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OutlineOutline
• The Swiss Institute of Bioinformatics

• What is UniProt?

• UniProt Knowledgebase: Swiss-Prot and TrEMBL

• UniRef and UniParc

• Non-redundancy, alternative splicing, post-
translational modifications, SNPs in 
UniProtKB/Swiss-Prot

• Databases for protein function and domains: 
PROSITE, InterPro etc
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Swiss Institute of Bioinformatics Swiss Institute of Bioinformatics 
(SIB)(SIB)

• Non-profit foundation created in 1998;

• Research, development, education and services 
in bioinformatics;

• Groups in Geneva,Lausanne and  Basel;

• Federation of several groups (some of which 
existed and collaborated long before the 
foundation of the institute), about 170 
researchers in 2006.
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www.isbwww.isb--sib.chsib.ch
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The four missions of the SIBThe four missions of the SIB

• Development of databases and software tools;

• High-quality bioinformatics research program;

• Courses and seminars for the training of 
bioinformatics research scientists. This includes a 
master’s degree in proteomics and bioinformatics, 
several weekly courses and a doctoral school     
(http://www.isb-sib.ch/teaching/intro.htm);

• Services to the Swiss Life Sciences community 
(EMBnet node).
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Swiss Institute of Bioinformatics:
13 research and service 
groups
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The ExPASy WWW server

• First molecular biology server on the Web (August 1993); 
~500 million accesses since;

• Dedicated to proteomics:
– Databases: UniProtKB, PROSITE, Swiss-2DPAGE, etc.;

– Many 2D/MS protein identification/characterization and sequence
analysis tools;

• Mirror sites in Australia, Brazil, Canada, China, Korea and 
USA: http://{au|br|ca|cn|us|www}.expasy.org
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ExPASy site map



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

http://www.expasy.org/links.html



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

Protein sequence databasesProtein sequence databases: : HistoryHistory

• 1965 Atlas of Protein Sequence and Structure (65 proteins)

• 1980 ~ 80 genes fully sequenced 

• 1982 EMBL 

• 1983 Protein information ressource (PIR)

• 1986 Swiss-Prot is created by Amos Bairoch (~3900 proteins)

• 1996 TrEMBL (TRanslation of EMBL) (EBI). 

Complement to Swiss-Prot to cope with the enormous quantity of new 
sequences; contains all coding sequences not yet in Swiss-Prot

• 2002 UniProt consortium

• 2003 UniProt Release 1.0 public

• 2006 more than 3’000’000 protein sequences known !



http://www.swissprot20.org/http://www.swissprot20.org/

You are welcome to our 20th

anniversary meeting in Brazil this year

1986-2006

Swiss-Prot: Alive and Kicking!
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Register now! Deadline June 30, 2006
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The The UniProtUniProt consortiumconsortium

Protein 
Information 
Resource

European Bioinformatics Institute

European Molecular Biology Laboratory

Swiss Institute of 
Bioinformatics
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The The UniProtUniProt ConsortiumConsortium

=
= + +

UniProt (Universal Protein Resource): the world's most 
comprehensive catalog of information on proteins

www.uniprot.org, Wu et al. Nucleic Acids Res. 34:D187-191(2006). 

UniProt Knowledgebase 
UniRef clusters (100/90/50%  identity)
UniParc (UniProt Archive)
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UniProtUniProt: : WhatWhat doesdoes itit meanmean for for SwissSwiss--ProtProt usersusers??

• Swiss-Prot and TrEMBL will continue to exist under those
names (although now called UniProtKB/Swiss-Prot and 
UniProtKB/TrEMBL)

• PIR has stopped protein sequence db (PIR-PSD) activity but 
concentrates on other topics (UniRef, IProClass)

• Information unique to  PIR-PSD has been integrated into Swiss-
Prot/TrEMBL

=> UniProt Knowledgebase: Swiss-Prot and TrEMBL

• Biweekly releases
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The The UniProtUniProt groups from groups from SIBSIB, , EBIEBI
and PIRand PIR (Antibes, September 2004)

In Geneva (SIB):
2     Group Leaders
42   Annotators
4     Prosite annotators
18   Programmers and Researchers
5    Administrators, science communicators 
3    System Administrators
4    Students
------------------
78   people

At EBI:
(Swiss-Prot + EMBL + TrEMBL)
75 people (29 Annotators)

At PIR:
1     Group Leader
13   Protein Science Team
12   Informatics Team
------------------
26   people
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UniProt KnowledgeBase

UniProtKB/TrEMBL
Computer annotated
protein sequences

Release 33.1 of 13-Jun-2006: 
2965756 entries

UniRef100
UniRef 90
UniRef 50

• One UniRef100 entry = 

All identical 
sequences (including 
fragments).

• One UniRef90 entry = 
Sequences that have at least 

90% or more 
identity.

• One UniRef50 entry =
Sequences that are at least

50% identical.

Independently of the species.

UniProt Archives:

Archived raw
protein 

sequences, 
found in publicly 

accessible 
databases:

Swiss-Prot, TrEMBL, PIR, 
EMBL, Ensembl, IPI, 

PDB, RefSeq, FlyBase, 
WormBase, Patent 

Offices.

Use with 
extreme 
caution:
Contains 

pseudogenes, 
incorrect CDS 

predictions, etc…

UniProtKB/Swiss-
Prot

Manually annotated
protein sequences

Release 50.1 of 13-Jun-2006: 
223100 entries

UniProt databasesUniProt databases

UniProtKB Release 8.1 consists of:
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UniProtUniProt KnowledgebaseKnowledgebase

• Swiss-Prot: Manually annotated section

• TrEMBL: Automatically generated
section
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UniProtKBUniProtKB/Swiss/Swiss--ProtProt

� Swiss-Prot created in July 1986;

� Collaboration of the SIB and the EMBL/EBI;

� Annotated, non-redundant, cross-referenced, documented 
protein sequence and knowledge database;

� Release 50.1 of Swiss-Prot contains 223’100 sequence 
entries, abstracted from 143’000 references. This represents 
240’000 sequences, taking into account splice variants; 
2’700’000 cross-references; flat file size 900 MegaBytes;

� Biweekly releases; available from about ~100 servers, the 
main sources being ExPASy and www.uniprot.org
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The contents of the The contents of the SwissSwiss--ProtProt
proteinprotein sequencesequence databasedatabase

• 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
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http://www.expasy.org/sprot/
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http://www.ebi.ac.uk/swissprot/
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www.uniprot.org
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LetLet’’ss nownow look look atat the the 
content of a content of a 

SwissSwiss--ProtProt entryentry



code Content Occurrence in an entry

---- ---------------------------- -----------------------

ID   Identification                One; starts the entry

AC   Accession number(s) One or more

DT   Date                          Three times

DE   Description One or more

GN   Gene name(s) Optional

OS   Organism species                One or more

OG   Organelle                       Optional

OC   Organism classification         One or more

RN   Reference number                One or more

RP   Reference position              One or more

RC   Reference comment(s)            Optional

RX   Reference cross-reference(s)    Optional

RG   Reference group                 Optional

RA   Reference authors               One or more (optional if RG)

RT   Reference title                 Optional

RL   Reference location              One or more

CC   Comments or notes Optional

DR   Database cross-references Optional

KW   Keywords Optional

FT   Feature table data Optional

SQ   Sequence header               One

Amino Acid Sequence   One 

//   Termination line              One; ends the entry

Manual 
annotation
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ID   SYI_ARCFU      STANDARD;      PRT;  1018 AA.
AC   O29622;
DT   15-JUL-1998, integrated into UniProtKB/Swiss-Prot.
DT   01-JAN-1998, sequence version 1.
DT   27-JUN-2006, entry version 43.
DE Isoleucyl-tRNA synthetase (EC 6.1.1.5) (Isoleucine--tRNA ligase)
DE   (IleRS).
GN   Name=ileS; OrderedLocusNames=AF_0633;
OS Archaeoglobus fulgidus.
OC Archaea; Euryarchaeota; Archaeoglobi; Archaeoglobales;
OC Archaeoglobaceae; Archaeoglobus.
OX   NCBI_TaxID=2234;
RN   [1]
RP   NUCLEOTIDE SEQUENCE [LARGE SCALE GENOMIC DNA].
RC   STRAIN=VC-16 / DSM 4304 / ATCC 49558 / JCM 9628;
RX   MEDLINE=98049343; PubMed=9389475; DOI=10.1038/37052;
RA Klenk H.-P., Clayton R.A., Tomb J.-F., White O., Nelson K.E.,
RA   Ketchum K.A., Dodson R.J., Gwinn M.L., Hickey E.K., Peterson J.D.,
RA   Richardson D.L., Kerlavage A.R., Graham D.E., Kyrpides N.C.,
RA   Fleischmann R.D., Quackenbush J., Lee N.H., Sutton G.G., Gill S.R.,
RA Kirkness E.F., Dougherty B.A., McKenney K., Adams M.D., Loftus B.J.,
RA   Peterson S.N., Reich C.I., McNeil L.K., Badger J.H., Glodek A.,
RA Zhou L., Overbeek R., Gocayne J.D., Weidman J.F., McDonald L.A.,
RA Utterback T.R., Cotton M.D., Spriggs T., Artiach P., Kaine B.P.,
RA   Sykes S.M., Sadow P.W., D'Andrea K.P., Bowman C., Fujii C.,
RA   Garland S.A., Mason T.M., Olsen G.J., Fraser C.M., Smith H.O.,
RA Woese C.R., Venter J.C.;
RT   "The complete genome sequence of the hyperthermophilic, sulphate-
RT   reducing archaeon Archaeoglobus fulgidus.";
RL   Nature 390:364-370(1997).
CC   -!- FUNCTION: Catalyzes the attachment of isoleucine to tRNA(Ile). As
CC IleRS can inadvertently accommodate and process structurally
CC       similar amino acids such as valine, to avoid such errors it has
CC       two additional distinct tRNA(Ile)-dependent editing activities.
CC       One activity is designated as 'pretransfer' editing and involves
CC       the hydrolysis of activated Val-AMP. The other activity is
CC       designated 'posttransfer' editing and involves deacylation of
CC mischarged Val-tRNA(Ile) (By similarity).
CC   -!- CATALYTIC ACTIVITY: ATP + L-isoleucine + tRNA(Ile) = AMP +
CC diphosphate + L-isoleucyl-tRNA(Ile).
CC   -!- COFACTOR: Zinc (By similarity).
CC   -!- SUBUNIT: Monomer (By similarity).
CC   -!- SUBCELLULAR LOCATION: Cytoplasm (By similarity).
CC   -!- DOMAIN: IleRS has two distinct active sites: one for
CC aminoacylation and one for editing. The misactivated valine is

Original text format, as 

described in the Swiss-Prot 

user manual

http://www.expasy.org/sprot/

userman.html, 

or as available by ftp, or from 

many web servers...

.... But there is a more user-

friendly way of looking at all 

this data!
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NiceProtNiceProt

• a user-friendly, added-value view of a 
UniProtKB entry on ExPASy

• Many additional html links to related
servers, databases and documentation

• Direct submission to analysis tools, 
minimising the number of clicks and 
typing

• The default view for a Swiss-Prot entry 
on ExPASy
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Accession number: to be used if you have to cite a Swiss-Prot

entry in your publication (never cite the entry name (ID) alone)

Direct (fast) BLASTP submission
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…12 references omitted…

Sequence (DNA or protein)

Post-translational modifications

Sequence variants

3D structure
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Comments: Comments: «« structured free textstructured free text »», 27 defined topics, 27 defined topics

Manually annotated
Information from papers, 
specialized databases, computer prediction, 
external experts, brain storming

Distinction between data obtained 
experimentally and computerized inferences
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CrossCross--referencesreferences

• Swiss-Prot was the first database with X-ref.;

• Explicitly X-referenced to 74 databases:

– DNA (EMBL/GenBank/DDBJ), 

– 3D-structure (PDB)

– Family and domain (InterPro, PROSITE, Pfam, Prints, etc.)

– genomic (MIM, MGI, FlyBase, SGD, SubtiList, etc.)

– 2D-gel (e.g. SWISS-2DPAGE)

– specialized db (e.g.GlycoSuiteDB, PhosSite, MEROPS);

– literature (PubMed)

• Each UniProtKB/Swiss-Prot entry can be seen as a central hub for 
the data available about the protein it describes

Gasteiger E. et al, Gasteiger E. et al, CurrCurr. Issues Mol. Biol. 3:47. Issues Mol. Biol. 3:47--55(2001)55(2001)
www.www.expasyexpasy.org/.org/cgicgi--bin/lists?bin/lists?dbxrefdbxref.txt.txt
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ImplicitImplicit CrossCross--referencesreferences on on ExPASyExPASy
Implicit X-references to 27 additional db added by the 

ExPASy server on the WWW (i.e.: GeneCards, 
ModBase, etc.)

These X-refs are not present as hard-coded DR lines in 
the Swiss-Prot entry as it can be downloaded by ftp, 
but are added on the fly when someone views an 
entry on ExPASy. This can be done because enough
information is present in the Swiss-Prot entry to 
access the related information in another db. 
Example: All Swiss-Prot/TrEMBL are linked to the 
BLOCKS domain db, via the Swiss-Prot/TrEMBL
accession number
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Keyword definition and usage in Swiss-Prot

Linked to Gene Ontology to further facilitate

information retrieval via controlled vocabularies
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… and many useful links:
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An example of a protein with many different 
names (ANXA5_HUMAN; P08758)

DE  DE  DE  DE  AnnexinAnnexinAnnexinAnnexin A5 (A5 (A5 (A5 (AnnexinAnnexinAnnexinAnnexin V) (V) (V) (V) (LipocortinLipocortinLipocortinLipocortin V) (V) (V) (V) (EndonexinEndonexinEndonexinEndonexin II) (II) (II) (II) (CalphobindinCalphobindinCalphobindinCalphobindin I) I) I) I) 
DE   (CBPDE   (CBPDE   (CBPDE   (CBP----I) (Placental anticoagulant protein I) (PAPI) (Placental anticoagulant protein I) (PAPI) (Placental anticoagulant protein I) (PAPI) (Placental anticoagulant protein I) (PAP----I) (PP4) I) (PP4) I) (PP4) I) (PP4) 
DE   (DE   (DE   (DE   (ThromboplastinThromboplastinThromboplastinThromboplastin inhibitor) (Vascular anticoagulantinhibitor) (Vascular anticoagulantinhibitor) (Vascular anticoagulantinhibitor) (Vascular anticoagulant----alpha) (VACalpha) (VACalpha) (VACalpha) (VAC----alpha) alpha) alpha) alpha) 
DE   (DE   (DE   (DE   (AnchorinAnchorinAnchorinAnchorin CII). CII). CII). CII). 

An example of a protein with many different 
gene names (TUP1_YEAST; P16649)

GN    Name=TUP1; GN    Name=TUP1; GN    Name=TUP1; GN    Name=TUP1; 
GN    Synonyms=AAR1, AER2, AMM1, CYC9, FLK1, SFL2, UMR7; GN    Synonyms=AAR1, AER2, AMM1, CYC9, FLK1, SFL2, UMR7; GN    Synonyms=AAR1, AER2, AMM1, CYC9, FLK1, SFL2, UMR7; GN    Synonyms=AAR1, AER2, AMM1, CYC9, FLK1, SFL2, UMR7; 
GN    GN    GN    GN    OrderedLocusNamesOrderedLocusNamesOrderedLocusNamesOrderedLocusNames=YCR084C; =YCR084C; =YCR084C; =YCR084C; 
GN    GN    GN    GN    ORFNamesORFNamesORFNamesORFNames=YCR84C;=YCR84C;=YCR84C;=YCR84C;



The The simplifiedsimplified story of a story of a SwissSwiss--ProtProt entryentry

cDNAs, genomes, ….

EMBL

TrEMBL

Swiss-Prot

« Automatic »
• Redundancy check (100% merge)
• Family attribution (InterPro)
• Many other cross-references
• Annotation (computer) 

« Manual »
• Redundancy (merge, conflicts, 

polymorphism, alt. splicing)
• Annotation (manual)
• sequence analysis tools
• literature
• external databases (MIM, MGD….)
• Brain storming

Once in Swiss-Prot, the entry is removed from TrEMBL, but remains in EMBL (archive)

CDS

CDS: proposed and submitted at EMBL by authors or by genome projects (experimentally 
proved or derived from gene prediction programs). TrEMBL does not translate DNA sequences, 
nor use gene prediction programs: only takes CDS given in the EMBL entry.

Direct submission
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Archives and Archives and databasesdatabases

• DNA sequence archives 
– EMBL/GenBank/DDBJ is an archive

• All submitted data goes into the archive

• Submitters are responsible for the submitted sequences 
and the accompanying annotation

• Nobody else can change them (including the curators at 
EMBL/GenBank/DDBJ) 

• Amino acid sequence databases
– Swiss-Prot is NOT an archive

• Swiss-Prot chooses what goes into the database and 
where to place it

• Swiss-Prot updates annotations and sequences when 
necessary



• When submitting a nucleotide sequence, the 
submitter can specify a CoDing Sequence (CDS).

• This CDS is translated by EMBL/GenBank/DDBJ. 

• The corresponding  protein sequence is extracted 
automatically and a TrEMBL entry is created. It 
contains:
– the data originally found in the EMBL entry (authors, 

taxonomy, proposed gene/protein name…)
– automatic annotation (i.e.domain detection,  family 

attribution…)
– several additional crosslinks

FromFrom EMBL to EMBL to TrEMBLTrEMBL
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TrEMBLTrEMBL -- the the automaticallyautomatically annotatedannotated
section of section of UniProtKBUniProtKB

• Rule-based automatic annotation (based on 
InterPro matches, and machine learning
algorithms)

• EVIDENCE TAGS are added to any part of a 
TrEMBL entry, indicating the source (e.g. import 
from other dbs, automatic annotations, manual
fixes); available as part of the XML format.

• Swiss-Prot evidence tags probably available
early 2007



CDSCDSCDSCDS

FromFrom EMBL to EMBL to TrEMBLTrEMBL



! TrEMBL neither translates DNA sequences, 
nor does it use gene prediction programs: 
only takes the existing CDS proposed 
by the submitting authors in the 
EMBL/Genbank/DDBJ entry

In particular, the proposed CDS and derived 
protein sequences can be experimentally 
proven or derived from gene prediction 
programs 
(this is not obvious from the TrEMBL entry)

TrEMBL does not validate any sequences



Once manually annotated and 
integrated into Swiss-Prot, the entry is 
deleted from TrEMBL

Literature information
(more than 1500 journals cited)

Sequence analysis
High performance bioinformatics tools

Databases and 
external scientific expertise

X

Annotation and sequence check

FromFrom TrEMBLTrEMBL to to SwissSwiss--ProtProt



SwissSwiss--Prot annotation tools (1)Prot annotation tools (1)
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SwissSwiss--Prot annotation tools (2)Prot annotation tools (2)
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Monitoring entry Monitoring entry historyhistory: The : The UniProtKBUniProtKB
SequenceSequence/Annotation Version archive/Annotation Version archive
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Monitoring entry Monitoring entry historyhistory: The : The UniProtKBUniProtKB
SequenceSequence/Annotation Version archive/Annotation Version archive

x
x
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Human chromosome 1 reference published
New database cross-reference added
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Direct Direct accessaccess to the to the 
UniProtKBUniProtKB SequenceSequence/Annotation /Annotation 

Version archive (Version archive (UniSaveUniSave):):

http://www.ebi.ac.uk/uniprot/unisave/



Access to the Access to the UniProtUniProt KnowledgebaseKnowledgebase

Direct access (keyword search)

• Sequence Retrieval System (SRS, Europe)

• Entrez (NCBI, USA) – Swiss-Prot (not TrEMBL) is
integrated in GenPept, but with a changed format, 
and with some information (e.g. cross-references) 
removed

• Query tools on ExPASy & UniProt
(http://www.expasy.org/sprot/, http://www.uniprot.org)

Indirect access (sequence search)
• Bioinformatics & sequence analysis tools (Blast, 

Fasta, GCG, Emboss, MS Identification tools…)
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DownloadingDownloading the the UniProtUniProt
KnowledgebaseKnowledgebase

http://www.expasy.org/sprot/download.htmlhttp://www.expasy.org/sprot/download.html

• Swiss-Prot and TrEMBL form a complete, non-redundant
database, the UniProt Knowledgebase

• Can be downloaded from
ftp://ftp.expasy.org/databases/uniprot/current_release/knowledgebase

• In « Swiss-Prot » format, fasta or xml format

• Complemented by sequences of alternative splice isoforms

• « all » about « all » proteins! (at least all CDS submitted to the 
public nucleotide sequence databases)
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FTP FTP accessaccess: : 
ftp://ftp.expasy.org/databases/uniprot/current_release/ftp://ftp.expasy.org/databases/uniprot/current_release/

knowledgebase/complete/knowledgebase/complete/

TrEMBL XML  includes evidence tags

Swiss-Prot and 
TrEMBL are also 
available on 
CD-ROM:
datalib@ebi.ac.uk
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If If youyou wantwant to to developdevelop toolstools to to workwork withwith
youryour local copy of local copy of SwissSwiss--ProtProt//TrEMBLTrEMBL::

Swissknife – a PERL parser for UniProtKB

Constantly updated according to latest format 
changes

Advantage: you do not need to know how exactly
the information is stored in the flat file

• http://swissknife.sourceforge.net/
• ftp://ftp.ebi.ac.uk/pub/software/swissprot/Swissknife/



220’000 + 2’000’000  ≈≈≈≈ 1’500’000

Redundancy in TrEMBL

&

Redundancy between TrEMBL and Swiss-Prot
Only 100% identical sequences (except fragments) from the same organism

are merged automatically (in TrEMBL)
All other merging operations are more complex and are performed manually 

(in Swiss-Prot)

~9500 species                 ~100’000 species

SwissSwiss--ProtProt && TrEMBLTrEMBL
introduceintroduce a new a new arithmeticalarithmetical concept!concept!



In the case of human proteins, the redundancy is still very high:

14’094 + 55’000  ≈≈≈≈ about 22’000*

* human gene number estimation:
<25’000

MS proteomics has verified more than 10% of human gene
products, but has not identified significant numbers of 
unpredicted proteins (Southan C, Proteomics, 2004)

Missing sequences:
• Sequences not submitted to EMBL/GenBank/DDBJ, except

those submitted directly to Swiss-Prot or PIR
• Not yet predicted or known genes ("no CDS provided by the 

submitters" or no DNA sequence Confidential data (Patent 
application sequences)

• Immunoglobulins, T-cell receptors (-> UniParc)
• …
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NonNon--RedundantRedundant Complete Complete 
ProteomeProteome SetsSets

• Text search (e.g. SRS): UniProtKB keyword 
« Complete proteome », combined with an 
organism name

• Download precomputed sets (bacteria, 
archaea, some eukaryotes): 
ftp://ftp.expasy.org/databases/complete_proteomes/entries

• EBI Integr8 http://www.ebi.ac.uk/integr8/
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Distinguishing SwissDistinguishing Swiss--Prot and Prot and TrEMBLTrEMBL

• Definitions
– A TrEMBL entry is a computer-annotated 

record derived from a certain coding 
sequence (CDS) in the EMBL nucleotide 
sequence database not in Swiss-Prot, after 
some redundancy removal and automated 
annotation.

– A Swiss-Prot entry is a manually annotated 
record for a certain protein.
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DistinguishingDistinguishing
SwissSwiss--Prot and Prot and TrEMBLTrEMBL

ID lines

• Data Class
Swiss-Prot ID   1433B_BOVIN     STANDARD;      PRT;   245 AA.

TrEMBL ID   Q28835_RABIT     PRELIMINARY;      PRT;    90 AA.

• Entry name
Swiss-Prot ID   1433B_BOVIN STANDARD;      PRT;   245 AA

TrEMBL ID   Q28835_RABIT PRELIMINARY;      PRT;    90 AA.



DistinguishingDistinguishing
SwissSwiss--Prot and Prot and TrEMBLTrEMBL

AC lines 

Swiss-Prot AC   P29358;

TrEMBL AC   Q28835;  
(-> no difference! When the TrEMBL entry is annotated and 
moves to Swiss-Prot, it will keep its accession number)

DT lines
Swiss-Prot        

DT   01-JUL-1993, integrated into UniProtKB/Swiss-Prot.
TrEMBL

DT   01-NOV-1996, integrated into UniProtKB/TrEMBL.
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TrEMBLTrEMBL <<--> > SwissSwiss--ProtProt summarysummary

• Almost all Swiss-Prot entries are derived from
TrEMBL entries

• TrEMBL entries are entries waiting to be integrated in 
Swiss-Prot

• TrEMBL grows faster than Swiss-Prot, so some
TrEMBL entries will never get annotated

• TrEMBL contains redundancy

• Swiss-Prot is completely non-redundant

• For human sequences, it takes >4 TrEMBL entries to 
make one Swiss-Prot entry
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• Swiss-Prot is the non redundant, manually annotated and 
highly cross-referenced section of the UniProt Knowledgebase

• Be aware of the differences between UniProtKB/TrEMBL and 
UniProtKB/Swiss-Prot 
– Computer vs. Human

– Redundant vs. Non-redundant

• Always cite the Accession number, not the ID

– The AC is stable

– The ID might change

We need your feedback and your expertise!
swiss-prot@expasy.org

http://www.expasy.org/sprot/update.html

(and from every Swiss-Prot entry page on ExPASy)

TakeTake home messagehome message



Righting the wrongsRighting the wrongs

“Sequences are rarely deposited in a “mature” state; as with 
all scientific research, DNA and protein annotation is a 
continual process of learning, revision and corrections.”

“Sequencing error rates: ~1 base in 10’000”

“Making people aware of errors is good and great; making 
people aware that they’re responsible also for correcting 

errors is even greater”

C. Hardley, EMBO reports, 4(9), 2003.
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SubmittingSubmitting sequencessequences to to 
UniProtKBUniProtKB//SwissSwiss--ProtProt::

http://http://www.ebi.ac.uk/swissprot/Submissions/spinwww.ebi.ac.uk/swissprot/Submissions/spin//
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UniRef100, 90 and 50 clustersUniRef100, 90 and 50 clusters

One UniRef100 entry -> all identical sequences from 
UniProtKB and some sections of UniParc (including 
fragments, Swiss-Prot splice variants).

One UniRef90 entry -> sequences that have at least 
90% or more identity.

One UniRef50 entry -> sequences that are at least 
50% identical.
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UniRef100, 90 and 50 clustersUniRef100, 90 and 50 clusters

One cluster can contain sequences of several species, 
clustering is done independently of the organism

Each cluster has a « representative », « reference »
sequence, preferably that of the best-annotated Swiss-
Prot entry

UniRef identifiers are of the form UniRef100_P99999, 
UniRef50_P00414  – not stable, as clusters are 
recomputed with every biweekly release, and cluster 
representatives can change!

UniRef is useful for comprehensive BLAST sequence 
searches by providing sets of representative sequences.
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BLAST BLAST againstagainst UniRefUniRef www.expasy.org/tools/blast/www.expasy.org/tools/blast/

Default: UniProtKB

UniRef100/90/50
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BLASTpBLASTp of of humanhuman erythropoietinerythropoietin againstagainst UniRef100UniRef100

Cluster of 100% Cluster of 100% identicalidentical sequencessequences, 1 , 1 representativerepresentative

2 members

3 members
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BLASTpBLASTp of of humanhuman erythropoietinerythropoietin againstagainst UniRef90UniRef90

8 members
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BLASTpBLASTp of of humanhuman erythropoietinerythropoietin againstagainst UniRef50UniRef50

22 members!
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UniRef combines closely related sequences into a single record to speed sequence 
searches. Such entries are indicated in the match list below with the ‘+’ sign. Click on it 
to display the related sequences. 

Submission of selected
sequences to further analysis
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ImplicitImplicit crosscross--linklink fromfrom SwissSwiss--ProtProt//TrEMBLTrEMBL to to UniRefUniRef::
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UniProtKB

UniParc
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UniParcUniParc –– the the UniProtUniProt ArchiveArchive

• Sequences and cross-references

• A comprehensive collection of the raw protein 
sequences in public databases (including those not 
submitted to the DNA databases): 

Swiss-Prot, TrEMBL, PIR, EMBL, Ensembl, IPI, 
PDB, RefSeq, FlyBase, WormBase, Patent Offices.

• UniParc allows to track sequence versions

Use with extreme caution: also contains pseudogenes, 
incorrect CDS predictions, etc…and highly redundant !
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UniParcUniParc allowsallows to to keepkeep tracktrack of a of a proteinprotein
sequencesequence and of and of itsits integrationintegration in in variousvarious databasesdatabases

http://www.pir.uniprot.org/cgi-bin/textSearch_AR

Patent data
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UniParc entry UPI0000033477 part 2 

TrEMBL entry was merged
into Swiss-Prot

TrEMBL entry probably to 
be merged into Swiss-Prot
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«« NonNon--RedundancyRedundancy »» definitionsdefinitions

• UniParc
– One UniParc entry for all 100% identical sequences (from 

many different databases)

• UniRef
– One UniRef100 entry for all 100% identical sequences

(including subfragments) from the UniProt Knowledgebase

• Swiss-Prot
– One Swiss-Prot entry per gene/protein, including

fragments, variations, splice variants
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• Almost 10’000 different species;

• 20 species represent about 35% of all sequences in 
the database;

• >7’000 species are only represented

by one  to three sequences.

In most cases these are sequences

which were done in the context

of a phylogenetic study.

How How manymany speciesspecies are are 
representedrepresented in in SwissSwiss--ProtProt ??

http://www.expasy.org/sprot/relnotes/relstat.htmlhttp://www.expasy.org/sprot/relnotes/relstat.html
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The main annotation programs:

• HAMAP (High quality Automated and Manual
Annotation of microbial Proteomes; bacteria, 
archaea, chloroplasts, mitochondria);

• HPI (Human Proteomics Initiative);
• PPAP (Plant Proteome Annotation Project);
• FPAP (Fungal Proteome Annotation Project);
• Viral Proteins;
• Tox-Prot (Toxin Annotation Project);
• ENZYMES (proteins with EC numbers);
• PTMs
• 3d-structure

SwissSwiss--ProtProt annotation annotation prioritiespriorities
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Model Model organismsorganisms

• Organisms for which we want to have a 
more in-depth coverage;

• Completeness, links with specialized
databases, specific documents;

• Examples: E.coli, B.subtilis, Human, 
Mouse, Fly, C.elegans, Yeast, S.pombe, 
A.thaliana.
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http://www.expasy.org/sprot/hpi/hpi_stat.html
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SwissSwiss--ProtProt documentsdocuments
http://www.expasy.org/sprot/sphttp://www.expasy.org/sprot/sp--docu.htmldocu.html

ftp://ftp.expasy.org/databases/uniprot/current_release/ ftp://ftp.expasy.org/databases/uniprot/current_release/ 
knowledgebaseknowledgebase//completecomplete/docs/docs

About 90 different documents:

• User manual, release notes;

• Indices (authors, citations, keywords, 
etc.);

• Lists per species or per chromosome;

• Nomenclature documents;

• User-maintained specialized documents
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http://www.expasy.org/sprot/sp-docu.html
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New document: New document: 
ProteinProtein namingnaming guidelinesguidelines

A “recommended name” (RN) should be unique and attributed to all orthologs. One reason 
for this is that it should be possible to propagate a protein name to all orthologous
proteins, from various organisms. This is why, ideally, the protein name should not contain 
a specific characteristic of the protein, and in particular it should not reflect the function or 
role of the protein, nor its subcellular location, its domain structure, its tissue specificity, its 
molecular weight or its species of origin. 

Therefore a RN should : 

• not contain information about the molecular weight of the protein. e.g. "Unicornase subunit 
A" is preferred to "Unicornase 52 kDa subunit." 

• not be based on the name of a disease. e.g. "Bloom syndrome protein" is not suitable. 

• not be based on tissue specificity. e.g. "Testis-specific protein ..." is not suitable. 

• not be based on the species name. e.g. "Yeast Ku70 protein" is not suitable. 

• not be based on the gene induction. e.g. "Androgen-induced protein 1" is not suitable. 

The most optimal RN is a word that ends with "in" and which can be easily pronounced in 
English. e.g. "Zyxin", "Insulin", "Hemoglobin", "Caveolin", "Desmoglein", "Secretin", etc. 



UniProtKBUniProtKB//SwissSwiss--ProtProt annotation annotation 
and and proteinprotein diversitydiversity

1. Alternative splicing.

2. Variants.

3. Post-translational modifications.

Boeckmann B. et al. Protein variety and functional diversity: 
Swiss-Prot annotation in its biological context
Comptes Rendus Biologies 328:882-99(2005). 
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about 30’000 human genes

about 1'000'000 human proteins

proteome

alternative splicing
of mRNA

genome

transcriptome
about 100’000 human transcripts

post-translational
modifications of proteins 

(PTMs)

From genome to From genome to proteomeproteome

5-
10

 fo
ld 

inc
re
as

e 

2-5 fold increase 
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Estimation of % alternatively spliced human genesEstimation of % alternatively spliced human genes

Mironov et al., 1999 > 35 %
Croft et al., 2000 > 22 %
HGC, 2001 > 59 %
Kan et al., 2001 > 55 %
Modrek et al., 2001 > 42 %
Brett et al., 2002 > 50 %

20% of all human Swiss-Prot entries have annotation 
about alternative splicing

More than half of the changes brought about by splicing are 

simple: missing/inserted N-, C- or internal regions; the rest 

can be very complex.
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SwissSwiss--Prot & alternative splicingProt & alternative splicing

• Annotation at two levels: comments and 
features;

• The sequence record generally represents the 
longest isoform;

• Stable isoform identifiers and feature 
identifiers have been introduced to facilitate 
access to splice isoforms

• Many tools on ExPASy have been adapted to 
distinguish the various splice isoforms.
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2A5G_HUMAN2A5G_HUMAN2A5G_HUMAN2A5G_HUMAN, Q13362Q13362Q13362Q13362

KeywordsKeywords
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A4_HUMAN, A4_HUMAN, A4_HUMAN, A4_HUMAN, P05067 P05067 P05067 P05067 
P73_HUMAN (O15350) references to alternative isoforms
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Unique and stable isoform IDs

Feature IDs

P73_HUMAN (O15350) Comment topic « Alternative products »
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Alternative Alternative splicingsplicing in in featurefeature tables tables –– and and 
links to links to reconstitutedreconstituted sequencessequences



Reconstituted sequence

Direct links to 

analysis tools

Isoform description
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SubmitSubmit splicesplice
isoformisoform sequencessequences
to to furtherfurther analysisanalysis, , 
e.g. multiple e.g. multiple 
aligmentaligment



ExPASyExPASy toolstools and alternative and alternative isoformsisoforms

•Aldente (protein identification by peptide mass 
fingerprinting)

•ScanProsite (pattern searching)
•Blast

O15350 (P73_HUMAN)
and its alternative 
isoform sequences
are found separately



UniProtKBUniProtKB//SwissSwiss--ProtProt annotation annotation 
and and proteinprotein diversitydiversity

1. Alternative splicing.

2. Variants.

3. Post-translational modifications.

Boeckmann B. et al. Protein variety and functional diversity: 
Swiss-Prot annotation in its biological context
Comptes Rendus Biologies 328:882-99(2005). 



PolymorphismsPolymorphisms
• Non synonymous c-SNPs (coding Single Nucleotide 
Polymorphisms) (Single Amino-acid Polymorphisms or 
SAPs);

• Mutations causing profound changes, such as a frameshift 
or a STOP codon, are not annotated (deleterious effect on 
function is obvious);

• Annotation can be found in 4 sections: 

- references;

- comments (disease or polymorphism);

- keywords (disease mutation or polymorphism);

- features (FT VARIANT).
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Variants & ReferencesVariants & References

P53_HUMAN, P04637

Disease variant: Li-Fraumeni syndrome

Polymorphism
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P53_HUMAN, P04637P53_HUMAN, P04637P53_HUMAN, P04637P53_HUMAN, P04637

Variants & Comments



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

HMT_HUMAN, P50135
POLYMORPHISM: Variant Ile-105 has a reduced activity and seems to be linked with 
a predisposition to asthma. 

MYOC_MOUSE, O70624
POLYMORPHISM: Variant Ala-164 is found in strain BALB/cJ which has a low 
intraocular pressure. Variant Thr-164 is found in strains C3H/HeJ and C57BL/6J, two 
strains which have a relatively high intraocular pressure. 

NT3_HUMAN, P20783
POLYMORPHISM: Variant Glu-76 (frequently reported as Glu-63) was thought to be 
associated with severe forms of schizophrenia. This does not seem to be the case. 

Variants & CommentsVariants & Comments

If the variant is NOT associated with a disease state…
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Variants & KeywordsVariants & Keywords

P53_HUMAN, P04637P53_HUMAN, P04637P53_HUMAN, P04637P53_HUMAN, P04637

P53_HUMAN, P04637



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

Disease variants & KeywordsDisease variants & Keywords

P53_HUMAN, P04637P53_HUMAN, P04637P53_HUMAN, P04637P53_HUMAN, P04637

Disease-related keywords:
Alport syndrome, Alzheimer's disease, Autoimmune encephalomyelitis, 
Autoimmune uveitis, Bernard Soulier syndrome, Charcot-Marie-Tooth disease, 
Chronic granulomatous disease, Cockayne's syndrome, Cone-rod dystrophy, 
Deafness, Diabetes insipidus, Diabetes mellitus, Down's syndrome, Dwarfism, 
Epidermolysis bullosa, Gaucher disease, GM2-gangliosidosis, Hemophilia, 
Hereditary hemolytic anemia, Hereditary multiple exostoses, Hereditary 
nonpolyposis colorectal cancer, Hirschsprung disease, etc…
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Variants & FeaturesVariants & Features

Disease mutations

Polymorphisms

BRCA2_HUMAN, BRCA2_HUMAN, BRCA2_HUMAN, BRCA2_HUMAN, P51587P51587P51587P51587
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Variants & FeaturesVariants & Features
P53_HUMAN, P53_HUMAN, P53_HUMAN, P53_HUMAN, P04637P04637P04637P04637
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Model of wild type

Model of variant



SwissSwiss--ProtProt annotation annotation 
and and proteinprotein diversitydiversity

1. Alternative splicing.

2. Variants.

3. Post-translational modifications 
(PTM).



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

PTM PTM definitiondefinition

a post-translational modification  or  PTM  is

a modification of a polypeptidic chain involving the 

making or the breaking of covalent bond(s) that occur 

during (co-translational class) or after translation. 
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PTMsPTMs influenceinfluence or or eveneven definedefine proteinprotein functionfunction

phosphorylation and possibly GlcNAcylation and S-nitrosylation are 

a means of transducing extracellular signals to the inside of the 

cells.

methylation has a role in nuclear protein import. 

lipid addition allows protein to membrane association (e.g. GPI-

anchor, myristate, palmitate).

intrachain disulfide bonds and N-glycosylation influence protein 

folding.

interchain disulfide bonds bind subunits together.

other PTMs are directly involved in the protein function, as for

example the binding of cofactors (e.g. pyridoxal phosphate), or the 

synthesis of a cofactor by the modification of amino acids present 

in the protein (e.g. quinones).
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3 3 categoriescategories of of PTMsPTMs in in SwissSwiss--ProtProt

cleavage

cross-linking

linkage

initiator Met, signal and transit peptides, 
propeptides, complex processing, etc.

simple chemical groups: phosphate, sulfate, 
methyl, hydroxyl, acetate, etc.

complex molecules: N-, O- or C-linked glycans,
lipids (e.g. palmitate, myristate, GPI)

disulfide bonds, thioester, thiolether bonds, etc.
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3 locations for PTM data 3 locations for PTM data storagestorage

Comments (CC line type)
CC   -!- PTM: …

Keywords (KW line type)
KW   …

Feature table (FT line type)
FT   … keywords

comments

features
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cleavage
keywords

PTM keywordsPTM keywords

Acetylation, ADP-ribosylation, 
Amidation, D-amino acid, Formylation, 
Glycoprotein, GPI-anchor, Hydroxylation, 
Hypusine, Iodination, Myristate, Palmitate, 
Phosphorylation, Prenylation, Sulfation

Signal, Transit peptide, Protein splicing, 
Cleavage on pair of basic residues

linkage
keywords

The keywords allow the retrieval of entries for proteins bearing
the same modification. 
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PTM feature keysPTM feature keys

MOD_RES, CARBOHYD, LIPID, BINDING

INIT_MET, PROPEP, SIGNAL, TRANSIT

DISULFID, CROSSLNK

cleavage
FtKeys

linkage
FtKeys

cross-link
FtKeys

FtKey position/range FtDescription

INIT_MET 0    0
BINDING X    X Pyridoxal phosphate. 
DISULFID X    Y
MOD_RES X    X Glutamate methyl ester (Glu).

LIPID X    X GPI-anchor amidated glycine.
CARBOHYD X    X C-linked (Man).



527

531

574

11114

157

733

58490

19411

total

216268955639N-GlcNAc

43

122

149

3424

52

499

4688

Exp.

978O-GlcNAc

112

310

200

6346

204

2477

By sim.Pot./prob.

372GPI-anchor

109myristate

225sulfation

1344phosphorylation

30O-GalNAc

12246signal peptide

all organismsNumber of PTMs in 
Swiss-Prot release 47.3 
(June 2005) for 
selected types of PTMs

50% of human entries describe at least one PTM
Total number of proteins < total number of PTMs 
(but many of them are not yet annotated!)

Some statisticsSome statistics



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

• MOD_RES, CROSSLNK, LIPID have been standardized, to use controlled
vocabularies

• FT description shows the modified amino acid, not the name of the process:

PHOSPHORYLATION

Phosphocysteine
4-aspartylphosphate 
Phosphohistidine
Tele-phosphohistidine
Pros-phosphohistidine
Phosphoserine
Phosphothreonine
Phosphotyrosine

StandardizationStandardization of FT descriptionsof FT descriptions
http://www.expasy.org/cgi-bin/ptmlist.pl

Keyword Keyword «« PhosphorylationPhosphorylation »»
allowsallows to to retrieveretrieve all relevant all relevant 
entriesentries

OLD

NEW
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The N-terminus is blocked.

Phosphorylated by various PKC isozymes.

Phosphorylated at multiple sites by different protein kinases and 
each phosphorylation event selectively modulates the protein's 
functions.

Phosphorylation on Tyr-660 reduces the ability of 4.1 to 
promote the assembly of the spectrin/actin/4.1 ternary complex.

O-glycosylated; contains N-acetylglucosamine side chains in the 
C-terminal domain.

Sulfated.

PTM comments : some examplesPTM comments : some examples

The comment (CC line-type) topic 'PTM' is used to present 
detailed information on PTMs that cannot be represented in 
the feature table.
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Our sources of dataOur sources of data

PTM prediction tools (potential evidence)

research articles, reviews
(experimental, potential evidence)

personal communications (experimental
evidence)

direct submissions of information to Swiss-
Prot (experimental evidence)
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data sources,       data sources,       qualifiersqualifiers

By similarityexperimental evidence for a 
strongly homologous protein KW

st
re

n
g
th

 o
f 
e
vi
d
e
n
ce

direct experimental evidence

Potentialprediction by sequence analysis

! if some other 
kind of evidence !

Swiss-Prot considers both data obtained experimentally and predicted 
information and makes a clear distinction in its annotation.
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Identification:
Aldente,

TagIdent, 
AAcompIdent, 

MultiIdent

Identification:
Aldente,

TagIdent, 
AAcompIdent, 

MultiIdent

Characterization:
FindMod,
GlycoMod, 
FindPept

Characterization:
FindMod,
GlycoMod, 
FindPept

Analysis:
PeptideMass,
GlycanMass,
BioGraph, 

PeptideCutter
ProtScale,
ProtParam

Analysis:
PeptideMass,
GlycanMass,
BioGraph, 

PeptideCutter
ProtScale,
ProtParam

- Use annotation in Swiss-Prot and TrEMBL
(preprocessing, PTMs, etc.)

- Hyper-links between tools and databases

http://www.expasy.org/tools/
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ProteinProtein familiesfamilies and and 
domainsdomains, PROSITE , PROSITE 

and and InterProInterPro
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Sequence patterns and profilesSequence patterns and profiles

• Detection of protein sequence families or 
domain using sequence patterns;

• Detection of DNA sequence elements or 
protein families/domains using weight 
matrices (or profiles), and Hidden Markov 
Models. 
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Identification of protein domains and familiesIdentification of protein domains and families

• There are two non-exclusive approaches for the determination of 
the function of an uncharacterized protein:

– Comparison with a complete sequence database

– Scanning a database of patterns and profiles

• Most proteins can be grouped into families. Proteins belonging to 
a particular family share functional attributes and are derived 
from a common ancestor;

• Some regions in the sequence are more conserved than others 
during evolution because they are important for the function or 
the structure of the protein;

• Like fingerprints for police identification, signatures built out of 
sequence patterns or profiles  can be used to formulate 
hypotheses about the function of uncharacterized proteins.
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How many protein families? [1/2]How many protein families? [1/2]
Not an easy question to answer:

• The number of different proteins expressed by a genome 
range from about 500 (Mycoplasma) to probably 30’000 
(Human) and a lot more in plants. But these numbers do not 
translate to an equivalent number of families. The increase in 
protein numbers is mainly due to multigenic families;

• According to Chothia (1992): about 1’000 protein families 
based on structural criteria (folds);

• According to Claverie, States and Lipman (1993): about 600 
ACS (Ancestral Conserved Sequences), families found in all 
phyla. The other families are specific for one or more phyla;

• Number of eukaryotic protein modules according to Bork 
(1992): about 200. These are modules that make up "Lego" 
proteins. Examples: kringle, IG-like, EGF, FN-III, etc.;
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How many protein families? [2/2]How many protein families? [2/2]

• Each phylum and in some cases each species seems to contain 
specific protein families. Examples: fungal-specific proteins; 
plant-specific, C.elegans-specific; etc.;

• The number of protein families is dependent on how far 
sequence analysis can go back in evolution. At the extreme 
there should only be one protein family!

• Structural criteria generally allow to go the farthest back in time, 
but it is not proven that similar folds equate with a common 
ancestor;

• So any estimation of the number of protein families or domains 
is dependent on the criteria used to define what is a family or a 
domain;

• We estimate that an "operational" protein classification system 
requires probably some 3’000 to 5’000 "definitions".
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http://www.http://www.ebiebi.ac..ac.ukuk/integr8//integr8/ProteomeAnalysisActionProteomeAnalysisAction.do?.do?orgProteomeIDorgProteomeID=25=25
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How to identify protein families or How to identify protein families or 
domainsdomains

PATTERNS = regular expressions;

PROFILES or WEIGHT MATRICES = two-
dimensional tables of position specific match-, 
gap-, and insertion-scores, derived from 
aligned sequence families;

Hidden Markov Models (HMM) = 
probabilistic models.
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How to judge the quality of a How to judge the quality of a 
discriminatordiscriminator

Two parameters can be computed to qualify the quality of a 
sequence discriminator: precision and recall

False positives = known false hits

False negatives = known missed hits

Precision = true hits / (true hits + false positives)

Recall = true hits / (true hits + false negatives)

Sensitivity: does it pick up all members of the family?

Specificity: does it find only true members of the family?
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A A regular expression (RE)regular expression (RE) expresses how a expresses how a 
computer program should look for a specified computer program should look for a specified 
pattern in pattern in text text 

'^' A circumflex at the beginning of the pattern matches the line beginning.

'$' A dollar-sign at the end of the pattern matches the end of a line.

'.' A period matches any character except for 'new-line'.

'*' An expression followed by an asterisk matches zero or more occurrences 
of that expression : 'fo*' matches 'f', 'fo', 'foo', etc.

'+' An expression followed by  a plus sign matches one or more occurrences 
of that expression : 'fo+' matches 'fo', 'foo', etc.

'[]' A string enclosed in square brackets matches any character in that string, 
but no others. If the 1st character is a circumflex it will match any 
character except the characters in the string. Example: '[xyz]' matches 
matches 'xx' and 'zyx'; '[^xyz]' matches 'abc' but not 'axb'.

A range of characters may be specified by two characters separated by '-‘. 
Example: [a-z] matches any word containing any lower case character.
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Regular expressions Regular expressions --
examplesexamples

C[AOU]T- Would match : CAT, COT, CUT only

C.T - Would match : CAT, CaT,  CIT, C:T NOT CT

CA?T - Would match : CT, CAT only

C+T - Would match CT, CCT, CCCCT

C(HE)?A[TP] - Would match : CHEAT, CAT, 
CHEAP, CAP only
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Sequence patternsSequence patterns

• From a multiple sequence alignment one can 
derive a sequence pattern;

• Useful to detect protein belonging to a specific 
family or a protein domain; much less useful at 
the DNA level due to the small alphabet (4 
letters) and the low sequence conservation of 
DNA sequence elements;

• Examples of sequence patterns:
Serine active site of trypsin-type proteases: Gly-Asp-Ser-Gly-Gly

Zinc finger C2H2-type: Cys-x(2,4)-Cys-x(12)-His-x(3,5)-His

Chitin-binding domain signature: C-x(4)-C-C-S-x(2)-G-x-C-G-x(4)-[FYW]-C
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PROSITE pattern conventionsPROSITE pattern conventions
1. The standard IUPAC one-letter codes for the amino acids are used. 
2. The symbol `x' is used for a position where any amino acid is accepted. 
3. Ambiguities are indicated by listing the acceptable amino acids for a given 

position, between square parentheses `[ ]'. For example: [ALT] stands for Ala or
Leu or Thr. 

4. Ambiguities are also indicated by listing between a pair of curly brackets `{ }' 
the amino acids that are not  accepted at a given position. For example:{AM} 
stands for any amino acid except Ala and Met. 

5. Each element in a pattern is separated from its neighbor by a ‘-’. 
6. Repetition of an element of the pattern can be indicated by following that 

element with a numerical value or,  if it is a gap ('x'), by a numerical range 
between parentheses. Examples: 

x(3) corresponds to x-x-x 
x(2,4) corresponds to x-x or x-x-x or x-x-x-x 
A(3) corresponds to A-A-A 

Note: You can only use a range with 'x', i.e. A(2,4) is not a valid pattern 
element.

7.    When a pattern is restricted to either the N- or C-terminal of a sequence, that 
pattern either starts with a `<'  symbol or respectively ends with a `>' symbol. 



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

How to build protein sequence patterns 1/2How to build protein sequence patterns 1/2

• One starts with a multiple sequence alignment;

• Choose a region with well-conserved residues

• If something is known about the sequence, it is useful to 
consider residues and regions thought/proved to be  
important to the biological function of that group of proteins. 
These biologically significant regions or residues are generally:

– Enzyme catalytic sites;

– Prosthetic group attachment sites (heme, PLP, biotin, etc.);

– Amino acids involved in binding a metal ion;

– Cysteines involved in disulfide bonds;

– Regions involved in binding a molecule (ATP, calcium, DNA 
etc.) or a protein.
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How to build protein sequence patterns 2/2How to build protein sequence patterns 2/2

• A first pattern is built from the most conserved 
residues. It is used to scan the database;

• If it picks up too many false positives, it is modified 
to make it more stringent;

• The difficulty resides in achieving a pattern which 
does not pick up too many false positives yet does 
not miss too many sequences (false negatives). In 
practice it means optimizing both the recall and the 
precision;

• In some cases this result can not be achieved and 
an optimal sequence pattern cannot be built.
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PROSITE http://www.expasy.org/prosite/

A database of protein families and domains using two kinds of 
motif descriptors:
Patterns or regular expressions :  

•User friendly (easy to understand and to use)
•Well designed for the detection of biologically meaningful 
sites such as residues playing a structural or functional role 
•Can be used to scan a protein database in reasonable time on 
any computer

Generalized profiles or weight matrices : 
•Well adapted to cover the full length of the protein or domain 
•Are able to detect highly divergent families or domains with 
only few well conserved positions
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ID   PPASE; PATTERN. 
AC   PS00387; 
DT   NOV-1990 (CREATED); NOV-1997 (DATA UPDATE); MAY-2006 (INFO UPDATE). 
DE   Inorganic pyrophosphatase signature. 
PA   D-[SGDN]-D-[PE]-[LIVMF]-D-[LIVMGAC].
NR   /RELEASE=50.1,223100; 
NR   /TOTAL=162(162); /POSITIVE=109(109); /UNKNOWN=1(1); /FALSE_POS=52(52); 
NR   /FALSE_NEG=8; /PARTIAL=2; 
CC   /TAXO-RANGE=A?EP?; /MAX-REPEAT=1; 
CC   /SITE=1,magnesium; /SITE=3,magnesium; /SITE=6,magnesium; 
CC   /VERSION=1; 
DR   Q889M7, IPYR1_PSESM, T; Q9H2U2, IPYR2_HUMAN, T; Q91VM9, IPYR2_MOUSE, T; 
DR   Q87WD6, IPYR2_PSESM, T; P87118, IPYR2_SCHPO, T; P28239, IPYR2_YEAST, T; 
DR   Q9YBA5, IPYR_AERPE , T; Q8UC37, IPYR_AGRT5 , T; P80562, IPYR_ANASP , T;
DR   ……….. 
DR   O05545, IPYR_GLUOX , N; Q72MG4, IPYR_LEPIC , N; Q8EZ21, IPYR_LEPIN , N; 
DR   Q8PH18, IPYR_XANAC , N; Q8P5M4, IPYR_XANCP , N; 
DR   Q06305, AER3_AERHY , F; Q06303, AER4_AERHY , F; Q06306, AER5_AERHY , F; 
DR   P09167, AERA_AERHY , F; Q9X4Y1, AGPA_RHIME , F; Q44257, CBAB_COMTE , F; 
3D   1FAJ; 1HUJ; 1HUK; 1IGP; 1INO; 1IPW; 1JFD; 1M38; 1MJW; 1MJZ; 1OBW; 1QEZ;
3D   1WGI; 1WGJ; 1YPP; 2EIP; 2PRD; 8PRK;
DO   PDOC00325;
//

PROSITE PROSITE -- exampleexample pattern entrypattern entry

Performance diagnostic

List of  matches
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PROSITE html PROSITE html viewview
http://www.expasy.org/prosite/PS00387http://www.expasy.org/prosite/PS00387
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http://www.expasy.org/tools/scanprosite/
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…..and many more matches….

ScanProsite Results: Pattern against UniProtKB/Swiss-Prot
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PROSITE PROSITE -- profilesprofiles

Profile or weight matrix: table of position-specific amino 
acid weights and gap costs, used to calculate a similarity score
for any alignment  between a profile and a sequence. An 
alignment with a similarity score higher than or equal to a given 
cut-off  value constitutes  a motif  occurrence.

More robust and sensitive than patterns due to 
discriminatory weights not only for the residues already 
found at a given position of a motif, but also for those not yet
found. The weights for those not yet found are extrapolated 
from the observed amino acid compositions using empiric 
knowledge about amino acid substitutability.
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Weight matrices (profiles) (1/5)Weight matrices (profiles) (1/5)

First step:  start with a multiple sequence 
alignment (protein or DNA)

1    2    3    4    5    6    7
-------------------------------
A    S    T    A    M    P    V

A    T    S    L    M    V    T

S    S    S    L    M    L    T

A    T    P    A    M    S    S

A    T    A    L    L    S    A
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Weight matrices (profiles) (2/5)Weight matrices (profiles) (2/5)
2nd step: count the number of 
occurrences of the different amino acids 
(or bases) at each position of the 
alignment

1    2    3    4    5    6    7
--------------------------------
4A   3T   2S   3L   4M   2S   1V

1S   2S   1T   2A   1L   1L   2T

1A             1V   1S

1P             1P   1A
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Weight matrices (profiles) (3/5)Weight matrices (profiles) (3/5)

3rd step: derivation of the preliminary 
matrix

1     2  3  4  5  6  7
----------------------------------------

A   0.8 0   0.2 0.4 0   0  0.2

L   0   0  0   0.6 0.2 0.2 0

M   0   0  0   0  0.8 0   0
V   0   0  0   0   0   0.2 0.2

P   0   0   0.2 0   0   0.2 0

S   0.2 0.4   0.4 0   0   0.4 0.2

T   0     0.6 0.2 0   0   0     0.4

The matrix size is N x M where N(columns) is the number of 
positions in the alignment and M(rows) is either 20 (for a protein 
matrix) or 4 (for DNA/RNA)
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Weight matrices (profiles) (4/5)Weight matrices (profiles) (4/5)
Subsequent steps:

• Normalization (taking into account the average 
amino-acid composition);

• Replacing zero values by a small, but non-zero 
value;

• Using logarithms so as to speed up computation 
time;

• Definition of a cut-off value.

Once all this is done, the weight matrix can be used 
to scan the sequences in a database
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Weight matrices (profiles) (5/5)Weight matrices (profiles) (5/5)

Important refinements

• Allowing gaps in the matrix; this is not 
trivial, but necessary to a real-life 
application;

• Using a weighted multiple alignment. If 
this is not done then the matrix will be 
biased toward the most represented 
subgroups of sequences.
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An example PROSITE profile entry:An example PROSITE profile entry:
http://www.expasy.org/prosite/PS50240
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ScanProsite results: PROSITE profile against SwissScanProsite results: PROSITE profile against Swiss--ProtProt
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Functionally and structurally relevant Functionally and structurally relevant 
residues in PROSITE motif descriptorsresidues in PROSITE motif descriptors
A new concept to A new concept to extractextract more information more information fromfrom

profilesprofiles

Principle :

• Combining the advantages of profiles (high 
sensitivity) and patterns (position-specific 
information)

• Tagging of amino acids at precise positions in 
the profile and checking their presence in the 
matched sequence
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Patterns or regular expressions :  
•User-friendly (easy to understand and to use)
•Well-designed for the detection of biologically meaningful 
sites such as residues playing a structural or functional role 
•Can be used to scan a protein database in reasonable time on 
any computer

Generalized profiles or weight matrices : 
•Well adapted to cover the full length of the protein or domain 
•Are able to detect highly divergent families or domains with 
only few well-conserved positions

Summary of advantages of patterns and profilesSummary of advantages of patterns and profiles
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Aim :

• Provide users with biologically meaningful functional and structural 
information: 

active sites, 
post-translational modification sites,
binding sites,
disulfide bonds,
transmembrane regions.

• Help the Swiss-Prot annotation and provide enhanced homogeneity:
domain name and boundaries,
keywords and linked GO terms,
EC numbers,
false negative PROSITE patterns.

ProRuleProRule: A help for : A help for functionfunction predictionprediction and and 
annotationannotation

Sigrist et al.: Sigrist et al.: BioinformaticsBioinformatics 21:406021:4060--4066(2005)4066(2005)
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Hidden Markov Models (HMM)Hidden Markov Models (HMM)

• A powerful probabilistic method;

• The advantage of HMM is that you 
can use them to both build the 
multiple sequence alignment and to 
detect if a protein belongs to a 
family or a domain;

• For a review see:

Bioinformatics 14:755-763(1998)
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http://www.sanger.ac.uk/Software/Pfam/search.shtml
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PROSITE PROSITE -- toolstools

http://www.expasy.org/tools/#pattern :

• ScanProsite 

• myHits MotifScan

• … and many others to scan a sequence against 
PROSITE or a pattern/profile against a protein 
sequence database

• Interpro Scan:
http://www.ebi.ac.uk/interpro/scan.html
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Other methodsOther methods

Pfam, TIGRFAMs, SMART: Hidden Markov Models (HMM),  
Probabilistic model;

PRINTS:  “Unweighted” matrix; protein fingerprints

BLOCKS: Weight matrix derived from ungapped alignments;

PIR SuperFamily: classification system based on evolutionary 
relationship of whole proteins 

ProDom: automatic compilation of  homologous domains based 
on recursive PSI-BLAST searches. 
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The INTERPRO projectThe INTERPRO project
www.ebi.ac.uk/interprowww.ebi.ac.uk/interpro

• Unification of PROSITE, PRINTS,  Pfam into an integrated 
resource of protein families, domains and functional sites in 
2000;

• Joint effort in creating a unified yet methodologically diverse 
system for protein family/domain identification;

• Single set of «documents» linked to the various methods;

• Distributed with tools by anonymous FTP and through WWW 
servers;

• Used to enhance the functional annotation of UniProtKB
(Swiss-Prot and TrEMBL)

• progressively incorporates other databases
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Current status of  INTERPROCurrent status of  INTERPRO

Release 12.1 (March 2006) was built from Pfam, PRINTS, 
PROSITE, ProDom, SMART, TIGRFAMs, PIR SuperFamily, Scop 
based Superfamilies, Gene3D and PANTHER, and the current 
Swiss-Prot + TrEMBL data. 
(for details see http://www.ebi.ac.uk/interpro/release_notes.html)

InterPro release 12.1 contains 12’953 entries, representing 3’585 
domains, 9’055 families, 238 repeats, 32 active sites, 22 binding 
sites and 21 post-translational modification sites. Overall, there are 
11’318’934 InterPro hits from 2’207’141 UniProtKB protein 
sequences. 

92% of Swiss-Prot and 77% of TrEMBL protein 
sequences have one or more hits in InterPro.
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http://www.ebi.ac.uk/interpro/



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

http://www.ebi.ac.uk/interpro/IEntry?ac=IPR001304
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InterProInterPro: : 
Graphical domain representationGraphical domain representation
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The The ExPASyExPASy software toolssoftware tools

• Tools for the display and management of databases 
(NiceProt, Swiss-Shop sequence alerting system, 
etc.);

• Tools for sequence analysis (ScanProsite, 
ProtParam, ProtScale, RandSeq, Translate, etc.);

• Proteomics tools (AACompIdent, FindMod, FindPept, 
Aldente, PeptideMass, TagIdent, etc.);

• 3D-structure analysis and display tools (Swiss-
Model, Swiss-PDBviewer)
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Identification:
Aldente,

TagIdent, 
AAcompIdent, 

MultiIdent

Identification:
Aldente,

TagIdent, 
AAcompIdent, 

MultiIdent

Characterization:
FindMod,
GlycoMod, 
FindPept

Characterization:
FindMod,
GlycoMod, 
FindPept

Analysis:
PeptideMass,
GlycanMass,
BioGraph, 

PeptideCutter
ProtScale,
ProtParam

Analysis:
PeptideMass,
GlycanMass,
BioGraph, 

PeptideCutter
ProtScale,
ProtParam

- Use annotation in Swiss-Prot and TrEMBL
(preprocessing, PTMs, etc.)

- Hyper-links between tools and databases

http://www.expasy.org/tools/
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FindingFinding out about out about recentrecent
developmentsdevelopments::

What’s new on ExPASy:

http://www.expasy.org/history.html

UniProtKB/Swiss-Prot recent format changes:

http://www.expasy.org/sprot/relnotes/sp_news.html

UniProtKB/Swiss-Prot planned format changes:

http://www.expasy.org/sprot/relnotes/sp_soon.html

Subscribe to the electronic Swiss-Flash bulletins:

http://www.expasy.org/swiss-flash/



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

ReferencesReferencesSwiss-Prot:
http://www.expasy.org/sprot/sprot-ref.html

Wu C. et al. The Universal Protein Resource (UniProt): an expanding universe of protein 
information.
Nucleic Acids Res. 34:D187-191(2006). 

Boeckmann B. et al. Protein variety and functional diversity: Swiss-Prot annotation in its 
biological context
Comptes Rendus Biologies 328:882-99(2005). 

Bairoch A.
Swiss-Prot: Juggling between evolution and stability
Brief. Bioinform. 5:39-55(2004). 

Farriol-Mathis N. et al. Annotation of post-translational modifications in the Swiss-Prot 
knowledgebase. Proteomics 4:1537-1550(2004).

Gasteiger E. et al. A. Swiss-Prot: Connecting biological knowledge via a protein database
Curr. Issues Mol. Biol. 3:47-55(2001).

ExPASy:
Gasteiger E. et al.ExPASy: the proteomics server for in-depth protein knowledge and 

analysis. Nucleic Acids Res. 31:3784-3788(2003).



Trieste, June 2006
E. Gasteiger - Protein databases and 

tools

UsefulUseful generalgeneral publicationspublications

• Nucleic Acids Res. Database issue 2006, vol. 
34, supplement 1:     
http://nar.oupjournals.org/content/vol34/suppl_1/

• Nucleic Acids Res. Web server issue 2005, 
vol. 33, supplement 2: 
http://nar.oupjournals.org/content/vol33/suppl_2/

• Book: Bioinformatics for Dummies, by J.-M. 
Claverie and C. Notredame
Publisher: For Dummies; 1st edition (January 15, 2003) 

ISBN: 0764516965
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