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Comparative studies

Lundberg & Akama 2005

Developmental genetics

Specimen-based 
descriptions

How to associate 
phenotypes with 

taxa and organisms?
http://www.linnean-online.org/

http://www.linnean-online.org
http://www.linnean-online.org


Assumptions

• EQ phenotype model: opercle, triangular

• OWL DL: classes vs. individuals

• has_part some (opercle and bearer_of some 
triangular)



Taxonomic hierarchy

http://www.ncbi.nlm.nih.gov/

Tetrapoda

Amniota Amphibia

Mammalia

Sauropsida
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Gymnophiona

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9604
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9604
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[Term]
id: NCBITaxon:32523
name: Tetrapoda
is_a: NCBITaxon:8287
synonym: "tetrapods" EXACT genbank_common_name []
xref: GC_ID:1

[Term]
id: NCBITaxon:32524
name: Amniota
is_a: NCBITaxon:32523
synonym: "amniotes" EXACT genbank_common_name []
xref: GC_ID:1

[Term]
id: NCBITaxon:8457
name: Sauropsida
is_a: NCBITaxon:32524
synonym: "sauropsids" EXACT genbank_common_name []
xref: GC_ID:1

[Term]
id: NCBITaxon:40674
name: Mammalia
is_a: NCBITaxon:32524
synonym: "mammals" RELATED blast_name []
synonym: "mammals" EXACT genbank_common_name []
property_value: has_rank NCBITaxon:class
xref: GC_ID:1

OBO format



Genus-differentia?

• Tetrapoda = (Vertebrata and has_part 
exactly 4 limb)

• Mammalia = (Amniota and has_part some 
hair and has_part some mammary_gland)



Are taxa really classes?

• “Organisms belong in a particular species 
because they are part of that genealogical 
nexus, not because they possess any 
essential traits” — David Hull

• Differentiating characteristics help us to 
identify groups, but groupings aim to 
represent shared evolutionary history



Practical requirements
• Which species exhibit a yellow fin?

• Which species exhibit both blue and yellow fins?

• In which families can we find organisms without 
scales?

• Which taxa possess hair as a direct ancestral 
condition?

• Which taxa had some ancestor with hair?

• Annotate phenotypes which differ from the 
ancestral condition



Class problems

• Tetrapoda = (Vertebrata and has_part 
exactly 4 limb)

• Snake: SubClassOf  (Tetrapoda and has_part 
exactly 0 limb)

• Cumbersome to represent polymorphism, 
evolutionary reversals/losses without 
unintended inferences and logical 
inconsistencies
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Individual model
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Individual model
• subclade_of/contains_clade - taxon–taxon (transitive)

• member_of/has_member - organism–taxon

• member_of o subclade_of → member_of

• has_ancestor/has_descendant - organism–organism 
(transitive)

• has_progenitor - taxon–organism (ancestor of members)

• member_of o has_progenitor → has_ancestor

• subclade_of o has_progenitor → has_ancestor_to_members



Query for a basic phenotype, returning species 
only:



Polymorphism (maybe):



A newly observed reversal of an ancestral 
condition:



Class-based alternative?

• Ictalurus_punctatus: SubClassOf 
has_ancestor some (Ictalurus_punctatus  
and has_descendant some (has_part some 
(caudal_fin and bearer_of some 
bifurcated)))

• Not able to meet all the requirements, and 
less understandable (to me)



Taxonomic restrictions
Uberon uses relations to 
constrain applicability of 
anatomical terms:

UBERON:bone: SubClassOf 
in_taxon only Vertebrata

Using our approach:

UBERON:bone: SubClassOf 
in_taxon only (member_of value Vertebrata)

UBERON: bone Vertebrata
only_in_taxon

(Melissa Haendel)



Summary

• In OWL-DL, at least, we have to choose class 
or individual for our model entities

• Individual representation...

• perhaps closer fit to evolutionary reality

• addresses query use-cases straightforwardly

• Can directly associate properties with taxa 
(e.g. ranks)



Feedback

• Use-cases which call for classes?

• Modifications or additions to the proposed 
taxon–organism relations?

• Example ontology:

! http://tinyurl.com/ICBO-taxonomy

http://tinyurl.com/ICBO-taxonomy
http://tinyurl.com/ICBO-taxonomy
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