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Post-genomics challenges: our contribution     

1. Data overload is1. Data overload is massive: massive: 
genetic sequences, genetic sequences, 
textual datatextual data……

2. Genomics and proteomics 2. Genomics and proteomics 
database database curationcuration is is 
partial: 20% in DB, vs. partial: 20% in DB, vs. 
80% in text80% in text

3. Medical outcomes are3. Medical outcomes are
limited: clinical research, limited: clinical research, 
medicinal chemistrymedicinal chemistry……

Need automatic Need automatic 
approachesapproaches

Speed up database Speed up database 
curationcuration/annotation/annotation
[[BioCreativeBioCreative]]

Filling the gap between Filling the gap between 
medicine and molecular medicine and molecular 
biology…biology…
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By adding medical annotation in UniProt

•• Make explicit and enrich medical contents, Make explicit and enrich medical contents, 
focusing on two objectives:focusing on two objectives:
•• DiseaseDisease--related informationrelated information
•• DrugDrug--related informationrelated information

•• PrioritiesPriorities
•• P1:Proteins with known pathological functions [OMIM]P1:Proteins with known pathological functions [OMIM]

~ make explicit well known and established facts ~ make explicit well known and established facts 
•• P2:Other proteinsP2:Other proteins

~ discover new phenotype/genotype associations~ discover new phenotype/genotype associations
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Swiss-Prot curation of DPYD: Comments and OMIM Links

Defects in DPYD are the cause of dihydropyrimidine
dehydrogenase deficiency [MIM:274270]; also (…) 
severe reaction to the anticancer drug 5-
fluorouracil. This reaction includes stomatitis, 
leukopenia, hair loss, cerebellar ataxia, (…)

Disease
Patient safety/Adverse effects
not listed in TERIAC !
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Useful links for DPYD: MEDLINE 
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MEDLINE contents for PMID:9439663 [DPYD-linked]

MeSH Terms:
Antimetabolites, Antineoplasic

Substances:
Fluorouracil

Cancer patients with this defect 
should not be treated with the 
usual dose of 5-fluorouracil (…)

Pharmacovigilance/Signaling
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Meningomyeloceles
Hearing loss

Abnormality/Symptoms

Swiss-Prot curation of PAX3: Variants + Phenotype
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Synonyms
Spina Bifida (historical)
Myelocele
Myelomeningocele
Meningomyelocele

Ontological inference
Neural Tube Defects    

Nervous System Diseases
Nervous System Malformations

Meningomyelocele
Abnormalities

Broader semantics UMLS

Inference… for retrieving/accessing data
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Output of medical annotation for DPYD
dihydropyrimidine dehydrogenase deficiency(Disease or Syndrome T047)
dihydropyrimidine dehydrogenase (Amino Acid...T116/Enzyme T126 ) 
thrombocytopenias (Disease or Syndrome T047)
cerebellar ataxia (Sign or Symptom T184) 
5-fluorouracil (Nucleic Acid T114/Pharmacologic Substance T121)
humans (Population Group T098)
leukopenias (Laboratory or Test Result T034/Pathologic Function T046)
stomatitis (Disease or Syndrome T047)
thymine (Nucleic Acid T114/ Biologically Active Substance T123)
cancers (Neoplastic Process T191)

dihydropyrimidine dehydrogenase deficiency + Traceable statement
thrombocytopenias
cerebellar ataxia
leukopenias
stomatitis
neoplams
Humans
dihydropyrimidine dehydrogenase
5 fluorouracil

+

-

Statistical
Ranking

Disease-related

Drug-related

Populations
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Cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
Cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Automatic categorization

Architecture

Swiss-Prot
Comments
Links/Feat.

MeSH
UMLS

PubMed
Text
Categories

Full-textOMIM

Field selection + Parsing

Morphological parsing, stemming…

Source specific ranking +Combination

UniMedKB Navigation Engine

DrugBank

Selection of terminology
Disease:diagnosis, abnormality…

Drugs, chemical substances

Project Architecture: Current Experiments

Cancer patients with this defect 
should not be treated with the
usual dose of 5-fluorouracil.

PMID-94396630.5CancerdpydQ12882

5-fluorouracil

MeSH/UMLS

Q12882

SPROT

SP-Q12882-DISEASE0.889dpyd

Traceable StatementID (OMIM, MEDL…)ScoreName
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Current status of the project

•• BenchmarkBenchmark
60 random 60 random UniProtUniProt entriesentries
92 disease comments (~2.14)92 disease comments (~2.14)
82 refs to OMIM82 refs to OMIM

V1: Diseases, i.e. ~2.5 categories per proteinV1: Diseases, i.e. ~2.5 categories per protein

V3: All medical entities: anatomy, drugs, populations…V3: All medical entities: anatomy, drugs, populations…
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Method 1: High precision

•• Focus on diagnosisFocus on diagnosis
Regular expressionsRegular expressions

cause ofcause of, , involve in, involve in, contribute(scontribute(s) to, ) to, cause(scause(s) + ) + 
Disease + [MIM#]Disease + [MIM#]

OMIM phenotypes and OMIM phenotypes and gene+phenogene+pheno (#+)(#+)
Titles + alternative symbolsTitles + alternative symbols

Mapping to Mapping to MeSHMeSH
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Method 2: Categorization by Ranking

•• AppliedApplied to to thethe wholewhole CC DISEASE [CC DISEASE [RuchRuch andand alal 2006]2006]

•• FSA Pattern matcher to FSA Pattern matcher to detectdetect adjacent adjacent featuresfeatures
wordword11……wordwordnn wordword11……wordwordnn N=N=LenLen(w)(w)
wordword11……wordwordnn wordword11…… __[[**,1],1] ……wordwordnn

BooleanBoolean scoringscoring
•• VectorVector SpaceSpace: Porter stems + TF*IDF : Porter stems + TF*IDF weightingweighting [VS][VS]

DataData--drivendriven scoringscoring

•• IndexingIndexing unitsunits::
•• StemsStems
•• LinguisticallyLinguistically--motivatedmotivated phrasesphrases
•• ThesaurusThesaurus
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Vector space parameters
•• TF: TF: weightweighttermterm = f(= f(termterm frequencyfrequency))
•• IDF: IDF: weightweighttermterm = f(document frequency= f(document frequency--11))
•• NormalizationNormalization: to balance long : to balance long andand short documentsshort documents
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Mean average precision: MAP

0.200.200.920.920.800.80RegExRegEx + VS + VS 
+Thesaurus+Thesaurus

MAPMAPTopTop
PrecisionPrecision

Precision Precision 
at 3at 3

Ruch 2006: MeSH ~ 92%
GO ~ 17%

Now: MeSH ~ 95%
GO ~ 30% (+76%)

GOCat: A Gene Ontology Annotation Tool
http://www.geneontology.org/GO.tools.annotation.shtml#gocat
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Method 3: Combination with Bibliometrics

•• Follow all bibliographical references to MEDLINEFollow all bibliographical references to MEDLINE
•• In SwissIn Swiss--ProtProt
•• In OMIM, via CCIn OMIM, via CC--DISEASE DISEASE 

•• Rank Medical Rank Medical SujectSuject Headings by frequencyHeadings by frequency
•• MeSHMeSH--widewide

•• Combined with previous statistical estimatesCombined with previous statistical estimates

•• Filter by UMLS Semantic TypesFilter by UMLS Semantic Types
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Results: Method 1 [Pattern matching]

•• Recall out of 92 diseases [Exact match]Recall out of 92 diseases [Exact match]
16 from Swiss16 from Swiss--ProtProt 17%17%
21 from OMIM21 from OMIM 23%23%
27 from both        27 from both        29% 29% (P=100%)(P=100%)

•• + Partial match:+ Partial match:
recall = 49%recall = 49%
precision = 80%precision = 80%
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Overview results: Method 1 + 2 + 3

0.490.49

0.800.80

11

0.57 (+ 16%)0.57 (+ 16%)0.570.57Recall after 15 categoriesRecall after 15 categories

0.84 (+ 5%)0.84 (+ 5%)0.830.83Precision at recall = 0Precision at recall = 0

1 + 21 + 2** + 3*+ 3*2* + 3*2* + 3*

* Applied on all the content of DISEASE fields* Applied on all the content of DISEASE fields

• The improvement is significant for recall
• Marginal for precision…
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Error analysis: Case with MAP = 0 [Method 2 + 3]
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Observation/Discussion

•• OMIM provides better synonyms than OMIM provides better synonyms than MeSHMeSH

• The benchmark contain only diagnosis, while 
other categories are relevant: signs, symptoms…

Benchmark must be enriched

•• Use domainUse domain--specific regularitiesspecific regularities
Skin diseases Skin diseases Skin diseasesSkin diseases, genetic, genetic

•• Enrich existing terminologiesEnrich existing terminologies
Protein X Protein X Protein X Protein X deficiencydeficiency
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Conclusion

•• Automatic medical annotation is feasibleAutomatic medical annotation is feasible
•• Using existing Using existing curatedcurated KB is effectiveKB is effective

•• NosographyNosographyOMIMOMIM > > MeSHMeSH for genetic diseasesfor genetic diseases
obtain a better vocabulary for diseasesobtain a better vocabulary for diseases……
importance o additional resourcesimportance o additional resources
such as SNOMED or ICDsuch as SNOMED or ICD
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