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The Swiss-Prot group works in collaboration
with

And together they form UniProt,

The Universal Protein Knowledgebase

Created in July 1986

Since 1987 with the EBI

Since 2003 with PIR



An avalanche of data
• In 1954: publication of the first sequence of a

protein: bovine insulin by Frederick Sanger

• More than 50% of the biomolecular data available
today was produced in the last two years;

• In 1986: 4’000 proteins in Swiss-Prot; today: 4’000
new proteins will enter Swiss-Prot+TrEMBL.



The implications…
• The Life Sciences have undergone a dramatic

revolution in the last 20 years:
They used to be rich in hypotheses, well-off in

knowledge and poor in data;
They are now very rich in data, not so well-off in

knowledge and very poor in hypotheses.

A list of parts

To a
complex
system

How do we
go from:



1953: 1st sequence (bovine insulin)

1986: 4’000 sequences

2007: 5 million sequences

Where will it stop?

The universe in which Swiss-
Prot evolves

179'000'025'042   (179 billion)



179'000'025'042
1st estimate:  ~30 million species (1.5 million named)

 2nd estimate:
 20   million bacteria/archea                    x    4'000 genes

  5   million protists                           x    6'000 genes

  3   million insects                            x   14'000 genes

  1   million fungi                              x    6'000 genes

  0.6 million plants                             x   20'000 genes

  0.2 million molluscs, worms, arachnids, etc.   x   20'000 genes

  0.2 million vertebrates                        x   25'000 genes

The calculation:
2x107x4000+5x106x6000+3x106x14000+106x6000+6x105x20000+2x
105x20000+2x105x25000+25000(Craig Venter)+42(Douglas Adam)

Caveat: this is an estimate of the number of potential sequence entries,
but not that of the number of distinct protein entities in the biosphere.



Will all the different proteins in the
biosphere be ever sequenced?

Probably yes!



UniParc - Sequence archive 
Current and obsolete sequences

UniMES

Metagenomic
and environmental
samples sequences

UniProtKB/Swiss-Prot
Reviewed

UniProtKB/TrEMBL

Unreviewed

UniProtKB
Protein knowledgebase

EMBL/GenBank/DDBJ, Ensembl, other
sequence resources

UniRef
Sequence clusters

UniRef100

UniRef90

UniRef50

Manual annotation

Automatic annotation



TrEMBL

EMBL DNA db

Automated extraction of
protein sequence, gene
name and references +
Automated annotation

Manual annotation of
the sequence and

associated  biological
information

Swiss-Prot



Swiss-Prot

 AnnotatedAnnotated, , non-redundantnon-redundant, , cross-referencedcross-referenced,,
documenteddocumented protein sequence  protein sequence knowledgeknowledge resource; resource;

 or more simply remember it as an or more simply remember it as an encyclopedia onencyclopedia on
proteins!proteins!;;

 268268’’000000 sequences; 134 sequences; 134’’000 literature references;000 literature references;
44’’000000’’000 cross-references to 100 databases; ~800 Mb000 cross-references to 100 databases; ~800 Mb
of annotations;of annotations;

 About About 44’’400400’’000000 sequences in  sequences in TrEMBLTrEMBL, its computer-, its computer-
annotated supplement.annotated supplement.



Beta web site: beta.uniprot.org; demo on Friday





















2D-gel databases
ANU-2DPAGE
Aarhus/Ghent-2DPAGE
COMPLUYEAST-2DPAGE
Cornea-2DPAGE
DOSAC-COBS-2DPAGE
ECO2DBASE
HSC-2DPAGE
OGP
PHCI-2DPAGE
PMMA-2DPAGE
Rat-heart-2DPAGE
REPRODUCTION-2DPAGE
Siena-2DPAGE
SWISS-2DPAGE

Family and domain
databases
Gene3D
HAMAP
InterPro
PANTHER
PIRSF
Pfam
PRINTS
ProDom
PROSITE
SMART
TIGRFAMs

Organism-specific
databases
AGD
CYGD
DictyBase
EchoBASE
EcoGene
euHCVdb
FlyBase
GeneDB_Spombe
GeneFarm
GeneLynx
Gramene
H-InvDB
HGNC
HIV
HPA
LegioList
Leproma
ListiList
MaizeGDB
MGI
MIM
MypuList
Orphanet
PseudoCAP
PhotoList
RGD
SagaList
SGD
StyGene
SubtiList
TAIR
TubercuList
WormBase
WormPep
ZFIN

Enzyme and pathway
databases
BioCyc
Reactome

Miscellaneous
ArrayExpress
dbSNP
DIP
DrugBank
GO
IntAct
LinkHub
PeptideAtlas
RZPD-ProtExp

Protein family/group
databases
GermOnline
MEROPS
PeroxiBase
PptaseDB
REBASE
TRANSFAC

Sequence databases
EMBL
PIR
UniGene

3D structure
databases
DisProt
HSSP
PDB
SMR

PTM databases
GlycoSuiteDB
PhosSite

UniProtKB/Swiss-Prot
explicit links

Genome annotation
databases
Ensembl
GenomeReviews
KEGG
TIGR





In a Swiss-Prot entry, you can
expect to find:

• All the names  of a given protein (and of its gene);
• Its biological origin with links to the taxonomic

databases;
• A summary of what is known about the protein:

function, alternative products, PTM, tissue
expression, disease, etc.…;

• Selected keywords and ontological descriptions;
• A description of important sequence features:

domains, PTMs, variations, etc.;
• A selection of references;
• Numerous cross-references;
• A (often corrected) protein sequence and the

description of various isoforms/variants.



• It  is not possib le to fully annotate all UniProtKB
proteins w ith the current resources;

• It  is therefore im portant to concentrate our efforts
in the annotat ion of proteins that are deemed to be
the m ost im portant for a m ajority of users;

• Since 2 0 0 0  we have init iated a g row ing  number of
annotat ion projects that can be subd ivided into 2
d ist inct subsets:

 Horizontal pro jects that targ et proteins from
specif ic sets of org anism s;

 Transversal pro jects that targ et aspect of
annotat ions that are common to all horizontal
pro jects ( examples:  PTMs,  3 D-structure,  enzymes,
etc) .

Annotation projects



The current horizontal pro jects are targ eted towards:

• Mammals (HPI)

• Bacteria and archea (HAMAP)

• Plants ( PPAP)

• Fung i ( FPAP)

• Viruses

• Insects (m ainly Drosophila)

• C.eleg ans

• Zebraf ish

• Xenopus

• Toxins ( ToxProt)

Horizontal annotation projects

Note: the above order reflects the number of annotators
involved in the projects. It is not meant to rank their
scientific importance/relevance



7 4  persons are involved in annotation:

4 9  at SIB, 1 5  at EBI,  6  at PIR and 4  in Brazil
• HPI:  Alan,  André,  Anulka,  Bernd ,  Arnaud, Cecilia,  Danielle,  Gabriella,  Ghislaine,  Isabelle,
Lionel,  Lyd ie L,  Michele,  Nadine,  Sandra,  Serenella,  Shyamala,  Silvia B,  Silvia J,  Sorog ini,
Sylvain,  Ursula,  W ei Mun,  Yasm in

• HAMAP: Andrea,  Catherine,  Claudia,  Elisabeth,  Guillaume, Karine,  Luciane,  Luis,  Marisa,
Tania,  Tatiana,  Virg inie

• PPAP: Dam ien,  Emmanuel,  Michel,  Michael

• FPAP: Ivo ,  Kati,  Marc,  Vivien

• Viruses: Chantal,  Philippe

• ToxProt:  Florence,  Ruth

• Insects: Eleanor,  Sylvain;    C.eleg ans: Duncan

• Zebraf ish:  Alan, Gill;    Xenopus:  Alan, Rebecca

• Domains:  Anastasia,  Christ ian,  Daren,  Lai Su, Nicolas,  Petra,  Virg inie

• PTM: Janet,  John,  Lyd ie,  Nathalie

• 3 D: Jules,  Sona,  Ursula,  V inayaka

• Medical:  Arnaud,  Livia,  Paula

• CVs and taxonomy:  Anne, Sandrine,  Serenella

• PPI:  Bernd ;     Enzymes:  Anne,  Krist ian;    Proteom ics:  Lyd ie L.

• Updates/subm issions:  Claire,  Madelaine,  Marie-Claude, Michele,  Paul,  Ruth

• QA: Alan,  Amos, Claire,  Michele, Sylvain

The UniProt consortium annotators

Note: some people
names appears more
than once in this list



An important issue…
The process of developing a data resource for the Life
Sciences is akin to the work of middle age copists,
renaissance encyclopedists or the 19th century OED
development….
It is a very tedious, manually intensive, long term
endeavor…



The bacterial «infectome»
In 1995, the first
complete sequence of
the genome of a
microbial organism
(H.influenzae) became
available. Today we
have at our disposition
the sequence of 500
microbial genomes. This
number is currently
increasing by about one
genome per week.



Microbial genome and
proteomes



Some human pathogenic bacteria that have been sequenced
• Bacillus anthracis Anthrax
• Bordetella pertussis Whooping cough
• Borrelia burgdorferi Lyme disease
• Brucella abortus Brucellosis
• Campylobacter jejuni Gastroenteritis
• Chlamydia pneumoniae Respiratory tract infections
• Chlaymida trachomatis Trachoma, urogenital infections
• Escherichia coli O157 Enterohemorrhagic
• Haemophilus influenzae Respiratory tract infections
• Helicobacter pylori Gastric diseases (ulcers)
• Mycobacterium leprae Leprosy
• Mycobacterium tuberculosis Tuberculosis
• Mycoplasma genitalium Urogenital infections
• Mycoplasma pneumoniae Respiratory tract infections
• Neisseria gonorhoeae Gonorrhea
• Neisseria meningitidis Meningitis
• Pseudomonas aeruginosa Urinary tract infections, burn infections, CF
• Rickettsia conorii Mediterranean spotted fever
• Rickettsia prowazekii Typhus
• Staphylococcus aureus Major hospital acquired infections
• Streptococcus pneumoniae Acute respiratory infections
• Streptococcus pyogenes Scarlet fever, septicemia, etc.
• Treponema pallidum Syphilis
• Ureaplasma urealyticum Urogenital infections
• Vibrio cholerae Cholera



So what does HAMAP
means?

High quality
Automated and
Manual
Annotation of

microbial
Proteomes

Lots of microbial genomes,
lots of proteins. What should
we do with them in UniProt?

HAMAP



Automatic annotation of proteins
belonging to specified families (1)

• Allows to annotate automatically, yet with a very
high level of quality, proteins that belong to well
defined protein families;

• Can be applied to both characterized families and to
some UPF’s (Uncharacterized Protein Family);

• This projects requires the continuous development
or adaptation of software tools as well as the
development of a database of annotation rules for
each type of specified microbial protein (so far
about 1’400).











Using HAMAP, we can
currently annotate to
Swiss-Prot quality level
between 10% to 50% of
a complete microbial
proteome

But proteins involved in virulence
can rarely be annotated in an
automated process as there are
often species specific or because
their implication in virulence is
not their ‘original’ function.



GLOBALGLOBAL  REGULATION OF REGULATION OF Staphylococcus Staphylococcus aureusaureus  VIRULENCE FACTORS  VIRULENCE FACTORS
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Virus annotation program
• Established in 2004; currently 2 persons, but we

are currently hiring a 3rd person;
• Goal:

– Annotate viral proteins with an emphasis on important
human, animal and plant pathogens;

– In collaboration with NCBI and ICTV help to put some
order in the taxonomic ‘mess’ that is the hallmark of
virus classification and strain naming systems;

– Create a virus-specific portal to help virologists use the
knowledge that is and will be provided in
UniProtKB/Swiss-Prot.



What has been already being
achieved in term of annotation

• Coronaviruses (including SARS);
• Dengue virus;
• Ebolavirus;
• Hepatitis C virus (in collaboration with IBP – Lyon);
• Human retroviruses (HIV-1, HIV-2, HTLV and spumavirus);
• Influenza types A and B viruses;
• Rhabdoviruses;
• Togaviridae family, including Chikungunya virus, Rubella virus,

Semliki forest virus and Sindbis virus;
• Yellow fever virus;
• Spumaviruses;
• Hendra and Nipah viruses (Paramyxoviridae);
• Mimivirus;
• Birnaviruses;
• Porcine circoviruses



Taxonomic issues
• In 2006 we introduced a new line type, OH

(Organism Host) in order to indicate the host(s) in
viral protein entries;

• Clean up of the classification of viruses in the NCBI
taxonomy. Examples: hepatitis C genotypes, dengue
isolates, etc.;

• We will soon implement cross-reference to the
ICTV taxonomic database.
OS   Chandipura virus (strain I653514) (CHPV).
OC   Viruses; ssRNA negative-strand viruses; Mononegavirales;
OC   Rhabdoviridae; Dimarhabdovirus supergroup;
OC   Vesiculovirus.
OX   NCBI_TaxID=11273;
OH   NCBI_TaxID=9606; Homo sapiens (Human).
OH   NCBI_TaxID=7198; Phlebotominae (sandflies).



The UniProtKB/Swiss-Prot
virus portal (in development)















Protopap

Protozoan proteomes
annotation program



Mission
• Annotate proteins orginating from a

variety of pathogenic protozoan species;
• The program should concentrate on

proteins for which there are published
reports;

• It is open-ended (like all other annotaton
programs), but we are targeting for a first
3 year funding period.



Who and where?
• Have a number of annotators in various

countries (Brazil, Cuba?, Mexico?, Kenya,
South Africa? and Tunisia?) and at least one
in Geneva;

• Scientific collaborations with labs in various
tropical countries that work with these
pathogenic protozoans;

• Coordination with annotation efforts (at
genome level) carried out by the pathogen
sequencing unit of the Sanger Center.



Proteins from what species?
• Plasmodium falciparum and related species;
• Trypanosoma brucei and cruzi;
• Leishmania major and related species;
• Entamoeba histolytica;
• Theileria parva and annulata;
• As our efforts will be driven by how we will

manage to get funded and by whom is willing to
be a long term partner, the above list is going to
change.



And what about the vectors?

• All those flying and biting insects?;
• Here also we are in a poor shape: we have 2’550

annotated Drosophila melanogaster entries, 640
from other Drosophila, 170 Bombyx, …;

• but only 122 Anopheles, 45 Aedes and 7
Glossina (6 of them added yesterday!);

• So with only a single insect annotator we are not
going to make a significant impact in this
important taxonomic kingdom;

• May be we also need to build an international
effort.



From pull to push..

• For now more than 20 years we have
been «pulling» information and
knowledge from various sources, but
mainly from literature;

• It is now time to make sure that the
next 20 years will be defined by the
fact that researchers «push» their
results and the interpretation of their
results in the knowledgebase.



• Attempt to try to get the community to directly
submit information on the proteins that they are
studying;

• Using a wikepedia-type model/interface;
• Will first be «field-tested» in the yeast community;
• We are hopeful, yet we are realist: only a small

percentage of life researchers will take the time and
are altruistic enough to fully participate in such a
scheme.



Grey grey matter
counts!

• Many life scientists with knowledge of the
molecular world and that are computer-
proficient are reaching retirement age;

• Some want to continue to play a role in the
advancement of research, yet they will not be
able to do lab work anymore;

• We should offer them the tools necessary for
them to contribute to the annotation process.



Education!
• Everyone should feel concerned;
• Awareness of the content and usage of

knowledge resources is a pre-requisite to do any
type of « serious » research in the field of
molecular life sciences;

• Organizations such as EMBNet, EBI, SIB,
NCBI, NIG, HUPO, ICGEB, WHO should
continue and strenghten their «outreach» efforts;

• We (databases providers) should do more in
term of providing tutorials (on-line and on-site).



Protein Spotlight



to all of you in the audience and
more specifically to all the organizers
who have done an excellent job or
organizing this conference

More importantly, I wish good luck
to all the efforts to build a solid
bioinformatics research AND
infrastructure in Africa. I hope the
Swiss-Prot group can play a small
role in collaborative efforts to
annotate proteins from important
pathogens


