






with one another. Quantitative data uploaded by the user
is automatically overlaid on these networks. Recent im-
provements to InnateDB include the option to incorporate
interactions based on orthology in the construction of mo-
lecular interaction networks and the option to restrict the
networks to contain only InnateDB manually curated
interactions. Further enhancements to the web-interface
include more intuitive page layouts, faster searches and
analyses, and a variety of other changes (see http://www.
innatedb.com/news).

Network visualization tools

All interactions in InnateDB may be downloaded in
several standardized formats including text-based
formats (tab, csv, xls), the simple interaction format (sif)
and the PSI-MI XML 2.5 and MITAB formats (18).
Additionally, interaction networks may also be visualized
in our Cerebral program (19), a Java plugin for the
Cytoscape network visualization software (20,21), which
uses subcellular localization information to orientate
interaction networks in a more biologically intuitive
pathway-like layout. Networks can also be visualized in
other third-party software including the CyOog plugin

(22), which uses Power Graph analysis to reduce
network complexity by explicitly representing re-occurring
network motifs. Recently, we have also integrated
BioLayout Express 3D 2.2 (23), an application designed
for the visualization, clustering and analysis of large
networks in 2D and 3D space.

Proteomics Standards Initiative Common Query Interface
implementation

Interaction data in InnateDB can now also be queried
using web services implementing The Proteomics Stan-
dards Initiative Common Query Interface (PSICQUIC)
(24). PSICQUIC is an effort from the Human Proteome
Organization Proteomics Standards Initiative (http://
www.hupo.org/research/psi/) to standardize program-
matic access to molecular interaction databases based on
the PSI standard formats (PSI-MI XML and MITAB)
(18). It defines standard web services and also a query
syntax for powerful and flexible searches.
All data sources implementing PSICQUIC can be

queried in the exact same way, i.e. the same query can
be used to retrieve the relevant data from many different
interaction data sources. Independently published

Figure 2. Data analysis workflow in InnateDB.
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observations of an experimental system, curated by inde-
pendent databases, are then integrated in response to a
single user query (see http://www.ebi.ac.uk/intact/imex).
PSICQUIC web services are RESTful (REpresentational
State Transfer) but can also be accessed through SOAP
(Simple Object Access Protocol). A list of available
services for InnateDB can be found at http://imex.
innatedb.com/psicquic-ws/webservices. InnateDB
updates the data files for the PSICQUIC web services
weekly and additionally provides them for download in
a compressed format at http://www.innatedb.com/
downloads.

ONGOING DEVELOPMENTS

InnateDB will maintain its curation efforts to annotate
interactions and genes of relevance to innate immunity,
with weekly updated annotation, thus continuing to
provide a comprehensive platform for systems and
network biology analyses of innate immune-associated re-
sponses. Continued incorporation of data from external
resources, encompassing the wider human, mouse and
bovine interactomes, will also continue to facilitate
analyses beyond innate immunity by a wide range of re-
searchers. Additionally, InnateDB intends to expand
beyond the curation of innate immunity relevant
networks, incorporating more adaptive immunity infor-
mation. We are currently developing a first version of an
Allergy and Asthma Portal that will further integrate data
on allergy and associated immune interactions from both
the literature and researchers from AllerGen. This portal
will be built on InnateDB and will provide an analysis
platform for more sophisticated network biology-based
investigations of allergy and asthma responses. These
interactions will be identifiable from innate immunity
interactions, so that users can continue to have focused
analyses on the innate immunity interactome.
Further future developments will include improvements

to InnateDB pathway analysis tools. The over-
representation–based methods for pathway analysis that
are currently available through InnateDB’s data analysis
interface are widely established and considered a ‘gold
standard’; yet, they neglect the fact that many components
are shared between seemingly unrelated pathways. To
address this issue, we have used the InnateDB collection
of pathway annotations as a basis to identify pairs of
genes that co-occur only in a single pathway and de-
veloped a novel pathway analysis method [signature
over-representation analysis (SIGORA)] that focuses on
the over-representation of such gene pairs in a list of
genes of interest (Foroushani et al, submitted). SIGORA
is currently implemented as an R package [available from
the Comprehensive R Archive Network (CRAN) at http://
cran.r-project.org/web/packages/sigora/index.html] and
will be integrated into the future releases of InnateDB.
Finally, together with the PSICQUIC development

team and other IMEx members, we are working on an
improved reference implementation of PSICQUIC. We
are also preparing to export our data in MITAB 2.7
format.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online:
Supplementary Table 1.
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