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ABSTRACT

All of the life science research web servers pub-
lished in this and previous issues of Nucleic Acids
Research, together with other useful tools, data-
bases and resources for bioinformatics and molec-
ular biology research are freely accessible online
through the Bioinformatics Links Directory, http://
bioinformatics.ca/links_directory/. Entirely depen-
dent on user feedback and community input, the
Bioinformatics Links Directory exemplifies an open
access research tool and resource. With 112 web-
sites featured in the July 2009 Web Server Issue of
Nucleic Acids Research, the 2009 update brings the
total number of servers listed in the Bioinformatics
Links Directory close to an impressive 1400 links.
A complete list of all links listed in this Nucleic
Acids Research 2009 Web Server Issue can be
accessed online at http://bioinfomatics.ca/links_
directory/narweb2009/. The 2009 update of the
Bioinformatics Links Directory, which includes the
Web Server list and summaries, is also available
online at the Nucleic Acids Research website,
http://nar.oxfordjournals.org/.

COMMENTARY

For 7 years now, Nucleic Acids Research has peer-
reviewed and published a Web Server issue highlighting
the latest web servers and open access bioinformatic tools
available online to guide and aid research work. This
year’s Web Server Issue introduces an additional 112
web servers, 10 of which are server updates (Table 1).
The complete listing of URLs cited in the 2009 Web
Server Issue can be accessed online at the Nucleic Acids
Research website, http://nar.oxfordjournals.org/, as well
as at http://bioinfomatics.ca/links_directory/narweb2009/.

In 2002, the Bioinformatics Links Directory was created
as a repository for curated URLs to important bioinfor-
matic tools, databases and general-purpose resources
for bioinformatics and molecular biology research. Since
2005, the Bioinformatics Links Directory has partnered

with Nucleic Acids Research to organize all of the Web
Server issue published links in its comprehensive directory
(1-4). As a public repository, the Bioinformatics Links
Directory, http://bioinformatics.ca/links_directory/, serves
as a ‘go-to’ site for the research community seeking
bioinformatic resource options. The 2009 Nucleic Acids
Research Web Server update brings the total number of
servers and tools listed in the Bioinformatics Links
Directory close to 1400 unique links (Table 1). Each
entry in the Directory contains a short description of
the tool’s function, as well as the accompanying
PubMed citation and web server URL. The directory is
organized by biological subject with subcategories of
common tasks relevant to each subject listed. Subject
categories and subcategories are also easily browsed
and queried with a keyword search. The up-to-date com-
plete listings accessible through the Bioinformatics Links
Directory, including the Nucleic Acids Research 2009 web
servers, can be accessed online at http://bioinfomatics.ca/
links_directory/.

Reflecting back on the history of the NAR Web Server
issue and the Bioinformatics Links Directory, and on
informatics over the past few years, it is interesting to
note how research and the field of bioinformatics have
changed in such a short timeframe. Table 1 displays
data on the number of web server URLSs for each category
and subcategory of the Bioinformatics Links Directory for
the years 2006-2009. Many interesting trends reflective
of parallel changes in research areas and technologies
are observable. In many instances there are sharp spikes
in the number of informatics tools available in a given
biological area or specific to a particular task. For exam-
ple, the number of tools for ‘DNA - Structure and
Sequence Feature Detection’, ‘Gene Regulation’ and
‘“Transcript Expression and Microarrays’ increased sizably
between 2006 and 2007, most likely in response to the
pervasive use of expression platforms and transcript anal-
yses at that time (5,6) (Table 1). Similarly, as the research
focus on small non-coding RNAs, microRNAs and other
RNA species has intensified, so too has the number of
bioinformatics web servers for ‘Functional RNA” analysis,
particularly in 2008 and 2009 (Table 1). A steady increase
in the number of useful informatics resources for ‘Domain
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Table 1. Historical summary (2006-2009) of the number of web servers
listed in each subcategory of the Bioinformatics Links Directory

Name 2006 2007 2008  2009"
Computer-related
Bio-* Programming Tools 20 20 20 20
C/C+ + 3 3 3 3
Databases 2 2 2 3
Java 4 4 4 4
Linux/Unix 12 11 11 11
PERL 5 S S 5
PHP 3 1 1 1
Statistics 9 9 9 9
Web Development 6 2 2 2
Web Services 6 7 7 10
DNA
Annotations 38 56 57 62
Gene Prediction 32 33 34 37
Mapping and Assembly 14 15 15 17
Phylogeny Reconstruction 37 43 46 49
Structure and Sequence Feature 118 142 145 150
Detection
Sequence Polymorphisms 32 39 41 42
Sequence Retrieval and Submission 26 30 32 32
Tools For the Bench 55 63 65 71
Utilities 19 20 23 24
Education
Bioinformatics Related News Sources 9 9 9 9
Community 19 24 23 23
Courses, Programs and Workshops 5 5 5 5
Directories and Portals 15 15 15 15
General 15 14 14 14
Tutorials and Directed Learning 9 9 9 9
Resources
Expression
cDNA, EST, SAGE 29 36 44 48
Gene Regulation 96 119 120 128
Transcript Expression and 75 89 101 108
Microarrays
Protein Expression 8 9 17 22
Splicing 16 19 19 21
Networks 8 12
Gene Set Analysis 11
Human Genome
Annotations 31 37 38 39
Ethics 7 8 8 8
Genomics 4 3 3 10
Health and Disease 14 19 23 27
Other Resources 25 29 29 29
Sequence Polymorphisms 25 33 36 38
Literature
Goldmines 6 6 6 6
Open Access Resources 2 2 2 3
Search Tools 10 12 12 13
Text Mining 11 15 22 30
Model Organisms
Fish 11 11 11 11
Fly 16 17 17 17
General Resources 23 27 28 29
Microbes 31 38 45 53
Mouse and Rat 32 35 35 36
Other Organisms 18 21 21 21
Other Vertebrates 10 10 10 10
Plants 16 19 21 25
Worm 9 9 9 9
Yeast 15 18 18 18
Other Molecules
Carbohydrates 6 6 6 6
Metabolites 3 4 7
Small Molecules 3 6 6 9
Compounds 2 6
(continued)

Table 1. Continued

Name 2006 2007 2008  2009°

Protein
2-D Structure Prediction 51 58 60 63
3-D Structural Features 53 70 75 85
3-D Structure Comparison 35 45 50 59
3-D Structure Prediction 48 59 60 70
3-D Structure Retrieval, Viewing 45 51 52 56
Biochemical Features 37 40 41 46
Do-it-all Tools for Protein 8 8 13 14
Domains and Motifs 86 112 115 121
Function and Annotation 35 44 47 53
Interactions, Pathways, Enzymes 66 88 94 107
Localization and Targeting 30 38 38 39
Molecular Dynamics and Docking 19 21 27 34
Phylogeny Reconstruction 36 44 45 53
Presentation and Format 13 14 14 14
Protein Expression 8 8 8 10
Proteomics 25 27 33 37
Sequence Data 7 8 9 10
Sequence Comparison 7 14
Sequence Features 25 31 33 38
Sequence Retrieval 27 29 29 31

RNA
Functional RNAs 14 19 26 32
General Resources 10 10 10 10
Motifs 19 21 22 23
Sequence Retrieval 11 10 11 11
Structure Prediction, Visualization, 38 47 54 58
and Design

Sequence Comparison
Alignment Editing and Visualization 20 21 21 23

Analysis of Aligned Sequences 43 59 60 62
Comparative Genomics 26 33 35 37
Multiple Sequence Alignments 38 50 56 57
Other Alignment Tools 11 11 11 11
Pairwise Sequence Alignments 22 23 26 33
Similarity Searching 31 47 47 49

?A complete listing of all URLs listed in the Nucleic Acids Research
2009 Web Server Issue can be accessed online at: http://bioinformatics
.ca/links_directory/narweb2009/

and Motif” analysis, ‘Interactions, Pathways and Enzyme’
analysis and ‘Molecular Dynamics and Docking’ since
2006 has also been observed, in part due to the increased
need for tools to aid researchers evaluating biology from a
pathway or whole organism perspective. Indeed in 2008, a
new subcategory for ‘Network’ analysis was added to
accommodate informatics tools and resources that take
a systems approach to biological problems.

Prominent in research today has been the introduction
and application of various next-generation sequencing
platforms to a wide range of research problems from
rapid de novo sequencing (7), to genomic evaluation of
polymorphisms and other mutation events (8), and anal-
yses of the transcriptome of various RNA macromolecules
(9) and the epigenome (10). Given the quantity and variety
of data being produced by these new high-throughput
technologies, there is an increased need for tools in
meta-data analysis, data integration and data mining
that facilitate data exploration and provide opportunities
for novel discoveries without the concomitant requirement
for personal computational capacity. Accordingly, web
servers introduced in the 2009 NAR Web Server Issue
include several specialized web service interfaces such as



those from the European Bioinformatics Institute (http://
www.ebi.ac.uk/Tools/webservices/) and the DNA Data
Bank of Japan (http://www.xml.nig.ac.jp/index.html)
which provide remote computational power, as well
as several data integration packages such as BioBIKE
(http://biobike.csbe.vcu.edu/), which ‘enable biologists
with little programming expertise to combine tools, data
and knowledge’. Also introduced in this issue, were a host
of online informatic resources for advanced text/data
mining such as SENT (http://sent.dacya.ucm.es/) for
detection of semantic features in text and LitInspector
(http://www litinspector.org/) for literature and signal
transduction pathway mining in PubMed.

New to the Bioinformatics Links Directory in 2009 is
the addition of ‘Gene Set Analysis’, a new subcategory
under tools for ‘Expression’ analysis (Table 1), addressing
the need and introduction of new resources that facilitate
data integration and functional evaluation of gene sets
identified through expression or genome wide association
studies. Example web servers include ToppGene Suite
(http://toppgene.cchmc.org/) for functional enrichment,
candidate gene prioritization and identification of novel
disease genes in an interactome, and GeneCodis (http://
genecodis.dacya.ucm.es/) for functional analysis of gene
lists that integrates different data sources (microRNA,
transcription factors, KEGG, user annotations, etc.) and
finds patterns of interrelated annotations.

These historical perspectives are not unique or isolated
occurrences. As new technologies and applications con-
tinue to be introduced and as new data become available,
we will continue to see the development and update of
specialized web servers and bioinformatic resources to
accompany emerging, data intensive and biologically com-
plex research needs. The Bioinformatics Links Directory,
as an excellent example of a community-driven resource,
will also continue to expand its resources in support of the
research community seeking bioinformatic resource
options. Suggestions for new links or updates and correc-
tions to existing links at the Bioinformatics Links
Directory are always welcome, and may be submitted
through email directly to links@bioinformatics.ca.
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