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An extension of the Plant Ontology project
supporting wood anatomy and development research
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A wealth of information on plant anatomy and morphology is available in the current
and historical literature, and molecular biologists are producing massive amounts of
transcriptome and genome data that can be used to gain better insights into the development, evolution, ecology, and physiological function of plant anatomical attributes.
Integrating anatomical and molecular data sets is of major importance to the field of
wood science, but this is often hampered by the lack of a standardized, controlled
vocabulary that allows for cross-referencing among disparate data types. One approach
to overcome this obstacle is through the annotation of data using a common controlled
vocabulary or “ontology” (Ashburner et al. 2000; Smith et al. 2007). An ontology is a
way of representing knowledge in a given domain that includes a set of terms to describe
the classes in that domain, as well as the relationships among terms. Each term can
be associated with an array of data such as names, definitions, identification numbers,
and genes involved. Ontologies are fundamental for unifying diverse terminologies and
are increasingly used by scientists, philosophers, the military and online web search
engines. In an ontology, terms are carefully defined, allowing a wide array of researchers to (1) use terms consistently in scientific publications or standardized handbooks
on quality/trait evaluations, and (2) search for and integrate data linked to these terms
in anatomical, genetic, genomic, and other types of biological databases.
The Plant Ontology (PO, www.plantontology.org) is a structured vocabulary and
database resource that links plant anatomy and development to gene expression and
phenotypic datasets from all areas of plant biology (Jaiswal et al. 2005; Avraham
et al. 2008). The Wood Ontology project (http://wiki.plantontology.org/index.php/
Wood_anatomy_ontology_meeting,_2012_at_NYBG,_agenda), which was recently
initiated during the Wood Ontology Workshop at the New York Botanical Garden on
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Figure 1. A simple ontology diagram showing a subset of wood anatomy terms from the Plant
Ontology. This diagram illustrates the two most important relationships in the ontology (is_a
and part_of) and shows how data annotations are associated with ontology terms. For example, a
tracheid (PO:0000301) is_a type of tracheary element (PO:0000290) and all tracheary elements
are part_of some xylem tissue (PO:0005352). Using the relationships specified in this ontology,
a computer or human could infer that any tracheid is part_of some xylem tissue. Similarly, it
can be inferred that a tracheid is a plant cell (PO:0009002), that xylem is a type of plant tissue,
and that both are plant structures (PO:0009011).
The ontology also facilitates genomics studies through data annotations, such as genes expressed
in plant structures represented by terms in the Plant Ontology. For example, px1, a class III
peroxidase-encoding gene from Picea abies, is associated to tracheid via its effect on lignin
biosynthesis during tracheid development (Marjamaa et al. 2006). Since a tracheid is part_of
xylem, xylem also exhibits the phenotypic qualities of px1. Similarly, PgMYB2, a transcription
factor that acts as regulator of lignin and phenylpropanoid metabolism during wood formation in Picea glauca, is associated to the general term xylem, since the experiment did not
specify the exact cell type it was expressed in (Bedon et al. 2007). If a user searches the Plant
Ontology for annotations on xylem and its subtypes, both px1 and PgMYB2 will be retrieved.
If the homologs of these genes are known for other tree species, a researcher can query the mutant
and gene expression data for those species to look for genes regulating wood quality and development.
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February 5 to 7th, 2012, is a subset of the Plant Ontology with the goal of providing a
uniform vocabulary and set of logical relations for wood anatomical characters, stages
of wood development, and wood qualities. This wood-related vocabulary should be
particularly useful for annotating molecular and genomic datasets for wood formation
(e.g., Schrader et al. 2004; Tuskan et al. 2006; Melzer et al. 2008; Dharmawardhana
et al. 2010; Agusti et al. 2011) and establishing a semantic framework for comparative queries across data sets from various species. The Wood Ontology is thus being
developed in collaboration with genomic resources for trees, such as TreeGenes (http://
dendrome.ucdavis.edu/treegenes) and the Hardwood Genomics Project (http://www.
hardwoodgenomics.org).
In the Plant Ontology, the terms are each assigned a unique identifier (PO:xxxxxxx)
and are connected by defined relationships. For example, the is_a relation specifies
that one term (e.g., a structure or development stage) is a subtype of another term.
Similarly, the part_of relation describes how one term is a part of another term. For
example, Figure 1 shows that every tracheid (PO:0000301) is_a tracheary element
(PO:0000290), which is_a plant cell (PO:0009002), and every tracheary element is
part_of some xylem tissue (PO:0005352), which is_a vascular tissue (PO:0009015).
The network of terms in an ontology allows a user or a computer to interpret and analyze the relationships consistently. For example, using the relationships in Figure 1,
a computer asked to retrieve data associated with the query term “xylem” would also
return any data associated with tracheary element, and all of its subtypes, including,
amongst others, tracheid.
Why is it important to develop such a resource for our IAWA community? Increasingly,
wood scientists from different disciplines (anatomy, archeology, dendrology, genomics, mechanics, physiology, technology) are carrying out multidisciplinary research
using terminology that may or may not be consistently applied. This often happens
because two different communities either use similar terms to describe different entities or use different terms to describe the same entity, such as the words for juvenile,
crown-formed, and core wood (Amarasekara & Denne 2002). The wood anatomical
community has played a leading role in establishing a controlled glossary (IAWA
Committee 1964) and lists of anatomical features useful for wood identification (IAWA
Committee 1989, 2004) and bark identification (Trockenbrodt 1990). However, our
efforts are an exception rather than the rule in the broader field of plant science, and
the current glossary of terms is not interpreted in a relational context. By incorporating the IAWA glossary and feature lists into the PO, these vocabularies will not only
be accessible to a wider audience, but will also be accessible to computer algorithms
to perform complex database queries. For example, it would be possible to retrieve a
list of genes involved in cell wall metabolism that are expressed in all of the cell types
(or any given cell type) found in xylem. Thus, the Wood Ontology will be the means
by which new genomic and molecular data are integrated with wood anatomical data.
Finally, by expanding the PO to include a comprehensive set of terms associated with
wood anatomy, we will forge new links between research on secondary growth and
that of the larger plant biology community.
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The Wood Ontology project will provide a structured vocabulary and database resource
that will be valuable for all scientists, including the IAWA community. To maximize
the utility of the resource and analyses it empowers, it is important for researchers to
adopt the use of the ontology terms in the collection and dissemination of their data.
The PO website (www.plantontology.org) is the main portal for the Plant Ontology,
and presents the current version. Researchers can contribute to the Wood Ontology by
suggesting terms or commenting on existing definitions using the SourceForge tracker
site (http://sourceforge.net/tracker/?group_id=76834&atid=835555) after registering and logging in. Specific questions can also be sent via e-mail to the PO project
by filling out the web based feedback form (http://plantontology.org/db/feedback/
send_feedback?refer_to=/index.html), which can be reached via the “Feedback” link
from the PO home page.
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