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Abstract

Background: When biological networks are studied, it is common to look for clusters, i.e. sets of nodes that are
highly inter-connected. To understand the biological meaning of a cluster, the user usually has to sift through
many textual annotations that are associated with biological entities.

Findings: The WordCloud Cytoscape plugin generates a visual summary of these annotations by displaying them
as a tag cloud, where more frequent words are displayed using a larger font size. Word co-occurrence in a phrase
can be visualized by arranging words in clusters or as a network.

Conclusions: WordCloud provides a concise visual summary of annotations which is helpful for network analysis
and interpretation. WordCloud is freely available at http://baderlab.org/Software/WordCloudPlugin

Findings
Introduction
Networks are widely used to represent relationships
between biological entities, such as proteins and genes.
Biological networks are typically explored using tools such
as Cytoscape [1]. One common analysis consists of identi-
fying sub-networks characterized by a specific feature,
such as the presence of dense interconnections compared
to the rest of the network [2]. For example, comprehensive
maps of protein-protein physical interactions have been
mined for dense regions, which represent protein com-
plexes, using clustering algorithms [3]. Once sub-networks
have been identified, however, it is often difficult to inter-
pret their biological meaning. Bio-entities typically have
rich textual information associated with them, such as
Gene Ontology (GO) annotations [4]. A popular method
for interpreting sub-networks using this information is
enrichment analysis, where node and edge attributes are
mined for statistically enriched text terms. For example,
a sub-network can be searched for enriched biological
pathways associated with the list of nodes. While highly
useful, enrichment analysis takes time to perform and pro-
duces a simple table of enriched attributes. When deciding
which sub-networks are interesting, it is useful to have
quick visual feedback displaying frequent node annotation.

In previous work, we manually created ‘word clouds’ to
help us with this task [5]. The purpose of the WordCloud
plugin is to automatically generate concise visual summa-
ries of such textual attributes for fast access during
network exploration (Figure 1).
The WordCloud plugin implements a visual informa-

tion retrieval system known as a tag cloud. Tag cloud sys-
tems are used in a variety of domains from social
bookmarking services [6] to summarization of PubMed
database searches [7]. The WordCloud implementation
extends the basic tag cloud concept of a simple collection
of words by also displaying information about word
co-occurrence [8,9].
WordCloud can also be used in combination with

enrichment analysis to summarize any type of gene list.
Gene-set enrichment analysis is a popular approach to
functionally characterize gene lists [10], including gene
clusters from protein networks. Known gene-sets, typi-
cally derived from standardized annotation systems such
as the Gene Ontology, are statistically tested for overre-
presentation in the query gene list. However, enrichment
analysis can often produce long lists of enriched gene-
sets, which are often redundant or interrelated, thus hin-
dering the interpretation of the results. To overcome this
problem, several visualization methods have been devel-
oped to arrange gene-sets as similarity networks, where
clusters correspond to functionally related gene-sets* Correspondence: layla@cs.brown.edu
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[11-13]. WordCloud can be effectively used to summarize
these gene-set clusters (Figure 2).

Methods and Implementation
WordCloud is a freely available, open source Cytoscape
plugin written in Java and compatible with Cytoscape
versions 2.6, 2.7 and 2.8. Given a user-defined node
selection (i.e. a sub-network), a word cloud can be gen-
erated using one or more user-selected node attributes
that are of type string or list of string. Input text from
all selected attributes is collected and broken down into
words using separation characters, such as punctuation
and space delimiters. Flagged words, such as commonly
occurring English words and numbers, can be removed.
In addition, words that share the same stem (e.g. cell
and cells) can be mapped to that stem using the Porter
Stemming Algorithm [14]. Font size for all words is
then calculated proportionally to word frequency in the
input text. The user can optionally scale font size using
‘network-weighting’ which considers word frequencies of
all text in the entire network, rather than just the node
selection, to penalize words that appear frequently out-
side the node selection. In this case, the font size of any
word w in a tag cloud is directly proportional to:

selw
/

seltot

(netw
/

nettot)k

where selw is the number of selected nodes that con-
tain the word w, seltot is the total number of selected
nodes, netw is the number of nodes in the entire net-
work that contain the word w, nettot is the total number
of nodes in the network, and k is the network normali-
zation coefficient, which can be tuned by the user
through an interactive slider bar.
The WordCloud plugin supports several layout

options for the tag cloud. The most basic layout consists
of the sequence of words arranged in order of descend-
ing frequency. The clustered and network layouts offer
semantically richer summaries by considering co-occur-
rence patterns between words. Clusters are built by
step-wise aggregation of frequently co-occurring word
pairs. Specifically, the WordCloud plugin uses a greedy
clustering algorithm similar to hierarchical clustering.
Every ordered pair of words {w1, w2} that appear next to
each other in at least one of the selected nodes is
assigned a similarity score, defined by the ratio of the
observed joint probability of these words appearing next

Figure 1 Tag cloud for a protein interaction cluster. The network consists of physical interactions between S. cerevisiae proteins involved in
DNA replication (A). A group of highly inter-connected proteins was selected (blue circle) and their full names were mined using WordCloud.
The results are shown for the three layouts: network (B), simple (C) and clustered (D). “Origin recognition complex component” and
“Minichromosome maintenance complex component” are the dominating themes. The corresponding words are ranked on top in the simple
cloud layout, but only the clustered and network layout reconstruct the correct connections between them, based on word co-occurrence
patterns. Since clustering is non-overlapping, the words “complex” and “component” are forced to appear only in one cluster (with
“minichrosome maintenance”), whereas the network layout displays association to “origin recognition” as well.
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to each other in the specified order, to the expected
independent probability of these words appearing next
to each other:

P(w1) · P(w2|w1)
P(w1) · P(w2)

Each word starts in its own cluster. Next, the most
similar word pair is merged to form a larger cluster,
maintaining word order, and the process is repeated.
Similarity between multi-word clusters is defined as the
similarity of the last word appearing in the first cluster
and the first word appearing in the second cluster. This
helps maintain the order of words in the cluster in the
standard left to right English text direction. The cluster
merging process is bounded by a user-defined threshold
on the word pair similarity score.
Cluster order is determined by the number of words

in a cluster and word frequency information. For any
word w appearing in a tag cloud, s(w) is the font size
assigned to word w. A clustered tag cloud consists of a
set of clusters C = {C1, ..., Cm} where each Ci contains
some set of words {wi

1, ..., w
i
n}. The clusters are laid out

in decreasing order according to the following value:

Si = ((s(wi
1))2 + (s(wi

2))2 + ... + (s(wi
n))2)1/2

This is the L2 norm (i.e. Euclidean length) of the clus-
ter’s word size vector.
The greedy clustering algorithm described above does

not consider the co-occurrence of all word pairs in the
input text. Thus, as an alternative to the clustered lay-
out, words can be visualized as a similarity network.
Each word is represented as a node, with node and label
size proportional to word frequency as previously
described. Words are connected by edges whose width
is proportional to their similarity score, as defined
above. The resulting network can be laid out, analyzed
and clustered using Cytoscape functionalities. The net-
work layout is particularly useful when words tend to
have multiple co-occurrence partners, rather than a
single one.

Conclusions
WordCloud is a configurable tool for creating quick
visual summaries of sub-networks within Cytoscape and
is a useful tool to aid interactive network exploration.
The configuration options provide a high degree of con-
trol over tag cloud visualization resulting in a publication

Figure 2 Application of WordCloud to gene-set enrichment analysis results. The transcriptional response of breast cancer cells to estrogen
treatment was analyzed for gene-set enrichment, as described in [11]. Gene-sets were then arranged as a network using the Enrichment Map
visualization technique [11]; edges represent gene-set overlap and clusters correspond to functional groups. A sub-network (A) was selected and
analyzed using the WordCloud network layout (B). The most frequent words in gene-set names are “Mitotic Cell Cycle”, “DNA Replication”,
“Ubiquitin Ligase Activity/Regulation”, “Chromosome”, “Microtubule"; this suggests that the sub-network consists of gene-sets involved in the
control of cell proliferation. Specific parts of the sub-network (purple circles) relate to specific functional groups, as suggested by clustered word
clouds (C,D).
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quality summary of a sub-network. WordCloud also
includes clustered tag cloud and word similarity network
visualization options that retain the meaning of phrases
by maintaining word order, rather than just displaying
individual words.

Availability and Requirements
Project name: WordCloud
Project home page: http://baderlab.org/Software/

WordCloudPlugin
Operating system: Platform independent
Programming language: Java
Other requirements: Cytoscape version 2.6 or newer,

Java SE 5
License: GNU LGPL
Any restrictions to use by non-academics: None

Acknowledgements
We thank Maital Ashkenazi and Hannah Tipney for their useful comments.
We thank the developers of Cytoscape for enabling development of this
plugin. WordCloud development was supported by the Google Summer of
Code program (to LO) and by a grant from the US NIH via National Human
Genome Research Institute (NHGRI) grant P41 P41HG04118 (to GDB).

Author details
1Department of Computer Science, Brown University, Providence, RI, USA.
2The Donnelly Centre, University of Toronto, Toronto, ON, Canada. 3Banting
and Best Department of Medical Research, University of Toronto, Toronto,
ON, Canada.

Authors’ contributions
LO designed and developed the software and drafted the manuscript. DM,
RI and GDB conceived the project, contributed to the design of the software
and aided in the drafting of the manuscript. All authors have read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 February 2011 Accepted: 7 April 2011
Published: 7 April 2011

References
1. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N,

Schwikowski B, Ideker T: Cytoscape: a software environment for
integrated models of biomolecular interaction networks. Genome Res
2003, 13:2498-2504.

2. Merico D, Gfeller D, Bader GD: How to visually interpret biological data
using networks. Nat Biotechnol 2009, 27:921-924.

3. Krogan NJ, Cagney G, Yu H, Zhong G, Guo X, Ignatchenko A, Li J, Pu S,
Datta N, Tikuisis AP, Punna T, Peregrín-Alvarez JM, Shales M, Zhang X,
Davey M, Robinson MD, Paccanaro A, Bray JE, Sheung A, Beattie B,
Richards DP, Canadien V, Lalev A, Mena F, Wong P, Starostine A,
Canete MM, Vlasblom J, Wu S, Orsi C, Collins SR, Chandran S, Haw R,
Rilstone JJ, Gandi K, Thompson NJ, Musso G, St Onge P, Ghanny S,
Lam MHY, Butland G, Altaf-Ul AM, Kanaya S, Shilatifard A, O’Shea E,
Weissman JS, Ingles CJ, Hughes TR, Parkinson J, Gerstein M, Wodak SJ,
Emili A, Greenblatt JF: Global landscape of protein complexes in the
yeast Saccharomyces cerevisiae. Nature 2006, 440:637-643.

4. Gene Ontology Consortium: Gene Ontology: tool for the unification of
biology. Nat Genet 2000, 25:25-29.

5. Isserlin R, Merico D, Alikhani-Koupaei R, Gramolini A, Bader GD, Emili A:
Pathway Analysis of Dilated Cardiomyopathy using Global Proteomic
Profiling and Enrichment Maps. Proteomics 2010, 10:1316-1327.

6. Hammond T, Hannay T, Lund B, Scott J: Social bookmarking tools (I): A
general review. D-Lib Magazine 2005, 11(4).

7. Kuo BYL, Hentrich T, Good BM, Wilkinson MD: Tag clouds for summarizing
web search results. Proceedings of the 16th International Conference on
World Wide Web Banff, Alberta, Canada; 2007.

8. Begelman G, Keller P, Smadja F: Automated Tag Clustering: Improving
search and exploration in the tag space. Proceedings of the 15th
International Conference on World Wide Web Edinburgh, UK; 2006.

9. Hassan-Montero Y, Herrero-Solana V: Improving tag-clouds as visual
information retrieval interfaces. International Conference on Multidisciplinary
Information Sciences and Technologies Merida, Spain; 2006.

10. Nam D, Kim SY: Gene-set approach for expression pattern analysis.
Briefings in Bioinformatics 2008, 9:189-197.

11. Merico D, Isserlin R, Stueker O, Emili A, Bader GD: Enrichment Map A
Network-Based Method for Gene-Set Enrichment Visualization and
Interpretation. PloS ONE 2010, 5(11).

12. Sartor MA, Mahavisno V, Keshamouni VG, Cavalcoli J, Wright Z, Karnovsky A,
Kuick R, Jagadish HV, Mirel B, Weymouth T, Athey B, Omenn GS:
ConceptGen a gene set enrichment and gene set relation mapping tool.
Bioinformatics 2010, 26:456-463.

13. Bindea G, Mlecnik B, Hackl H, Charoentong P, Tosolini M, Kirilovsky A,
Fridman WH, Pages F, Trajanoski Z, Galon J: ClueGo: a Cytoscape plug-in
to decipher functionally grouped gene ontology and pathway
annotation networks. Bioinformatics 2009, 25:1091-1093.

14. Porter MF: An algorithm for suffix stripping. Program: electronic library and
information systems 2006, 40:211-218.

doi:10.1186/1751-0473-6-7
Cite this article as: Oesper et al.: WordCloud: a Cytoscape plugin to
create a visual semantic summary of networks. Source Code for Biology
and Medicine 2011 6:7.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Oesper et al. Source Code for Biology and Medicine 2011, 6:7
http://www.scfbm.org/content/6/1/7

Page 4 of 4

http://baderlab.org/Software/WordCloudPlugin
http://baderlab.org/Software/WordCloudPlugin
http://www.ncbi.nlm.nih.gov/pubmed/14597658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14597658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19816451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19816451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16554755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16554755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10802651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20127684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20127684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18202032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21085593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21085593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21085593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20007254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19237447?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19237447?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19237447?dopt=Abstract

	Abstract
	Background
	Findings
	Conclusions

	Findings
	Introduction
	Methods and Implementation

	Conclusions
	Availability and Requirements
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


