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Chapter 2

A Guide to UniProt for Protein Scientists

Claire O’Donovan and Rolf Apweiler 

Abstract

One of the essential requirements of the proteomics community is a high quality annotated nonredundant 
protein sequence database with stable identifiers and an archival service to enable protein identification 
and characterization. The scope of this chapter is to illustrate how Universal Protein Resource (UniProt) 
(The UniProt Consortium, Nucleic Acids Res. 38:D142–D148, 2010) can be best utilized for proteomics 
purposes with a particular focus on exploiting the knowledge captured in the UniProt databases, the 
services provided and the availability of complete proteomes.
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Nonredundant

The Proteomics community has evolved intensively over the last 
decade but one constant is the need to identify the resulting pro-
teins and their potential functions. This requires the availability of 
a nonredundant protein sequence database, with maximal cover-
age including splice isoforms, disease variant(s) and posttransla-
tional modifications. Sequence archiving is an essential feature in 
order to be able to interpret and maintain the proteomic set 
results. Stable identifiers, consistent nomenclature and controlled 
vocabularies are highly beneficial for protein identification. The 
last but by no means least requirement is the provision of detailed 
information on protein function, biological processes, and molec-
ular interactions and pathways cross-referenced to appropriate 
external sources. In this chapter, we will show how the Universal 
Protein Resource fulfils these criteria.

1. Introduction
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The mission of the Universal Protein Resource (UniProt) is to 
provide the scientific community with a comprehensive, high-quality 
and freely accessible resource of protein sequence and functional 
information, which is essential for modern biological research. 
UniProt is produced by the UniProt Consortium, which consists 
of groups from the European Bioinformatics Institute (EBI), the 
Protein Information Resource (PIR), and the Swiss Institute of 
Bioinformatics (SIB). Its activities are mainly supported by the 
National Institutes of Health (NIH) with additional funding from 
the European Commission and the Swiss Federal Government.

It has five components optimized for different uses. The 
UniProt Knowledgebase (UniProtKB) (1) is an expertly curated 
database, a central access point for integrated protein information 
with cross-references to multiple sources. The UniProt Archive 
(UniParc) (2) is a comprehensive sequence repository, reflecting 
the history of all protein sequences. UniProt Reference Clusters 
(UniRef) (3) merge closely related sequences based on sequence 
identity to speed up searches whereas the UniProt Metagenomic and 
Environmental Sequences database (UniMES) was created to 
respond to the expanding area of metagenomic data. UniProtKB 
Sequence/Annotation Version Archive (UniSave) is the UniProtKB 
protein entry archive, which contains all versions of each protein 
entry (Fig. 1).

2. Materials

Fig. 1. UniProt databases.
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UniParc is the main sequence storehouse and is a comprehensive 
repository that reflects the history of all protein sequences. 
UniParc contains all new and revised protein sequences from all 
publicly available sources (http://www.uniprot.org/help/uniparc) 
to ensure that complete coverage is available at a single site. To 
avoid redundancy, all sequences 100% identical over the entire 
length are merged, regardless of source organism. New and 
updated sequences are loaded on a daily basis, cross-referenced to 
the source database accession number, and provided with a 
sequence version that increments on changes to the underlying 
sequence. The basic information stored within each UniParc 
entry is the identifier, the sequence, cyclic redundancy check 
number, source database(s) with accession and version numbers, and 
a time stamp. If a UniParc entry lacks a cross-reference to a UniProtKB 
entry, the reason for its exclusion from UniProtKB is provided (e.g., 
pseudogene). In addition, each source database accession number is 
tagged with its status in that database, indicating if the sequence still 
exists or has been deleted in the source database and cross-references 
to NCBI GI and TaxId if appropriate.

UniProtKB consists of two sections, UniProtKB/Swiss-Prot and 
UniProtKB/TrEMBL. The former contains manually annotated 
records with information extracted from literature and curator-evaluated 
computational analysis. Annotation is done by biologists with specific 
expertise to achieve accuracy. In UniProtKB/Swiss-Prot, annotation 
consists of the description of the following: function(s), enzyme-
specific information, biologically relevant domains and sites, post-
translational modifications, subcellular location(s), tissue specificity, 
developmental specific expression, structure, interactions, splice 
isoform(s), associated diseases or deficiencies, or abnormalities etc. 
The UniProt Knowledgebase aims to describe, in a single record, all 
protein products derived from a certain gene from a certain species. 
After an inspection of the sequences, the curator selects the refer-
ence sequence, does the corresponding merging, and lists the splice 
and genetic variants along with disease information when available. 
This results in not only the whole record having an accession num-
ber but also unique identifiers for each protein form derived by 
alternative splicing, proteolytic cleavage, and posttranslational mod-
ification. The freely available tool VARSPLIC (4) enables the recre-
ation of all annotated splice variants from the feature table of a 
UniProt Knowledgebase entry, or for the complete database. 
A FASTA-formatted file containing all splice variants annotated in 
the UniProt Knowledgebase can be downloaded for use with 
similarity search programs.

UniProtKB/TrEMBL contains high quality computationally 
analyzed records enriched with automatic annotation and classifi-
cation. The computer-assisted annotation is created using both 
automatically generated rules as well as manually curated rules 

2.1. The UniProt 
Archive

2.2. The UniProt 
Knowledgebase 

http://www.uniprot.org/help/uniparc
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(UniRule) based on protein families (5–8). UniProtKB/TrEMBL 
contains the translations of all coding sequences (CDS) present in 
the EMBL/GenBank/DDBJ Nucleotide Sequence Databases 
and, with some defined exclusions, Arabidopsis thaliana sequences 
from The Arabidopsis Information Resource (TAIR) (9), yeast 
sequences from the Saccharomyces Genome Database (SGD) 
(10) and Homo sapiens sequences from the Ensembl database 
(11). It will soon be extended to include other Ensembl organism 
sets and RefSeq records. Records are selected for full manual 
annotation and integration into UniProtKB/Swiss-Prot accord-
ing to defined annotation priorities.

Integration between the three types of sequence-related data-
bases (nucleic acid sequences, protein sequences, and protein 
tertiary structures) as well as with specialized data collections is 
important for the UniProt users. UniProtKB is currently cross-
referenced with more than ten million links to 114 different data-
bases with regular update cycles. This extensive network of 
cross-references allows UniProt to act as a focal point of biomo-
lecular database interconnectivity. All cross-referenced databases 
are documented at http://www.uniprot.org/docs/dbxref and if 
appropriate are included in the UniProt ID mapping tool at 
http://www.uniprot.org/help/mapping with the file for down-
load at ftp://ftp.uniprot.org/pub/databases/uniprot/current_
release/knowledgebase/idmapping.

UniRef provides clustered sets of all sequences from the UniProt 
Knowledgebase (including splice forms as separate entries) and 
selected records from the UniProt Archive to achieve complete 
coverage of sequence space at identity levels of 100, 90, and 50% 
while hiding redundant sequences (3). The UniRef clusters are 
generated in a hierarchical manner; the UniRef100 database com-
bines identical sequences and sub-fragments into a single UniRef 
entry, UniRef90 is built from UniRef100 clusters and UniRef50 
is built from UniRef90 clusters. Each individual member sequence 
can exist in only one UniRef cluster at each identity level and have 
only one parent or child cluster at another identity level. 
UniRef100, UniRef90, and UniRef50 yield a database size reduc-
tion of ~10, 40, and 70%, respectively. Each cluster record con-
tains source database, protein name, and taxonomy information 
on each member sequence but is represented by a single selected 
representative protein sequence and name; the number of mem-
bers and lowest common taxonomy node for the membership is 
also included. The representative protein sequence or cluster rep-
resentative is automatically selected using an algorithm that 
accounts for (1) Quality of entry annotation: order of preference 
is a member from UniProtKB/Swiss-Prot, UniProtKB/TrEMBL, 
then UniParc; (2) Meaningful name: members with protein names 
that do not contain words such as “hypothetical” or “probable” 

2.3. The UniProt 
Reference Clusters
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are preferred; (3) Organism: members from model organisms are 
preferred; (4) Sequence length: longest sequence is preferred. 
UniRef100 is one of the most comprehensive and nonredundant 
protein sequence dataset available. The reduced size of the 
UniRef90 and UniRef50 datasets provide faster sequence similar-
ity searches and reduce the research bias in similarity searches by 
providing a more even sampling of sequence space.

The UniProt Knowledgebase contains entries with a known taxo-
nomic source. However, the expanding area of metagenomic data 
has necessitated the creation of a separate database, the UniProt 
Metagenomic and Environmental Sequences database (UniMES). 
UniMES currently contains data from the Global Ocean Sampling 
Expedition (GOS), which predicts nearly six million proteins, pri-
marily from oceanic microbes. By combining the predicted pro-
tein sequences with automatic classification by InterPro, the 
integrated resource for protein families, domains and functional 
sites, UniMES uniquely provides free access to the array of 
genomic information gathered.

UniSave is a repository of UniProtKB/Swiss-Prot and UniProtKB/
TrEMBL entry versions and provides the backend to the 
UniProtKB entry history service (Fig. 2) and is also provided as a 
standalone service at http://www.ebi.ac.uk/uniprot/unisave.

These descriptions of our databases should illustrate that 
UniProt does provide a high quality annotated nonredundant 
database with maximal coverage and sequence archiving.

This section will describe particular features of the UniProt activities, 
which fulfill the proteomics community requirements of detailed 
information on protein function, biological processes, molecular 

2.4. The UniProt 
Metagenomic  
and Environmental 
Sequences

2.5. The UniProtKB 
Sequence/Annotation 
Version Archive

3. Methods

Fig. 2. UniSave link.

http://www.ebi.ac.uk/uniprot/unisave
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interactions and pathways cross-referenced to appropriate external 
sources and stable identifiers, consistent nomenclature and con-
trolled vocabularies.

UniProtKB consists of two sections, Swiss-Prot and TrEMBL.
UniProtKB/Swiss-Prot contains manually annotated records 

with information extracted from literature and curator-evaluated 
computational analysis. Manual annotation consists of a critical 
review of experimentally proven or computer-predicted data 
about each protein. An essential aspect of the annotation protocol 
is the use of official nomenclatures and controlled vocabularies 
that facilitate consistent and accurate identification (Fig. 3).

Annotation consists of the description of the following: 
functions(s), enzyme-specific information, biologically relevant 
domains and sites, posttranslation modifications, subcellular 
location(s), tissue specificity, developmental specific expression, 
structure, interactions, splice isoforms(s), associated diseases or 
deficiencies, or abnormalities etc (Fig. 4).

Another important part of the annotation process involves 
merging of different reports for a single protein. After an inspec-
tion of the sequences the curator selects the reference sequence, 
does the corresponding merging and lists the splice and genetic 
variants along with disease information when available (Fig. 5). 
Data are continuously updated by an expert team of biologists.

3.1. Protein Annotation

Fig. 3. UniProt nomenclature.
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To promote database interoperability and provide consistent 
annotation, the UniProt Consortium is a key member of the 
Gene Ontology Consortium (12) and benefits from the presence 
of the GO editorial office at the EBI. UniProt curators will con-
tinue to assign Gene Ontology (GO terms) to the gene products 
in UniProtKB during the UniProt manual curation process. 
UniProtKB also profits from GO annotation carried out by other 
GO Consortium members. Currently we include manual GO 
annotations from 19 GO Consortium annotation groups, and we 
further supplement this with high-quality annotations from other 
manual annotation sources (including the Human Protein Atlas 
and LIFEdb). In addition to this manually curated GO annota-
tion, automatic GO annotation pipelines exist and will be further 
developed to ensure that the functional knowledge supplied by 
various UniProtKB ontologies, Ensembl orthology data, and 
InterPro matches are fully exploited to provide high-quality, com-
prehensive set of GO annotation predictions for all UniProtKB 
entries.

One challenge in life sciences research is the ability to integrate 
and exchange data coming from multiple research groups. The 
UniProt Consortium is committed to fostering interaction and 
exchange with the scientific community, ensuring wide access to 
UniProt resources, and promoting interoperability between 
resources. An essential component of this interoperability is the 
provision of cross-references to these resources in UniProt entries 
(Fig. 6).

3.2. The Gene Ontology 
Consortium  
and UniProt

3.3. Cross-references 
to External Sources

Fig. 4. Protein annotation.
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UniProt constructs complete nonredundant proteome sets. Each 
set and its analysis is made available shortly after the appearance of 
a new complete genome sequence in the nucleotide sequence 
databases. A standard procedure is used to create, from the 
UniProtKB, proteome sets for bacterial, archaeal and some eukary-
otic genomes. Proteome sets for certain metazoan genomes are 

3.4. Nonredundant 
Complete UniProt 
Proteome Sets

Fig. 5. Sequence annotation.
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produced by a separate procedure because a full and accurate set 
of coding sequence predictions are not yet available in the nucleotide 
sequence databases. Currently, the International Protein Index 
(IPI) (13) derived from the UniProt Knowledgebase, Ensembl, 

Fig. 6. UniProt cross-references.
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and the NCBI’s RefSeq project (and cross-referenced to from 
UniProtKB) provides this data but development is currently 
underway to extend the UniProtKB production pipeline to 
replace IPI’s functionality and for UniProt to provide these sets 
directly in collaboration with Ensembl and RefSeq. It is envisaged 
that this development should be complete by mid 2010. It is a 
core goal for UniProt to provide meaningful annotation for these 
complete proteomes with a combination of our manual and auto-
matic annotation protocols.

The UniProt consortium released its new improved unified web-
site in 2009: a new interface, a new search engine, and many new 
options to serve its user community better. User feedback and the 
analysis of the use of our previous sites have led us to put more 
emphasis on supporting the most frequently used functionalities: 
database searches with simple (and sometimes less simple) queries 
that often consist of only a few terms have been enhanced by a 
good scoring system and a suggestion mechanism. Searching with 
ontology terms is assisted by auto-completion, and we also provide 
the possibility of using ontologies to browse search results. The 
viewing of database entries is improved with configurable views, a 
simplified terminology and a better integration of documenta-
tion. Medium-to-large sized result sets can now be retrieved 
directly on the site, so people no longer need to be referred to 
commercial, third party services. Access to the following most 
common bioinformatics tools have been simplified: sequence 
similarity searches, multiple sequence alignments, batch retrieval, 
and a database identifier mapping tool can now be launched 
directly from any page, and the output of these tools can be com-
bined, filtered, and browsed like normal database searches. 
Programatic access to all data and results is possible via simple HTTP 
(REST) requests (http://www.uniprot.org/help/technical). In 
addition to the existing formats that support the different data 
sets (e.g., plain text, FASTA, and XML for UniProtKB), now it 
also provides (configurable) tab-delimited, RSS and GFF down-
loads where possible, and all data is available in RDF (http://
www.w3.org/RDF/), a W3C standard for publishing data on the 
Semantic Web. Extensive documentation on how to best use this 
resource is available at: http://www.uniprot.org/help/.
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