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SUMMARY

Networks are a powerful and flexible methodology
for expressing biological knowledge for computation
and communication. Network-encoded information
can include systematic screens for molecular inter-
actions, biological relationships curated from litera-
ture, and outputs from analyses of Big Data. NDEX,
the Network Data Exchange (www.ndexbio.org), is
an online commons where scientists can upload,
share, and publicly distribute networks. Networks
in NDEX receive globally unique accession IDs and
can be stored for private use, shared in pre-publica-
tion collaboration, or released for public access.
Standard and novel data formats are accommodated
in a flexible storage model. Organizations can use
NDEx as a distribution channel for networks they
generate or curate. Developers of bioinformatic
applications can store and query NDEx networks
via a common programmatic interface. NDEx helps
expand the role of networks in scientific discourse
and facilitates the integration of networks as data in
publications. It is a step toward an ecosystem in
which networks bearing data, hypotheses, and find-
ings flow easily between scientists.

Networks are a precise and computable form in which biologists
can express many kinds of information, including models of
biological mechanisms, experimental facts, and relationships
derived by systematic data analysis. When pathway diagrams
evolved into repositories of small pathway networks (Croft
et al., 2014; Kanehisa and Goto, 2000; Ogata et al., 1999), they
became searchable resources and the basis for data interpreta-
tion and collaborative pathway editing applications (van lersel
et al., 2008). The emergence of repositories of large networks
of molecular relationships (Franceschini et al., 2013; Orchard
et al., 2014; Stark et al., 2011; Warde-Farley et al., 2010) in
both simple and complex formats (Demir et al., 2010; Le Novere
et al., 2006; Mi et al., 2010; OpenBEL, 2011) condensed collec-
tions of data into structured findings useful for hypothesis gener-
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ation and computational prediction (Bandyopadhyay et al., 2006;
QIAGEN, 2015; Vandin et al., 2012). In recent years, there has
been rapid progress in the construction of networks inferred by
the systematic processing of genome-scale information,
providing an important avenue for interpretation and a counter-
point to literature curation (Califano et al., 2012; Chuang et al.,
2007; Hofree et al., 2013). By providing a flexible computable
medium for biological knowledge, networks are also becoming
a critical element for new models of scientific publication in
which data and their derivatives are as important as text
(CyNetShare, 2014).

NDEX, the Network Data Exchange, is an open-source (Data
S1, Open Source) software framework that facilitates the sharing
of networks of many types and formats, the publication of net-
works as data, and the use of networks in modular software. In
comparison with repositories such as IntAct (Orchard et al.,
2014) or the Kyoto Encyclopedia of Genes and Genomes
(KEGG) (Kanehisa and Goto, 2000), where network content in
specific formats is managed by the organization maintaining
the resource, NDEXx is a data commons where users manage
the sharing and publication of their own networks (Data S1,
Related Resources). It accommodates networks of any type,
from pathway models and interaction maps to novel data-driven
knowledge, handling diverse formats including simple interac-
tion format (SIF), extensible graph markup and modeling lan-
guage (XGMML), BioPAX3 and OpenBEL (Data S1, Network For-
mats). It promotes scientific publication and reproducibility by
enabling the tracking of accession and provenance of networks.
Finally, NDEx provides a flexible, programmatically accessible
storage service that promotes modular software development
and workflows in which networks that are output from one appli-
cation can be input to another. NDEx does not perform biological
analysis and visualization itself but, instead, enables the inter-
change of networks between applications that do.

As a data commons, NDEx enables scientists and organiza-
tions that create accounts on the NDEXx server to upload and
save networks and to create communities of users, much like
Google+ Circles or LinkedIn Groups. They can manage access
to their networks, making them private, public, or shared with
selected users and community groups, similar to shared docu-
ment systems such as Google Docs or DropBox (Figure 1A;
Data S1, NDEx Basics). The shared networks preserve the
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NDEX, the Network Data Exchange: Supplemental Materials

This document provides supplemental information about the version of NDEXx described in the
paper, the v1.2 release on July 2015. It includes discussions of the network data model, import-
export formats, tracking of provenance, and the NDEx server API. It also provides user
documentation for the NDEx web user interface and two associated utilities. Apart from sections
2 and 6, all materials are derived from the NDEXx online documentation (www.ndexbio.org).
Because the online documentation will be revised and expanded over time, we recommend that
you consult that resource for the latest information on NDEX.
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