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Where we will be flying over in 
the next 30 minutes

1. Introduction;
2. The Anabelle annotation tool: how to extract more 

efficiently information from protein sequences using state 
of the art sequence analysis software;

3. How can we progress from the manual and time-
consuming approach of extracting information from 
publications to a supervised text-mining driven mode;

4. NiceProt: a tool to explore the content of Swiss-Prot 
entries;

5. The representation of human disease mutations and 
polymorphisms at the level of the protein sequences in 
Swiss-Prot.



Swiss-Prot
Created in July 1986; since 1987, a collaboration of Created in July 1986; since 1987, a collaboration of 
the SIB and the EMBL/EBI; from 2003 onward it is the SIB and the EMBL/EBI; from 2003 onward it is 
the central part of the the central part of the UniProtUniProt project;project;
AnnotatedAnnotated, , nonnon--redundantredundant, , crosscross--referencedreferenced, , 
documenteddocumented protein sequence protein sequence knowledgeknowledge resource;resource;
145’000145’000 sequences; 125’000 references; 1’300’000 sequences; 125’000 references; 1’300’000 
crosscross--references; ~400 Mb of annotations;references; ~400 Mb of annotations;
About About 1’100’0001’100’000 sequences in sequences in TrEMBLTrEMBL, the Swiss, the Swiss--
Prot computerProt computer--annotated supplement;annotated supplement;
Weekly releases; available from about 50 servers, Weekly releases; available from about 50 servers, 
the main source being the main source being ExPASyExPASy..



The ExPASy WWW server

• First molecular biology server on the Web (August 
1993); ~350 million access since;

• Dedicated to proteomics:
– Databases: Swiss-Prot, PROSITE, Swiss-2DPAGE, etc.;
– Many 2D/MS protein identification/characterization and 

sequence analysis tools;

• Mirror sites in Australia, Bolivia, Canada, China, Korea, 
Taiwan and USA. Soon in Brazil.

10 years of continuous service to 
the user community





UniProt in one slide…
• Universal Protein Resource;
• Collaboration between 3 groups: the Swiss-Prot groups at 

SIB and EBI and the PIR group;
• www.uniprot.org (online since Dec 15, 2003);
• The UniProt Knowledgebase (UniProt) is the core 

component and is comprised of Swiss-Prot+TrEMBL;
• The UniProt Non-redundant Reference (UniRef) databases 

combine closely related sequences into a single record to 
speed searches. Three versions exist: UniRef50, UniRef90 
and UniRef100;

• The UniProt Archive (UniParc) is a comprehensive 
repository, reflecting the history of all protein sequences.



The contents of the Swiss-Prot 
protein knowledgebase

• Sequences!
• ANNOTATIONS
• References
• Taxonomic data
• Keywords
• Cross-references
• Documentation

•Function(s); role(s)
•Post-translational modifications
•Domains
•Subcellular location
•Protein/protein interactions
•Similarities
•Diseases, mutagenesis
•Conflicts and variants



[2] Using sequence analysis to 
annotate protein sequences

• Since the inception of Swiss-Prot, we have used 
a number of sequence analysis methods to help 
annotate protein sequences;

• Three periods:
– Using PC/Gene (1986-1991);
– Implementation of a number of tools, individually 

launched from our annotation platform (1992-2003);
– Anabelle (2004-?).



Anabelle Integration and  workflow
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PSAT

The input may be in Fasta or Swiss-Prot format.

PSAT runs many protein sequence analysis methods in parallel on one or 
several protein sequences and parses the results into the general feature format 
(gff)



Methods for the prediction of the 
protein topology

3 methods: TMHMM, MEMSAT, ESKWTransmembrane 
GPI-anchor predictionGPI_prediction

Chloroplast/Mitochondrion transit peptideTargetP

Prediction of a signal peptide by NN and 
HMM methods 

SignalP
ResultsMethods



Repeats, e.g. Heat, Kelch, LRR, WDREP

Streches of amino acidspolyAA

Coiled-coilscoils
PROSITE  (profiles, patterns)ps_scan

ResultsMethods

Methods for the detection of protein 
families and domains 



Methods for the detection of post-
translational modified amino acids

N-Glycosylation sites in mammalian proteinsN-Glyc 

O-glycosylation sites in mammalian proteins 
(Mucin-type GalNAc )

O-Glyc 

Myristoylation of the N-terminal glycine (all) 
and internal glycine (viral sequence)

NMT
Prediction of potential tyrosine sulfation sites Sulfinator

ResultsMethods



Results of PSAT are in the gff format

• Defined fields
INS_HUMAN SignalP-NN|v2.0|euk Signal 1 24|0.96 . . .
ID Swiss-Prot identifier
Source Program name, the version number, parameters
Feature Feature identifier, triggers the AA rule
From Protein sequence position where the feature starts
To Protein sequence position where the feature end
Score Score for a hit

• Attributes
Level 0 ; C-max "0.889,25,Y" ; Y-max "0.818,25,Y" ; S-max "0.998,7,Y" ; S-mean "0.902,Y" ; Category 
"TOPOLOGY" 
Level Level of confidence in the result
Optional field Values of results
Category Method Class 

Example of a “general feature format” (gff) output:
INS_HUMAN SignalP-NN|v2.0|euk Signal 1 24|0.96 . . . Level 0 ; C-max "0.889,25,Y" ; 
Y-max "0.818,25,Y" ; S-max "0.998,7,Y" ; S-mean "0.902,Y" ; Category 
"TOPOLOGY"



SelMo

Viewer Layout:

GFF Header

for each protein:
sort features by category
(Topology, Domain, Best, Skip, 
Family, Similarity)

…by feature name
…by method name

Selected feature
Unselected feature



SelMo

Viewer Layout:
Link to entry NiceProt view

Blast (full) entry

Blast uncharted region
Link to most similar 
entry NiceProt view

Align most similar 
entry with entry

more links!...

Links…

Link to InterPro

Link to domain 
original database





The projectThe project

Anne-Lise Veuthey, Swiss Institute of Bioinformatics



• 3 year FP5 European Project, started January 2003
• Official web site: www.biomint.org
• 5 teams involved:

– University of Manchester (UK, coordinator) 
– PharmaDM (Belgium)
– Austrian Research Institute for Artificial Intelligence (Austria)
– University of Geneva, AI Lab (Switzerland)
– University of Antwerp, CNTS (Belgium) 
– Swiss Institute of Bioinformatics (Switzerland)



The goals of BioMinTThe goals of BioMinT
To develop a generic text mining tool that:

– Interprets different types of queries; 
– Retrieves relevant documents from the biological 

literature;
– Extracts the required information;
– Outputs the result as a database slot filler or as a 

structured report 
The tool will thus provide two essential research support

services:
1. As a curator's assistant it will accelerate, by partially 

automating, the annotation and update of bio-
databases;

2. As a researcher's assistant: it will generate readable 
reports in response to queries from biological 
researchers.



Step1
Selecting a new protein to annotate

Step2
Searching 
PubMed

Step3
Reading papers

Step4
Analysing sequence with

bioinformatic tools

Step5
Data integration

Step6
Creation of a new/updated 

Swiss-Prot entry

Swiss-Prot Entry Creation 
Flowchart

Swiss-Prot Entry Creation 
Flowchart



Query interface prototypeQuery interface prototype

Developed by Pavel Dobrokhotov in the framework of SwissProt medical annotation: 
Bioinformatics 19(suppl. 1): i91-i94 (ISMB 2003)



PTM extractor
• A tool that relies on AA numbering to extract 

relevant features from PubMed abstracts;
• The tool makes use of the annotation in the target 

entry data to refine the positions (Example: taking 
into account a signal peptide);

• The current version is applied to the annotation of 
phosphorylation, N-glycosylation and 
palmitoylation sites, disulfide bridges, as well as 
to capture potential mutagenesis results.



Benchmark environment 
for training and evaluation
Benchmark environment 

for training and evaluation

We need a corpus of supervised abstracts
To train the text-mining tools
To elaborate rules for specific information 
extraction 

What do we need to tag ?
• Fragments of, or whole sentences describing 

information useful for protein annotation
• Specific words describing a specific type of 

information



Document annotation interfaceDocument annotation interface

• Generic XML tagger currently being adapted 
for Swiss-Prot requirements;

• Developed by Gilles Bisson and Pierre-
Emmanuel Gros, CNRS, Grenoble, in the 
framework of the Caderige project 
(http://caderige.imag.fr);

• Soon fully operational for use by the Swiss-
Prot annotators.





"Drosophila dishevelled (dsh) functions in two pathways: it is necessary to transduce Wingless (Wg) signaling and it is required 
in planar cell polarity."
<PMID=12072470>
[Drosophila dishevelled functions in at least 2 pathways - transduction of Wingless signalling and planar cell polarity]

"Following binding of a ligand to its cognate receptor, receptor-associated Jaks are activated. STAT proteins are then in turn 
activated by tyrosine phosphorylation by Jak kinases, allowing their dimerization and subsequent translocation into the nucleus, 
where they modulate expression of target genes."
<PMID=10781830>
[Activated Jaks phosphorylate tyrosines on STAT proteins, which allows them to dimerise, enter the nucleus and alter gene 
expression]

Function sentences

"Tuberous sclerosis is a relatively common inherited disease that causes multiple benign tumours in different organs, frequently 
leading to skin rashes, seizures and mental handicap. The disease can be caused by mutations in either of two genes, TSC2, 
identified in 1993, and TSC1, only recently identified"
<PMID=9743993>
[Mutations in the TSC1 and TSC2 genes lead to tuberous sclerosis]

"Numerous studies have demonstrated that chemokines play an integral role in diseases marked by inflammation"
<PMID=12476351>
[Chemokines are involved in diseases marked by inflammation]

Disease sentences











Cross-
references



Domains, sites, 
families
HAMAP
InterPro
PIRSF
Pfam
PRINTS
ProDom
PROSITE
SMART
TIGRFAMs

Sequence
EMBL
PIR

Structure
HSSP
PDB

Organism-specific
dbSNP
DictyDb
EcoGene
FlyBase
GeneDB_SPombe
Genew
GK
Gramene
HIV
Leproma
ListiList
MaizeDB
MGD
MypuList
OMIM
SagaList
SGD
StyGene
SubtiList
TIGR
TubercuList
WormPep
ZFIN

Miscellaneous
GermOnline
GO
MEROPS
REBASE
TRANSFAC

2D-gel
electrophoresis
ANU-2DPAGE
Aarhus/Ghent-2DPAGE
COMPLUYEAST-2DPAGE
ECO2DBASE
HSC-2DPAGE
MAIZE-2DPAGE
PHCI-2DPAGE
PMMA-2DPAGE
Siena-2DPAGE
SWISS-2DPAGE

PTM
GlycoSuiteDB
PhosSite

Swiss-Prot
explicit links



Cross-references can be 
explicit or implicit and can 
also be a source of data





Many different 
features:

Domains

PTMs



Features, continued

Representing variations: 
variants, splice variants, 
mutagenesis and sequence 
conflicts

Modeling human 
sequence variants





The Human Proteomics Initiative

• Annotation of all known human proteins;
• Annotation of mammalian orthologs of human 

proteins;
• Annotation of all known human polymorphisms 

at the protein sequence level;
• Annotation of all known post-translational

modifications in human proteins;
• Tight links to structural information.

HPI



Current state of human protein 
information in Swiss-Prot

• 10’600 annotated human sequences;
• Associated with about 27’000 distinct 

literature references;
• 25’000 experimental or predicted post-

translational modifications;
• 4’000 splice variants;
• 18’000 polymorphisms (most of which are 

linked with disease states).



Protein Polymorphisms

• Called ‘c-SNPs’ (coding single nucleotide 
polymorphisms) or ‘SAPs’ (single amino-acid 
polymorphisms);

• Mutations that cause major changes to a protein 
sequence (such as frameshift mutations) are not 
considered to be relevant to Swiss-Prot, as their 
deleterious effect on a given protein’s function is 
usually obvious.



FT   VARIANT     117    117       A -> V (linked to development of

FT dementing Gerstmann-Straussler disease).

FT                                /FTId=VAR_006466.

FT   VARIANT     129    129       M -> V (polymorphism; determines the

FT                                disease phenotype in patients who have a

FT PrP mutation at position 178. Patients

FT                                with M-129 develop FFI, those with V-129

FT                                develop CJD; dbSNP:1799990).

FT                                /FTId=VAR_006467.

FT   VARIANT     131    131       G -> V (in GSD).

FT                                /FTId=VAR_014264.

FT   VARIANT     171    171       N -> S (in schizoaffective disorder).

FT                                /FTId=VAR_006468.

FT   VARIANT     178    178       D -> N (in FFI and CJD).

FT                                /FTId=VAR_006469.

FT   VARIANT     180    180       V -> I (in CJD).

FT                                /FTId=VAR_006470.

FT   VARIANT     183    183       T -> A (in familial spongiform

FT encephalopathy).

FT                                /FTId=VAR_006471.





Visualisation of 3D models



Template
SelectionTarget

Template selection

Swiss-Prot 
human 

sequences Search:
Blastp

Chainsaw

Template superposition

Final template list

Discard
Redundant 
templates

Selection:
Crystal structure         
≥70 % sequence
Identity
Resolution ≤ 2.5 Å
No side-chain atom
error



The ModSNP database
• Routine update

– According to PDB, Swiss-Prot entries
• Automatic generation of high-quality homology models

sp_variants

Ftid
Type
seqpos
Fromaa
Toaa
Dis_status
isoflag

sp_entries

AC
ID
3D
flag.-dis

sp_sequences

isoid
AC (FK)
Sequence
Checksum

relseqft

Isoid (FK)
Ftid (FK)

relseqpdb

isoid (FK)
chainid (FK)
Alid
Evalue
Seqfrom
Seqto
Is_selected

models

mid
filename
Type
Isoid (FK)
Ftid (FK)
Chainid (FK)
Builtversion
Method
Created_date

n

chsaw-chains

Chainid
Pdb
Code
Residues
Heterogens
sequence 
organism
Eccode …

1 1

Chainsaw-pdb

Code
deposited
experiment
resolution
header
title
revdat



ModSNP: a basis for a large-scale 
structural analysis of protein variants

• Main advantages:
– Large number of models;
– Each variants are classified into disease-related, 

polymorphism, or unclassified according to Swiss-
Prot annotation;

– Routine automatic update



• Group leaders: Amos Bairoch, Rolf Apweiler
• Annotators/curators: Philippe Aldebert, Andrea Auchincloss, Ghislaine Argoud Puy, 

Kristian Axelsen, Kirsty Bates, Margaret Biswas, Marie-Claude Blatter, Brigitte 
Boeckmann, Silvia Braconi Quintaje, Paul Browne, Evelyn Camon, Danielle Coral, 
Elisabeth Coudert, Tania de Oliveira Lima, Kirill Degtyarenko, Sylvie Dethiollaz, Ruth 
Eberhardt, Anne Estreicher, Livia  Famiglietti, Nathalie Farriol-Mathis, Serenella Ferro,
Gill Fraser, John Garavelli, Raffaella Gatto, Vivienne Gerritsen, Arnaud Gos, Nadine 
Gruaz-Gumowski, Ursula Hinz, Chantal Hulo, Nicolas Hulo, Janet James, Florence 
Jungo, Vivien Junker, Youla Karavidopoulou, Guillaume Keller, Maria Krestyaninova,
Kati Laiho, Petra Langendijk-Genevaux, Minna Lehvaslaiho, David Lonsdale, Michele 
Magrane, Karine Michoud, Virginie Mittard, Madelaine Moinat, Nicola Mulder, Claire 
O'Donovan, Sandra Orchard, Sandrine Pilbout, Sylvain Poux, Manuela  Prüss, Sorogini 
Reynaud, Catherine Rivoire, Bernd Röchert, Michel Schneider, Christian Sigrist, André 
Stutz, Shyamala Sundaram, Michael Tognoli, Elmar von Baum, Sandra van den Broek,
Eleanor Whitfield

• Programmers and system administrators: Daniel Barrell, David Binns, Laurent Bollondi,
Sergio Contrino, Michael Darsow, Edouard deCastro, Séverine Duvaud, Stephanie 
Federico, Alexander Fedetov, Astrid Fleischmann, Wolfgang Fleischmann, Elisabeth 
Gasteiger, Alain Gateau, Andre Hackmann, Henning Hermjakob, Ivan Ivanyi, Eric Jain ,
Alexander Kanapin, Paul Kersey, Ernst Kretschmann, Corinne Lachaize, Maria-Jesus 
Martin, Xavier Martin, John O ’Rourke, Tom Oinn, Isabelle Phan, Astrid Rakow, Nicole 
Redaschi, Kai Runte, Florence Servant, Allyson Williams, Dan Wu

• Research staff: Pavel Dobrokhotov, Alexandre Gattiker, Margus Luk, Anne Morgat, 
Violaine Pillet, Anne-Lise Veuthey, Lina Yip

• Clerical and secretarial assistance: Veronique Mangold, Claudia Sapsezian, Margaret 
Shore-Nye, Laure Verbregue

The Swiss-Prot staff at SIB and EBI




