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ABSTRACT

The primary mission of Universal Protein Resource
(UniProt) is to support biological research by main-
taining a stable, comprehensive, fully classified,
richly and accurately annotated protein sequence
knowledgebase, with extensive cross-references
and querying interfaces freely accessible to the
scientific community. UniProt is produced by the
UniProt Consortium which consists of groups
from the European Bioinformatics Institute (EBI),
the Swiss Institute of Bioinformatics (SIB) and
the Protein Information Resource (PIR). UniProt is
comprised of four major components, each opti-
mized for different uses: the UniProt Archive, the
UniProt Knowledgebase, the UniProt Reference
Clusters and the UniProt Metagenomic and
Environmental Sequence Database. UniProt is
updated and distributed every 4 weeks and can be
accessed online for searches or download at http://
www.uniprot.org.

INTRODUCTION

Universal Protein Resource (UniProt) strives to provide a
centralized repository of protein sequences with compre-
hensive coverage and a systematic approach to protein
annotation, incorporating, interpreting, integrating and
standardizing data from numerous sources and is the
most comprehensive catalog of protein sequences and func-
tional annotation. It has four components optimized for
different uses. The UniProt Knowledgebase (UniProtKB)
is an expertly curated database, a central access point for
integrated protein information with cross-references to
multiple sources. The UniProt Archive (UniParc) (1) is a
comprehensive sequence repository, reflecting the history

of all protein sequences. UniProt Reference Clusters
(UniRef) (2) merge closely related sequences based on
sequence identity to facilitate sequence similarity searches
while the UniProt Metagenomic and Environmental
Sequences Database (UniMES) was created to cater for
the expanding area of metagenomic data. UniProt is
freely and easily accessible by researchers and provides
interactive customized search facilities for proteins of
interest to facilitate hypothesis generation and knowledge
discovery.

ONGOING AND NEW DEVELOPMENTS

Annotation changes

Demerging of multi-gene entries derived from a single
species in UniProtKB/Swiss-Prot. UniProtKB/Swiss-Prot
has historically ‘merged’ 100% identical protein sequences
from different genes in the same species into one single
record. The aim of this approach was to reduce sequence
redundancy within the proteome of individual species,
facilitating protein identification and the functional anno-
tation of protein sequences. As the availability and usage
of genomic information has greatly increased in recent
years, UniProtKB is modifying its merging policy. We
have begun to ‘demerge’ entries containing multiple indi-
vidual genes coding for 100% identical protein sequences
into individual UniProtKB/Swiss-Prot entries containing
a single gene. This will give a gene-centric view of protein
space, where the same protein sequence can be represented
multiple times by distinct UniProtKB/Swiss-Prot entries.
It will allow a cleaner and more logical mapping of gene
and genomic resources to UniProtKB, which provide the
major point of entry to the resulting proteome for many
users. One consequence of this change in annotation
policy is that the level of protein sequence redundancy
in UniProtKB will increase, as multiple identical instances
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of a given protein sequence may appear. The increase in
redundancy should however be minor. In Homo sapiens,
the number of entries currently selected for demerge rep-
resents <1% of the total (�20 300 human entries) and
although this number will certainly increase over time it
will still represent only a very small fraction of the total.

Entries annotated via the HAMAP pipeline are integrated
into UniProtKB/TrEMBL. The growth in the number of
completely sequenced microbial genomes generated a need
for a procedure that provides high-quality annotation for
as many protein sequences as possible. UniProt’s response
was to develop the semi-automated system, HAMAP
(high-quality automated and manual annotation of micro-
bial proteomes), that uses manually built annotation tem-
plates for protein families to propagate annotation to all
members of defined protein families, using very strict
criteria. In UniProtKB, entries semi-automatically
annotated via the HAMAP pipeline used to be integrated
into UniProtKB/Swiss-Prot. To allow users to unambigu-
ously discriminate between manually and automatically
annotated records, our policy has changed and HAMAP
is being integrated into the automatic annotation system
applied to UniProtKB/TrEMBL. This approach has
several advantages. First, it reinstates UniProtKB/Swiss-
Prot policy of only containing manually reviewed entries.
Second, it enhances UniProtKB/TrEMBL’s quality by
adding new, manually reviewed rules for automatic anno-
tation. Third, the UniProtKB/TrEMBL’s automatic an-
notation system allows quick and extensive updates at
every release. Fourth, HAMAP-derived annotation dis-
played in these entries is tagged to indicate the source
rule. It should be emphasized that entries used as tem-
plates to create HAMAP family rules undergo thorough
manual annotation, not only at the sequence level, but
also at the functional level, including in-depth literature
mining. Consequently, these entries are in UniProtKB/
Swiss-Prot and manually updated when required. This
helps guarantee the high quality of the resulting
HAMAP profiles.

Evidence attribution

Each UniProtKB entry combines information from a wide
range of sources including data imported from ENA/
DDBJ/GenBank (3,4,5) nucleotide records, data
imported from other databases, automatic annotation
and manually curated information added from the scien-
tific literature and sequence analysis programs. The
UniProt Consortium utilizes an evidence attribution
system which attaches an evidence tag to each data item
in a UniProtKB entry identifying its source(s) and/or the
method(s) used to generate it. This system allows users to
easily trace the source of each annotation, and thereby to
assess data reliability. It also allows for automated correc-
tion and updating of imported or predicted annotations in
response to changes in their underlying sources, while
preserving data which has been manually curated.

Finer-grained tagging will be implemented to allow a
more detailed breakdown of source information that will
enable users to more easily use the evidence tags to

identify all experimentally characterized annotations for
a given protein from a particular strain of a particular
species as well as all experimentally characterized annota-
tions/proteins from a proteome or protein family. This
has the added benefit of providing the experimental
annotation for the benchmarking of sequence analysis
tools such as predictors of post-translational modifica-
tions or topology. Retrofitting will be ongoing for those
manually curated entries created before the evidence attri-
bution system was introduced. The UniProt Consortium is
currently modifying UniProt evidence tags to make them
compatible with the widely used gene ontology (6)
evidence codes, and is also involved in discussions with
other curated databases such as ENA/DDBJ/GenBank
and RefSeq (7) to ensure consistency across our resources.
The evidence attribution system is available in the XML
version of UniProtKB and has also been partially imple-
mented in the entry view on the UniProt web site allowing
the user to link through to the source resource or appro-
priate SOP. Future plans include the provision of
additional web services based on the evidence tags such
as access to the source annotation rules (UniRules/SAAS)
responsible for each predicted annotation. It is planned
to extend the scope of the evidence attribution system
to enable users to use the evidence tags to identify all
experimentally characterized annotations for a given
protein from a particular strain of a particular species
as well as all experimentally characterized annotations/
proteins from a proteome or protein family. This has
the added benefit of providing the experimental annota-
tion for the benchmarking of sequence analysis tools
such as predictors of post-translational modifications or
topology.

Complete proteomes

The International Protein Index (IPI) (8), an integrated
database providing non-redundant complete datasets of
proteins for featured higher eukaryotic organisms, has
been extensively used in proteomics experiments. IPI was
launched in 2001 when information about proteins
was stored in diverse formats across many different data-
bases. The situation has improved for many of the
best-studied genomes and UniProtKB is now working
in collaboration with Ensembl (9) and RefSeq to provide
complete protein sequence coverage of IPI organisms.
The UniProt Knowledgebase provides comprehensive
coverage of the human, mouse and rat genomes. It has
also incorporated the Arabidopsis thaliana data from
TAIR (10), and sequence predictions for cow, chick,
zebrafish and dog. UniProt will produce specific data
sets for each of these species and, shortly after this, pro-
duction of IPI will be discontinued. A further develop-
ment in the provision of complete proteome sets by
UniProt concerns those species which are represented by
more than one complete proteome in UniProtKB. At
the current time there are relatively few such species—
some notable exceptions include Escherichia coli and
Streptococcus agalactiae. However, their number is
likely to grow sharply in the near future, as continuing
developments in high-throughput sequencing technologies
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render the genome sequencing of multiple strains or
isolates of a particular species routine. Given the poten-
tially large differences in protein composition that may
exist between different strains of the same species, it is
essential that users be able to identify the actual strain
for which a particular protein or group of proteins has
been experimentally characterized. This makes the provi-
sion and annotation of complete proteomes for individual
strains or isolates essential. Historically, UniProtKB
merged sequence and annotation data from different
strains and complete proteomes into a single entry. Such
merging will no longer be performed, existing merged
proteomes will be actively demerged, and functional
annotation assigned to the correct strain where possible.
Individual complete proteomes that currently have a
species-level taxonomic assignment will be reassigned to
the correct strain-level taxonomic node, where that infor-
mation is available. The final outcome of these changes
will be the provision of clearly delineated and correctly
annotated proteomes for individual strains or isolates
in UniProtKB. In those cases where multiple complete
genome and proteome sequences are available for a
single strain or isolate, users will be provided with access
to the individual proteomes from separate projects.
To further help users select more easily among multiple
proteomes, UniProt will define a single reference or
representative proteome for each species—this will be
the proteome that includes the greatest amount of
relevant functional annotation, and, where resources
permit, will be the proteome which is preferentially
selected for manual curation. The selection and defin-
ition of reference strain proteomes in UniProtKB has
already begun for viruses (11), where 355 reference
strains have been selected in accordance with RefSeq.
The manual selection of reference proteomes for these
and other species will be supplemented by an automatic
procedure that assesses annotation content. Access to data
on complete proteomes including downloads will be
provided via a new portal which is currently under deve-
lopment. This portal will provide users with information
and simple statistics for both complete proteomes and
their individual components, such as chromosomes and
plasmids.

Automatic annotation

The current rate of production of genome sequence data
far exceeds the rate at which such data can be manually
annotated. UniProt has developed two complementary
systems to automatically annotate protein sequences in
UniProtKB/TrEMBL, providing accurate annotations to
protein sequences that might never be experimentally
characterized. The first system, UniRule, which incorp-
orates the HAMAP(12), RuleBase(13) and Protein
Information Resource (PIR) (14) systems, uses annotation
rules created and monitored by experienced curators.
Each annotation rule specifies a number of annotations,
and conditions which must be satisfied for that annotation
to be applied. These conditions may include family mem-
bership [as indicated by a match to a family defined by
InterPro (15)], taxonomic constraints and the presence of

particular sequence features. Rules are created by curators
based on information from experimentally characterized
template entries, and their predictions evaluated against the
content of manually annotated UniProtKB/Swiss-Prot
entries which serve as the gold standard. Those rules that
are inconsistent with current UniProtKB/Swiss-Prot anno-
tation are sent to curators for review. This validation
step occurs at each UniProtKB release, and ensures that
only high-quality predictions are added and prevents
propagation of potentially erroneous data.

The second system, the Statistical Automatic
Annotation System [SAAS, previously named Spearmint
(16)] supplements the labor-intensive-UniRule system and
to ensure scalability of computational annotation. SAAS
generates automatic rules for functional annotation from
UniProtKB/Swiss-Prot entries using the C4.5 decision-tree
algorithm. This algorithm uses entropy gain to find the
most concise rule for an annotation based on the criteria
of sequence length, InterPro-group membership and
taxonomy. SAAS employs a data-exclusion set that
censors data not suitable for computational annotation
(such as specific biophysical or chemical properties) and
generates human readable rules for each release.
Generating rules ‘on the fly’ ensures their evolution
along with the UniProtKB with little or no manual inter-
vention while providing seed rules for exploitation in the
UniRule system. UniRule and SAAS currently predict
both protein properties, such as function, catalytic
activity, pathways, sub-cellular location and sequence-
specific information, such as location of active sites. This
combined approach produces annotation for �38% of
UniProtKB/TrEMBL entries at the current time. All
predictions are refreshed with each UniProtKB release
to ensure the latest state-of-knowledge predictions.

Integration with other databases

Cross-references. UniProtKB acts as a central hub for
biomolecular information by connecting to >140 data-
bases that provide additional or complementary informa-
tion. Establishing and maintaining these cross-references
is the result of a collaborative effort with the scientific
community and contact with the resource developers is
maintained to ensure access to up-to-date, reliable and
comprehensive data. UniProKB provides cross-references
to a number of resource types including such as the
nucleotide sequence databases, protein structure data-
bases, protein domain and family databases and species-
specific and function/feature-specific data collections.
Users can search for entries having particular cross-
references in UniProtKB via the web interface.

ID mapping. IDmapping is essential to support data inter-
operability among disparate data sources and enables the
integration and querying of data from heterogeneous
molecular biology databases. UniProt provides a
mapping service to convert common gene IDs and
protein IDs (such as NCBI’s gi number and Entrez Gene
ID) to UniProtKB AC/ID and vice versa. ID mapping
can be of two types: first, mapping between similar
objects such as NCBI RefSeq and UniProtKB accession
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numbers and second, from identifiers to annotations such
as a UniProtKB accession number to a Pathway or GO ID.
UniProt currently provides mappings for >100 unique ID
types at http://www.uniprot.org/mapping and themapping
table downloads at ftp://ftp.uniprot.org/pub/databases/
uniprot/current_release/knowledgebase/idmapping.

Additional bibliography. The UniProt additional
bibliography service, through close collaboration with
providers of public-curated databases such as Entrez
Gene and model organism databases (MODs), maps add-
itional bibliographic data for UniProtKB protein entries
to help users better explore existing protein knowledge.
This service exploits the collaborative connections with
the wider biocuration community to provide users access
to additional publications absent from the UniProtKB
record, and assists UniProtKB curators to identify and
prioritize candidate entries for manual curation.
Currently, the service provides literature annotations
from 15 external gene or protein databases, including
nine MODs. These external sources contribute �475 000
unique PubMed citations not annotated in UniProtKB,
covering �230 000 UniProtKB entries. The additional
bibliography is directly linked from the protein entry
view on the UniProt web site.

New data sources

Most of the UniProtKB protein sequences are derived
from translations in the ENA/DDBJ/GenBank nucleotide
sequence databases. UniProtKB also contains sequences
from PDB (17), TAIR and Ensembl (as described earlier).
UniProt will extend its collaboration with Ensembl and
will work closely with RefSeq to integrate relevant data
into the UniProt databases and to identify core sets of
protein coding regions that are consistently annotated
and of high quality. The long-term goal is to support
convergence towards a standard set of protein-coding
gene annotations, especially for mammalian and model
organisms.

The UniProt Consortium will also extend collaborations
with the International Nucleotide Sequence Database
Collaboration (INSDC) (18), RefSeq and Ensembl to
promote the integration of next-generation-sequencing
(NGS) data into the UniProt databases. A special
emphasis will be placed on the wealth of variation data
being generated for key species of biomedical interest,
including of course H. sapiens. This will benefit users of
protein and nucleotide resources through improved inter-
operability and data synchronization.

In the context of new annotation sources, UniProt has
collaborated for some time with the wwPDB to produce
the UniProtKB/PDB mappings on a weekly basis which is
made available through the SIFTS project (19). This is
now used as the basis of the automated annotation of
UniProtKB/TrEMBL entries using data from the
PDBeMotif database (20). The derived annotations
provide positional small molecule–protein interaction
data in the feature section of the UniProt records, their
associated literature citations, keywords and cross-
references. Given the broad range of chemical entities

contained in the PDB archive, only a small manually
chosen subset deemed to be unambiguously biologically
relevant is included.

DATABASE ACCESS AND FEEDBACK

The www.uniprot.org website (21) is the primary access
point to our data and documentation and to tools such as
full-text and field-based-text search, sequence-similarity
search, multiple sequence alignment, batch retrieval and
database identifier mapping. Searches can be built itera-
tively with the tool bar’s query builder or entered
manually in the query field, which can be faster and more
powerful (www.uniprot.org/help/text-search). Viewing of
result sets, as well as database entries, is configurable.
The site has a simple and consistent URL scheme and all
searches can be bookmarked to be repeated at a later time.
The web site offers various download formats which
depend on the chosen dataset (e.g. plain text, XML,
RDF, FASTA, GFF for UniProtKB). The columns of
result tables can be configured for customized downloads
in tab-delimited or Excel format. All data is available in
RDF (www.w3.org/RDF/), aW3C standard for publishing
data on the Semantic Web. Programmatic access to data
and search results is possible via simple HTTP (REST)
requests (www.uniprot.org/faq/28). Java applications can
also make use of our Java API (UniProtJAPI) (22). While
the UniProt web site provides a query interface for all
UniProt data, users frequently require the facility to
search across related data in different databases. BioMart
is an open source query-oriented data-management system
that allows for integrated querying of biological-data
resources regardless of their geographical locations. A
UniProt Biomart is available which allows complext
queries between UniProt and other data resources such as
PRIDE, Ensembl and InterPro (http://www.ebi.ac.uk/
uniprot/biomart/martview). We are constantly trying to
improve our databases and services in terms of accuracy
and representation and hence, consider your feedback
extremely valuable. Please contact us if you have any ques-
tions via www.uniprot.org/contact or email us directly at
help@uniprot.org. The page www.uniprot.org/help/
submissions provides information about data submissions
and updates. Extensive documentation on how to best use
our resource is available at www.uniprot.org/help/.
UniProt is freely available for both commercial and non-
commercial use (www.uniprot.org/help/license). New
releases are published every 4 weeks except for UniMES,
which is updated only when the underlying source data are
updated. Statistics are available with each release at www
.uniprot.org.
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