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This is the future …
• Scientists state their facts clearly in their 

publication.
• Publications are delivered right after the 

paper acceptance into a repository in the 
public domain.

• The repository is automatically fully 
integrated with all other data resources.

• Automatic agents grab the facts and 
deliver them to the scientist.

• Huge amounts of data is contained in the 
literature
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What is required to make the future work?

• Use large sets of terminologies 
(=> text features).

• Make use of text processing engines.
• Harmonise document formats and processing 

techniques.
• Learn how concepts and facts are represented 

in the literature 
(=> syntax and semantics).

• Integrate the engines into applications.
• Make the publishers realize …



Terminologies …

• Protein/gene names: UniProtKb, 
EntrezGene, …

• Chemical Entities: ChEBI, OSCAR3, …
• Diseases and Syndromes: UMLS, 

Snowmed-CT, …
• Species: NCBI taxonomy
• Other concepts: Gene Ontology, OBO, …



The number of unique PGNs (in lowercase only) in Hugo, Ipi, Swiss-Prot, LocusLink, 
GoA, and in the sets of PGNs from Medline (phrase patterns: Mdl-PhraseP; word 
patterns: Mdl-WordP), and from the European patent abstracts (Patent-WordP) is 
shown.  GoA is clearly different from the other databases, since GoA contains 
mainly descriptive names.
xn: e.g. HZF1 
xxnn: e.g. ErbA-related protein 3
rem: e.g. embryonal long terminal repeat-binding protein (ELP)-1



Statistics on the term repository

• Contents by semantic
category

Clusters
SEMTYPE Count

ChebiChem 13,473
Enzyme 3,970
GeneProt 232,258
SpeciesTax 367,565
Verb terms 730

• Contents by morphological 
category

Variants
SEMTYPE Count

ChebiChem 57,581
Enzyme 11,202
GeneProt 1,931,786
SpeciesTax 441,993

Verb terms To be 
estimated
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Annotation 
modules

Input
type



Name of pipeline for
annotation Description

Up and 
running



noise

AR and CBP can physically interact in vitro as was shown in 
glutathione S-transferase pulldown assays.

difficult reference,currently missed

Furthermore, CREB-binding protein also significantly increased
activation by GHF-1, and both proteins associated in vitro.

The activated glucocorticoid receptor forms a complex with Stat5 and 
enhances Stat5-mediated transcriptional induction.

PMID: 98444965

don't miss pair

At no T3 concentration did both NCoR and SRC-1 bind to wt TR,
indicating that their binding to TR was mutually exclusive.

PMID: 99041948

PMID: 99023934

PMID: 98434578



<?xml ...?><textmine>...</textmine> input filter

<abs><SENT>...</SENT>...</abs> Paragrapher
sentenciser

<gene>...</gene>
<species>...</species>
<disease>...</disease>

domain dictionaries

<tok>
<sur>globulins</sur>
<lem cat="n" mor=":m">globulin</lem>
</tok>

POS tagger

<PPI>
<NP></NP><VERB></VERB><NP></NP>
</PPI>

chunk parsing

<a href=...></a>
<span style=...></span>

XSLT

Gigabytes
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Medline
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Query??
Function of a protein?
Relevance to a disease?
Experimental method?

The engine
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Functional annotation of proteins with GO terms 
based on the literature

• Identification + disambiguation of protein named 
entities

• Identification of GO terms
– Molecular function
– Biological process
– Cellular component

• Linking both
• Improving quality by combining different types of 

data



MAP kinase phosphatase activity
MAP kinase activity
MAP kinase 1 activity
MAP kinase 2 activity
MAP kinase kinase kinase activity
MAP/ERK kinase kinase activity
MAP kinase kinase kinase kinase activity

MAP kinase kinase activity
MAP-kinase scaffold activity
MAP-kinase anchoring activity
activation of MAP/ERK kinase kinase
MAP-kinase scaffold protein activity
MAP-kinase anchor protein activity
cytoplasmic translocation of MAP kinase

Exact matches in Medline can be found as follows:
map kinase activity
map kinase kinase activity
map kinase kinase kinase activity

map kinase phosphatase activity
map kinases activity

A selection of noun phrases which contain a match to MAPK:
adhesion dependent map kinase activity 
alf4 induced map kinase activity 
attenuated oxytocin induced map kinase activity 
endothelin 1 stimulated p38 map kinase activity 
enhanced insulin induced map kinase activity 
epidermal growth factor stimulated map kinase activity 
map kinase phosphotransferase activity 

GO terms concerned with MAP kinase
* map kinase * activity



I = Information content of term t

pr = Proximity of components of term t in zone z

E = Evidence for components of term t in zone z 

Mapping of GO terms to text (whatizitGO)







Prediction of 34 new annotations with 100% 
precision



Conclusions:
• The information extraction process can be 

efficiently split up into single consecutive steps 
that can be performed in real time

• All extraction methods available to the public as 
Web services (NoE SemanticMining) for 
integration into bioinformatics solutions

• The use of good terminological resources is 
essential.

• Ontological terms are challenging but offer 
better semantics.



– UK node to public literature
– British Library, University of Manchester and 

the EBI
– In collaboration with

NLM and the 
Funders
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