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ClueGO Cytoscape App

Cytoscape is a major computational platform for the analysis and visualization of biological net-
works []. Apps with specific functionality extend Cytoscape and are available at the
App Store [].

ClueGO is a Cytoscape App that facilitates the biological interpretation of large lists of
genes and proteins by selecting representative Gene Onology terms and pathways from multiple
ontologies and visualizes them into functionally organized networks. ClueGO is extended by
CluePedia, that allows a detailed pathways analysis.

ClueGO supports many organisms. Human and mouse data are included by default in the
App, and more than 200 organisms are available for download.

ClueGO and CluePedia should be downloaded from the Cytoscape App Store through the
Cytoscape App Manager (Cytoscape menu, Apps→ ClueGO).

ClueGO v2.0.0 (Cytoscape 3.0.0) was released in 13th of December 2012. The functionality

of ClueGO earlier described is valid in versions ported to Cytoscape 3.

Installation

System Requirements:

• Windows, Linux, Unix or MacOS operating system.

• 16 GB RAM recommended. Hard disk with at least 100 MB free (for example files).

• Java 1.8+ needed.

• Cytoscape 3.7.+ installed:

At the first startup, the ClueGOConfiguration folder containing precompiled ClueGO files

and sample files will be created in the user home folder. If this folder is removed or the content

damaged, it will be recreated automatically at the next startup.
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License

The authors wish to make ClueGO available on a nonexclusive basis to interested parties for

noncommercial internal research purposes.

ClueGO is available free of charge only to academic, government, and other nonprofit in-

stitutions for noncommercial, nonprofit internal research purposes. Note that the license terms

specifically limit its use to such purposes. License applications are reviewed manually and an

email including the license key will be sent to you as soon as the evaluation process has been

completed.

To obtain a license key please visit:.

Documentation

The biological interpretation of large gene clusters derived from high-throughput experiments

is a real challenge. Many ontology sources exist in order to capture biological information in a

meaningful way.

Annotation and ontology sources

The (GO) project [] aims to capture the increasing knowledge on gene function

in a controlled vocabulary applicable to all the organisms. GO describes gene products in terms

of their associated biological processes, cellular components and molecular functions, terms

that have a hierarchical relationship (parent-child) (Figure).

Due to the complexity of hierarchy structure (directed acyclic graph), the terms can be found

in several different levels. The specificity of the terms varies along the tree: from very general

terms (in first levels of GO) to very specific ones.Kyoto Encyclopedia of Genes and Genomes (KEGG) [] is a database of biological systems

that integrates genomic, chemical and systemic functional information in pathways.Reactome is a free, open-source, curated and peer-reviewed pathway database that pro-

vides intuitive bioinformatics tools for the visualization, interpretation and analysis of pathway
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Figure 1: GO hierarchy example

knowledge to support basic research, genome analysis, modeling, systems biology and educa-

tion [].WikiPathways is an open, collaborative platform dedicated to the curation of biological

pathways [].

The is a resource for common reference ontologies and applications for plant

biology [].Ensembl [] is a genome browser for vertebrate genomes that supports research in compar-

ative genomics, evolution, sequence variation and transcriptional regulation. Ensembl annotate

genes, computes multiple alignments, predicts regulatory function and collects disease data.

Ensembl tools include BLAST, BLAT, BioMart and the Variant Effect Predictor (VEP) for all

supported species.The National Center for Biotechnology Information [] advances science and health by

providing access to biomedical and genomic information.InterPro [] provides functional analysis of proteins by classifying them into families and

predicting domains and important sites. Protein signatures from a number of member databases

are combined into a single searchable resource, capitalising on their individual strengths to

produce a powerful integrated database and diagnostic tool.STRING [] is a database of known and predicted protein-protein interactions. The inter-
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actions include direct (physical) and indirect (functional) associations; they stem from compu-

tational prediction, from knowledge transfer between organisms, and from interactions aggre-

gated from other (primary) databases.

The [] database is a collection of experimentally verified mammalian protein

complexes, key molecular entities that integrate multiple gene products to perform cellular func-

tions.IntAct [] provides a freely available, open source database system and analysis tools for

molecular interaction data. All interactions are derived from literature curation or direct user

submissions and are freely available.BioCyc [] is a collection of 14560 Pathway/Genome Databases (PGDBs), plus software

tools for exploring them.

For a complete view on the studied process, several ontology sources should be consulted

in order to integrate their complementary information. For each gene there is a large amount

of information in each of these ontology sources. This makes the analysis of the relationship

between genes and between terms very difficult to represent and comprehend. Also, for close

related terms, a high degree of redundancy of their associated genes exists.

ClueGO, an open-source Java tool was design to extract the non-redundant biological infor-

mation for large clusters of genes, using multiple ontologies. ClueGO is a Cytoscape [] App

and is taking advantage of its complex visualization environment.

ClueGO features

1. ClueGO allows the analysis of a single marker list (cluster) or compares multiple lists

with markers.

2. ClueGO supports many organisms. Human and mouse are included in ClueGO by default

and more than 200 other organisms are available for download.

3. ClueGO recognizes automatically multiple gene and protein identifiers.

4. Identifiers can be pasted, uploaded from lists or from existing networks.
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5. ClueGO allows the simultaneous analysis of multiple annotation and ontology sources.

6. Users of ClueGO can automatically update the ontology sources.

7. Predefined criteria for the selection of terms/pathways are provided. These criteria were

defined using lists of 200 genes and can be customized.

8. Multiple statistical methods for the enrichment calculation are provided.

9. Results are illustrated as a functionally grouped network, as plots and tables.

10. Results are automatically mapped on the network in different visual styles.

11. The results and the entire project can be saved.

12. Selected terms and pathways are included in the network and are linked based on the

kappa score that shows how similar are their associated genes.

13. Multiple visualization styles of the network are available.

14. To reduce the redundancy of GO terms can be applied the fusion of related terms with

similar associated genes.

15. ClueGO can visualize also preselected GO terms and pathways.

16. ClueGO functionality is REST enabled, and can be accessed from R, Python, etc.

17. ClueGO can be used in combination with CluePedia to get detailed information of path-

ways.

18. Easy extendable.
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ClueGO overview

The selection panel includes ClueGO features for enrichment analyses. The results of the en-

richment analysis are shown as a functionally grouped network, as tables and graphs. A sum-

mary of uploaded markers can be found under the network.

Figure 2: ClueGO overview
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ClueGO analysis steps

Figure 3: ClueGO analysis steps

Requirements:

Download the organism or ask for additional organisms. If needed, update ontologies.

Analysis steps:

1. Select the organism

2. Upload markers. Optional (2.1) Add additional lists

3. Select ontologies

4. Start the analysis
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ClueGO analysis with multiple lists

After starting Cytoscape, ClueGO can be found in the Cytoscape menu/Apps. Once selected, it

will display the ClueGO selection panel options (Figure). ClueGO provides short explanations

for each feature (click on help icons).

Figure 4: ClueGO selection Panel with one (A) or multiple (B) lists

The user can choose between a ClueGO functional analysis, a ClueGO like visualization

of preselected terms or to run CluePedia for a detailed analysis of pathways (Analysis Mode

section). ClueGO analysis steps are summarized (click on the help icon).

Additional lists can be added by selecting on ”+” in Load Marker Lists(s) section. A color

is automatically attributed to each uploaded list.
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ClueGO visualization of preselected GO terms and pathways

GO terms and pathways resulted from enrichments can be visualized with ClueGO. Upload

your file with pathways and Pvalues obtained from the enrichment analysis, mapp the terms on

ontologies and visualized them into a ClueGO funtionally grouped network.

Figure 5: ClueGO preselected pathways
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ClueGO supported organisms

Figure 6: ClueGO supported organisms

Human and mouse data are included in ClueGO. More than 200 other organisms can be

downloaded (Figure). Downloaded organisms are shown in green. Select a new organism and

click Download to install it.

Additional organisms can be added upon request. The taxonomy identifier

and functional annotations: genes/proteins and their corresponding GO terms are needed. This

data should be or tab delimited.

Functional annotations for non-model organism sequences can be obtained using annotation

software like: [].
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ClueGO predefined selection criteria

ClueGO provides predefined selection criteria of representative pathways defined using lists of

around 200 genes. These criteria include the 3-8 GO tree interval, a minimum of 3 genes from

the uploaded list found to be associated to a term, and that these genes represent at least 4%

from the total number of associated genes.

Figure 7: ClueGO predefined selection criteria
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ClueGO Term selection

Figure 8: Term selection
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ClueGO result visualizations

Figure 9: ClueGO visualizations
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ClueGO visual styles

Figure 10: ClueGO visual styles

15



Figure 11: ClueGO Clusters visual style
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Kappa score

In ClueGO the Kappa score is used to define term-term interractions shown as edges on the

network.

Figure 12: Kappa score
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Kappa score is used also to associate terms and pathways into functional groups based on

shared genes.

Figure 13: Functional groups
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Statistics

P value calculation

Figure 14: Stats example
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Reference Set

Figure 15: Reference Set
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ClueGO automation

Cytoscape Automation enables scientific workflows written in many languages through the
CyREST []. ClueGO (v2.5.0+) implements the cyREST core plugin API and provides pro-
grammatical access to its functionality []. ClueGO features REST enabled can be explored
in the cyREST API Swagger (Figure) (Cytoscape menu, Help/Automation/CyREST API).

Figure 16: ClueGO in the Cytoscape API Swagger

Examples: andhttp://www.ici.upmc.fr/cluego/ClueGOcyRESTExample.py.
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Order Feature description Type Link. Base link: /v1/apps/cluego/cluego-manager

1.0 Select the ClueGO Organism to analyze PUT /organisms/set-organism/organismName

1.1 Get ClueGO organisms* GET /organisms/get-all-installed-organisms

1.2 Get all info for installed organisms* GET /organisms/get-all-organism-info

2.0 Upload IDs for a specific Cluster PUT /cluster/upload-ids-list/inputPanelIndex

2.1 Select the ClueGO ID type* PUT /ids/set-id-type/idTypeName

2.2 Refresh ClueGO source files* POST /ids/refresh-cluego-id-files

2.3 Get ClueGO ID types* GET /ids/get-all-installed-id-types

2.4 Set the number of Clusters (ID lists)* PUT /cluster/max-input-panel/maxInputPanelNumber

2.5 Set analysis properties for a Cluster* PUT /cluster/set-analysis-properties/inputPanelIndex/nodeShape/clusterColor...

.../minNumberOfGenesPerTerm/minPercentageOfGenesMapped/noRestrictions

2.6 Select visual style* PUT /cluster/select-visual-style/visualStyle

3.0 Select Ontologies PUT /ontologies/set-ontologies

3.1 Get all available Ontologies* GET /ontologies/get-ontology-info

3.2 Select Evidence Codes* PUT /ontologies/set-evidence-codes

3.3 Get all available Evidence Codes* GET /ontologies/get-evidence-code-info

3.4 Set min, max GO tree level* PUT /ontologies/set-min-max-levels/minLevel/maxLevel/allLevels

3.5 Use GO term significance cutoff* PUT /ontologies/useSignificanceCutoff/pValueCutoff

3.6 Use GO term fusion* PUT /ontologies/useGOTermFusion

3.7 Set statistical parameters* PUT /stats/enrichmentType/multipleTestingCorrection/useMidPvalues/useDoubling

.../useCustomReferenceSet/fullPathToReferenceSet

3.8 Set the Kappa Score level* PUT /ontologies/set-kappa-score-level/kappaScore

3.9 Set grouping parameters* PUT /grouping/doGrouping/coloringType/groupLeadingTerm/groupingType...

.../initGroupSize/percGroupsForMerge/percTermsForMerge

4.0 Run ClueGO Analysis GET /analysisName

4.1 Get ClueGONetworkIDs* GET /get-all-cluego-networks

4.2 Get ClueGO result table* GET /analysis-results/get-cluego-table/clueGONetworkSUID

4.3 Get ClueGO genes and main functions* GET /analysis-results/clueGONetworkSUID/numberOfFunctionsToAdd

4.4 Get gene result table* GET /analysis-results/get-gene-table/clueGONetworkSUID

4.5 Get Kappascore Matrix* GET /analysis-results/get-kappascore-matrix/clueGONetworkSUID

4.6 Get binary Gene-Term Matrix* GET /analysis-results/get-binary-gene-term-matrix/clueGONetworkSUID

4.7 ClueGO Result Chart* GET /analysis-results/get-cluego-result-chart/clueGONetworkSUID...

.../inputPanelIndex/chartType/exportImageType

4.8 Remove ClueGO analysis result* DELETE /remove-cluego-analysis-result/clueGONetworkSUID

4.9 Remove all ClueGO analysis results* DELETE /remove-all-cluego-analysis-results
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