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Of Somatic Mutations In Cancer (COSMIC) database [32] and mapped the most frequently mutated
oncogenes and tumor suppressor genes (TSG) as glyphs using NaviCell data visualization toolbox
(Figure 7B). TSG mutations are more frequently found in modules of DNA repair map than
oncogenes. This might indicate that TSGs in those processes normally contribute to the restriction of
uncontrolled divisions and unrepaired DNA, but are inactivated by mutations in cancer.

An additional way to visualize the omics data on top of the maps that we also developed, but do not
detail here, is using Cytoscape plugin BiNoM were the map staining displaying module activity
values and coloring individual protein nodes with corresponding transcriptome data is possible [23].

CONCLUSIONS AND PERSPECTIVES

Representation of relationships between cell molecules in the form of a biochemical process diagram
depicts our current understanding of how cell activity is coordinated at the molecular level. The
advantage of drawing biological processes in the form of interconnected network is not only to bring
together components that participate in the described process, but also to allow capturing non-trivial
interactions and regulatory circuits between those components. As the load of knowledge about
biological mechanisms increasingly grows, organization, structuring and systematized representation
of this data is essential for creating the global picture. Standardized representation of biological
processes, intuitive maps navigation tools, community contribution to revising and updating the
networks diagrams simplify construction of new networks and facilitate maintenance of existing
signaling diagrams collections. These comprehensive signaling maps serve as a basis for modeling of
signaling networks and efficient analysis and interpretation of high-throughput data [70].

Here we have described the methodology developed in the group following our long- standing
experience with comprehensive maps generation and manipulation. Using this approach we have
created and currently maintain a pathway resource of Atlas of Cancer Signaling Network (ACSN) [9]
and a collection of maps created in CellDesigner available at https://navicell.curie.fr/pages/maps.html

We have suggested a workflow for construction and annotation of signaling maps in CellDesigner,
preparing the hierarchical modular structure of maps and also generation of different levels of the
maps view, to allow semantic zooming-based exploration of maps in NaviCell. We have introduced
NaviCell that is an environment for navigating large-scale maps of molecular interactions created in
CellDesigner. NaviCell allows showing the content of the map in a convenient way, at several scales
of complexity or abstraction; it provides an opportunity to comment on map content, facilitating
curation and maintenance of the map. Finally we have shown how complex data can be visualized and
interpreted in the context of the map.

Among many future challenges of the signaling network community are integration of similar
efforts as improvement of network exchange formats and development of common network dynamic
layouts. In addition, generation of comprehensive platforms for tools, data, and knowledge sharing in
systems biology and biomedical research, similar to GARUDA initiative (http://www.garuda-
alliance.org), will facilitate tools and resources compatibility improvement.
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DOCUMENTATION

CellDesigner introduction and tutorial
http://celldesigner.org/documents.html

SBGN
http://www.sbgn.org/Main_Page

BiNoM manual
https://binom.curie.fr/docs/BiNoM Manual v2.pdf

Map creator guide
https://navicell.curie.fr/doc/NaviCellMapperAdminGuide.pdf

Map preparation in NaviCell format procedure
https://navicell.curie.fr/doc/NaviCellMapsPreparationProcedure.pdf

NaviCell Web Service guide
https://navicell.curie.fr/doc/ws/NaviCellWebServiceGuide.pdf

NaviCell Web Service introduction, tutorial and case studies
https://navicell.curie.fr/pages/nav_web_service.html

Interactive demo on data visualization using NaviCell
https://mavicell.curie.fr/navicell/maps/cellcycle/master/index.php?demo=on

ACSN introduction, tutorial and case studies
https://acsn.curie.fr/documentation.html

DNA repair map from ACSN resource
https://acsn.curie.fr/navicell/maps/dnarepair/master/index.html
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Table 1: Pathways databases and network resources; navigation tools and high-throughput data
visualization support

Signaling pathways and networks resources

Name Website Description Reference
STRING http://string-db.org Integrated protein-protein interaction daatabase (39)
BioGRID http://thebiogrid.org Integrated protein-protein and genetic interaction daatabase (40)
MINT http://mint.bio.uniroma2.it/mint/Welcome.do | Carefully curated PPI resource (41)
PathwayCommons http://www.pathwaycommons.org Biological pathways resource collected from public pathway (42)
databases
TRANSPATH http://www.biobase-international.com Database of mammalian signal transduction and metabolic pathways (43)
ConsensusPathDB http://consensuspathdb.org Integrated resource of interaction networks and pathways ®)
Panther http://pantherdb.org Collection of biological pathways and data visualization and (6)
analysis tools
Spike http://www.cs.tau.ac.il/~spike Collection of curated, peer reviewed pathways and data (@)
visualization tools
WikiPathways http://www.wikipathways.org Collection of community curated signalling pathways (25)
PID-NCI http://pid.nci.nih.gov Curated collection of information about biomolecular interactions
and signalling pathways
KEGG Pathway http://www.genome.jp/kegg/pathway Collection of manually drawn pathway maps visualization tool “
Reactome http://www.reactome.org Collection of curated, peer reviewed pathways and data 5)
visualization/analysis tools
ACSN http://acsn.curie.fr Collection of curated, peer reviewed, interconnected cancer-related 9)
signaling networks and data visualization/analysis tools
Tools for network construction, visualization, navigation, and commenting
Name Website Description Reference
http://www.celldesigner.org Structured diagram editor for drawing gene-regulatory and (14)
CellDesigner ]
biochemical networks
SBGN.ED http://vanted.ipk-gatersleben.de/addons/sbgn- | VANTED add-on for create and edit three types of SBGN maps (12)
ed
http://cellpublisher.gobics.de KEGG database-associated tool for data visualization and analysis (15)
CellPublisher )
in the context of pathway maps
http://www.cytoscape.org Software platform for maniputation of biological networks (44)
Cytoscape / BINoM . . . .
http://binom.curie.fr represented in standard systems biology formats (23)
P http://payao.oist.jp:8080/payaologue/index.ht | Network curation tool for simultaneous map commenting using tag (30)
ayao
Y ml system
NaviCell http://navicell.curie.fr Web-based tool for heterogeneous data visualization and analysis in (17)(18)
the context of signaling networks
yEd graph editor http://'www.yworks.com/en/products/yfiles/ye | Application for generate high-quality diagrams construction http://link.springe
d/ r.com/chapter/10.
1007/978-3-642-
18638-7 8
VisANT http://visant.bu.edu/ Tool for visual analyses of metabolic networks in cells and (13)

ecosystems

Pathway Map Creator

http://lifesciences.thomsonreuters.com/m/pdf/

PathwayMapCreator-cfs-en.pdf

Tool for editing and analysis of canonical pathways maps
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Tools for visualisation of high-throughput data in the context of signalling networks

Name Website Description Reference
ReactomeFiViz http://wiki.reactome.org/index.php/Reactome | Cytoscape plugin for data integration into signaling networks (45)
_FI_Cytoscape_Plugin

iPAth http://pathways.embl.de Web-based tool for data visualization in the context of pathway (46)
maps

Medusa http://coot.embl.de/medusa Tool for data visualization in the context of signaling network and 47)
network clustering

NaviCell http://navicell.curie.fr Web-based tool for heterogeneous data visualization and analysis in (17)(18)
the context of signaling networks

KEGG Mapper http://www.kegg.jp/kegg/mapper KEGG database-associated tool for data visualization and analysis “)

in the context of pathway maps
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Table 2: Method for studying molecular and genetic interactions

Interaction Method Reference
Ligand-receptor interactions Resonance energy transfer (FRET and BRET) (48)(49)
Flow Cytometric Analysis (50)
Direct protein-protein interactions Co-immunoprecipitation (ColP), (51)(52)
NMR, X-ray crystallography, (53)
GST-pull down assay (54)
Tandem affinity purification (51)(49)
Far Western blotting (55)
Phage display (52)
Mass-spectrometry (56)
Two hybrid assays (yeast and mammalia) (51)
Functional mutational analysis (57)
Direct  protein-DNA interaction | Chromatin immunoprecipitation (ChIP) (58)(59)
(transcription regulation and co-
regulation) DNA footprinting, (58)
Electrophoretic mobility shift end supershift assays (EMSA) (58)
Computational prediction of transcription factors binding sites (60)
MicroRNA binding Direct miRNA binding assay, (61)
3 'UTR reporter assay, (61)
Computational miRNA target prediction (61)
Regulation of expression (NRNA Reverse transcription polymerase chain reaction (62)
and protein level) (RT-PCR)
Reporter assays (63)
RNase protection assay (64)
Nothern blot (62)
Western blot (65)
Fluorescence-activated cell sorting (FACS) (66)
Genetic interactions Genetic knock-out, knock-down, knock in or (67)(68)
overexpression of effector molecules
Synthetic interaction detection assays (52)(69)
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Figure 6
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Figure 7
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