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Outline

• Bioinformatics in translational research
• UniProtKB/Swiss-Prot

o A hub to biological resources 
o Disease-related information content

• UniMed
o Project objectives
o Terminology mapping
o Citation mapping
o Discussion and work in progress
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The role of bioinformatics in biomedical 
research and future clinical patient care

Health problem
in a patient

Bioinformatics:
-Data storage and representation
-Large-scale data generation
-Large-scale data analysis

Basic research 
results stored in 
databases

Basic research:
-what is the mechanism?
-Epidemiological studies

Basic research:
-what is the mechanism?
-Epidemiological studies

up-to-date knowledge 
and large-scale 
results:
-research direction
-New hypothesis

Drug development
Clinical trials

Clinical patient care:
Doctor prescribes an 
individualized treatment 
plan.

MolecularMolecular--level decisionlevel decision--support tools:support tools:
--Structured knowledge representationsStructured knowledge representations
--‘‘FilteredFiltered’’ information on fundamental biological information on fundamental biological 
mechanisms mechanisms 

Treatment outcome
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UniProtKB/Swiss-Prot

High quality manually curated
protein sequence knowledgebase

19,804 human proteins

Disease annotation:
- Link to 15,000 OMIM entries
- Link to other specialized databases   
(PharmaGKB, DrugBank)

- 43,667 variants (or polymorphisms)
- >3’000 associated diseases

Biological process:
- Function annotation
- Pathway annotation
- Protein-protein interaction 
- Link to DIP, INTACT, Reactome
- GO annotation

Genomic data:
- HGNC, Genew, GeneCards, GenAtlas
- Expression data (e.g. CleanEx)
- Genome details: Ensembl

Structural annotation:
- Domain and PTM annotation
- Link to InterPro and other 

domain and family databases
- Link to PDB

References
Links to >100 other databases
Over 99’000 journal citations
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Disease information in UniProtKB/Swiss-Prot
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Variant information
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Information access

• UniProtKB/Swiss-Prot contains information related 
to protein involvement in pathologies and provides 
access to many high quality resources with biological 
or medical relevance

• However this information is not easily accessible for 
medical-oriented queries. 

• Two initiatives to resolve this issue:
Disease name standardisation 
UniMed
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UniMed
• Research project financed by the Swiss National Science 

Fundation
• Goal: increase the interoperability between molecular 

biology and clinical resources by:

1st step: indexing UniProtKB/Swiss-Prot with the 
medical terminologies MeSH and ICD-10
2nd step: building a search engine to improve the 
accessiblity of variant pages of UniProtKB/Swiss-Prot
3rd step: providing a knowledge management system for 
biomedical data integration
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Context
• Several systems were built in order to link phenotypes 

to genotypes:
– GenesTrace (Cantor et al.), 
– BioMeKe (Marquet et al.)
– PhenoGO (Lussier et al.)
– MedGene DB (LaBaer)
– GFINDer (Masseroli et al.)

• These systems use:
– Text mining methods (NER, NLP, IR techniques)
– Knowledge- and semantic based methods using ontological 

relationships of terminologies
• Our goal is to provide a framework which helps mine 

biological information to discover medical meaning
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MeSH
refsum disease 

dystonia musculorum deformans
neuronal ceroid-lipofuscinoses

parkinson disease
spinocerebellar ataxias

optic atrophy, autosomal dominant
charcot-marie-tooth disease

wolfram syndrome
rett syndrome

dysautonomia, familial
myoclonic epilepsies, progressive

amyotrophic lateral sclerosis
optic atrophy, hereditary, leber

lesch-nyhan syndrome
alexander disease 
alzheimer disease

• PEX7 (O00628)
• TOR1A (O14656)
• TPP1 (O14773)
• CPLX1 (O14810)
• SPTBN2 (O15020)
• OPA1 (O60313)
• KIF1B (O60333)
• WFS1 (O76024)
• CDKL5 (O76039)
• ELP1 (O95163)
• EPM2A (O95278)
• VAPB (O95292)
• COX1 (P00395)
• HPTR1 (P00492)
• CRYAB (P02511)
• APOE (P02649)
• ...

Neurodegenerative 
Diseases 

135 human proteins involved 

Project objective
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Why MeSH?

• Controlled vocabulary thesaurus 
structured in a hierarchy of concepts

• Each concept includes a set of terms 
-synonyms and lexical variants

• MeSH is part of the UMLS, and, thus, 
linked to other medical terminologies

• MeSH is used to index the 
biomedical literature

MeSH
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The structure of MeSH
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Procedure

UniProtKB/
Swiss-Prot

OMIM

Pubmed

Medical
terminologies

MeSH
ICD-10

Entrez Gene
GeneRiF

Terminology mapping

Indexing
References
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UniProtKB/Swiss-Prot entry
Disease comment line

Extracted disease name OMIM: title/alternative titles

Exact match Exact match

Partial match Partial match

Same descriptor

MeSH

Terminology mapping



June 19-20 2008EBI Industry Programme Workshop

Disease extraction

Extraction using 
regular expressions
‘are the cause of’
‘involved in’
etc.

MeSH
‘Neurofibromatosis 2’
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Term matching procedure

• Term pre-processing: term normalisation and transformation 
in bag-of-words

• Exact matches: same length, case insensitive

• Partial matches: calculation of a similarity score between
terms based of the TF/IDF schema used in information retrieval: 

The term with the highest score was chosen.
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Benchmark 

• Used to evaluate the 
procedure in terms of 
recall and precision

• Used to set up a score 
threshold

200 disease names from 97 Swiss-Prot entries manually 
mapped to MeSH terms
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• On the benchmark:
o 86% precision, 92% if restricted to partial matches to the 

same descriptors.
• On all Swiss-Prot disease lines

o 68% coverage 

• Problems with:
o Lack of granularity of MeSH for genetic diseases
o Differences in classification
o Errors in disease extractions

• Mapping available at:
http://research.isb-sib.ch/unimed

Result analysis
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• Retrieval of PubMed
documents cited in:
– UniProtKB/Swiss-Prot entries
– OMIM entries
– GeneRiFs of the 

corresponding Entrez Gene 
entries

• Extraction of indexing MeSH
terms from the disease 
category

• Ranking according to their 
relative frequencies

Mapping through references 

Recall Precision for MeSH mapping, according to 
frequency threshold, rank 1

0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3

Recall
Pr

ec
is

io
n Swiss-Prot PMID

GeneRIF PMID
SP + GR combination



June 19-20 2008EBI Industry Programme Workshop

• On the benchmark:
– Swiss-Prot references:

o precision at rank 1: 67%
o precision over all retrieved terms: 85%

– OMIM references:
o precision at rank 1: 48%
o precision over all retrieved terms: 86%

– GeneRiF references:
o precision at rank 1: 51%
o precision over all retrieved terms: 83%

Result analysis
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• Not easy because of the low precision of the 
“reference” mapping at rank 1

• Can be combined to improve the precision: if  
we discard “terminology” mapped terms not 
present in the “reference” mapped term list:
– Precision: 93%
– Recall: 63%

• The “reference” mapping could help users 
find the correct disease information

Mapping combination
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Mapping to ICD-10

• Lower performance on the 
benchmark:
– Precision : 68%
– Recall : 38%

• Problems:
– term management
– granularity of ICD-10 

terms for genetic 
diseases

– no morphologic variant 
terms
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Discussion

• The mapping system was tuned for high precision to 
provide a fully automated procedure. 

• But we need to improve the recall by:
Including NLP techniques in the disease extraction and 
matching procedures; 
Trying to map to other terminologies such as SNOMed-CT, 
Disease Ontology to solve the granularity problem

• The mapping through references can be useful for 
database curation purposes and to provide additional 
disease information to users
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Work in progress
• A search engine on variant pages with:

protein centric view
disease centric view
use of hierarchical indexing

• Implementaion of additional information in variant 
pages:

from the structure: mutation environment, interaction domain
from the sequence analysis: conservation score, sequence 
feature proximity
from the literature: via text mining 
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