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INOH: A Textual Knowledge Based Pathway Database
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1 Introduction

Completions of the human and mouse genomes have shifted the target of biological knowledge ac-
quisition from features of each bio-molecule to higher order knowledge such as relationships among
multiple bio-molecules that constitute signal transduction pathways (STPs). Most part of this knowl-
edge resides in scientific articles, and making it computer-accessible becomes increasingly important.
However, these kinds of biological entities, and the relations between them, are highly diverse, e.g.
metal ions, chemicals, proteins and phenomena such as “apoptosis” and “transport”, “control” and
“reactions”. To make this knowledge computable, a strongly structured ontology-aware system has to
be developed.

In this study, we report our ontology of signaling molecule functions and a GUI (Graphical User
Interface) for complex data input and the data curation process. Further, a STP database named
INOH based on these studies is presented.

2 Signal Molecule Family Ontology

In the scientific literature, especially in review articles, some biological terms represent abstract,
conceptual molecules that are used for unspecified organisms. Usually, by relating these terms to
instances of the molecule and to other terms, biologists can interpret the biological context. For
example, the term "MAP-kinase” indicates ERK1 of a human, JNK1 of a mouse, p38alpha of a rat,
etc. The term also means that it is one kind of ser/thr protein kinase. Such background knowledge
should be stored in the computer before we develop a pathway database based on the literature. We
collected the names of abstract molecules from the literature, and developed an ontology for the signal
molecule family (sig-family). Its classification is not identical to the families derived from sequence
analysis; our ontology is constructed from conceptual classification of molecular functions. It contains
the class name (for example, “ligand” and “adaptor protein”), which is not concerned with similarity
of sequence but, rather, is grouped based on the same role in signal transduction. In addition, each
term of the sig-family is linked to SWISS-PROT |[2] entries and Gene ontology (GO) [1]. In our
database model, each node that represents a conceptual molecule in the pathway graph is associated
with a sig-family. Therefore, it is possible to search the pathways and compare similarities between
pathways without deviating from the context of biology.
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3 Graphical Editor GOEMON

In order to classify many biological concepts related to signal transduction reported in the literature by
using compound graph expression [3]|, we developed a graphical editing tool, the Graphical Ontology
Editor for MOlecular Network (GOEMON). In response to a user’s request, objects required for
compound graph expression can be freely defined in the GOEMON system. Using this tool, we can
express the relevance of many concepts of an object field in the compound graph scheme, and, at the
same time, the classification of the vocabulary required for each graph expression is attained. We
try to describe the graph expression of some typical STPs and to classify the biological vocabulary
accompanying them with the GOEMON system.

4 Curation Process

First, molecule-molecule interactions described in review articles of the scientific literature were ex-
tracted. Next, every sub-process, which constitutes a STP, was arranged into a hierarchy to form
a compound graph. Finally, we annotated every object in the compound graph with biological on-
tologies. To do this, important concepts relevant to STP knowledge such as localization, biological
function/process and chemicals were integrated. Each concept has links to other databases or on-
tologies such as GO and KEGG (Kyoto Encyclopedia of Genes and Genomes) [5]. Abstract molecule
functions required for biological processes over multiple species can be annotated by the sig-family
ontology. By grouping smaller sub-processes, e.g. enzyme reactions into a larger STP process, it be-
came possible to formalize and describe the previously fragmented and incomplete STP knowledge. In
addition, with the extensive use of ontologies, one can query the various relationships among different
concepts such as processes, abstract molecules and concrete ones.

5 Discussion

To encode textual knowledge in a computable form, it is important to encode the intention of each
description explicitly with ontologies, especially in the signal transduction domain where heterogeneous
concepts form complex relationships. The database described herein achieves a powerful querying
facility that is difficult to realize in a traditional clickable-map or keyword-search based database.
In addition, various inference mechanisms to infer conflicts or cross-talk would become possible to
implement [4].
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