
ONTOLOGY	  CONSTRUCTION:	  	  
	  
	  	  	  	  	  	  	  2	  EXAMPLES	  IN	  PHARMACOGENOMICS	  

E Q U I P E 	   O R P A I L L E U R 	  

Adrien	  Coulet	  



PHARMACOGENOMICS	  (PGX)	  

ADRIEN COULET – ONTOLOGY CONSTRUCTION 2 

Variation in 
humans  genes 

Variation in 
response to drugs 

figure from Y. Garten 



OUTLINE	  

1.  Principles	  of	  ontology	  construcEon	  

2.  First	  example:	  SO-‐Pharm	  
	   	   	  for	  data	  integraEon	  

3.  Second	  example:	  PHARE	  	  
	   	   	  for	  knowledge	  extracEon	  from	  text	  
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METHODOLOGIES	  FOR	  ONTOLOGY	  CONSTRUCTION	  

•  Inspirated	  from	  soSware	  engineering	  
	  
	  
	  
	  
	  
	  
	  
	  

•  For	  an	  overview	  of	  methodologies:	  
	  	  	  	  	  	  	  	  	  Asunción	  Gómez-‐Pérez	  et	  al.:	  Ontological	  Engineering,	  Springer	  (2004)	  
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figure from F. Gandon  



TWO	  PRINCIPLES	  
•  Ontology	  construcEon	  is	  a	  COLLABORATIVE	  process	  

• Knowledge	  engineer	  and	  domain	  experts	  
• Domain	  experts	  and	  domain	  experts	  
• Knowledge	  engineer	  and	  knowledge	  engineer	  

•  enables	  the	  ontology	  to	  be	  reused	  by	  applicaEons,	  projects	  

•  ExisEng	  components	  must	  be	  REUSED	  
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figures from A. Gómez-Pérez et al.  



THREE	  STEPS	  OF	  THE	  PROCESS	  

1.  SpecificaEons	  
•  ontology	  domain	  
•  granularity	  
•  use	  +	  (competency	  quesEons)	  
•  inventory	  of	  the	  domain	  data	  	  
	  	  	  	  	  	  	  	  and	  knowledge	  resources	  

2.  ConcepEon	  
•  conceptualisaEon	  
•  formalisaEon	  
•  implementaEon	  

3.  EvaluaEon	   	   	  	  
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Example:	  a	  Protein	  ontology	  
1.  	  	  

•  Human	  protein	  kinase	  family	  
•  domain	  and	  subdomain,	  	  
	  	  	  	  	  	  	  	  no	  physicochemical	  proper>es,	  	  
	  	  	  	  	  	  	  	  no	  AA	  sequences	  
•  to	  classify	  kinase	  proteins	  
•  UniProt,	  PDB,	  PO,	  etc.	  

2.  	  	  
•  kinase,	  transmembrane	  domain,	  

tyrosine	  kynase	  domain,	  etc.	  
•  TyrosineKinase ⊑ Kinase 

    TyrosineKinase ≡  
 ∃contains.TransmembraneDomain    

   Π ∃contains.TyrosineKinaseDomain 
... 
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MANUAL	  VS.	  AUTOMATIC	  CONSTRUCTION	  (1/2)	  
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1.  SpecificaEons	  
•  ontology	  domain	  
•  granularity	  
•  use	  +	  (competency	  quesEons)	  
•  inventory	  of	  the	  domain	  data	  	  
	  	  	  	  	  	  	  	  and	  knowledge	  resources	  

2.  ConcepEon	  
•  conceptualisaEon	  
•  formalisaEon	  
•  implementaEon	  

3.  EvaluaEon	   	   	  	  



MANUAL	  VS.	  AUTOMATIC	  CONSTRUCTION	  (1/2)	  
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1.  SpecificaEons	  
•  ontology	  domain	  
•  granularity	  
•  use	  +	  (competency	  quesEons)	  
•  inventory	  of	  the	  domain	  data	  	  
	  	  	  	  	  	  	  	  and	  knowledge	  resources	  

2.  ConcepEon	  
•  conceptualisaEon	  
•  formalisaEon	  
•  implementaEon	  

3.  EvaluaEon	   	   	  	  

these steps can 
 be automated 



MANUAL	  VS.	  AUTOMATIC	  CONSTRUCTION	  (2/2)	  
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•  The	  automaEon	  depends	  on	  either	  	  
•  represenEng	  what's	  in	  expert	  minds:	   	   	  	  	  	  	  	  	  	  top-‐down	  approach	  
•  represenEng	  what's	  in	  data	  (Data	  Bases,	  literatures,	  etc.):	  boJom-‐up	  approach	  

	  



TOP-‐DOWN	  VS.	  BOTTOM-‐UP	  
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Expert 

ontology ontology 

Data and  
knowledge  
resources 



TOP-‐DOWN	  (SO-‐PHARM)	  VS.	  BOTTOM-‐UP(PHARE)	  

ADRIEN COULET – ONTOLOGY CONSTRUCTION 14 

PGx expert 

SO-Pharm  
ontology 

PHARE 
ontology 

PGx Data and  
knowledge  
resources 



TOP-‐DOWN	  (SO-‐PHARM)	  VS.	  BOTTOM-‐UP(PHARE)	  
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SO-Pharm  
ontology 

PHARE 
ontology 

PGx expert 

PGx Data and  
knowledge  
resources 

•  Consensus on semi-automatic approaches 



OUTLINE	  

1.  Principles	  of	  ontology	  construcEon	  

2.  First	  example:	  SO-‐Pharm	  
	   	   	  for	  data	  integraEon	  

3.  Second	  example:	  PHARE	  	  
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WHY	  A	  PGX	  ONTOLOGY?	  

•  To	  integrate	  
• phenotype	  data	  
• genotype	  data	  
• drug	  data	  

	  both	  from	  clinical	  trial	  and	  biomedical	  resource	  
	  
•  And	  to	  serve	  as	  a	  guide	  to	  discover	  genotype-‐phenotype-‐

drug	  relaEonships	  	  
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INVENTORY	  OF	  RESOURCES	  (1/2)	  
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No	  ontology	  for	  genomic	  variaEons	  
	  
No	  ontology	  to	  arEculate	  genotype,	  phenotype	  and	  drug	  concepts	  

Drug  
ontologies 

     Phenotype 
ontologies 

Genotype 
ontologies 

? 

NEED	  FOR	  A	  PGX	  ONTOLOGY	  
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No	  ontology	  for	  genomic	  variaEons	  
	  
No	  ontology	  to	  arEculate	  genotype,	  phenotype	  and	  drug	  concepts	  

Drug  
ontologies 

     Phenotype 
ontologies 

Genotype 
ontologies 

? 

SNP-Ontology 

NEED	  FOR	  A	  PGX	  ONTOLOGY	  
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No	  ontology	  for	  genomic	  variaEons	  
	  
No	  ontology	  to	  arEculate	  genotype,	  phenotype	  and	  drug	  concepts	  

 SO-Pharm 

Drug  
ontologies 

     Phenotype 
ontologies 

Genotype 
ontologies 

NEED	  FOR	  A	  PGX	  ONTOLOGY	  
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INVENTORY	  OF	  RESOURCES	  (2/2)	  
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•  List	  of	  ontologies	  to	  reuse	  (parEal)	  

•  List	  of	  concepts	  not	  represented	  



UML class diagram around the concept of Clinical Item 

PATO: Phenotypic Quality Ontology 
MPO:   Mammalian Phenotype Ontology 
DO:      Disease Ontology 
MECV: Mutation Event Controlled Voc 
SNPO: SNP-Ontology 

CONCEPTUALISATION	  

23 ADRIEN COULET – ONTOLOGY CONSTRUCTION 



24/36 

FormalisaEon	  and	  implementaEon	  
• OWL	  DL	  with	  Protégé	  
• 70	  concepts	  that	  arEculate	  15	  ontologies	  

Diffusion	  
• OBO	  Foundry	  
• BioPortal 

 SO-Pharm 

SO-‐PHARM	  
Drug  
ontologies 

     Phenotype 
ontologies 

Genotype 
ontologies 



	  
	  
	  

Patient 

ClinicalTrial 

PhenotypeItem 

GenotypeItem 

 patient01 

 exa_yes 

 per_fev_sup_.08 

rs2239996_AG 

rs2239996_AA 
rs3887893_CC 
rs3887893_CG 

isEnrolledIn 

hasClinicalItem 

 montelukast_study 

 isoniazid_study 

 montelukast2_study 

Montelukast
Study 

Phenotype Genotype 

Exacerbation 
(Crise d’asthme) 

%Change in 
FEV (VEMS) 

rs2239996 rs3887893 rs4148356 … 

patient01 yes 0.01 A/G C/C G/G … 

patient02 no 0.1 A/G C/G G/G … 

 exa_no 

 per_fev_inf_.08 

Variant 

rs2239996 

rs3887893 

Gene 

ABCC1 

LTA4H 

Pathway 

Leukotrien_pathway 

Calcium_signaling 

dbSNP Variant Gene Region … 

rs223996 A/G ABCC1 exon … 

rs3887893 C/G ABCC1 intron … 

isAlleleOf 
isLocatedOn isInvolvedIn 

Gene Pathway … 

ABCC1 leukotrien … 

LTA4H Calcium signaling … 

Caption 
 
 
 

 Concept 

 Individuals 

 Role 

USE	  OF	  SO-‐PHARM	  (1/2)	  
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USE	  OF	  SO-‐PHARM	  (2/2) 	   	  	  	  	  	  [COULET	  ET	  AL.,	  ADV	  EXP	  MED	  BIOL,	  2011]	  

protocole_m montelukast_treatment 

isComposedOf isDefinedBy 

hasClinicalItem 

 exa_yes 

 per_fev_sup_.08 

rs32095_AG 

rs321092_AG 

Patient 

PatientWithLowFEVChge 

 patient01 

montelukast_study 

isEnrolledIn 

interactsWith 

•  New & pertinent knowledge 
–  Description of patient sub-groups 

 
–  Description of relationship between SNPs 

–  Description of genotype – disease – drug relationships 

•  Extend results from initial clinical study 

FEV > 0.08 

rs32095_AG Montelukast 
treatment 

Caption 
 
 
 

 Concept 

 Individuals 

 Role 

ADRIEN COULET – USING BIO-ONTOLOGIES… 26 

new 	

knowledge unit	




OUTLINE	  
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“P-gp variants 
augment the 

intolerance to  
methopterin” 

“SNPs in ABCB1 
increase methotrexate 

sensitivity” 
increase (ABCB1_SNPs,  

         methotrexate_sensitivity) 

augment (P-gp_variants,   
      methopterin_intolerance) 

increases (ABCB1_variant,  
                  methotrexate_sensitivity) 

NEED	  TO	  NORMALISE	  PGX	  RELATIONSHIPS	  
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 increase ( ABCB1_gene,  methotrexate_effect ) 

type 

modifier head entity 

object subject 

modifier head entity 

…out of Medline	
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WE	  OBTAINED	  RELATIONS	  AND	  CONCEPTS	  AUTOMATICALLY	  
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WE	  GROUPED	  SYNONYMS	  MANUALLY	  	  
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SNAPSHOT	  OF	  THE	  ROLE	  HIERARCHY	  
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SNAPSHOT	  OF	  THE	  CONCEPT	  HIERARCHY	  
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•  NormalisaEon	  of	  the	  relaEon	  type	  

•  NormalisaEon	  of	  the	  subject	  and	  of	  the	  object	  
	   	   	  	  

ABCB1 

P-gp_variants 

ABCB1 hasLabel {ABCB1, P-gp} 

ABCB1_variant 

Gene (ABCB1) 
Variant hasLabel {variant, SNP} 

Variant ⊑  modified some Gene 

methotrexate 

methopterin_tolerance 

methotrexate _sensitivity 

increases 

augment 
increases hasLabel {increase, augment} 

affect ( P-gp_variants,  methopterin_tolerance ) 

increases  ( ABCB1_variant, methotrexate_sensitivity ) 

Start: 

End: 

NORMALISATION	  

33 



PHARE	  ONTOLOGY:	  GENE	  VARIANT	  
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PHARE	  ONTOLOGY:	  DRUG	  SENSITIVITY	  
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PHARE	  TRIPLET	  

36 



•  Knowledge	  extracEon	  from	  text	  
•  to	  guide	  PharmGKB	  curators	  
•  to	  propose	  PharmGKB	  users	  addiEonal	  content	  

•  Discover	  new	  knowledge	  
•  using	  reasoning	  

•  using	  machine	  learning	  

Bethany	  Percha	  et	  al.,	  PSB	  2012	  
with	  drug-‐drug	  interac>ons	  
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CONCLUSIONS	  

•  Not	  perfect	  examples	  but	  illustraEve	  
•  lots	  of	  construcEon	  choices	  can	  be	  discussed	  

	  "top-‐down	  for	  data	  integra>on?"	  
	  "why	  not	  using	  WordNet	  for	  rela>onship	  normaliza>on?"	  

•  New	  tools	  make	  construcEon	  easier	  
• the	  Bioportal	  for	  diffusion	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  for	  searching	  knowledge	  resources	  
• the	  NCBO	  Resource	  Index	  for	  searching	  data	  reasources	  
• the	  NCBO	  Ontology	  Recommender	  

•  A	  never	  ending	  process:	  	  
• Akempt	  to	  build	  a	  PGx	  ontology	  for	  other	  use	  cases	  
• with	  the	  HCLS	  Interest	  Group	  @	  w3c	  
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THANKS	  	  

ADRIEN COULET – ONTOLOGY CONSTRUCTION 39 


