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The WEB-based GEne SeT AnaLysis Toolkit (WebGestalt) is a suite of tools for 
functional enrichment analysis in various biological contexts. The original version of 
WebGestalt was described in the paper “WebGestalt: an integrated system for exploring 
gene sets in various biological contexts” (Nucleic Acids Res. 2005 Jul 1;33(Web Server 
issue): W741-8). The updated version, WebGestalt 2013, was described in the paper 
“WEB-based GEne SeT AnaLysis Toolkit (WebGestalt): update 2013” (Nucleic Acids 
Res. 2013 Jul 1;41(Web Server issue): W77-83). Since 2013, WebGestalt has been 
visited 217,382 times by 87,380 unique users from 143 countries and territories 
according to Google Analytics. The two papers have also been cited in 1229 scientific 
papers since 2013, according to Google Scholar.  
 
For WebGestalt 2017, we performed the following major changes compared to the 
WebGestalt 2013 version: 
 

Ø The new version places all parameters in the same page to reduce the operation 
time and complexity. This design also facilitates easy submission of multiple 
analyses. 

Ø In addition to Over-Representation Analysis (ORA), the new version now 
includes Gene Set Enrichment Analysis (GSEA) for analyzing the ranked gene 
list and Network Topology-based Analysis (NTA) for analyzing the system-level 
dependencies and interactions among genes. 

Ø The new version increases the number of organisms from 8 to 12. It now 
includes a plant species, Arabidopsis thaliana, which extends impact of 
WebGestalt to the plant research community. 

Ø The new version increases the number of gene identifiers from 201 to 324 
(+61.2%), with at least 15% increase for each organism. Specially, the new 
version significantly increased the number of supported Affymetrix platforms from 
68 to 101 (+48.5%), Agilent platforms from 18 to 25 (+38.9%) and Illumina 
platforms from 10 to 18 (+80.0%). These expansions fill the gap between 
technology platform developments and user’s ability to interpret data generated 
from the new platforms. 

Ø When the organisms or gene identifiers are not covered by the WebGestalt 
database, WebGestalt 2017 allows users to upload their own functional 
categories and experimental data with the same gene identifiers, which provides 
the maximum flexibility for functional enrichment analysis. In fact, this new 
development makes it even possible to perform enrichment analysis for non-
biological data sets in WebGestalt. 

Ø The new version significantly increases the number of functional categories from 
78,612 to 150,937 (+92.0%), which includes the new pathway databases 
Reactome and PANTER, new disease database DisGeNET, new drug database 
DrugBank, new hierarchical TCGA RNASeq co-expression modules for 33 
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cancer types and hierarchical protein interaction modules from the protein-protein 
interaction networks of 11 organisms.  

Ø For the existing organism, users can also upload the new functional database not 
included in the WebGestalt for the enrichment analysis. 

Ø The new version includes a user-friendly HTML output report containing analysis 
summary, ID mapping information, GO Slim summary and enrichment results. 

Ø The R code was developed to plot the high-resolution GO Slim summary bar 
chart for biological process, cellular component and molecular function 
ontologies, which can directly be used for publication or presentation. 

Ø Based on cutting-edge javascript technology, the new version develops an 
interactive DAG (directed acyclic graph) visualization system that can visualize 
the enrichment results under the DAG, zoom the DAG in and out, search and 
highlight the interesting nodes and related paths in the DAG and download the 
high-resolution DAG image. 

Ø Because the input to the GSEA analysis contains values for individual genes, the 
new version can set node colors according to the values of corresponding genes 
in network visualization 
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At the top of the WebGestalt interface (blue box in Figure 1), the user can find the 
link about the sample run, external examples, the manual, GOView link, citation and 
user forum. Clicking the “ORA Sample Run”, “GSEA Sample Run” or “NTA Sample 
run” can automatically fill out all parameters in the interface related to ORA, GSEA 
or NTA method, respectively. “External Examples” link provides some examples that 
can guide users prepare their own data for the analysis. Clicking the GOView link 
can jump to the GOView web tool for GO list comparison. The right part of the page 
also includes the introduction of the WebGestalt 2017, Data source introduction and 
News (red box in Figure 1). The following sections will introduce the detailed 
information about the input parameters and output report of WebGestalt. 
 

 
Figure 1. General Information 
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1. Select an interesting organism 
A user needs to select an organism of interest from the drop-down menu that 
includes 12 organisms plus an “others” option. We will introduce “others” in the 
“Select a functional database” section. 

 
Figure 2. Selection of an interesting organism. 
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2. Select an interesting method 
A user needs to select a method of interest from the drop-down menu (see Figure 3). 

 
Figure 3. Selection of an interesting method. 

 
      The different methods will have the different parameter input. 
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3. Select a functional database 
3.1 For “others” organism 

If a user selects “others” from the “Select Organism of Interest” menu, the user 
can analyze any kind of data not currently provided by WebGestalt. The user 
needs to upload the functional database, genes of interest, and reference genes 
(for the ORA method). Because WebGestalt will not perform any ID mapping for 
the uploaded data (all ID type related options are disabled (blue box in Figure 4)), 
the user needs to make sure that the ID type in all uploaded data is the same. 
The uploaded functional database file (red box in the Figure 4) should have an 
extension of “gmt”. As shown in Table 1, the first column of the file is the gene 
set ID, the second column is the external link to the gene set and other columns 
are the gene IDs annotated to this gene set. The file should be tab-delimited. If 
each gene set ID also has a description (e.g. the name of the gene set ID), the 
user can also upload a “des” file (this is optional, green box in the Figure 4). As 
shown in Table 2, the first column is the gene set ID which should be identical to 
the ID in the gmt file, and the second column is the description for each gene set. 
All columns should be separated by a tab. 

 
Figure 4. The “others” option for “Select Organism of Interest”. 
 
Table1. An example of the “gmt” file 
Geneset1 http://www.webgestalt.org/Geneset1 Gene11 Gene12 Gene13 
Geneset2 http://www.webgestalt.org/Geneset2 Gene21 Gene22  
Geneset3 http://www.webgestalt.org/Geneset3 Gene31 Gene32  
 
 
Table 2. An example of the “des” file 
Geneset1 The description of Geneset1 
Geneset2 The description of Geneset2 
Geneset3 The description of Geneset3 
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3.2 For one of the 12 organisms 
If a user selects one of the 12 organisms, there is a drop-down menu to show 
eight categories: geneontology, pathway, network, phenotype, disease, drug, 
chromosomalLocation and “others” option (red box in Figure 5). Except 
“others”, after selecting one of the other seven classes, the detailed database 
name in the class will be shown in another drop-down menu (see Figure 6). For 
gene ontology categories, we used an algorithm to remove the redundant terms 
and create three more databases only containing non-redundant terms. 
Considering the running time, the user can only use the non-redundant version 
for the GSEA GO enrichment analysis. 

 
Figure 5. Selection of the functional database class. 
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Figure 6. Selection of the functional database. 
 
If the user selects the “others” category, the user can upload a new functional 
database not included in WebGestalt (see red box in Figure 7). Because the user 
has selected one of 12 organisms instead of the “others” organism, WebGestalt 
will perform the ID mapping for all uploaded files (all ID type related options are 
still active (blue box in Figure 7)), which means it is not necessary to upload the 
files with the same ID types. Thus, the user also needs to select the ID type of 
the uploaded functional database file (see Figure 9). 
 

 
Figure 7. The “others” class selection 
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Figure 8. The ID type selection for the uploaded functional database file. 
 
For the NTA method, users only need to select the networks from the drop down menu (see 
Figure 9). 

 
Figure 9. Network selection for the NTA method. 
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4. Upload gene list 
After selecting or uploading the functional database, the user needs to upload or 
paste a gene list. As shown in Figure 10, the user should first select an ID type 
related to the gene list from the drop-down menu (red box, the same with the ID 
type of functional data in Figure 8). Then, if the user selects the “ORA” method, 
the user can upload a “txt” file with only one column or paste a gene list to the 
text box (blue box in Figure 10). If the user selects the “GSEA” method, the user 
should upload a “rnk” file with two columns: gene IDs and the scores separated 
by tab (see Table 3) or paste gene IDs and the scores separated by tab in the 
text box. 

 
Figure 10. Gene list upload. 
 
Table 3. An example of “rnk” file 
Gene1 1.2 
Gene2 -1.1 
Gene3 -3.3 
Gene4 5.5 
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5. Upload the reference gene list 
For the “ORA” method, the user needs to select a reference gene list from a 
drop-down menu (see Figure 11) that contains most existing high-throughput 
platforms or select ID type and upload a “txt” file.  
The “GSEA” method does not need a reference gene list. 

 
Figure 11. Selection of the reference gene list. 
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6. Advanced parameters 
The user can also set some advanced parameters for the different methods. 
Figure 12 shows the advanced parameters for the ORA and GSEA methods.  

Ø Setting the “Minimum Number of Genes for a Category” will remove the 
categories with a size less than this number. The category size is 
calculated based on the number of overlapping genes between the 
annotated genes in the category and the reference gene list for the “ORA” 
method (or ranked gene list for the “GSEA” method).  

Ø Setting the “Maximum Number of Genes for a Category” will remove the 
categories with a size greater than this number.  

Ø “Multiple Test Adjustment” will set the FDR method from “BH”, “BY”, 
“bonferroni", “Holm” and “Hommel”. This option is only for the “ORA” 
method. 

Ø The “Significance Level” parameter has two options. “FDR” means the 
enriched categories will be identified based on FDR threshold and “TOP” 
means the categories will be first ranked based on the FDR and then the 
top most significant categories will be selected. For the GSEA method, 
the “TOP” method will select the top most significant categories 
from positive and negative related categories separately. 

Ø “Number of Permutations”, “Number of Categories with Leading-Edge 
Genes” and “Collapse Method” parameters are just for the “GSEA” 
method. These indicate how many permutations to perform, how many 
categories will have leading edge genes outputted from GSEA and which 
method will be used for collapsing any duplicate IDs. 

Ø “Number of categories visualized in the report” represents how many 
significant categories will be shown in the report. For the GSEA method, 
this number represents how many positive related categories or how 
many negative related categories will be visualized. If this number is 
40, the report can at most contain 80 significant categories. 

Ø If “Color in DAG” is continuous, the categories of the DAG structure in the 
output report will be colored based on the FDR. Otherwise, WebGestalt 
will use red color for ORA method or red/blue color for GSEA method to 
color the significant categories. 
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Figure 12. Advanced parameters for the ORA and GSEA methods. 
 
Figure 13 and 14 shows the advanced parameters for the two NTA methods.  

Ø NTA includes two network construction method: “Network Retrieval & 
Prioritization” and “Network Expansion”. “Network Retrieval & Prioritization” 
first uses random walk analysis to calculate random walk probability for 
the input seeds, then identified the relationships among the seeds in the 
selected network and returns a retrieval sub-network. The seeds with the 
top random walk probability are highlighted in the sub-network. “Network 
Expansion” first uses random walk analysis to rank all genes in the 
selected network based on their network proximity to the input seeds and 
then return an expanded sub-network in which nodes are the input seeds 
and their top ranking neighbors and edges represent their relationships. 

Ø For “Network Retrieval & Prioritization”, users need to set how many 
seeds will be highlighted in the retrieved sub-network. For “Network 
Expansion” method, users need to set how many top ranking neighbors 
will be included in the expanded sub-network and also to set which type of 
genes will be highlighted in the sub-network (seeds or neighbors). 

Ø These two methods finally will perform the enrichment analysis for the 
identified sub-networks based on the GO BP ontology. Thus, users need 
to select the criteria for identifying the significant categories. 

 



http://www.webgestalt.org	

 
Figure 13. Advanced parameters for the Network Retrieval & Prioritization method. 
 

 
Figure 14. Advanced parameters for the Network Expansion method. 
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7. Output report for 12 organisms based on ORA or GSEA method 
As shown in Figure 15, if the ID type of the uploaded data is from one of 12 
organisms, the output report will contain four tabs: “Summary”, “User ID Mapping 
Table”, “GOSlim Summary” and “Enrichment Results”. the Summary tab includes 
the upload information, parameters used in the analyses and the result summary. 
Clicking the “Result Download” link will download the mapping tables, the GO 
Slim summary figure, enrichment results and the summary report.  

 
Figure 15. The Summary tab of the output HTML report. 
 
The “User ID Mapping Table” tab includes two tables (see Figure 16). The 
“Mapped User IDs” table contains the uploaded gene list that maps to unique 
Entrez gene IDs. Any IDs that map to multiple Entrez gene IDs or that do not 
map to any Entrez gene IDs are included in the second table. 
 

 
Figure 16. The User ID Mapping Table tab of the output HTML report. 
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The GOSlim summary tab includes three bar plots that represent the number of 
genes in the uploaded gene list that overlap with the annotated genes in the GO 
Slim terms from biological process (red bar plot), cellular component (blue bar 
plot) and molecular function (green bar plot) ontologies, respectively (see Figure 
17). 

 
Figure 17. GOSlim Summary tab of the output HTML report. 
 
The “Enrichment Results” tab contains the detailed information of the enrichment 
results (see Figure 18). If the functional database contains the DAG or tree 
structure, the structure will be visualized in this tab. If the “Color in DAG” is 
continuous, the significant categories will be colored by red gradient based on 
the FDR. Otherwise, the categories will be colored by red. For the GSEA method, 
the positive related categories will be colored by red gradient while the negative 
related categories will be colored by blue gradient if the “Color in DAG” is 
continuous. Otherwise, the positive and negative related categories will be 
colored by red and blue, respectively. The user can scroll the mouse to zoom-in 
and zoom-out and can view different portions of the DAG by clicking and 
dragging the small box in the right-bottom corner (red box). The user can also 
right-click one node to select the neighbors or all related paths (orange box). 
Clicking the save button in the left-bottom corner (blue box) can save the DAG in 
the PDF, SVG or PNG format. The other two buttons allow searching for a node 
in the DAG or viewing the entire DAG. Clicking the colored nodes (significant 
categories) can make the right part of the tab jump to the corresponding table 
(brown box). The table contains the enrichment statistic and the annotated genes 
uploaded by the user. Clicking the link in the table can access the external link of 
the category. The “Download Table” link can let the user download only the table 
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content of this category. The user can also search the category by typing a key 
word in the search box (black box). 

 
Figure 18. Enrichment result tab for the categories with DAG structure. 
 
If the use performs the enrichment analysis for TCGA co-expression modules or 
protein interaction modules, clicking the “Network View” link (red box in Figure 19) 
can visualize the sub-network related to the enriched module. If the enriched 
method is “ORA”, the overlap genes between the uploaded gene list and the 
annotated genes in the module will be colored as green in the network. If the 
user selects the “GSEA” method, the leading-edge genes will be colored by a 
color gradient based on the corresponding scores in the upload file. The genes 
with the positive values will be colored from white to red while genes with the 
negative values will be colored from blue to white. 
Note: For the Safari browser user, please allow the flash first before visualizing 
the network. Detailed information about how to allow the flash can be found in 
http://osxdaily.com/2013/12/18/enable-flash-plugin-specific-websites-safari-mac/. 
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Figure 19. Enrichment result tab for the protein interaction modules or TCGA co-expression 
modules. 
 
If the categories do not contain the DAG structure, the new version will use a 
table to summarize the significant categories (see Figure 20). For the GSEA 
method, the positive related categories in the table will be colored as red while 
the negative related categories will be colored as blue. Clicking the ID link (blue 
box) can make the right part of the tab jump to the corresponding table. If the 
functional database is KEGG, clicking the link in the table can highlight the 
annotated genes uploaded by the user in the pathway by changing the label to 
red (see left-bottom figure of Figure 20). If the functional database is 
Wikipathway, clicking the link can show not only the pathway but also highlight 
the genes by changing the color of the gene’s border to red (see right-bottom 
figure of Figure 20). 
If the user selects the functional database category as “others”, the output report 
will be the same as Figure 20. 
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Figure 20. Enrichment result tab for the categories without DAG structure. 
 
 
NOTE: output report for each analysis is associated with a unique Uniform Resource 
Locator (URL) and thus can be easily shared. 
 
 
 

KEGG Wikipathway
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8. Output report for “others” organisms 
If the user selects the organism as “others”, there will only have the summary 
section and the enriched result table that contains the statistic and the annotated 
genes in the uploaded list (see Figure 21). For the GSEA method, the positive 
related categories in the table will be colored as red while the negative related 
categories will be colored as blue. 

 
Figure 21. The output report for the “others” organism. 
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9. Output for the NTA method 
Figure 22 shows the output for the NTA method. The detailed information about this output can 
be found in the www.gene2net.org.  
 

 
Figure 22. Output for the NTA method. 


