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Motivation

• Semantic data integration is necessary for lipid 
research yet this is poorly achievable due to an 
absence of a single unified, consistent, and 
universally accepted lipid classification system.

• Lipid nomenclature is  highly heterogeneous. • Lipid nomenclature is  highly heterogeneous. 
– Not semantically explicit

– Many conflicting nomenclatures and multiple synonyms

– Graphically dependent definitions

– Lack of universal systematic nomenclature



LIPID Nomenclature

LIPIDMAPS

• Class names inconsistent with 
instances

• Classes with no instances

• Lack semantic & textual 

IUPAC

• Open to erroneous 

interpretation by 

scientists

• Too bulky for adoption 
• Lack semantic & textual 

definitions

• Use of “dumping ground” 
classes to hold lipid instances 
that do not “fit in”

• Not all instances classified by 
structure; some by functions 
& biosynthetic origin (lack of 
consistency in classification)

Upto (2009)

• Too bulky for adoption 

• No informatics 

implementation

• Re-interpretations and  

implementations not 

scientifically robust.



Objectives 

• Formalize and represent lipid nomenclature & classification 

hierarchy in the web ontology language(OWL-DL)

• Provide access to lipid definitions that are:

– Independent of graphical descriptions 

– Semantically explicit

– Amenable to inference / classification based reasoning

• To make available: 

– a systematic and formalized OWL-DL definitions of lipids for testing 

appropriateness of existing nomenclature to lipid structures. 

– serve as a reusable standard for lipid researchers and the lipid 

bioinformatics community

– Formal annotations to users doing Knowledge discovery tasks



SA: Core System Components

• OWL-DL Lipid Ontology

• Natural Language Processing (GATE/JAPE)

• Semantic Assistant Framework

• Ontology Axiom-Extractor • Ontology Axiom-Extractor 



Lipid Ontology: a history

2007 2008 2009 2010
FIRST-ISWC 2007   - Early Text Mining  / Simple  Ontology / modeling  lipid nomenclature

BMC Bioinf. 2008    - Baseline Ontology  / Text Mining  / Visual Query 

ISMB 2008   - Text Mining / Apoptosis / Data Mining for Transitive Relations 

OBO  2009   - Online Listing

AMIA 2009   - Text Mining / Ovarian Cancer

HS Low MSc 2009 - Formal Lipid Ontology 

ICBO 2009    - OWL-DL Ontology for classification of Lipids

IntOnt 2010  - Lipid Ontologies

ACS 2010       - Semantic Chemistry - Corpus Annotation with Lipid Ontology Axioms



Lipid Ontology

Lipid Hierarchy

Concept Definitions

DL Axioms
Graph fragment

http://www.lipidprofiles.com/LipidOntology/LiPrO-02042009.owl  

Total No. of Classes 715

No. of Lipid Classes 492

Primitive Lipid Classes 107

Defined Lipid Classes 268

Total No. Restrictions 901

Total No. Properties 41

DL Expressivity ALCHIQ(D)



Organic Group

Total no. of simple organic group = 95 (2009) 

hasPart

Lipid Organic_Group

PartOf

Extensions 

required to 

support lipid 

characterization

Organic group 

From Chemical 

Ontology



Lipid Axioms



SA: Core System Components

• OWL-DL Lipid Ontology

• Natural Language Processing (GATE/JAPE)

• Semantic Assistant Framework

• Ontology Axiom-Extractor • Ontology Axiom-Extractor 



Ontology Population Workflow



Mapping Named Entities to Axioms



SA: Core System Components

• OWL-DL Lipid Ontology

• Natural Language Processing (GATE/JAPE)

• Semantic Assistant Framework

• Ontology Axiom-Extractor • Ontology Axiom-Extractor 



Semantic Desktop Assistant

René Witte and Thomas Gitzinger. 

Semantic Assistants – User-Centric Natural Language Processing Services for Desktop Clients.

3rd Asian Semantic Web Conference (ASWC 2008), February 2–5, 2009, Bangkog, Thailand. 

Springer LNCS 5367, pp. 360–374. (Acceptance rate: 31%)



Semantic Assistant Framework



Core System Components

• OWL-DL Lipid Ontology

• Natural Language Processing (GATE/JAPE)

• Semantic Assistant Framework

• Ontology Axiom-Extractor • Ontology Axiom-Extractor 



Online Annotation workflow



Offline Annotation Workflow
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Core System Components

• OWL-DL Lipid Ontology

• Natural Language Processing (GATE/JAPE)

• Semantic Assistant Framework

• Ontology Axiom-Extractor • Ontology Axiom-Extractor 

• Clients:

– Open Office

– Firefox





Annotates Lipids

- Cannonical Name

- Lipid Ontology Class

- Functional groups allowed for specific lipid class i.e. 

Kouznetsov , Witte, Baker (2010)



- Canonical Name

- Lipid Class

- Equivalent Class 

Axioms (Functional Axioms (Functional 

groups lipid classes) 



Migration to Firefox

1) Firefox

2) GreaseMonkey Plugin

3) Install Lipid SA service (Java Script / Tomcat)
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