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Presenter
Presentation Notes
ChEBI is a database and ontology of chemical entities of biological 
 interest. As of October 2013, it contains more than 35,000 entries, 
 organised into a structure-based and role-based classification hierarchy.
 Each entry is extensively annotated with a name, definition and 
 synonyms, other metadata such as cross-references, and chemical 
 structure information where appropriate. In addition to the 
 classification hierarchy, the ontology also contains diverse chemical 
 and ontological relationships. While ChEBI is primarily manually 
 maintained, recent developments have focused on improvements in 
 curation through partial automation of common tasks. We will describe 
 a pipeline we have developed for structure-based classification of 
 chemicals into the ChEBI structural classification. The pipeline 
 connects class-level structural knowledge encoded in Web Ontology 
 Language (OWL) axioms as an extension to the ontology, and structural 
 information specified in standard MOLfiles. We make use of the 
 Chemistry Development Kit, the OWL API and the OWLTools library. 
 Harnessing the pipeline, we are able to suggest the best structural classes 
 for the classification of novel structures within the ChEBI ontology.




Chemical Entities of Biological Interest 

Freely available 
online, available for 

download in full 

Low molecular weight, 
i.e. no proteins 

Definitions, 
relationships, 

hierarchy 

E.g. metabolites, 
drugs, pesticides 

38,215 entries last 
release 



What does ChEBI provide? 

Chemical structures and  
visualisations 

caffeine 
1,3,7-trimethylxanthine  
methyltheobromine  

Names and synonyms 

Formula: C8H10N4O2 
Charge:  0  
Mass:     194.19 

Chemical data 

metabolite 
CNS stimulant 
trimethylxanthines 

Ontology –  
classifications  

MSDchem: CFF 
KEGG DRUG: D00528 
PubMed citations 

Links to more  
information 

Chemical Informatics 
InChI=1/C8H10N4O2/c1-10-4-9-6-
5(10)7(13)12(3)8(14)11(6)2/h4H,1-3H3 

SMILES CN1C(=O)N(C)c2ncn(C)c2C1=O  



Example ChEBI entry page 



Example entry page (continued) 

 



Example entry page (continued) 

 



Structure-based chemical classes in ChEBI 



The Web Ontology Language (OWL) 

 

Classes 

Relationships 

Metadata 

Axioms (these are 
quantified 

relationships) 

Definitions 

Presenter
Presentation Notes
Classes, relationships, quantifiers, definitions, IRIs, labels, other text annotations




The logic of structural chemical definitions 

coumarin 

coumarins 

soulattrolide 

has part 

Is a 

Presenter
Presentation Notes
ChEBI OWL definition example, deconstructed to show what the logical part means




A language for definitions: names mapped to 
structures in ChEBI 
thiadiazoles:  
molecular_entity and has_part  
some ( 1,2,3-thiadiazole or 1,2,4-thiadiazole  
or 1,2,5-thiadiazole or 1,3,4-thiadiazole ) 
 
bicoumarin: organic_molecular_entity and  
has_part exactly 2 coumarin 
 

Logical operators 

Counts (min, max 
and exact) 

Parts 

orlandin 



A language for definitions (2) 

organic ion: organic_molecular_entity and   
( has_charge some int[>0] or has_charge some int[<0] ) 
 

 

monocyclic compound: molecular_entity and  
has_cycles value "1"^^int 

 

Properties: charges, cycles 
Value ranges 

XSD datatypes 

Exact values 

alpha-campholenaldehyde 



Capturing definitions / axioms 

 

Presenter
Presentation Notes
(OntoEdit web-based tool – name suggestion from the ontology, syntax highlighting, error underlining)




Interpreting OWL-English definitions 

Definitions (OWL) 

ChEBI structures 

OWL Parser => 
logical 

cheminformatics 
definitions 

Novel 
structure 

Candidate 
classes 

Ranking Best classes: save is_a relations 

Matching 



An extensible, human-readable language 

• “nouns” are classes in ChEBI 

• “verbs” are interpretable relationships interpretable 

• Grammar rules are defined by the OWL language 

SMARTS 

OWL-ChEBI 
STRUCTURALLY 
DEFINABLE 
CHEMISTRY 



Limitations – No support for:  

• OWL allows at most binary relations.  

• Unable to differentiate specific attachment points 

• Relative locations 

• Stereochemistry (unless explicit in substructure) 

• “Fuzzy” substructures 

• Polymers 
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Questions? 

Thank you for listening! 

chebi-help@ebi.ac.uk 
 
 
hastings@ebi.ac.uk 
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