the third Browse-Button to select an Expression Matrix input file


	use the fourth Browse-Button to choose a name and location of the Expression Matrix output file


	choose a matching chip file


	start the conversion by clicking the Run button










Command Line Mode

If you are familiar with command line tools under Unix/Linux, collapse_ExpressionMatrix.py -h
gives you all the information you need (if not, see below):

$ collapse_ExpressionMatrix.py -h
Usage: collapse_ExpressionMatrix.py [options] -i input.gct -o output.gct [-c platform.chip] [--collapse]

This tool can process a gene expression matrix (in GCT or TXT format) or
ranked list (RNK format) and either replace the Identifier based on a Chip
Annotation file (e.g. AffyID -> Gene Symbol), or collapse the expression
values or rank-scores for Genes from more than one probe set. Both can be done
in one step by using both '-c platform.chip' and '--collapse' at the same
time. If a ranked list is to be collapsed, an additional expression matrix can
be supplied by the -e/-x parameters and will be filtered to contain the same
probe-sets as selected from the RNK file. If however the file supplied by -i
is not recognized as a RNK file, these options have no effect.  For detailed
descriptions of the file formats, please refer to:
http://www.broadinstitute.org/cancer/software/gsea/wiki/index.php/Data_formats
Call without any parameters to select the files and options with a GUI
(Graphical User Interface)

Options:
  --version             show program's version number and exit
  -h, --help            show this help message and exit
  -i FILE, --input=FILE
                        input expression table or ranked list
  -o FILE, --output=FILE
                        output expression table or ranked list
  -c FILE, --chip=FILE  Chip File This implies that the Identifiers are to be
                        replaced.
  -e FILE, --ei=FILE    (optional) additional input Expression-table, to be
                        restricted to the same probe-sets as the RNK file
  -x FILE, --xo=FILE    (optional) corresponding output file for -i/--ei
                        option
  --collapse            Collapse multiple probe sets for the same gene symbol
                        (max_probe)
  --no-collapse         Don't collapse multiple probesets [default]
  --null                suppress Gene with Symbol NULL
  -g, --gui             Open a Window to choose the files and options.
  -q, --quiet           be quiet





MacOS and Linux

On MacOS and Linux you need to make the program executable. Therefore:


	copy the file to a directory, e.g. ${HOME}/bin


	open a Terminal


	set the executable flag:

chmod a+x ${HOME}/bin/collapse_ExpressionMatrix.py



	if the ${HOME}/bin directory is not in your search Path (test by
running collapse_ExpressionMatrix.py from a terminal) add it by adding
the line export PATH=$HOME/bin:$PATH to your ${HOME}/.bash_profile
using your favourite text editor (pico, vi, emacs, gedit, TextWrangler, etc.)
or with the command

echo export PATH=\$HOME/bin:\$PATH >> ${HOME}/.bash_profile

or refer to your local SysAdmin for any other shell that bash.



	open a new terminal or run source ${HOME}/.bash_profile


	test with collapse_ExpressionMatrix.py -h




Windows


	copy the file to a directory, e.g. C:\bin


	open the Conrtol Panel


	open System


	go to Advanced System Settings (on Vista and 7 only)


	go to the Advanced Tab


	Click on Environment-button


	if in the section “User variables for {USERNAME}” there is already an entry called “PATH”:


	click on Edit…


	append ;C:\bin at the very end






	otherwise click on New…


	Variable Name: PATH


	Variable Value: %PATH%;C:\bin






	open a Command Prompt (Programs/Accessories)


	test with collapse_ExpressionMatrix.py -h
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