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Sequence Databases

Paul Rangel

Abstract

DNA and Protein sequence databases are the cornerstone of bioinformatics research. DNA 
databases such as GenBank and EMBL accept genome data from sequencing projects 
around the world and make it available for researchers via the internet. In a similar fashion 
protein sequence databases are to protein sequences what GenBank and EMBL are to 
nucleotide sequences. They are the central location of protein sequence data submissions. 
PIRʼs Protein Sequence Database (PSD) and SWISS-PROT are the two main databases. 
They provide a variety of ways to query the data and bioinformatics analysis tools to help 
facilitate genetic research. The underlying organization of these databases has shaped the 
way computer-based molecular biology research is conducted. This chapter will build an 
understanding of sequence databases by reviewing data storage, common tools and online 
resources pertaining to these resources.

1. INTRODUCTION

The purpose of this chapter is to provide an introduction to primary DNA (GenBank, 
EMBL and DDBJ) and protein (PSD and SWISS-PROT) sequence repositories. Massive 
sequencing efforts and advances in technology have resulted in a deluge of genomic data 
submitted to sequence databases. A key mandate of governing organizations is to provide 
access to this data, which exists as websites, FTP servers and more recently web services. 
This chapter will examine some of the web interfaces beginning with a review of the 
various data structures followed by an introduction to common tools used, and provided 
by the website. This examination will conclude with information on additional electronic 
resources and their URLs.

2. DNA SEQUENCE DATABASES

If the laboratory is the foundation of experimental biology, nucleotide sequence databases 
are the foundation of genomic bioinformatics. These databases supply raw genetic data, 
nucleotide sequence, and a variety of resources to extract information from it. Simple 
questions relating to subjects such as presence or absence of homologous sequences, amount 
of genetic data available for an organism, and literature related to genes can be answered 
through the nucleotide sequence databases. First and foremost, these databases provide a 
comprehensive resource for publicly available nucleotide sequence data.

2.1 GenBank/EMBL/DDBJ

The three primary databases, of which at least one is probably familiar to the reader, have 
been fully operational since the 1980s and store data for over 100,000 distinct organisms.
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• GenBank at NCBI (National Center for Biotechnology Informatics, Maryland, USA)
http://www.ncbi.nlm.nih.gov/

• EMBL (European Molecular Biology Laboratories) Nucleotide Database at the EBI 
(European Bioinformatics Institute, Hixton, United Kingdom)
http://www.embl.de/

• DDBJ (DNA Data Bank of Japan) at the CIB (Center for Information Biology, 
Mishima, Japan)
http://www.ddbj.nig.ac.jp/fromddbj-e.html

The formation of a centralized biological repository for molecular biology data was a natural 
process. The rapid advances in DNA sequencing technology, the establishment of the World 
Wide Web, and the development of inexpensive high-powered personal computers united 
scientific research and catalyzed the “omic” revolution. Genomics, at the forefront of the 
revolution, flooded the primary genetic databanks with an incredible amount of sequence 
data, which via the Internet, was distributed to the public. In 1988, representatives of the three 
centers, now known as the International Nucleotide Sequencing Database Consortium, met 
and canonized a common format for describing the nucleotide data in their databases. This 
decision facilitated the distribution of genetic data around the world and gave researchers 
a universal language by which they could share and collaborate.

2.2 International Nucleotide Sequence Database Collaboration

The International Nucleotide Sequence Database Consortium (INSDC), the united name of 
the trio, collectively obtains, processes, and publishes data for public use. Labs worldwide 
generate sequence data submitted to the INSDC as genome projects or as a prerequisite for 
publication. The consortium has set up a mechanism to share data efficiently so that each 
database is consistently supporting the same data set.
 The collaboration among the three allows each to develop their own interfaces and data 
curation strategies to represent their research initiatives while maintaining the underlying 
data integrity. The INSDC has also utilized their ability to form data standards by expanding 
their services beyond nucleotides to include gene expression data. See section 2.4.3 under 
Database Tools for additional information.

2.2.1 Data Sharing
Collaboration is a monumental task requiring enough foresight to allow for the exponential 
growth of sequence data while continuously updating (sequences are shared each day) 
three diverse data centers. A great deal of the success the INSDC has experienced can be 
attributed to its ability to decide upon and adhere to a common data format. Knowledge of 
the terminology and layout of the sequence files is useful as it provides an understanding 
of the structure of genetic data encountered in many online databases and bioinformatic 
research applications.

2.2.2 ASN.1
The logarithmic growth of data produced by genome projects has made data management 
significantly more difficult over the past 10 years. To complicate matters, this information 
must be shared across heterogeneous computer systems. The best way to accomplish this 
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is with a common language such as the ASN.1 (Abstract Syntax Notation One), derived by 
the collaboration. It is similar to a mark-up language (such as HTML) standard in that it is 
a set of rules followed by a computer that describes information shared by two unknown 
users. This genomic syntax provides the data infrastructure to facilitate storage and retrieval 
of sequence, structure, literature, and genomic data from the distributed databases. After 
interpretation by a program, the output is formatted into a human readable page such as 
the GenBank output of a BLAST search (Basic Local Alignment Search Tool). Again, this 
compares to source HTML code entering your web browser as raw text and being displayed 
as a formatted web page.

2.2.3 Features Table
The ASN.1 describes the format of the data as it is transmitted. The format was defined 
to be semi-readable by humans and to be quickly browsed and parsed by computers. To 
continue the Internet analogy the features table is the data dictionary, which describes the 
DNA and protein sequence annotations (coding sequence, organism, tissue type, gene, etc.) 
in the ASN.1 file. This table is used by the collaboration to decipher the shared information 
while maintaining an accurate account of the individual data elements such as the Coding 
Sequence (CDS) and Organism (ORGANISM). An agreed upon features table allows a 
researcher to use either a GenBank or EMBL format with the assurance that the individual 
elements are consistent. Additional information regarding the structure and function of the 
features table can be found on the NCBI website1.

2.3 Data formats

Above are the technologies used to facilitate the daily distributions of the sequence data 
between the three primary sequence repositories. The data from these files is parsed and 
formatted at the sequence repository for display to the public. These formats include a 
FASTA, GenBank Flat File, XML and a graphical display. This chapter will review the 
multipurpose FASTA and GenBank formats and examine their utility as bioinformatics 
tools.
 The default display format for sequence is called the database flat file; the GenBank 
Flat File at NCBI and DDBJ, EMBL flat files at their respective institutions. This file type 
is encountered as output when searching the databases for sequences of interest. Sometimes 
the most useful display of the data is simply the sequence and a short identifier. FASTA is 
a common input format for bioinformatic analysis and search programs such as BLAST 
and Entrez. As stated above each of the repositories utilizes the shared data in their own 
way and each provides the results of query in a unique format (remember that the formats 
are just curated versions of the ASN.1 format used by the databases to store data). This 
flat file format is also the mechanism of data transfer to more specific databases. The next 
section will develop an understanding of flat file structure to assist with the interpretation 
of results returned by bioinformatic research.

2.3.1 FASTA
File formats are the language used by the data centers to communicate to the world. 
Specialized databases, public, and commercial applications have been built around the data 
formats used at these facilities. The structure of two of the most common formats, FASTA 
and GenBank, illustrate the different methods of data display and how an understanding 
of file formats can assist in online research.
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 FASTA is the simplest of the file formats and generally is the default input format 
used with most sequence analysis applications. The first line of the file begins with the 
“greater than” symbol (>) followed by a description of the sequence (see Figure 1). The 
actual sequence data starts on the second line and is often 60 to 80 bases or residues in 
width. Programs such as BLAST and CLUSTALW accept the FASTA formats and can use 
the first line of the file to identify the parameters of a search. This feature can help when 
processing large amounts of sequence where many unique results are returned.

2.3.2 The GenBank Flat File (GBFF)
Because the file formats of the three databases are similar, only the GenBank Flat File 
(GBFF) will be described (see Figure 2). Unique or helpful features of the EMBL and 
DDBJ formats are mentioned where appropriate.

2.3.2.1 GBFF Header
The header of the sequence file is meant to guide the researcher by describing the non-
molecular features of the entry. This includes information about the origins of the sequence, 
the identification of the source organism, and the unique identifiers associated with the 
record.

2.3.2.1.1 Header Field Definitions
LOCUS The beginning of every entry starts with the locus tag, which currently consists 
of an entryʼs accession number followed by the sequence length and molecule type. The 
three-letter division tag is a GenBank specific tag that aids in the storage and retrieval of the 
entries. Divisions are useful in performing queries on subsets of the GenBank database. The 
date at the end of LOCUS represents the last modified date for the record or, if there have 

Figure 1. An example of the FASTA format. Note the top line begins with “>” and serves to identify the nucleotide 
sequence below.
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Figure 2. An example of the GenBank Flat File (GBFF) format. It is divided into a header, body, and footer.
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not been modifications, the entry date of the sequence. NCBI must be contacted directly to 
confirm the original entry date of the sequence.

DEFINITION The definition is a brief description of the record. The information on this 
line is also used as the header of all the FASTA formats and BLAST result searches. The 
line begins with the genus and species names of the source organism, followed by the 
gene product name and other notes. A completion qualifier is added if the sequencing of 
the gene has been completed. The EMBL equivalent of the DEFINITION line is the DE 
(description) line.

ACCESSION The accession number is a persistent tag for each record in all of the databases. 
It is seven characters long with either one letter followed by six digits or two letters followed 
by five digits. There are secondary accession numbers that indicate a change of the original 
entry data.

VERSION Ever-shifting gene annotations have created the need for a system to keep track 
of the changes in gene sequence. The version number is attached to the end of the accession 
number, separated by a period. A GI number (GenInfo Identifier) is also added to a record 
if it has been changed in any way.

SOURCE ORGANISM The corresponding EMBL line is also called ORGANISM. The 
databases utilize the NCBI Taxonomy Database to correctly describe the lineage of the 
organism for each record.

REFERENCE Each of the records in the GenBank database has at least one associated 
reference or citation that describes the laboratory or publication of origin.

2.3.2.2 GBFF Body
FEATURES The most informative area of the GBFF is the Features Table. As described in 
the introductory section, the features in the table are used by all of members of the INSDC. 
One or more qualifiers may accompany each of the feature elements, which allows for a 
further description of it. The feature is aligned to the left side of the document with the 
corresponding sequence located directly across; the qualifiers are listed directly below 
separated by a forward slash (/qualifier = “qualifier text”). To assist with annotations, data 
contributors are asked to provide as much of the feature information as possible before 
submitting the entry into the database. WebFeat at EBI and the Sequin Help documentation 
at GenBank, both listed in Table 1, assist with the annotation process by outlining the 
features and qualifiers needed for a successful database entry.
 Three important Features of the Features Table are Source, Gene, and CDS (Coding 
Sequence). Source is the only required feature of the table and one of the few features with 
a mandatory qualifier. Source depicts the biological source of the sequence beginning with 
the required organism qualifier. Some of the optional qualifiers include cell_line, plasmid, 
sex, strain, tissue_type etc. Gene is described as a range in the nucleotide sequence that 
has been identified as a gene, for which there is a corresponding name. The gene qualifiers 
include allele, map, product and partial. CDS describes an area of a sequence that has been 
translated from a nucleotide chain to a sequence of amino acids.
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Table 1.  Primary Protein Sequence Databases.
# Site Name URL
1. PIR-Protein Sequence Database http://pir.georgetown.edu/
2. SWISS-PROT + TrEMBL http://ca.expasy.org/sprot/
3. OWL www.bioinf.man.ac.uk/dbbrowser/OWL/
4. Entrez Protein (NCBI) http://www.ncbi.nlm.nih.gov/entrez/query.fcgi
5. PRF/SEQDB http://www.prf.or.jp/en/
Related Sites
6. MIPS - Munich Information Center for 

Protein Sequences 
http://mips.biochem.mpg.de/

7. JIPID -Japan International Protein 
Information Database 

http://pir.georgetown.edu/pirwww/aboutpir/collaborate.html

8. IESA - Integrated Environment for 
Sequence Analysis

http://pir.georgetown.edu/pirwww/search/piriesa.shtml

9. Swiss Institute of Bioinformatics 
(SIB)

http://www.isb-sib.ch/

10. European Bioinformatics Institute 
(EBI)

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

11. Expert Protein Analysis System 
(ExPASy

http://www.expasy.ch/

12. NBRF  - National Biomedical Research 
Foundation 

http://pir.georgetown.edu/nbrf/

13. Human Proteomics Initiative (HPI) http://www.expasy.ch/sprot/hpi/
14. HAMAP - High quality Automated 

Microbial Annotation of Proteomes 
http://www.expasy.ch/sprot/hamap/

2.3.2.3 GBFF Footer
The end of the document displays a raw summary of the sequence data beginning with the 
BASE COUNT, or the number of each of the bases in the nucleotide sequence. The sequence 
follows in a format very similar to that of FASTA. The end of all three types of sequence 
files is denoted by two forward slashes on the last line of the page.

2.4 Database Tools

The previous sections of this chapter have illustrated that the underlying information of the 
INSDC is the same for all participating databases. In addition to storing and sharing the data 
with other like purposed entities the INSDC has a mandate to create bioinformatics tools 
for querying the data sets, browsing genomes and for submitting data online. The INSDC 
has also utilized the preexisting sharing framework to develop new sharing standards for 
gene expression data and for the storage of citation information.
 A majority of the tools created to browse or query the large sequence databases utilized 
web-based applications. Among the most common, built into many DNA and protein 
databases, is BLAST (Basic Local Alignment Search Tool). This ubiquitous sequence 
alignment tool compares a query sequence (DNA or Amino Acid) against some or all of 
the public sequence data. Other useful applications include graphical genome browsers and 
citation-based “Discovery” tools.
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2.4.1 Sequence Search/Similarity Tools
With over three billion nucleotides in the public genome databases, being able to quickly 
search for sequences of interest is of major importance. This section is devoted to two of 
such tools, BLAST and BLAT. As previously mentioned one of the most common tools used 
for searching the genome databases is BLAST. The NCBI website has employed BLAST in 
various ways to assist in querying numerous databases and even another query sequence. 
In contrast to the highly customizable BLAST the genome research group at UCSC has 
developed a quick and efficient genome-searching tool BLAT, which has become a fixture 
in the research community due to its unique search mechanism. Both of these tools provide 
a means to conduct broad searches on genome databases. It should also be noted that these 
tools are available as web applications and executable files which can be run on a personal 
computer. Reference URLs and papers can be found at the end of the chapter.

2.4.1.1 BLAST
The Basic Local Alignment Tool is one of the most efficient methods for finding the putative 
function of unknown sequence. It works by comparing a query sequence submitted on 
the BLAST website to the entire INSDC dataset or a database of interest. It should be 
noted that BLAST uses a precompiled version of the database for comparison and not the 
information in raw ASN.1 form. The compilation formatdb is bundled with the BLAST 
application and is used to create a BLAST compiled database. The output of the search is a 
graphical overview of the results displayed together with a summary report of “hits” or DNA 
sequences that displayed some similarity. This report profiles the closely aligned sequences 
by color coding and ranking related sequence. This web-based tool can be found as a search 
feature of large and small sequence databases websites and can be used in various ways 
depending on the type of search criteria your experiment requires. NCBI provides various 
BLAST options2,3 including Position –Specific Iterated BLAST (PSI-BLAST), BLAST 2 
SEQUENCES, and the various incarnations of the standard BLAST tool. Table 2 describes 
uses and features of common BLAST tools4.

2.4.1.2 BLAT
A relative new comer to the sequence comparison tools BLAT, the BLAST Like Alignment 
Tool, has gained popularity due its role in the final stages of the human genome sequencing 
project and quick and efficient alignment methods. The author Dr James Kent at the 
University of California Santa Cruz created a program that utilizes genome indexing to 
run significantly faster than other nucleotide and protein alignment tools. The application 
has been optimized for speed when aligning gene transcript sequences for whole genome 
annotation. The increase in speed has inversely affected the sensitivity of the query and 
for that reason is not suggested for exhaustive searches for remote homology. Unlike 
the configuration options of BLAST, BLAT has been optimized to find sequences with 
similarities > 95% for nucleotides over 40 bases and 80% for proteins over 20 residues in 
length. BLAT5 at UCSC is only available for searching 8 genomes on the UCSC website6, 
including Human, Mouse and Fugu.

2.4.2 Genome Browsers
The assembly and annotation of the human genomeʼs 3 billion bases is an arduous task 
repeated regularly by public and private institutions around the world. Fortunately for non-
programming biologists there are precompiled graphical versions of the tools available on 
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the web. This section outlines three popular tools used to graphically query the annotated 
genome, the NCBI Map Viewer located at NCBI, the ENSEMBL database developed as a 
joint effort of the Wellcome Trust Sanger Institute and EBI-EMBL, and the UCSC Genome 
Browser at the University of California at Santa Cruz. These genome browsers provide a 
bio-friendly entry point into the human genome using chromosome images, aligned genetic 
markers maps and keyword/sequence searching. In the spirit of INSDC collaboration the 
three-genome annotation centers have agreed to use the NCBI genome assembly as a 
shared starting point for annotation from which to diverge. An effort has been made to 
point out the common features shared by these resources and the differences in annotation 
strategies, which may reveal subtle yet important annotation disparities (see Table 3). To 
help alleviate this annotation issue the Distributed Annotation System (DAS)7 has been 
launched, which provides a mechanism for binding the three annotations into one client 
interface. This should help minimize the perceived differences in annotation by allowing 
the end user to evaluate all annotation products at once. Examples of client programs for 
this project may be found at the DAS website.

Table 2.  NCBI BLAST Usage Table.
# Database Purpose BLAST Program
Nucleotide Query Search
1. Nucleotide (>20 bp) Identify query sequence blastn (Standard BLAST against 

nucleotide database)Find similar sequences
Find similar proteins to translated query in 
a translated database

tblastx (Translatsed BLAST)

2. Protein Find similar proteins to translated query in 
protein database

blastx (Translated BLAST)

3. Nucleotide (7-20 bp) Find primer binding sites or map short 
contiguous motifs

blastn (Standard BLAST with strict 
search criteria)

Protein Query Search
1. Protein (> 15 residues) Identify the query sequence or find similar 

sequences
blastp (Standard Protein BLAST)

Find members of a protein family PSI-BLAST
Find proteins similar to the query around 
a given pattern

PSI-BLAST

2. Conserved Domains Find conserved domains in the query 
sequence

RSP-BLAST (Conserved domain 
search)

Find conserved domains in the query and 
identify other proteins with similar domain 
architectures.

CDART (Conserved Domain 
Architecture Retrieval Tool)

3. Nucleotide Find similar proteins in a translated 
nucleotide database

tblastn (Translated BLAST)

4. Protein (5-15 residues) Search for peptide motifs blastn (Standard BLAST with strict 
search criteria)

Special Query Searches
1. None Search for similarity between two query 

sequences
bl2seq (BLAST two sequences 
against each other)

2. Genome Specific 
Databases

Map a query sequence. Determine the 
genomic structure

BLAST against various genomic 
data sets

3. UniVec Search of vector sequence within query 
sequence.

VecScreen (BLAST query DNA 
against Univec database
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2.4.2.1 NCBI Map Viewer
The NCBI map viewer is a graphical interface to the annotated genomes. This tool provides 
applications that may be used to browse the genome of an organism for genes or regions of 
interest, to view adjacent regulatory elements surrounding a gene and to create custom gene 
transcripts based on gene predictions. As of this writing NCBI has annotated 19 genomes 
organized into phylogenetic groups all of which can be accessed on the homepage of the 
Map Viewer8.
 Navigating the Map Viewer is initiated by clicking on the hyperlink from the homepage, 
chromosome images and drilling down through the sequence alignment to a gene of 
interest, or via a text based query by Gene Symbol, Linkage to a Disease, Physical Marker, 
Cytogenetic Region, or by Sequence Homology. From the initial page the user is lead to 
a detailed chromosome view of the region of interest and is given options for viewing the 
sequence. A full review of all applications is beyond the scope of this book but the NCBI 
website and the NCBI Handbook9,10 provide tutorials and a description of the evolution of 
genome browsers.

2.4.2.2 ENSEMBL
ENSEMBL provides a similar interface to the genome using both graphical cytogenetic 
elements and text/sequence searching functions. ENSEMBL annotations are based on 
InterPro protein database comparisons, alignments with paralogous genome sequence and 
gene prediction software. An added product of the ENSEMBL project is the software engine 
on which the database runs. This software suite has been made available by the ENSEMBL 
project licence and is free to use under a public project much like other open source projects 
such as the Linux operating system.

Table 3. Genome Browser Annotation.
NCBI
http://www.ncbi.nlm.nih.gov:80/books/bv.fcgi?call=bv.View..ShowSection&rid=handbook.chapter.1440
1. RefSeq* mRNAs and GenBank ESTs are aligned to the genome assembly using BLAST.
2. ab initio gene prediction is performed by the GenomeScan software.
3. Gene prediction data from the transcripts and the GeneScan software are consolidated into a final 

annotation. 
ENSEMBL
Nucleic Acids Research, 2002, Vol. 30, No. 1
1. Genes are placed on the genome using known protein sequences from the InterPro protein family database 

and full-length cDNA transcripts.
2. Paralogous gene sequences from different annotated organism are then aligned to human genes and the 

genome data to build novel gnes. 
3. Gene prediction software genescan examines the genome data and creates a putative set of gene sequences. 

This set is confirmed via BLAST against known protein, mRNA and gene cluster data.
UCSC Genome Browser
Nucleic Acids Research, 2003, Vol. 31, No. 1
1. mRNA and EST sequences from GenBank are aligned with the genome using the UCSC developed custom 

alignment tool BLAT
2. RefSeq* Gene mRNAs are computed and compared against the genome using BLAT
3. Alternate gene prediction sources are also incorporated into the genome map fem multiple external 

sources.
Nature Genetics Overview of Annotations
http://www.nature.com/cgi-taf/DynaPage.taf?file=/ng/journal/v32/n1s/index.html
RefSeq = RefSeq genes are the product of an NCBI lead project to help reduce redundancy in the GenBank 
database by confining an associated gene, mRNA and protein to an accession number. 
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2.4.2.3 UCSC genome Browser
The UCSC genome browser takes a different approach to the annotation of the genome and 
content of the browser. The UCSC “Tracks” based system allows for additional annotations 
from external sources to be layered on top of the in-house annotation (see Table 3). Like 
the previous databases these elements can be Chromosome Bands, mRNA/EST alignments 
and Fluorescent In Situ Hybridization (FISH) clones to name a few. Unlike the previous 
databases the Track feature can be used to layer markers onto the assembly. The database is 
used by choosing both a region of interest and tracks of interest for display in the browser 
window. This additional customization provides a comprehensive view of pertinent data 
and can be a powerful tool for genomic research.

2.4.3 Gene Expression Browsers
Gene expression experiments measure the activity of gene expression for an array of genes, 
sometimes as large as an entire genome, in parallel. Data storage issues can easily be foreseen 
once multiple experiments are run on different machines using a variety of experimental 
conditions on different sets of oligonucleotide sequences. An attempt to build a universal 
database to contain this information might seem futile at best and for these reasons has been 
an area of debate amongst researchers since the development of the technology. Fortunately 
in 1999 the Microarray Gene Expression Database (MGED) society was formed to address 
these varied issues and to decide on standards by which the research community can store 
data in a reusable, extensible format. The Minimum Information About a Microarray 
Experiment (MIAME) format has been adopt as a first step towards a common language. 
It used to some degree in both reviewed databases and is starting the dialogue for comparable 
microarray standardization.

2.4.3.1 GEO Gene Expression Omnibus
NCBI has developed a liberal approach to the concept of gene expression databases by 
creating the Gene Expression Omnibus (GEO)11. This database is meant to store data from 
all types of expression experiments and all types of data. While microarrays are considered 
a core gene expression experiment there are others such as the Serial Analysis of Gene 
Expression (SAGE) experiments, which have been included in the GEO repertoire of data 
sets. The GEO is organized into three entities: samples, platforms, and series. The samples is 
a list of the bound DNA molecules, the platform is the list of DNA probes that interrogated 
the bound DNA, and the series ties the samples together into a data set that comprises an 
experiment. Sample sets are submitted on the GEO homepage and are given accession 
numbers much like sequence submission.

2.4.3.2 ArrayExpress
Much like the GEO, EBI has developed a database to hold array data which is more strict 
in its definitions of gene expression experiments. This database, aptly named ArrayExpress, 
while stricter in the definition of the fields provides a very comprehensive view of an 
experiment. Like the GEO the ArrayExpress database is compliant with the MIAME schema 
of experiment documentation. This allows the data to be shared with the NCBI database 
and again contributes to the world data sharing collective.
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2.4.4 Database Integration
Two applications have been developed to bind together as many of the resources available 
on the websites as possible in a cross referenced and searchable format. For example the 
ENTREZ project creates cross-references from the PubMed database to gene entries to the 
Online Mendelian Inheritance in Man (OMIM)12. The SRS database provides a similar tool 
with the added ability of being able to download and install the database locally for use on 
a smaller scale in a research lab.

2.4.4.1 ENTREZ
The ENTREZ database provides a contextual based approach for searching 20 of the 
NCBI databases. It is defined as a “Discovery System” meaning that it provides additional 
conduits for discovering relevant information based on the search query. In the case of 
ENTREZ this can be done by providing cross-referencing links from an article of interest 
to sequence data or vise versa.
 This database serves as a central node for linking databases and provides a uniform 
method of storing meta-data allowing the search of all linked data sets using a comprehensive 
and logical search routine. It is a valuable tool for discovery based research and is worth 
browsing to stay abreast with current research.

2.4.4.2 SRS
SRS is software package developed by EMBL and Lion Biosciences with many of the 
same capabilities as ENTREZ. It links together multiple databases providing a discovery 
system for multiple databases. Unique to SRS is the ability to bind many different types of 
databases and applications. Many applications such as the EMBOSS13 suite, FASTA and 
BLAST have been incorporated into SRS creating a robust discovery system. Much like 
the ENSEMBL project SRS is a software package that may be downloaded and deployed 
on local servers for faster and more custom genomic research.

2.5 Outreach/Tutorials

According to a recent study by the Wellcome Trust only 50%  of researchers who use genome 
resources are able to access pertinent information for their research14. This has been a major 
issue for both the EMBL and NCBI and has lead additional funding for bioinformatic 
training groups, online tutorials and center handbooks15.

2.5.1 The NCBI Handbook
The Bookshelf on the NCBI website provides a fully indexed and searchable set of 
molecular biology books. This is a valuable tool for searching for background information 
on molecular biology and the location of the NCBI Handbook. This Handbook is available 
in both HTML and PDF format and contains background information on all of the tools 
available on the NCBI website. This is an excellent source of information for beginning 
to intermediate users.

NCBI Bookshelf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books

NCBI Handbook
http://www.ncbi.nlm.nih.gov:80/books/bv.fcgi?call=bv.View..ShowTOC&rid=handbook
.TOC&depth=2
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2.5.2 2can
The EBI 2can project16 takes a similar approach and provides online tutorials and reading 
materials for all of their bioinformatics applications. The 2can databases also make an effort 
to provide information on the biological relevance of their research and information on 
recent biotechnology innovations and issues (such as the recent SARS epidemic)17, each 
of which ties into the tools provided on the database creating a unique genomic browsing 
experience.

3. PROTEIN SEQUENCE DATABASES

There are two primary protein sequence databases. They do not collaborate and are not 
complementary, but each essentially provides access to all publicly available protein 
sequences and data characterizing those proteins. Between the two, there can be slight 
differences in the annotation data for the same protein because different people are working 
on them, but as a whole the two databases are quite similar. Both databases deserve attention 
and ultimately users will choose which one works best for them. Our reviews aim to get 
those that are interested acquainted with how these databases can aid research by explaining 
the resources they provide and how to use them.

3.1 Protein Information Resource-Protein Sequence Database (PIR-PSD)

The Protein Information Resource (PIR) is a community resource that provides protein 
databases and analysis tools to support protein-based molecular biology. The Protein 
Sequence Database (PSD) is one of the most comprehensive resources available on the 
web for molecular biologists and is the most significant service offered by PIR.
 The first collection of protein sequences was the Atlas of Protein Sequence and Structure 
published in 1965 by the National Biomedical Research Foundation (NBRF). The NBRF 
has been responsible for the primary resource for protein sequences since its inception in 
1965 through todayʼs current version, the PSD. The PIR-International was established in 
1988 to distribute the PSD internationally. The collaboration brings together experts from 
the NBRF, the Munich Information Center for Protein Sequences (MIPS), and the Japan 
International Protein Information Database (JIPID). This collaborative effort not only 
distributes the PSD but it continuously improves it.

3.1.1 PSD Data
A PSD data file is presented in Figure 3. The file consists of three parts: annotation, 
sequence, and classification. The annotation section is the largest as it contains information 
that characterizes the sequence. These characteristics include core data (entry code, date 
of entry, author) and information on a proteinʼs identity and classification. PSD supplies 
many cross-references to external sources of information such as NCBI s̓ organism data and 
NCBIʼs PubMed literature reference. Also, a pull-down menu at the top of the page allows 
for similarity searches and other applications to expand upon the existing query.
 Sequence data enters PSD primarily from direct submissions by researchers from 
published literature, or from translations (of naturally occurring wild-type sequences) from 
the primary nucleic acid sequence databases GenBank, EMBL, and DDBJ. The sequence 
is given a unique accession number upon entry into the database. It is then merged with 
other sequences for the same protein, classified, and annotated.
 Sequence submissions from researchers can be emailed to PIR or sent on disk through 
the mail. The sequence must have been determined by direct protein sequencing methods; a 
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Figure 3. An example of a PIR-Protein Sequence Database entry. Note that there are three distinct sections of the 
entry: annotation, sequence, and cross-references.
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translation of a DNA sequence is not acceptable. PIR has four requirements for a submission: 
(1) the name of the submitter, (2) a release date, (3) a unique name for the protein, and 
(4) the sequence in single letter amino acid code.
 The data set itself is non-redundant, meaning if PSD has two entries corresponding to the 
same protein of the same species they will be merged creating an entry for a unique protein. 
In merging protein sequences, PSD creates the most complete sequence possible for that 
protein, but they also provide you with information for the retrieval of the original sequences. 
Data used to annotate sequences can be derived experimentally or can be predicted by 
computational methods. This is noted in the entry and is important since experimental 
data is considered to be more accurate. Their annotation uses a standard nomenclature and 
controlled vocabulary, so it is easy to relate data across files as well as perform accurate 
and comprehensive text searches. Classifying proteins into evolutionarily related groups is 
a major focus of the annotation effort. All proteins are classified into protein superfamilies 
upon entrance into PSD. Their objective is to provide full superfamily/family, domain, and 
motif classification. Family classification is based on end-to-end sequence similarity. If 20 
to 44% of the amino acids in two sequences match then the two proteins are grouped in 
the same superfamily. It takes 45% or greater end-to-end sequence similarity to place two 
sequences in the same family. Overall, sequence annotation is classification-driven and 
rule-based, performed and reviewed by experts, resulting in consistent and accurate data 
describing a sequence.
 
3.1.2 Finding Sequences of Interest in the PSD
Over 200,000 sequence entries can be found in PSD so it is important to know what options 
are available to find ones of interest and how the options work. You can retrieve a sequence 
from lists filtered by a sequenceʼs source organism and other various functional, chemical, 
and physical properties or you can find a sequence by submitting a search. Once you have 
the sequence, PIR has tools to help you further analyze it. The home page provides direct 
access to tools for data retrieval, data searches, and data analysis.
 The data retrieval items include databases and sequence lists managed at PIR, 
augmenting PSD, such as the ASDB, NRL3D, RESID, and ALN databases and the sequence 
lists Selection List and Complete Genomes. These resources narrow the search to a defined 
set of sequences, so you are not dealing with all the publicly available sequences to be 
found in PSD.
 Both Selection List and Complete Genomes are updated bi-weekly, concurrent with 
updates made to the PSD. From the PIR home page, click the highlighted link Selection 
List or Complete Genomes and a new page opens dedicated to the respective resource. For 
example, if you wanted to find all publicly available protein sequences for the bacterium 
Salmonella ordonez, you could go to the PIR home page18 and click on Selection List. That 
will open a new page showing a number of categories specific to different groupings of 
protein sequences, one of which is “Species”. Under “Species”, click on “s” for Salmonella 
ordonez and a new page appears with all “s” species with sequence entries in the PSD. 
Clicking on Salmonella ordonez will provide you with the sequence IDs for all sequences 
available (which can then be clicked to see the actual file in PSD). Finding a sequence of 
interest in Selection List may be easier for you than entering a species name in a keyword 
search of the entire PSD because, though you must navigate through a few pages, they 
are well organized and almost entirely text, so it is straight forward and fast. In effect, 
Selection List has already done a series of keyword searches for you and organized the 
results alphabetically.
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 Complete Genomes takes the “Species” category one step further by presenting a list 
of proteins that entails a full-complement of all the proteins in a genome, which is the 
proteome. Currently only the smaller genomes of microbes, mitochondrian, plastids, and 
chloroplasts are available.
 The PIR provides a variety of ways to directly search for and analyze sequences in 
the PSD. The search tools allow you to paste in a protein sequence or enter in a PIR-PSD 
code for a sequence and find similar sequences. The similarity searches can be a complete 
(global or end-to-end) sequence search or a partial (domain/motif, pattern, peptide) sequence 
search. BLAST or FASTA searches are provided for complete sequence searches. The partial 
sequence searches are named corresponding to the type of search. For example, Peptide 
Match scans the PSD for exact matches to a partial protein (peptide) sequence.

3.1.3 PSD Sequence Analysis Tools
If you have compiled a list of sequences, similar to the one you provided, by doing a 
sequence similarity search, you can then align all of the sequences or sort them according 
to annotation data using PIRʼs analysis tools. An example here would be if you entered your 
own sequence and were returned numerous similar sequences, you might want to align the 
results to look for conserved regions or sort them by taxonomy.
 IESA, Integrated Environment for Sequence Analysis, is a tool that allows you to 
display data (i.e., protein family, domains, species, keywords, etc.) for proteins in a visually 
appealing and concise table. Opening the IESA tool, you enter a table that consists of all 
protein sequence entries in PSD, which is over 4,000 pages long. You can pare down the 
table to entries of interest through searches provided at the top of the page. For example, 
from the search pull-down menu, select species and type in Salmonella ordonez, press 
go, and the table then displays sequence entries for that species only. Because annotation 
data for all of those proteins is presented on a single page, you can compare them without 
flipping back and forth between a number of pages. Now you have various analysis options 
for any or all of the sequences in the table. For example, if you want to align them using 
the CLUSTALW program, select all the sequences then select multiple alignment and press 
go.
 IESA is very similar to the PIR home page because you can access the same resources 
from both of them. IESA just has a different interface to the same data, which might be 
easier and add more functionality to analyses.
 Lastly, GeneFind and ProClass identify protein sequence families through the integration 
of classification data.

3.2 SWISS-PROT

SWISS-PROT19 is the other major protein sequence database, comparable to PIR-PSD in 
many ways. Though they do not collaborate, users have access to the same set of proteins 
with similar ways to get them and similar tools to analyze them.
 SWISS-PROT is a database with a collection of protein sequences. SWISS-PROT groups 
at the Swiss Institute of Bioinformatics (SIB) and the European Bioinformatics Institute 
(EBI) have collaboratively maintained the database since 1987, a year after its inception. It 
is accessible through the Expert Protein Analysis System (ExPASy) server made available 
by the SIB19. ExPASy itself is an outstanding site with many services for those interested in 
all aspects of proteins (see Chapter 10 for a description of their Proteomics Tools section) 
and the applications of SWISS-PROT are extensive due to this allegiance.
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3.2.1 SWISS-PROT Data
The data file is similar to a PSD file in content and structure. Annotation data, sequence 
data, and cross-references to other online resources provide a thorough explanation of the 
protein of interest. You will find the core entry data, classification information (sequence 
families and domains), structural data, and functional data in the annotation. The Feature 
table viewer for each entry provides a graphical display of the sequence with various 
characteristics associated with annotation data mapped onto it.
 SWISS-PROT supplies in-depth documentation on how protein sequence entries 
are annotated. Knowing how they fill out an entry can be very helpful in assessing data 
and finding similar data. It also would be of interest anyone interested in a career in 
bioinformatics. You can find this documentation on the SWISS-PROT home page under 
SWISS-PROT documents. In summary, annotation data primarily comes from published 
literature, from sequence entries in SWISS-PROT of evolutionarily related proteins, and from 
computer programs/algorithms. Protein family data is kept up-to-date through interaction 
from SWISS-PROT with experts whose focus is a specific protein family. By no means 
is annotation a “copy and paste” process. The information is thoroughly assessed before 
being included in the entry.

3.2.2 Data Sources
SWISS-PROT sequence data comes from submissions by researchers who have 
experimentally sequenced proteins, and by nucleic acid translations incorporated from 
TrEMBL. TrEMBL, a database of translated nucleic acid sequences, acts as a supplement 
to SWISS-PROT. The individual attention to the annotation of protein sequences in SWISS-
PROT causes a bottleneck in the rate at which new proteins enter it. TrEMBL was created 
in 1996 as a means to keep current and comprehensive without compromising the quality of 
the manually annotated SWISS-PROT entries. This means users have access to all publicly 
available protein sequences in any search, but some will have more thorough annotation 
(SWISS-PROT) than others (TrEMBL). The databases effectively act as a single entity 
since searches act on both sets of data, not one or the other. The entry that is returned from a 
search clearly indicates whether the user is looking at a SWISS-PROT or TrEMBL entry.
 TrEMBL, Translation of the EMBL nucleotide sequence database, consists of all 
translated nucleic acid protein coding sequences available in EMBL, except those proteins 
already integrated into SWISS-PROT. TrEMBL proteins are automatically annotated. There 
are over 400,000 TrEMBL entries to nearly 100,000 SWISS-PROT entries. A subset of 
TrEMBL entries will be incorporated into SWISS-PROT (SP-TrEMBL). REM-TrEMBL 
consists of entries that have no accession numbers and are not set to go into SWISS-PROT. 
For a sequence to enter SWISS-PROT, it must receive full manual annotation. Again, for 
more details about this process, see the documentation available through SWISS-PROT.

3.2.3 Finding Sequences of Interest in SWISS-PROT
SWISS-PROT/TrEMBL is searched through common fields: accession, ID, citation 
(SWISS-PROT only), author, full-text, and SRS (Sequence Retrieval System). Swiss-
Shop is an email update resource for those interested in receiving the latest sequence types 
to enter SWISS-PROT from TrEMBL or SWISS-PROT/TrEMBL from submissions from 
researchers. Email updates are sent weekly. SWISS-PROT and a non-redundant combination 
of SWISS-PROT/TrEMBL can be downloaded via FTP or delivered on CD-ROM. All of 
this is accessed through the SWISS-PROT home page.
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3.2.4 Other Features: HPI, HAMAP
Those who maintain SWISS-PROT started HPI, the Human Proteomics Initiative, in 1999. 
The project goal is to annotate all protein sequences of the human genome. This entails first 
determining all coding sequence regions on the genome, then annotating the proteins for 
function, post-translational modifications, domain make-up, sub-cellular location, variants, 
etc. These are the same requirements for proteins found in SWISS-PROT. The SIB and EBI 
are looking for support from the scientific community in this process.
 HAMAP is the High quality Automated Microbial Annotation of Proteomes. As of the 
summer of 2001, 38 microbial proteomes are in the process of becoming fully annotated. 
The Current Status of HAMAP shows the progress of proteome development. This is a very 
good resource for those interested in proteomes and genomes of microbes.
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