
Stuff you can (and should) do in OWL 
(defmacro narrow‐r‐of (class r) 
  "All r of class are class, anything with a class as r is a class" 
  `(list 
     (class ,class :partial (restriction ,r (all‐values‐from ,class))) 
     (sub‐class‐of (restriction ,r (some‐values‐from ,class)) ,class))) 

(defmacro cant‐be‐part‐of (part &rest classes)   
  "part can't be part of any of the classes" 
  `(progn 
     (class ,part :partial 
      (restriction !ro:part_of (all‐values‐from (complement‐of (union‐of ,@classes))))))) 

 (narrow‐r‐of !snap:IndependentContinuant !ro:part_of) 
 (narrow‐r‐of !snap:DependentContinuant !ro:part_of) 
 (narrow‐r‐of !snap:Role !ro:part_of) 
 (narrow‐r‐of !snap:Quality !ro:part_of) 
 (cant‐be‐part‐of !snap:TwoDimensionalRegion  
        !snap:OneDimensionalRegion !snap:ZeroDimensionalRegion) 
 (no‐parts !snap:Disposition) 

(defmacro no‐parts (class)   
  "Instances of this class can't have parts, or be parts" 
  `(progn 
     (class ,class :partial (restriction !ro:part_of (max‐cardinality 0))) 
     (class ,class :partial (restriction !ro:has_part (max‐cardinality 0))))) 

A “Pattern” (can be 
expressed in Common 
Logic too) 

You write this 

You mean this 



MetaREL 



There are only 3 class‐level relations in 
OWL‐DL 

•  EquivalentClasses 
•  SubClassOf 
•  DisjointClasses 

•  No way to add more currently 



Punning in OWL 2 
•  The same name can be used as a class and an 
individual 
– Bird is_a Animal (Class) 
– Bird has_lexical_label “Bird” (Instance) 

•  Currently read as: 
– Bird‐C is_a Animal (Class) 
– Bird‐I has_lexical_label “Bird” (Instance)   

•  From punning to not: 
– A‐I sameAs B‐I A‐C equivalentClass B‐C 

•  OK to use punning if you don’t depend on this 
inference (often you don’t) 



R1: 2 a + b <= E => c + 3 d 

•  R1 =def Process 
•  and has_participant exactly 2 a 
•  and has_participant exactly 1b 
•  and has_participant exactly 1 c and 
•  has_participant exactly 3 d 
•  and has_participant exactly 1 E 
•  and is_realization_of (substrate and inheres_in some a) 
•  and is_realization_of (substrate and inheres_in some b) 
•  and is_realization_of (product and inheres_in some c) 
•  and is_realization_of (product and inheres_in some d) 
•  and is_realization_of <the catalytic_activity> 



Phos: kinase1 + a + atp => Kinase1 + a* 
+ adp 

Phos=def Process 

and has_participant exactly 1 a 
and has_participant exactly 1 atp 
and has_participant exactly 1 adp 
has_participant exactly 1 a* 
has_participant exactly 1 Kinase1 

and is_realization_of (p‐acceptor and inheres_in some a) 
and is_realization_of (kinase_activity and inheres_in some K) 
and is_realization_of (p‐donor and inheres_in some ATP) 
and is_realization_of (product and inheres_in some adp) 
and is_realization_of (product and inheres_in some a*) 
‐‐‐ 

a* derives_from a and has_part some phosphate group 
atp has_part exactly 3 phosphate_group 
adp has_part exactly 2 phosphate_group 
‐‐‐ 
P‐acceptor = disposition and realized_in some Phos 
P‐donor = disposition and realized_in some Phos 



Process(3): What is a GO Annotation 



Problems with integrating annotations 
with other knowledge 

•  What are the entities? 

•  What are the relationships between the process and 
the entities. 

•  How can we make All‐Some statements involving 
annotations? 



A closer look 

Ask me about evidence? 



Semantic Web technology and ontology in the service 
of science 

Let our tools help 
us find mistakes 
(and other 
insights) by 
having 
representation 
that is good 
enough to be 
wrong. 

Expressed formally, and in conjunction with a reasoner, we might find that it 
can't possibly be there are instances of this class (unsatisfiable) 



Some/Some relations are useful too 

•  If they can be disproved 



A formal ontology of subcellular neuroanatomy

Figure 3. Diagram of a Node of Ranvier instance description in the SAO. The boxes indicate instances of classes that are related to one another as a
description of a particular instance of a Node of Ranvier. The blue text indicates relationships that are enforced between classes through the use of OWL
restrictions, while the black text indicates relationships defined for this instance alone.

cells include astrocytes, ependymoglial cells, oligodendrocytes, and NG2
cells, according to classifications outlined in recent literature, for example,
Reichenbach and Wolberg (2005). The reference from which a particular
entity was drawn is included as an annotation property for that entity.

The SAO does not aim to provide a comprehensive list of nerve cells
as this domain is covered in other resources, for example, BAMS (Bota
et al., 2005) and the Cell Type Ontology (Bard et al., 2005). Because the
SAO is meant to be applied to data, we anticipate that users will add cell
types from these resources to the SAO as they are encountered.

Part of cell. The SAO comprises two main classes of cell parts, following
the structure of the FMA: regional part and component part. Regional part
of cell is elaborated under the BFO concept Fiat Object Part. A fiat object
part is a part of an object that possesses at least one boundary where there
is no obvious physical discontinuity or landmark structure. For example,
the transition between a dendrite and the cell soma has no clear boundary.
Regional parts of neurons include processes, such as dendrites and axons,
the cell soma and protrusions such as dendritic spines. Regional part of glia
include the cell soma and glial processes such as astrocytic endfeet and
myelinating processes. Each of these regional parts may in turn be further
subdivided into finer parcellations. For example, dendrites are divided
into trunk, that is, the primary dendrite emanating from the cell somata,
branches, and terminal specializations. Component parts are considered
to be independent objects and represent the building blocks common to

all cells, for example, plasma membrane, mitochondrion. Components
are largely drawn from the Gene Ontology cell component hierarchy (Gene
Ontology Consortium, 2002), with additional neuron-specific parts such
as post-synaptic density added when necessary.

Molecules. Macromolecules are also elaborated within SAO under the
independent continuant class. Just as with cell types, the SAO does not
contain an exhaustive list of macromolecules, because we anticipate that
these entities are covered in other resources. As molecules are encoun-
tered in biological data, they may be added to the SAO. Because the SAO
is designed for annotation of data, we include separate entities for the
RNA, DNA, and protein forms of a molecular entity. In this way, users can
capture the target of a labeling study according to the molecular species
localized and assign the species to the correct subcellular compartment.

Properties. We have devised three major groups of properties in the SAO:
part of, morphological and spatial relationships, again largely following
the model of the FMA. Regional parts are assigned to each cell class
using restrictions, for example, neurons may only have neuronal regional
parts. The geometrical relationships among cell parts are specified by
relationships such as continuous with, for example, dendrites are contin-
uous with the cell somata; dendritic spines are continuous with dendrites.
Thus, each regional part is assumed to belong to a parent cell. Although
some properties are assigned at the level of cell class, for example, mor-
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Subcellular Anatomy Ontology 



Granularity, scale and collectivity: 
When size does and does not matter 


