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This review provides an overview of bioinformatics from the
user’s point of view. Bioinformatics, defined as the application
of computers, databases, and computational methods to the
management of biologic information, is essential for almost
every aspect of data management in modern biology. The
rapid accumulation of genomic sequence information together
with the wide availability of new technologies that analyze
global gene expression patterns have created an information
overload. Molecular biology labs are increasingly dependent
on computers, large-capacity databases, search and analysis
tools, and high-quality Internet connections. Currently avail-
able bioinformatics tools are discussed and a general ap-
proach is outlined. Using the resources and approaches in this
review, readers should be able to form their own view of bio-
informatics and tailor the solutions to the information over-
load according to their needs.

 

Information management is definitely not an invention of
the last decade. Many of the advances of humans are re-
lated to developments in information management. It is
not by coincidence that printing is considered by many the
most important invention of the last millennium. This tool
for massive spread and storage of information changed the
history of civilization. In biology, the realization that cellu-
lar information transfer is crucial at every functional level
has grown slowly since the 1950s until it reached its full
current blossom. To many of us, the notion that most of
our basic science study involves the ways biologic systems
manage and exchange information is almost trivial. Cells
manage and exchange information in multiple ways, in-
cluding receptor-mediated signaling, secretion of cellular
effectors, and translation of stored genomic information to
new proteins and phenotypes. The study of genomic infor-
mation has especially influenced biology and biology-
related fields. The growth in DNA sequence data available
to researchers is unparalleled. GenBank, a major public
database where DNA sequences are stored, doubles in size
approximately every year. At the beginning of the year
2000, Genbank contained over 3.8 million sequence records,
and this collection grows at a rate of more than a million
nucleotides per day.

Since the publication of the first complete bacterial ge-
nome (

 

Haemophilus influenzae

 

) in 1995 (1), the complete
genomes of three more eukaryotic model systems were pub-
lished (the budding yeast 

 

Saccharomyces cerevisiae

 

, the nema-
tode 

 

Caenorhabditis elegans

 

, and the fruit fly 

 

Drosophila
melanogaster

 

) (2). Two more are near completion (the

flowering plant 

 

Arabidopsis thaliana

 

 and the fission yeast

 

Schizosaccharomyces pombe

 

) (2). The human genome
project is also on its way to completion, with a working
draft completed this year and a fully cited edited version
expected by 2002. Novel technologies for large-scale ex-
pression analysis are already in use by many groups. These
technologies use the information derived from the various
sequencing projects to create comprehensive gene expres-
sion profiles and result in immensely large sets of data (3).
On top of that, the biomedical literature is experiencing a
citation explosion, with approximately 400,000 biomedical
publications cited every year in PubMed, the National Li-
brary of Medicine’s biomedical citation search service that
provides access to biomedical literature databases. The
huge amount of information that is currently available and
is continuously generated cannot be analyzed manually.
Computers, large-capacity databases, search and analysis
tools, and high-quality Internet connections are now es-
sential tools for biologists. Bioinformatics, defined as the
application of computers, databases, and computational
methods to the management of biologic information, is es-
sential for almost every aspect of data management in
modern biology.

The aim of this review is to provide the reader an over-
view of the current available Internet-based bioinformat-
ics tools. The tools and databases discussed range from
traditional tools for sequence analysis to the new and rap-
idly developing tools for analysis of microarray data. The
discussion that follows distinguishes between tools and da-
tabases. This distinction is, of course, artificial because da-
tabases are useless without search tools, and vice versa.
Further, many of the sites offer a wide array of services,
tools, databases, and useful links to other sites. Naturally,
because this is a rapidly changing field, a comprehensive
guide to all the bioinformatics sites and applications may
become outdated even before publication. However, the
reader should be able to use the outlined approach and the
sites mentioned to find additional sources and design an
individual bioinformatics approach.

 

Tools for Sequence Analysis

 

Bioinformatics is relevant for any biologic field, including
genetics, biochemistry, and medicine. However, much of
the publicity and emphasis that bioinformatics has received
in the last few years has been through its importance in
DNA and protein-sequence analysis.

 

Sequence Alignment

 

Sequences obtained through sequencing or a database
search are compared with multiple other sequences that
are in databases using sequence alignment algorithms. Se-
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quence similarities (homologies) can be used to infer the
function of newly found sequences, to construct functional
and structural protein families, to analyze control ele-
ments, and to gain insight into evolutionary relationships.

The most commonly used program for sequence align-
ment is Basic Local Alignment Search Tool (BLAST) (4).
This is a set of similarity search programs designed to ex-
plore all available sequence databases regardless of whether
the query is a protein or DNA. BLAST programs are de-
signed for speed with minimal sacrifice of sensitivity. The
scores provided with BLAST are statistically sound and
simple to use.

The easiest way to use BLAST is through the Web at
the site of the National Center for Biotechnology Informa-
tion (NCBI) (http://www.ncbi.nlm.nih.gov/BLAST). The
site contains different types of searches and several spe-
cialized data sets made available by different sequencing
centers. BLAST can also be run locally, from a network
server or through e-mail (all the details are at the BLAST
home page). A probability value E is calculated for each
sequence comparison, giving an estimate of the probability
that the match happened by chance (the lower this num-
ber, the better the match). For the best matches, the simi-
larity is shown directly using an alignment of the two se-
quences.

The underlying assumption is that the sequences are
similar because they are homologous; that is, they are de-
rived from a common ancestral sequence or they share
common functional aspects. The best way to compare se-
quences is to align them, inserting gaps if necessary so that
they match as much as possible. This is useful to identify
regions of common function as previously mentioned. Two
useful new BLAST applications are VecScreen, for BLAST-
based detection of vector contamination, and IgBLAST, a
tool developed at NCBI to facilitate analysis of immuno-
globulin (Ig) sequences in GenBank.

Protein sequences can be analyzed similarly. Some com-
mon types of analyses are database similarity searching (to
identify protein-sequence database entries similar to a
given protein) and sequence comparison (for example, to
align two protein sequences and identify common re-
gions). More sophisticated ways to analyze protein se-
quences are motif searching and three-dimensional struc-
ture prediction.

 

Motif Searching

 

Motif searching is very important in trying to predict the
function of a protein using its sequence. Motifs are se-
quences of amino acids in a protein that are associated
with a known function or structural feature. A number of
automated databases of protein motifs such as PROSITE
(http://www.expasy.ch/prosite/) and PFAM (http://www/
sanger.ac.uk/Software/Pfam/index.html) have been cre-
ated either from literature surveys or directly from se-
quence databases, for the purpose of identifying proteins
or domains or particular functional sites. The databases
provide analytic tools that recognize specific amino-acid
patterns with functional significance and allow develop-
ment of hypotheses regarding the function of novel pro-
tein proteins and genes as well as assignment to functional
and structural families.

 

Structure Prediction

 

The function of a protein is strongly dependent upon its
three-dimensional structure, and one of the main challenges
in bioinformatics is to predict the structure of a protein from
its sequence. Methods for predicting the secondary struc-

 

ture of a protein (arrangement of 

 

a

 

-helices and 

 

b

 

-sheets)
have been available for many years. Cn3D is a helper ap-
plication that allows viewing of three-dimensional struc-
tures from NCBI’s Entrez retrieval service. The new ver-
sion of Cn3D simultaneously displays structure, sequence,
and alignment; allows the user to set display styles for fea-
tures of interest; and can be downloaded from Entrez (http://
www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml). An-
other useful site that provides multiple protein-modeling
services is the EMBL Biocomputing home page (http://
www.sander.embl-heidelberg.de/future/other.html).

 

Tools for Analysis of Gene Expression Data

 

Gene expression information is important to the under-
standing of many aspects of cellular and whole-organ func-
tion. The advent of microarray technology allows the anal-
ysis of the expression of thousands of genes simultaneously
(5), thus creating a comprehensive transcriptional profile
of a condition studied. Microarrays have been used in a va-
riety of experimental settings, including analysis of the cel-
lular response to stimuli (6, 7), to distinguish specific tran-
scriptional programs in whole organs of genetically modified
animals (8) and to characterize human cancers (9). Typi-
cally, these techniques generate large amounts of data that
require combined bioinformatics approaches and very ad-
vanced tools for analysis (10). In general, these tools use
computational methods to group (cluster) genes or experi-
ments with similar profiles of changes in expression levels.
The assumption is that by distinguishing genes that behave
similarly it is possible to gain insight into shared regulatory
aspects, shared functions, or roles in the process studied.
The tools most commonly used are:

•

 

Hierarchical clustering

 

. Pairwise gene distance matrices
(used originally for molecular phylogeny using sequence
alignments) can be used to identify genes sharing a simi-
lar expression pattern in multiple experiments with
complementary DNA (cDNA) or oligonucleotide ar-
rays. In one such method, all values are paired and mod-
ified Pearson correlations are calculated for each possi-
ble pairwise combination and used in distance matrices.
This allows hierarchical clustering of groups of genes that
behave most similarly. Cluster, an application developed
by Eisen and colleagues (11), can be downloaded from
http://rana.Stanford.EDU/software. It was originally de-
signed for analysis of cDNA arrays but can easily be
used to analyze oligonucleotide arrays. The resulting
clusters can then be visualized using Treeview (available
from the same site). The use of this method allows both
the recognition of distinct groups of genes that behave
similarly (clustering of genes), such as functionally re-
lated genes (8); and of unique transcriptional features of
a condition (clustering of groups), for instance, for dis-
ease classification (9). Cluster now contains multiple
tools for analysis of gene expression data, including self-
organizing maps (SOMs).
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•

 

SOMs

 

 are ideally suited for exploratory data analysis.
They are considered superior to hierarchical clustering
when analyzing “messy data” that contains outliers, ir-
relevant variables, and nonuniform densities (10). The
basic concept is that you impose a partial structure on
the data and then adjust the structure iteratively accord-
ing to the data. The input data are the raw expression
values (not ratios) obtained from the array experiments.
The output is a series of SOMs represented by their simi-
lar patterns. GeneCluster is an application that produces
and displays the SOMs. It was developed by Tamayo
and associates at the Whitehead Institute (12) and applied
successfully to the study of cancer classification (13). The
program can be downloaded from http://waldo.wi.mit.
edu/MPR/software.html.

 

Databases and Useful Websites

 

Genome Maps

 

The study of genomic information is vital to our under-
standing of genetic diseases and evolution. At the highest
level of genetic organization, the order of markers along a
chromosome can be elucidated using genetic linkage anal-
ysis, in which the frequency of recombination between mark-
ers is used as an indicator of the distance between these
markers. Higher-resolution maps of the location of clones
and polymerase chain reaction fragments can be obtained
by molecular techniques. Particularly interesting and use-
ful sites are the Genome Channel (http://compbio.ornl.gov/
channel/) and the Entrez genome site (http://www3.ncbi.
nilm.nih.gov/entrez/query.fcgi?db

 

5

 

Genome). The CEPH-
Généthon website (http://www.cephb.fr/bio/ceph-genethon-
map.html) and the Cooperative Human Linkage Center
(http://lpg.nci.nih.gov/CHLC/) provide genome maps and
are relatively easy to use. Another useful site for both ge-
nomic and gene expression data is the Whitehead Institute
for Biomedical Research/MIT Center for Genome Re-
search website (http://www-genome.wi.mit.edu/).

 

Nucleotide Sequence Databases

 

There are three major databases that collect publicly avail-
able nucleotide sequences.

• Genbank is maintained by NCBI in the United States
(http://www.ncbi.nlm.nih.gov/Genbank/index.html).

• EMBL is maintained by the European Bioinformatics
Institute in the United Kingdom (http://www.ebi.ac.uk/).

• DNA Database of Japan is based in Japan (http://www.
ddbj.nig.ac.jp/fromddbj-e.html).

These databases contain the same sequences, but use
different formats for their annotations. All three offer
tools for sequence and structure prediction. They contain
both genomic and cDNA sequences.

When analyzing a genomic DNA sequence it is impor-
tant to determine where the protein coding regions are lo-
cated. Coding regions account for only a small fraction of
the human genome (1 to 2%), thus gene identification is
not an easy undertaking.

One strategy for analyzing coding sequences in the ge-
nome is by sequencing cDNAs and creating large libraries
of expressed sequence tags (ESTs). ESTs are single-pass se-

quences obtained from the 3

 

9

 

 or 5

 

9

 

 ends of cDNAs. Their
quality may be low, but the volume of EST sequences pro-
duced makes these sequences a great source for new gene
sequences. DbEST (http://www.ncbi.nlm.nih.gov/dbEST/)
and Unigene (http://www.ncbi.nlm.nih.gov/UniGene/index.
html) are databases dedicated to ESTs. UniGene is an ex-
perimental system for automatically partitioning GenBank
sequences into a nonredundant set of gene-oriented clus-
ters. Each UniGene cluster contains sequences that repre-
sent a unique gene, as well as related information, such as
the tissue types in which the gene has been expressed and
the map location. The information collected in Unigene has
been extremely useful as a resource for gene discovery and
for probe design for cDNA and oligonucleotide arrays.

 

Protein Databases and Websites

 

Databases dedicated to proteins often include sequence
information as well as analysis tools. The most used data-
base is SWISS PROT (http://www.expasy.ch/sprot/), a cu-
rated protein-sequence database that provides a high level
of annotations (such as the function of a protein, its do-
mains structure, post-translational modifications, variants,
etc.) Several sites provide PFAM, PROSITE, and other
tools for protein sequence analysis. The Sanger Center
(http://www.sanger.ac.uk/) provides access and maintains
PFAM and multiple other useful links and genomic tools,
including three-dimensional protein structure prediction
(http://genomic.sanger.ac.uk/123D/123D.shtml). Another
very useful site that contains links to multiple protein data-
bases is ExPASy (Expert Protein Analysis System) (http://
www.expasy.ch/), the proteomics server of the Swiss Insti-
tute of Bioinformatics. In addition to access to databases it
provides multiple protein analysis tools, such as PROSITE
(http://www.expasy.ch/prosite/) and Swiss-3Image (http://
www.expasy.ch/sw3d/).

 

Transcription Factor Databases

 

In transcription factor databases you can search for protein-
binding sites in DNA sequences, especially transcription
factor binding sites. One such database is Matinspector Pub-
lic Domain (http://genomatix.gsf.de/cgi-bin/matinspector/
mantinspector.pl). Alternative programs are Proscan and
Sigscan, offered at the Bioinformatics & Molecular Analy-
sis Section (BIMAS) site (http://bimas.dcrt.nih. gov/molbio/
index.html). Because these databases do not overlap it is
often useful to use more than one in the analysis of a given
sequence.

 

Signaling Pathways

 

Signaling pathway databases connect many proteins together
and provide a context for the study of signaling-relevant gene
expression at the RNA and protein levels. Signaling pathway
databases combine information about substrates, reactions,
enzymes, and regulatory mechanisms. Some examples are:

• G-Protein Coupled Receptor Database (http://www.gcrdb.
uthscsa.edu)

• Protein Kinase Resource (http://www.sdsc.edu/projects/
Kinases/pk_home.html)

• Cell Signaling Networks Database (http://geo.nihs.go.jp/
csndb/)
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Immunologic Databases and Websites

 

These databases provide focused, detailed, and updated
information about genes relevant to the immune response.

• Cytokine Family cDNA Database (dbCFC) (http://
cytokine.medic.kumamoto-u.ac.jp/) is a collection of EST
records of cytokines deposited in GenBank. A related
database is the Cytokine Receptor Family Database
(http://crf.medic.kumamoto-u.ac.jp/), which contains sim-
ilar information for cytokine receptors.

• CD Guides (http://www.ncbi.nlm.nih.gov/prow/guide/
45277084.htm) is a very useful database that contains
definitions of all molecules assigned CD numbers, as
well as information about their function and cellular ex-
pression.

• The Kabat Database of Sequences of Proteins of Immuno-
logical Interest (http://immuno.bme.nwu.edu/) contains se-
quences that are classified according to antigen specificity.

• The Immunogenetics database (IMGT) (http://imgt.cnusc.
fr:8104/) focuses on Igs, T-cell receptors, and major his-
tocompatibility complex molecules.

 

Gene Expression Databases

 

Several sites offer useful protocols, downloadable software,
and complete sets of experimental data. The Brown Lab
website (http://cmgm.stanford.edu/pbrown/) provides a
“do-it-yourself” manual for making and using cDNA ar-
rays, in addition to complete sets of gene expression data.
The Whitehead/MIT Center for Genome research website
(http://waldo.wi.mit.edu/MPR) contains data sets and
downloadable software. So far there is no central reposi-
tory for gene expression data, however several groups are
concentrating their efforts on creating standards that will
enable the creation of such a central repository. One such
effort is GeneX, a Web-based database for gene expres-
sion data being developed at the National Center for Ge-
nome Resources (NCGR) (http://www.ncgr.org/).

 

General Databases

 

Several general databases contain information from multi-
ple sources, thus making them extremely useful for data
mining and informatics.

• GeneCards, human genes proteins and diseases (Weiz-
man Institute) (http://nciarray.nci.nih.gov/cards/index.
html), contains automatically extracted information from
multiple sites with links to NCBI, Unigene, OMIM, and
SWISS PROT.

• OMIM (Online Mendelian Inheritance in Man) is a cat-
alog of human genes and genetic disorders. The data-
base contains textual information, pictures, and refer-
ence information. It also contains copious links to
NCBI’s Entrez database of MEDLINE articles and se-
quence information (http://www.ncbi.nlm.nih.gov/Omim/).

• Kyoto Encyclopedia of Genes and Genomes (KEGG)
presents the current knowledge of molecular and cellu-
lar biology in terms of information pathways, consisting
of interacting molecules or genes. It also provides multi-
ple links to gene catalogs produced by genome sequenc-
ing projects (http://www.genome.ad.jp/kegg/).

• NCGR (http://www.ncgr.org/) provides access to multi-
ple bioinformatics tools, some including Gepasi (a bio-
chemical kinetics simulator), PathDB (a database of
biochemical and metabolic pathways), and GeneX (a
Web-based gene expression database).

• The Mouse Genome Informatics (MGI) site (http://www.
informatics.jax.org/) provides integrated access to vari-
ous sources of information on the genetics and biology
of the laboratory mouse. The MGI resource comprises
the Mouse Genome Database (MGD), the Gene Ex-
pression Database (GXD), and related resources, in-
cluding the Mouse Tumor Biology database, the Rat
Data resource, Michael Festing’s Listing of Inbred
Strains of Mice and Rats, and MouseBLAST (http://
www.informatics.jax.org/userdocs/aboutMGI.shtml).

 

Bioinformatics: The User’s Perspective

 

From the previous discussion it is clear that there is not
only a current overload of information but also an over-
load of bioinformatics tools. There is an increase in the avail-
ability of user-friendly, intuitive tools for bioinformatics,
and there is no doubt that these tools are taking their place
in the armamentarium of every molecular biology labora-
tory. However, even with the current wealth of available
informatics tools, the rapid growth of biologically relevant
information by far outweighs the computational capacity
of a molecular biology lab. For instance, when a molecular
biology starts using microarrays it immediately becomes an
information-intensive lab. This means that the lab is flooded
with massive volumes of information at a very rapid rate.
Obtaining optimal value from the data requires both a
preplanned databasing effort and the use of “intelligent”
sieving systems for automatic detection of relevant infor-
mation with a minimum of human input.

These technologies not only are expensive but also
carry with them a hidden economic burden: the price of
manipulating information. The costs of computers, soft-
ware packages, and infrastructure are high, and the need
for frequent upgrades generates a continuing expense. The
lack of trained personnel as well as the nature of scientific
curiosity cause scientists to invest days in learning and im-
plementing analysis tools—tasks that did not exist in the
recent past. These new tasks and costs require rethinking
the traditional laboratory personnel structure as well as
the implementation of institutional solutions for personnel
training and software license acquisition. Several simple
suggestions that can help in making the transition to infor-
mation intensive environment easier are:

• When you purchase a computer system, find the one
that most analysis platforms fit.

• Dedicate workstations to informatics—do not allow the
loading of unnecessary software. This will prevent un-
necessary system slowing and/or crashes.

• Make sure that you have fast and stable Internet access.
• Buy only the minimum necessary software licenses.

Many tools are in the public domain; it is not always
true that the commercial packages are better.

• When you are considering a software package, always
try it before purchase. Most companies provide trial
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“demo” software and it is important to know before-
hand that the package actually fits your needs.

• Set up standards for your lab database. File names
should contain dates and information that identifies the
experiment. Keep an independent index of these names.
This database should also contain gene information with
automated links. Preferably it should be designed so
that data from multiple sources can be automatically re-
trieved. Ideally, this would be an institutional effort.

• Set up the database so that components can be pub-
lished as Web-based complementary datasets to pub-
lished papers.

This review provides an overview of bioinformatics
tools and approaches for the molecular biologist and pul-
monary scientist. By using the resources and the approaches
outlined here the reader should be able to form an individ-
ual approach to bioinformatics and tailor the solutions to
the information overload according to individual needs. A
list of useful bioinformatics websites (Appendix 1) and a
glossary of bioinformatics terms (Appendix 2) are avail-
able at http://medicine.ucsf.edu/divisions/lbc/.
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Appendix 1: List of Useful Websites

 

Introductory Websites

 

National Center for Biotechnology Information
http://www3. ncbi.nlm.nih.gov/

European Bioinformatics Institute
http://www.ebi.ac.uk/

Whitehead Institute/MIT Center for Genome Research
http://www-genome.wi.mit.edu/

KEGG: Kyoto Encyclopedia of Genes and Genomes
http://www.genome.ad.jp/kegg/

Weizmann Institute Bioinformatics unit
http://bioinformat ics.weizmann.ac.il/

National Center for Genome resources
http://www.ncgr.org/

 

Genome Databases

 

Genome Channel
http://compbio.ornl.gov/channel/

Entrez Genome
http://www3.ncbi.nlm.nih.gov/entrez/query.fcgi?db
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Genome.
CEPH-Généthon

http://www.cephb.fr/bio/ceph-genethon-map.html
CHLC Cooperative Human Linkage Center

http://lpg.nci. nih.gov/CHLC/
Hugo

http://www.gene.ucl.ac.uk/hugo/
Whitehead Institute/MIT Center for Genome Research

http://www-genome.wi.mit.edu/
TIGR Human Gene Index

http.tigr.org/tdb/hgi/hgi.html
Mouse Genome Database MGI

http://www.informatics. jax.org/
Rat Genome Database

http://www.informatics.jax.org/rat

 

Nucleotide and Sequence Databases

 

Genbank
http://www.ncbi.nlm.nih.gov/Genbank/index.html

DDBJ
http://www.ddbj.nig.ac.jp/fromddbj-e.html

DbEST
http://www.ncbi.nlm.nih.gov/dbEST/

Unigene
http://www.ncbi.nlm.nih.gov/UniGene/index.html

 

Nucleotide and Protein Sequence Analysis

 

BLAST
http://www.ncbi.nlm.nih.gov/BLAST

PROSITE
http://www.expasy.ch/prosite/

PFAM
http://www.sanger.ac.uk/Software/Pfam/index.html

 

Protein Structure Prediction

 

CN3D
http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml
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Swiss-3Image
http://www.expasy.ch/sw3d/

ExPASy Expert Protein Analysis System
http://www.expasy.ch/

Sanger Center
http://www.sanger.ac.uk/

 

Transcription Factors

 

Matinspector Public Domain
http://genomatix.gsf.de/cgi-bin/matinspector/matinspector.
pl

Transfac
http://bioinformatics.weizmann.ac.il/transfac/.

Proscan and Sigscan
http://bimas.dcrt.nih.gov/molbio/index.html/.

 

Signaling

 

G-Protein Coupled Receptor Database
http://www.gcrdb.uthscsa.edu/

Protein Kinase Resource
http://www.sdsc.edu/projects/Kinases/pk_home.html

Cell Signaling Networks Database
http://geo.nihs.go.jp/csndb/

 

Immunology

 

Kabat Database
http://immuno.bme.nwu.edu/

The Immunogenetics Database (IMGT)
http://imgt.cnusc.fr:8104/

Cytokine Receptor Family Database
http://crf.medic.kumamoto-u.ac.jp/

Cytokine Family cDNA Database dbCFC
http://cytokine.medic.kumamoto-u.ac.jp/

CD Guides
http://www.ncbi.nlm.nih.gov/prow/guide/45277084.htm

 

Expression Data and Analysis

 

The Brown Lab
http://cmgm.stanford.edu/pbrown/

Stanford Genome Center
http://genome-www.stanford.edu/

The Microarray Project at NHGRI
http://www.nhgri.nih.gov/DIR/LCG/15K/HTML

Whitehead/MIT Center for Genome Research
http://waldo.wi.mit.edu/MPR/

Array Papers at Rockefeller University
http://linkage.rockefeller.edu/wli/microarray/

Leming Shi’s DNA Microarray
http://www.gene-chips.com/

GenMapp
http://gladstone.ucsf.edu/labs/conklin/GenMAPP/entry.
html

Bodymap
http://bodymap.ims.u-tokyo.ac.jp/

Sheppard Lab
http://medicine.ucsf.edu/divisions/lbc/

 

Proteomics

 

Danish Center for Human Genome Research
http://biobase.dk/cgi-bin/celis

 

EXPASY
http://www.expasy.ch/

 

General

 

GeneCards
http://nciarray.nci.nih.gov/cards/index.html

SWISS PROT
http://www.expasy.ch/sprot/

OMIM–Online Mendelian Inheritance in Man
http://www.ncbi.nlm.nih.gov/Omim/

The Virtual Genome Center
http://alces.med.umn.edu/VGC.html

Genes and Diseases
http://www.ncbi.nlm.nih.gov/disease/

Geneatlas
http://www.citi2.fr/GENATLAS/welcome.html

The Mouse Genome Informatics MGI
http://www.informatics.jax.org/

Hugo Directory
http://www.gdb.org.hugo

Human SNP Database
http://www-genome.wi.mit.edu/SNP/human/index.html

Gene Ontology Consortium
http://www.geneontology.org/

 

Lung-Related Databases

 

Asthma Gene Database
http://cooke.gsf.de/asthmagen/main.cfm

Yale Pulmonary Medicine Internet Resources
http://www.med.yale.edu/library/sir/select.php3?prof_
subject
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Medicine

 

z

 

Pulmonary

 

1

 

Medicine
American Thoracic Society

http://www.thoracic.org/index. html

 

Appendix 2: Glossary of Bioinformatics

 

BLAST (Basic Local Alignment Search Tool):

 

 A set of
similarity search programs designed to explore all avail-
able sequence databases.

 

Browser:

 

 Client software that facilitates navigation on the
Internet.

 

Client:

 

 A program or computer that is able to share the re-
sources (printers, files, programs) of another program or
computer, called a server. In client/server computing, the
client requests services from the server.

 

Database:

 

 Data (or information) organized in a structure
designed for easy retrieval, updating, and deleting.

 

Database engine:

 

 A database management system that
provides tools for creating the database (database design)
and managing the information stored in the database.

 

Database query:

 

 A statement that requests data from the
database. Most database engines have simple interfaces to
perform queries and do not require programming.

 

Data mining tools:

 

 Software applications that allow for
sifting through large amounts of data to distinguish (to
mine) the most meaningful and valuable information.
These include visualization tools and data management
tools.

 

FTP (File Transfer Protocol):

 

 A standard that allows files
to be transferred between computers of different architec-
tures and on different networks.
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Gene expression:

 

 A highly specific process in which a gene
is switched on at a certain time and begins production of
its protein.

 

Gene mapping:

 

 Determining the relative positions of
genes on a chromosome and the distance between them.

 

Genome:

 

 The sum of all the genetic information of an or-
ganism, usually meaning the entire DNA contained in an
organism or a cell, including both nuclear and mitochon-
drial DNA.

 

Homologue:

 

 A gene similar in a major part of its sequence
to another gene. A common ancestral origin is usually hy-
pothesized as well as a relatively similar function.

 

HTML (Hypertext Mark-up Language:

 

 The standard cod-
ing language in which World Wide Web documents are
written.

 

HTTP (Hypertext transfer protocol):

 

 The standard lan-
guage used by World Wide Web client and servers.

 

Hyperlink:

 

 Hyperlinks are features of an electronic docu-
ment that point the reader to another place in the same
document or to a completely different document. These
are the most important component of hypertext systems.
Often just called “links.”

 

Microarray technology:

 

 A new way of studying the simul-
taneous expression of thousands of genes. These methods
use advanced technologies of printing (cDNA arrays) or
photolithography (oligonucleotide arrays) to attach multi-
ple (thousands of) cDNA clones or olignucleotides to a
slide. The next steps involve hybridization with a labeled
sample and scanning and analysis using specialized soft-
ware. The level of fluorescence is supposed to represent
the level of expression of a specific gene in the sample.

 

Physical mapping:

 

 A map of identifiable landmarks on
DNA regardless of inheritance (e.g., restriction sites,
genes). Distance is measured in base pairs (bp). For the
human genome the lowest-resolution physical map is the

banding patterns on the chromosomes; the highest would
be the complete sequence.

 

Proteome:

 

 The entire protein repertoire contained in an
organism or a cell, including all its components.

 

PFAM:

 

 A semiautomatic protein family database, it con-
tains a collection of protein families and domains, multiple
protein alignments, and profiles of these families.

 

PROSITE:

 

 An application used to determine the function of
uncharacterized proteins translated from genomic or cDNA
sequences, it consists of a database of biologically significant
sites and patterns and computational tools that allow the
user to rapidly and reliably identify the known family of pro-
tein (if any) to which the new sequence belongs.

 

SAGE (Serial Analysis of Gene Expression):

 

 A method
for comprehensive analysis of gene expression patterns.
Three principles underlie the SAGE methodology: (

 

1

 

) A
short sequence tag (10 to 14 bp) contains sufficient infor-
mation to uniquely identify a transcript, provided that the
tag is obtained from a unique position within each tran-
script. (

 

2

 

) Sequence tags can be linked together to form
long serial molecules that can be cloned and sequenced.
(

 

3

 

) The number of times a particular tag is observed pro-
vides the expression level of the corresponding transcript.

 

Sequencing DNA:

 

 Determining the exact order of the bp
in a segment of DNA.

 

Sequencing Protein:

 

 Determining the exact order of the
amino acids in a protein.

 

URL (Unique Resource Locator):

 

 A standard protocol for
providing a unique address for different documents and
services on the World Wide Web. URLs include websites,
FTP sites, e-mail servers, etc.

 

Website:

 

 A place on the Internet. Every Web page has a
location where it resides, called a site. This location is
stated by the URL. The statement usually begins with
“http://.... .”


