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Figure 1. Logic models versus Reaction based models. (A) In ‘reaction based models’, pathways are represented as chains of chemical reactions where every
variant of a component is assigned to a node, the transition of the component between two states is modulated by regulatory components. The formalism
that better represents such model is constituted by ordinary differential equations (ODEs) in which each node is associated with a number that represents
the concentration of the respective component. In ‘logic models’, nodes (molecules) are connected by directed edges, representing regulatory interactions.
The state of any node depends on the state of upstream nodes and on the type of relationship that link a source to a target node. In logic networks pathways
are represented as truth tables that compute the values of each node over time as a function of the states of upstream nodes. (B) SIGNOR stores more than
12 000 causal relationships between cellular components, originating from a de novo curation effort or from external DBs (PhosphositePlus, PhosphoELM,
IMEx databases and SignaLink) (2,9,17,18). SIGNOR stores more than 4900 phosphorylation and 230 dephosphorylation reactions annotated according
to the consequences (activation/inhibition) of the phosphorylation event on the target protein.

models based on systems of ordinary differential equations
(ODE). The mechanistic details that can be captured by
process description models, however, come to the expenses
of a limitation in the size of the models that can be practi-
cally analysed.

A second type of representation is often referred to as ac-
tivity flow diagrams, which are simpler and are used when
the detail of a chemical reaction is not known, or is not
judged essentially to understand the underlying biology and
when network coverage is deemed more important than
mechanistic detail. Such diagrams represent protein activ-
ities as nodes linked by directed activating or inhibitory
edges without reference to the specific mechanism. The non-
metabolic part of the KEGG database and the SignaLink
database (8,9) use such a representation. The qualitative
nature of the information is suitable for large models and,
in particular, for logic models. Although such an approach
yields limited mechanistic insight, the lack of parameters
facilitates training to experimental data (10).

As argued later on, it is presently difficult to assemble,
from the available resources, activity flow diagrams having
sufficiently high coverage and linking to the experiments
supporting each interaction. These considerations moti-
vated us to develop a new database, SIGNOR, that captures
causal interactions between proteins (and other biological
entities) and has the same goal of accuracy, curation depth
and coverage that has been achieved with protein interac-
tion databases (11).

RESULTS

SIGNOR (http://signor.uniroma2.it), the SIGnaling Net-
work Open Resource is a new database designed to facili-
tate the storage and analysis of causal interactions, i.e. inter-
actions where a source entity has an effect (up-regulation,
down-regulation, etc.) on a target entity. An ongoing cura-
tion effort in our group aims at making SIGNOR a promi-
nent resource in the biological community by offering a
comprehensive network of experimentally validated func-
tional relationships between signalling proteins. At the time
of writing, the core of SIGNOR is a collection of approxi-
mately 12 000 manually-annotated causal relationships be-
tween proteins and other biological entities that participate
in signal transduction. Each relationship is linked to the
literature reporting the experimental evidence and it is as-
signed a score. SIGNOR is not a collection of pathways but
rather a collection of causal relationships. Pathways may be
defined either by experts, or by users as a list of function-
ally related proteins. The database interrogated with a list
of proteins returns graphs having as nodes the proteins in
the queries list and as edges the causal relationships anno-
tated in the database.

SIGNOR scope and data model

Cell physiology has different layers of control. Cytokines
and growth factors, together with other soluble or mem-
brane bound entities, activate cell surface receptors that in
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ABSTRACT

Assembly of large biochemical networks can be
achieved by confronting new cell-specific exper-
imental data with an interaction subspace con-
strained by prior literature evidence. The SIGnal-
ing Network Open Resource, SIGNOR (available on
line at http://signor.uniroma2.it), was developed to
support such a strategy by providing a scaffold of
prior experimental evidence of causal relationships
between biological entities. The core of SIGNOR
is a collection of approximately 12 000 manually-
annotated causal relationships between over 2800
human proteins participating in signal transduction.
Other entities annotated in SIGNOR are complexes,
chemicals, phenotypes and stimuli. The information
captured in SIGNOR can be represented as a signed
directed graph illustrating the activation/inactivation
relationships between signalling entities. Each entry
is associated to the post-translational modifications
that cause the activation/inactivation of the target
proteins. More than 4900 modified residues causing a
change in protein concentration or activity have been
curated and linked to the modifying enzymes (about
351 human kinases and 94 phosphatases). Additional
modifications such as ubiquitinations, sumoylations,
acetylations and their effect on the modified target
proteins are also annotated. This wealth of structured
information can support experimental approaches
based on multi-parametric analysis of cell systems
after physiological or pathological perturbations and
to assemble large logic models.

INTRODUCTION

Systems-level understanding of cell physiology is facili-
tated by the availability of comprehensive maps represent-
ing the interactions, or functional relationships, between
biomolecules. However, experimental information about bi-
ological relationships comes in different flavours and it is
difficult to capture all the relevant facts in a single data-
model. As an example, one can distinguish between phys-
ical interactions supported by evidence demonstrating the
formation of macromolecular complexes and functional
causative, interactions where the activation of one entity
modulates the concentration or activity of a second entity.

Over the past decades the development of high and low
throughput approaches to identify protein complexes has
motivated a number of groups to develop databases captur-
ing this type of ‘physical’ interaction information (1). These
initiatives have recently come to maturation when a number
of protein–protein interaction (PPI) resources joined their
efforts and adhered to the IMEx consortium (2) that co-
ordinates curation and more recently aims at unifying the
informatics infrastructure (3).

Causal interactions, on the other hand, are more complex
to capture in a structured format but are more informative
and are essential when one wants to represent the direction
and sign of information flow in signal transduction. In ad-
dition to their inherent higher complexity, additional com-
plications come from the fact that there is no unique way
to model signalling interactions (4,5). As illustrated in Fig-
ure 1A for instance, the activation of the protein ERK by
the kinase MEK can be represented by at least two mod-
els. Process description representations, as in the metabolic
networks of the KEGG pathway database (6) and path-
ways in the Reactome pathway database (7), allow mech-
anistic descriptions, making process description maps suit-
able representations of chemical kinetic models. These types
of descriptions lend themselves to implementation in kinetic
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