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ABSTRACT

The EMBL Nucleotide Sequence Database (http://
www.ebi.ac.uk/embl/), maintained at the European
Bioinformatics Institute (EBI), incorporates, organ-
izes and distributes nucleotide sequences from
public sources. The database is a part of an inter-
national collaboration with DDBJ (Japan) and
GenBank (USA). Data are exchanged between the
collaborating databases on a daily basis to achieve
optimal synchrony. The web-based tool, Webin, is
the preferred system for individual submission of
nucleotide sequences, including Third Party
Annotation (TPA) and alignment data. Automatic
submission procedures are used for submission of
data from large-scale genome sequencing centres
and from the European Patent Of®ce. Database
releases are produced quarterly. The latest data col-
lection can be accessed via FTP, email and WWW
interfaces. The EBI's Sequence Retrieval System
(SRS) integrates and links the main nucleotide and
protein databases as well as many other specialist
molecular biology databases. For sequence simil-
arity searching, a variety of tools (e.g. FASTA and
BLAST) are available that allow external users to
compare their own sequences against the data in
the EMBL Nucleotide Sequence Database, the com-
plete genomic component subsection of the data-
base, the WGS data sets and other databases. All
available resources can be accessed via the EBI
home page at http://www.ebi.ac.uk.

INTRODUCTION

The mission of the Service Programme at the EBI is the
building, maintenance and provision of biological databases
and other information services to support data deposition and
access by the scienti®c community (1). Databases provided at

the EBI include the EMBL Nucleotide Sequence Database, the
protein databases Swiss-Prot, TrEMBL (2) and UniProt (3),
InterPro (4), the Macromolecular Structure Database
(E-MSD) (5), the gene expression database ArrayExpress (6)
and the Ensembl automatic genome annotation database (7).

In Europe, most nucleotide sequence data and supporting
bibliographical and biological data generated are collected and
distributed by the EMBL Nucleotide Sequence Database. The
EMBL database is a member of the International Nucleotide
Sequence Database Collaboration DDBJ/EMBL/GenBank.
The main sources of data in the EMBL database are large-
scale genome sequencing projects, direct submissions from
individual scientists and sequence data extracted from bio-
technology patent applications to the European Patent Of®ce.
To achieve optimal worldwide synchrony, all new and updated
database records are exchanged on a daily basis between
EMBL, DDBJ (8) and GenBank (9). Third Party Annotation
(TPA) and CONstructed (CON) records are also exchanged
daily, while Whole Genome Shotgun (WGS) data sets are
exchanged when they become available or have been updated.

EMBL database releases, with accompanying release notes,
are produced quarterly.

Within the last 12 months the database size has increased
from 18.3 million entries comprising 23 Gb (Release 72,
September 2002) to 27.2 million entries comprising over 33 Gb
(Release 76, September 2003). The number of organisms
represented in the database is now ~150 000.

During the course of 2003, the EMBL Sequence Version
Archive was launched, the WGS data collection and distribu-
tion procedure was further developed and the data collection
rules for the TPA data set continued to be revised. A detailed
and up-to-date description of EMBL Nucleotide Sequence
Database activities can be found at http://www.ebi.ac.uk/
embl/.

SUBMISSIONS TO THE EMBL NUCLEOTIDE
SEQUENCE DATABASE

A repository of primary nucleotide sequences is an essential
requirement for computational analysis and genome research.
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Furthermore, molecular biologists depend on free access to
such a repository. Many journals require authors to submit
sequence information to the EMBL, GenBank or DDBJ
database prior to publication in order to ensure its availability
to scientists.

An introduction to database submission procedures is
described below. For comprehensive details of procedures,
please see http://www.ebi.ac.uk/embl/Submission/.

Webin

Webin is the preferred submission system for nucleotide
sequence and biological annotation. Webin has been designed
to allow rapid submission of single, multiple or very large
numbers of sequences (bulk submissions) and is available
at http://www.ebi.ac.uk/embl/Submission/webin.html. Webin
has been modi®ed to accept TPA submissions.

Genome project submissions

Database entries produced at the sequencing site can be
deposited and updated directly by the submitters using FTP or
email. Groups producing large volumes of genome sequence
data over an extended period of time are advised to contact the
database at datasubs@ebi.ac.uk.

Alignment submissions

EMBL-Align (10) is a public data set of both protein and
nucleotide multiple sequence alignments and can be queried
from the EBI Sequence Retrieval Server (SRS) server. It was
developed in response to the need for permanent electronic
storage and standardized presentation of alignment data from
phylogenetic and population analyses. Webin-Align is a
dedicated web-based tool for submission of multiple sequence
alignments in all common alignment formats. Webin-Align
is available at http://www.ebi.ac.uk/embl/Submission/align_
top.html.

ACCESSING NUCLEOTIDE SEQUENCE DATA AND
RELATED DATA AT THE EBI

The EMBL Nucleotide Sequence Database is available from
the EBI network services, interactively via the WWW or by
email, using netserv (netserv@ebi.ac.uk). EMBL data sets are
freely available from the EBI FTP server at ftp://ftp.ebi.ac.uk/
pub/databases/embl/. For more information see http://www.
ebi.ac.uk/embl/Access/.

For a complete list of internet-based resources of the EMBL
Nucleotide Sequence Database see Supplementary Table 1.

Completed genome sequences and proteome analysis

Direct access to several thousand completely sequenced
genomic components is available via the EBI Genomes server
at http://www.ebi.ac.uk/genomes/. Proteome analysis inform-
ation on all completely sequenced organisms is available at
http://www.ebi.ac.uk/proteome/ (11).

Whole Genome Shotgun (WGS) data

WGS data are available at ftp://ftp.ebi.ac.uk/pub/databases/
embl/wgs/. At the time of writing (September 2003), data sets
from 70 separate WGS projects are available. The largest data
set is that of Rattus norvegicus. While many of the WGS data
sets are not annotated, some biological features are present in

some of the sets. The WGS data set for Anopheles gambiae
strain PEST is an example with annotation. WGS data sets can
now be searched using the FASTA algorithm (see below).

Sequence Retrieval System (SRS)

The EMBL Nucleotide Sequence Database can be accessed
via the EBI SRS server (12,13) at http://srs.ebi.ac.uk/. In SRS,
the data are available in the following libraries:

(i) EMBL: the database in its entirety by means of a
virtual library comprising EMBLRELEASE, EMBLNEW,
EMBLTPA and EMBLWGS;

(ii) EMBLRELEASE: library containing the latest of®cial
release of the EMBL Nucleotide Sequence Database;

(iii) EMBLNEW: library containing updated and new
entries created since the last

of®cial release;
(iv) EMBLTPA: library containing TPA entries;
(v) EMBLWGS: library containing WGS entries;
(vi) EMBLCON: library containing CON entries.

Sequence searching

A comprehensive set of sequence analysis and database search
algorithms is available at http://www.ebi.ac.uk/Tools/.
Sequence similarity searches are available interactively over
the WWW as well as by email. Users can search the EMBL
Nucleotide Sequence Database as a whole or by individual
taxonomic division.

The most commonly used algorithms available are FASTA
(14) and WU-BLAST (15), permitting comparisons between
nucleotide query sequences and the nucleotide or protein
databases as well as searches of protein query sequences
against the nucleotide database.

The FASTA service for genomes and proteomes (http://
www.ebi.ac.uk/fasta33/genomes.html) enables users to search
interactively completed genomes and proteomes. The same
searches can be performed by email (gpfasta@ebi.ac.uk). User
instructions are available by sending an email with the word
HELP in the body of the message to gpfasta@ebi.ac.uk. WGS
data sets are now available for searching.

Sequence analysis

Sequence analysis programs offered include multiple
sequence alignment and inference of phylogenies using
ClustalW (16), protein classi®cation using InterProScan (17)
and others. The EBI also provides interactive sequence
analysis resources based on the European Molecular Biology
Open Software Suite (18) (EMBOSS) (http://www.emboss.
org/).

DEVELOPMENTS

Sequence length limits

Currently, database records are limited in length to 350 000 bp.
At the DDBJ/EMBL/GenBank collaborative meeting of May
2003, a decision was taken to remove the size restriction on
database records in June 2004.

This development will allow the entire sequence derived
from a naturally occurring biological unit to be stored as a
single database entry, thus eliminating the need to split long
sequences into segments and create CON entries to store the
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assembly information (19). Currently, ~3% of all base pairs in
the database are stored in the constituent segment entries of
CON entries.

Third Party Annotation (TPA) data set

Until recently, the collaborative databases have collected and
distributed only primary nucleotide sequence and annotation
data resulting from direct sequencing of such molecules as
cDNAs, ESTs and genomic DNA. `Primary data' is de®ned as
annotated sequence that has been determined by submitters
and their teams. Primary database entries remain in the
ownership of the original submitter and the co-authors of the
submission publication(s). The owners of database entries
have privileges to implement updates to the data.

In response to demand from the research community, the
collaborative databases have created the TPA data set. The
types of data that make up the TPA data set include
reannotations of existing entries, combinations of novel
sequence and existing primary entries and annotation of
trace archive and WGS data.

TPA data are submitted using Webin. Submitters are
required to provide DDBJ/EMBL/GenBank accession and
version numbers and nucleotide locations for all primary
entries to which their TPA entry relates. For TPA sequences
composed from trace archive data, the identi®er (e.g.
TI123445566) and corresponding nucleotide locations must
be provided.

TPA entries can be distinguished easily from their primary
counterparts. The abbreviation `TPA:' appears at the begin-
ning of each description (DE) line and the keywords `Third
Party Annotation' and `TPA' appear in the keyword (KW)
line.

AH TPA_SPAN PRIMARY_IDENTIFIER PRIMARY_SPAN COMP

AS 1±251 BE529226.1 1±251

AS 68±450 BE524624.1 1±383

AS 394±1086 AJ420881.1 1±693

AS 826±1211 AV561543.1 1±386

The ¯at-®le extract shown above (from BN000024) shows
the two new line types that have been created for TPA entries.
The Assembly Header (AH) line provides column headings
for the assembly information. The Assembly (AS) lines
provide information on the composition of the TPA sequence
by listing base span(s) of the TPA sequence together with
identi®ers and base span(s) of contributing sequences.

In order to ensure sequence annotation of the highest
quality, entries that are yet to be discussed in peer-reviewed
publications are held con®dential and are not visible to
database users. This is an important difference from our policy
of data release for primary entries.

At the time of writing (September 2003), 457 TPA entries
are publicly available, of which 150 entries are of human
origin. The second most common source organism for this
type of entry is mouse, with 95 entries, showing that, so far,
the TPA data set follows the same pattern as the primary
dataset. Statistics for all EMBL Nucleotide Sequence
Database data, including top 10 organisms by base count,
can be found at http://www3.ebi.ac.uk/Services/DBStats/.
Further information on the TPA dataset can be found
at http://www.ebi.ac.uk/embl/Documentation/third_party_

annotation_dataset.html and instructions on data submission
can be found at http://www.ebi.ac.uk/webin/webin_help.html.

EMBL Sequence Version Archive (SVA)

The EMBL SVA (20) was created to provide access to all
versions of EMBL Nucleotide Sequence Database entries,
including CON, TPA and WGS data. There were 145 million
entry versions in the archive by September 2003, and new
versions are being added every day. Entries from all past
EMBL Nucleotide Sequence Database releases, starting with
the ®rst release in 1982, have been loaded into the archive.

Each time an EMBL database entry is created or modi®ed it
is loaded into the archive, where it can be accessed and
compared with other versions of the same entry. If an entry is
updated, corrected or extended as a result of new ®ndings from
recent experiments, the entry version is incremented. Changes
in the taxonomic lineage, or ¯at-®le formatting changes are
not re¯ected in the entry version. For this reason, the archive
may contain several variants of an entry with the same entry
version number.

The archive can be accessed interactively at http://www.
ebi.ac.uk/embl/sva/ and programmatically at http://www.ebi.
ac.uk/cgi-bin/dbfetch.

Entries can be retrieved interactively using accession
numbers, protein identi®ers and sequence versions. The user
chooses to view either the complete chronological history of
an entry or the entry version that was current at a speci®ed
date. The resulting entry versions can be viewed, downloaded
and compared. The interactive interface can also be reached
by following hyperlinks from the EBI SRS query results page
when working with EMBL Nucleotide Sequence Database and
EMBL-Align entries. As an example of programmatic entry
retrieval, the following URL returns the latest EMBL entry
having the accession number AC067752: http://www.ebi.ac.
uk/cgi-bin/dbfetch?db=SVA&id=AC067752&format=default.

XML format for data exchange

The EMBL Nucleotide Sequence Database has initiated
efforts to produce an XML format for the distribution of
entries. The development of this format will be carried out in
collaboration with DDBJ and GenBank with the aim of
developing a common representation for the distribution of
data.

CITING THE EMBL NUCLEOTIDE SEQUENCE
DATABASE

The preferred form for citation of the EMBL Nucleotide
Sequence Database is: Kulikova, T. et al. (2004) The EMBL
Nucleotide Sequence Database. Nucleic Acids Res., 32, D27±
D30.

CONTACTING THE EMBL NUCLEOTIDE
SEQUENCE DATABASE

Computer network: data submissions, datasubs@ebi.ac.uk;
other inquiries, datalib@ebi.ac.uk; updates/publication
noti®cations, update@ebi.ac.uk. Postal address: EMBL
Nucleotide Sequence Database, European Bioinformatics
Institute, Wellcome Trust Genome Campus, Hinxton,
Cambridge CB10 1SD, UK. Tel: data submissions, +44
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1223 494499; general, +44 1223 494444. Fax: general,
+44 1223 494468.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at NAR Online.
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