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Overview 

v  Ontologies 
•  Terms and definitions 
•  Relationships 
•  The Gene Ontology 

v  Signaling in GO 
•  The definition of ‘signaling’ 
•  A history of GO signaling terms 
•  GO and other ontologies: introducing cross products 

v  Linking genes with processes in the ontology 
•  Annotating 



 

 

ONTOLOGIES 



What is an Ontology? 

v  Dictionary:  
•  A branch of metaphysics concerned with the nature and relations of being 

(philosophy) 

•  A rigorous and exhaustive organization of some knowledge domain that is 
usually hierarchical and contains all the relevant entities and their relations. 

•  A formal representation of the knowledge by a set of concepts within a domain 
and the relationships between those concepts (computer science) 

v  Barry Smith:  
•  The science of what is, of the kinds and structures of objects, properties, 

events, processes and relations in every area of reality.  

v  In English:  
•  The representation of something we know about, with relationships between 

the different parts of that thing. 



Why do we need ontologies? 

v  Increasing amounts of biological data available 

v  Large datasets need to be interpreted 

v  Increasing amounts of biological data to come 



What’s in a name? 

v  Inconsistency in naming of biological concepts 

•  The same concept can be described by different names 
–  glucose biosynthesis 

–  glucose synthesis 

–  glucose anabolism 

–  glucose formation 

–  gluconeogenesis …… 

•  The same name can be used to describe different concepts 



 

 
A: It depends who you ask … 

Q: What is a cell? 



Ontologies.. more than just a list of terms 

v  Standards offer a controlled list/vocabulary
(CV) of terms 

v  Ontologies go a step beyond to model the 
relationships between them 



The GO… 

v  Three ontologies that describe the roles of gene products. 

Cellular Component 
GO term: mitochondrion 
GO id: GO:0005739 
Definition: A semiautonomous, self 
replicating organelle that occurs in 
varying numbers, shapes, and sizes 
in the cytoplasm of virtually all 
eukaryotic cells. It is notably the 
site of tissue respiration.  

Molecular Function	
GO term: Malate dehydrogenase. 	
GO id: GO:0030060	
(S)-malate + NAD(+) = oxaloacetate + NADH.	
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Biological process 
GO term: mitotic cell cycle ; GO:0000278 
Definition: Progression through the phases of the mitotic cell 
cycle, the most common eukaryotic cell cycle, which canonically 
comprises four successive phases called G1, S, G2, and M and 
includes replication of the genome and the subsequent segregation 
of chromosomes into daughter cells. In some variant cell cycles 
nuclear replication or nuclear division may not be followed by cell 
division, or G1 and G2 phases may be absent 

	  



GO is, and GO isn’t 

v  GO IS: 
•  species independent 
•  Covers normal processes 

v  GO is NOT: 
•  No pathological/disease processes 
•  No experimental conditions 
•  No evolutionary relationships 
•  Not gene products (Can’t have ‘Notch activity’) 
•  NOT a nomenclature system 



Relationships Between GO terms 

v  is_a  
•  (lyase activity is a catalytic activity) 

v  part_of 
•   (nucleus is part of the cell) 

v  regulates  
•  (cell cycle checkpoint regulates the cell cycle) 

v  has_part  
•  CAAX-box protein maturation has_part protein prenylation) 
•  RNA binding transcription factor activity has_part transcription regulatory 

region RNA binding 

•  ….. FULL GO ONLY 

 



is_a complete 

v  For all terms in the ontology, you have to be able to reach the 
root through a complete path of is_a relationships: 
•  we call this being is_a complete 

•  important for reasoning over the ontology, and for ontology development 
(everything is_a something) 

Nephron development is part_of 
kidney development 
 
Nephron development is_a 
anatomical structure development, 
which is_a developmental process, 
which is_a biological process 



is_a complete 

v  is_a complete does mean that you often need to 
give a term a high-level is_a parent, in addition 
to a more granular part_of parent. 



IntraOntology Links 

v  GO was originally three completely independent hierarchies, 
with no relationships between them 

 

v  As of 2009, GO has started making relationships between 
biological process and molecular function in the live ontology 

v  Biological processes are ordered assemblies of molecular 
functions 



IntraOntology Links 

Function 

Function Process 



Building GO 

v  Term Name 
•  Lowercase 
•  Singular (E.g. mitochondrion) 
•  Expanded, not abbreviated (epidermal growth factor receptor 

binding) 
•  As precise as possible (syncytium formation, cell growth) 

v  ID 
•  Stable  

•  obsolete, don’t delete.  
•  Can become secondary 
•  Never re-used 

v  Synonym 
•  Optional 
•  Exact / Broad / Narrow / Related 



Building GO 

v  Namespace 
•  Biological process/Molecular function/Cellular component 

v  Relation(s) 
•  Add information to the definition 

•  Child terms can have multiple parents, and parent terms can have 
multiple children. 

•  MUST have an is_a parent 

 



Building GO 

v  ****** Definition ****** 
•  UNAMBIGUOUS meaning of each concept 
•  Beginning and an end (for processes) 
•  Many definitions don’t conform at the moment 
•  For annotators, defined start and end points are necessary 

when deciding between ‘x process’ and ‘regulation of x 
process’ terms 

v  References to support the definition 
•  PMID 
•  ISBN 
•  GOC:bf, GOC:go_curators, GOC:BHF 



Building GO 

v  Comment 
•  Clarify meaning of term 

•  This term is intended for …… 
•  This term should not be used to annotate ….. 
•  Consider also annotating to the term …. 
•  This term does not have x parent because …. 

 
v  Cross References 

•  Wikipedia 
•  Reactome 
•  Other OBO ontologies (cell ontology, anatomy ontologies) 



Building GO 

v  Terms can be: 
•  Merged 

•  Obsoleted 

•  Split 

•  Moved to a new parent 

•  Given new children 

v  The GO ID is associated with the definition. Therefore, if the definition 
changes, the editors often obsolete the term and create a new replacement 
term. 



 

 

ON TO SIGNALING …. 



 

 

A BRIEF HISTORY OF  

SIGNALING IN GO 



How It Used To Look 
top level signaling term 

Signaling pathways 
began with an 
activated receptor, 
and did not include 
the ligand 

Mixed bag of child 
terms 



Intracellular signaling.. a mixed bag 



 

 

SPLIT INTO PROCESS AND 
PATHWAYS 



‘signaling	  pathway’	  &	  
‘signaling	  process’	  are	  
siblings	  

‘signaling	  pathway’	  and	  
‘signal	  transduc7on’	  aren’t	  
connected	  

Pathway/Process	  Split	  



 

 

COMING TO THE PRESENT… 



Here’s how it looks now… 

signaling	  pathways	  under	  
signal	  transduc7on.	  

Split	  into	  mul7-‐organism,	  mul7cellular	  
organism,	  and	  cellular	  signaling	  (to	  
match	  split	  in	  GO	  process).	  

…simplified	  to	  aid	  more	  consistent	  
annota7on	  



 

 

LINKING GENES TO PROCESSES 
IN THE ONTOLOGY…. 



Curators	  read	  
primary	  literature	  

GO:0047519	  
IDA	  

P05147 	  GO:0047519	  	  IDA 	  	  	  	  	  PMID:2976880	  

GO Term 

PMID:	  2976880	  

Reference 

Evidence 

      Curators	  Annotate	  Gene	  Products	  using	  GO	  

P05147	  

Gene Product 



Ontology Development and Annotation  
hand-in-hand 

v  We have to consider which gene products could be annotated to 
each term 

v  A gene product can be RNA or protein (but for annotation 
purposes is normally a protein) 



Aims of the GO Signaling Workshop 

v  Get together experts, GO editors and GO annotators to standardize 
the top-level signaling terms and signaling concepts in GO. 

v  Create a curation manual, so curators know which terms are 
appropriate to annotate: 
•  Ligand 

•  Receptor 
•  Downstream signaling molecule 

•  Upstream regulator (sequestering protein, protein that aids 
transport of ligand between cells, protein that secretes ligand). 

…. lead to a paper on how signaling is represented in GO.  



Practicalities 

v  Edits done in OBO-Edit, and saved 

v  Will email round a list of new/changed terms for approval 
before committing to the live file. 

v  ID Range for the meeting:  
•  GO:0038001 – GO:0039000 

v  DBxref for the meeting: 

•  GOC:mtg_signaling_feb11 



 

 

Questions? 


