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Abstract. Plant-pathogen interactions are an important knowledge domain within plant biotechnology, both scientifically and in economic
terms. Unlike other knowledge domains within life sciences, however,
semantic technologies have not been used extensively to codify it, therefore, there is a lack of axiomatic models amenable to automated integration and inference. We present the Plant-Pathogen Interactions Ontology
(PPIO), a first step towards the axiomisation of plant-pathogen interactions that results in a model that encourages consistent annotation and
supports both query and inference.
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Introduction

Plant-pathogen interactions are the subject of intensive research, since crop
losses cause considerable economical loss. Despite its importance, the knowledge
domain has not been semantically codified to date, even though robust semantic
technologies capable of the task do exist (see Section 2). This makes the data
and knowledge of the domain computationally opaque, which hinders inferencing
and integration with other information resources. We present the Plant-Pathogen
Interactions Ontology1 (PPIO), an ontology that describes plant-pathogen interactions and offers a scaffold into which important domain data can be embedded
in a precise and computationally-transparent manner (see Section 4).
This platform combines previous ontology-related data extracted from other
sources such as the Plant Ontology Consortium Database2 , with newly created
ontology terms covering this specific knowledge domain. We utilized the infection
process of Pseudomonas syringae pv. tomato (PsPto) DC3000 as a template to
1
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identify new terms that describe the plant-pathogen interactions that take place
during disease establishment (see Section 3). The aim is to develop a system that
integrates data related with both plant physiology and plant pathology, in order
to leverage the combined knowledge of both domains to assist in interpretation
of plant-pathogen phenotypic responses and disease processes. This development
will make it possible for researchers to pose questions like the following (and
more) and obtain a meaningful answer:
– Is Arabidopsis thaliana susceptible to the attack by PsPto?
– What is the mode-of-entry for Pseudomonas syringae pv. phaseolicola?
– Do the pathogens PsPto DC300 and Pseudomonas syringae pv. phaseolicola
produce similar symptoms, and why?

2

Life Sciences Semantic Web and Plant Biotechnology

The Life Sciences Semantic Web is the result of the application of semantic technologies (RDF3 , OWL4 , and automated reasoners) to the problem of knowledge
management in life sciences [8]. It is a network of data, ontologies and associated
services that can be used to infer new knowledge automatically; this knowledge
would be very difficult to obtain by other traditional means such as, for example,
Web screen scraping.
Certain life sciences projects stand out in this endeavour through their extensive use of semantics to aid in automated data integration from non-collaborating
resources: the OBO foundry [18], a collection of biomedical ontologies including
Gene Ontology (GO) [7] and Cell Type Ontology [1]; Bio2RDF [2], an RDF resource that represents the most important Bioinformatics Data Bases; the W3C
Semantic Web for Health Care and Life Sciences Interest Group5 ; etc. In the
context of plant biotechnology, however, semantic technologies have only been
applied to a limited number of domain resources. For example, the previously
mentioned Plant Ontology Consortium developed the Plant Ontology [11] to describe plant anatomy and developmental stages. The Plant Trait Ontology [12]
is related to the Gramene project6 and defines a vocabulary for describing the
specific appearance or qualities of various plant anatomical structures. Finally,
the contribution most directly related to PPIO is the creation of the Plant Disease Ontology [19] by the extension of the human Infectious Diseases Ontology
(IDO) [5] (see Section 4 for a comparison).

3

Pseudomonas syringae as an archetype of
plant-pathogen interactions

Many bacterial genera are responsible for causing diseases in different plant
species. For example, the Pseudomonas genus contains different members, some
3
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of them lacking pathogenic life cycles, such as Pseudomonas putida, used commonly as a bioremediation agent. Other members, however, do exhibit pathogenic
activity. Pseudomonas syringae is an extensively researched example, and is the
species we used for our initial ontological modeling for this reason; the extensive
knowledge about its infection process allows us to achieve good coverage of the
axioms required to model a variety of plant-pathogen interaction phenomena,
while examining only one pathogen.
Different strains of Pseudomonas syringae differ mainly in their host specificity [9]. Tomato crops, for instance, may be susceptible to Pseudomonas syringae pv. tomato (PsPto) DC3000. This bacterium causes the plant disease
known as bacterial speck of tomato, characterized by the presence of necrotic lesions in the affected tissue, often surrounded by chlorotic halos. The disease this
bacterium causes is known to result in extensive economic loss, and is a worldwide extended significant disease. Fortunately, this bacterium is also a pathogen
for the model plant Arabidopsis thaliana [20], and as a result there is an unusual
amount of high-quality data about all stages of infection and disease-progression.
The infection process begins after the bacteria encounters a susceptible host
plant (Figure 1). At this point, it grows epiphytically on the leaf surface and the
entry through the leaf stomata takes place. Once PsPto has entered the plant
and colonization of the apoplastic space has occurred, necrotic symptoms can
be visible. Non-host and resistant plants trigger a series of molecular responses
leading to the production of the hypersesintive response, therefore activating the
plant’s resistance pathways against this pathogen.

Fig. 1. PsPto infection process.
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Plant-Pathogen Interactions Ontology

The justification for building PPIO lies in its coverage of a domain not represented by other ontologies. PPIO has been constructed, in part, through integrating terms and axioms from other ontologies, including the Plant Ontology and Plant Trait Ontology, and adding new axioms and terms that describe
pathogenic effects. The Plant Ontology is a Knowledge Base (KB) focused on
the description of plant anatomy and the developmental/morphological stages
of plants. The Plant Trait Ontology has been developed to describe plant phenotypic traits with an ontology-based vocabulary. To complement these two KBs,
PPIO is being developed from plant-pathogen interaction point of view, and
intends to describe all biological features related to this process.
The basic structure of PPIO is shown in Figures 2 and 3. PPIO follows a
“minimal axiomatic commitment” strategy: it sets the ground for further modeling, offering a “skeleton”, expressive enough for modeling what a plant pathologist needs to describe but not overly expressive such as to be demanding in terms
of axiomatic commitment (the commitment needed by a prospective ontologist
is minimal). Therefore it differs from the ontology described in [19], which is
based in the Basic Formal Ontology [17] and hence demands from the modeler
to comply with a concrete “view of the world”.
For modeling taxa PPIO follows the simplest pattern described in [16], thus
each taxon is modeled as an OWL class reproducing the Linnean taxonomy in
a simple class-subclass hierarchy. Taxonomic information is directly retrieved
from the NCBI taxonomy [15] and with each release of the PPIO is added to the
ontology through the OWL API [10] at design-time, automating the prospective
addition of more taxa as needed, in particular, as additional disease-causing
bacteria are added to the KB.

5

Conclusion

Plant diseases provoked by microorganisms have emerged as an important problem worldwide, causing substantial losses in many susceptible crops. Plantpathogen interaction studies have discovered a wide range of molecular and
physiological aspects of this process [6]; however there is currently no formal
model for capturing this information. The PPIO is designed to re-use existing
plant-related ontologies, but is the first ontological platform that encompasses
and integrates terms related to plant pathogenicity and its phenotypic consequences.
PPIO has been developed using PsPto infection as its initial modeling problem due to the extensive knowledge about this pathogenic process, but will now
be applied to other well-studied plant pathogens to demonstrate its wider utility
as a generic PPI knowledge model.
In the future, PPIO will be used to build a Plant-Pathogen Interactions KB
(PPIKB), along the lines of, for example, KUPKB [13], allowing for querying,
visualization, knowledge management, etc. We also plan to add GO annotations
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Fig. 2. OWL Class hierarchy of PPIO, showing its main components: Environment,
Pathogen, Species, etc.

[4] and novel annotations produced in-house by the CBGP wet labs, in a KB like
GOAL [14]. PPIKB will be made part of the Linked Open Data (LOD) cloud
[3], since it describes a novel information domain. Finally, we also plan to apply
inference to discover new knowledge implicit in the KB.
With this tool, we believe pathologists will be able to gain an insight into new
molecular and physiological processes, enabled by the ability to easily integrate
data from a wide range of pathogenic processes and species.
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