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PREFACE

Computational analysis of biological sequences has been practised for a long time, but its importance
to the practising biochemist or molecular biologist has only emerged in the last ten years or so as high-
throughput sequencing techniques have brought a flood of valuable sequence data of relevance to many
research projects. Thus the discipline of bioinformatics has emerged and grown enormously in impor-
tance. Center stage in these developments has been the sequencing of whole genomes. The human
genome was finished more than a year ago and convenient access to the annotated data for the non-
bioinformatician is just becoming available.

Following DNA sequencing, other experimental techniques have been developed to the point where
they can be described as high-throughput. Gene- and protein-expression patterns can be studied with
microarrays on the scale of whole genomes, protein interactions can be studied on the same scale with
the yeast two hybrid system, and there is even talk of high-throughput structure determination. Where
there is large-scale data generation there is need for computational data handling and analysis, and so
the subject of bicinformatics grows.

It is now crucial that the practising experimental biologist has a knowledge of bioinformatics, and so
the subject is beginning to appear and grow in undergraduate curricula. This book is essentially aimed
at the experimental biologist, perhaps as an undergraduate or maybe further along a career path, who
needs a working knowledge of the subject. It would also be usful to computer scientists and others look-
ing to move into a biological domain. We begin by describing data generation and databases, and then
move to the ‘classical’ bioinformatics question, “What can I do with my sequence?”. Following this we
lock at the newer bicinformatics problems associated with structure, expression, proteomics, interac-
tions and pathways.

Throughout the book we aim to describe what is possible, and the strengths, limitations and poten-
tial pitfalls of methods and analyses. We will tell you how to do things, but this is not a software man-
ual for commonly used packages. They have their own manuals that are (mostly) much better than
anything we could provide. Many of the methods we describe rely on quite complex mathematical, sta-
tistical or computational techniques. Often we choose not to describe these at all, but where we do we
have aimed for a simple conceptual understanding, It is often said that it is not necessary to understand
in detail how the internal combustion engine works in order to drive a car. The same applies to under-
standing of underlying methods in bioinformatics, but where a little understanding is possible and help-
ful, we have tried to provide it. We hope that it is useful.
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Section A - Overview of Bioinformatics

A1 THE SCOPE OF
BIOINFORMATIC

i

LanmEa

RS .

Key Notes

Bioinformatics is the combination of biology and information technology.
It is the branch of science that deals with the computer-based analysis of
large biological data sets. Bioinformatics incorporates the development of
databases to store and search data, and of statistical tools and algorithms
to analyze and determine relationships between biological data sets, such
as macromolecular sequences, structures, expression profiles and
biochemical pathways.

Computers are required in bioinformatics for their processing speed
(allowing repetitive tasks to be carried out quickly and systematically)
and for their problem-solving power. However, many problems
addressed by bioinformatics still require expert human input, and the
integrity and quality of the source data are also critical.

This book is designed to provide the newcomer to bioinformatics with
enough information to understand the principles of bioinformatic
applications and to gain some practice in their use. The text covers basic
introductory subjects such as the role of the Internet as well as the key
areas of bioinformatics: the use of databases, sequence and structural
analysis tools, and tools for annotation, expression analysis and the
analysis of biochemical and molecular pathways. Section O is an
appendix of peripheral information on computer operating systems and
software.

Throughout this book there are references to various WWW sites that
house information resources, databases and bioinformatic tools. Since the
WWW is constantly evolving, the addresses of these sites are likely to
change. For convenience, links to these sites are listed on an
accompanying WWW site (http://www.bios.co.uk/ inbioinformatics),
which will be regularly updated by authors. If any of the URLs in this
book do not work, the accompanying WWW site is probably the best way

to reach the required site.
Related topics Bioinformatics and the Internet Useful bioinformatics sites on the
(A2) WWW (A3)
What is Bioinformatics is the marriage of biology and information technology. The

bioinformatics? discipline encompasses any computational tools and methods used to manage,
analyze and manipulate large sets of biological data. Essentially, bioinformatics
has three components:
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The role of
computers in
bloinformatics

Scope of this
book

o The creation of databases allowing the storage and management of large
biological data sets.

@ The development of algorithms and statistics to determine relationships
among members of large data sets.

® The use of these tools for the analysis and interpretation of various types of
biological data, including DNA, RNA and protein sequences, protein struc-
tures, gene expression profiles and biochemical pathways.

The term bioinformatics first came into use in the 1990s and was originaily
synonymous with the management and analysis of DNA, RNA and protein
sequence data. Computational tools for sequence analysis had been available
since the 1960s but this was a minority interest until advances in sequencing
technology (Topic B1) led to a rapid expansion in the number of stored
sequences in databases such as GenBank (Topic C2). Now the term has
expanded to incorporate many other types of biological data, for example
protein structures, gene expression profiles and protein interactions. Each of
these areas requires its own set of databases, algorithms and statistical methods,
some of which are discussed in this book.

Bioinformatics is largely although not exclusively a computer-based discipline.
Computers are important in bioinformatics for two reasons. First, many bio-
informatics problems require the same task to be repeated millions of times. For
example, comparing a new sequence to every other sequence stored in a data-
base (Topic E3) or comparing a group of sequences systematically to determine
evolutionary relationships (Topic G2). In such cases, the ability of computers to
process information and test alternative solutions rapidly is indispensable.
Second, computers are required for their problem-solving power. Typical prob-
lems that might be addressed using bioinformatics could include solving the
folding pathway of a protein given its amino acid sequence, or deducing a
biochemical pathway given a collection of RNA expression profiles. Computers
can help with such problems, but it is important to note that expert input and
robust original data are also required.

This book is based on the authors’ experience in teaching bioinformatics at
undergraduate and postgraduate level. A common starting point for those new
to bioinformatics is ‘What can I do with this sequence?’ This book is designed to
give the reader an informed background to understanding methods used in
bioinformatics and sufficient examples and technical details to enable him or her
to answer real problems. We describe the role of the Internet in bioinformatics
(Section A), how data used in bioinformatics is generated (Section B), the impor-
tance of databases (Section C) and how these are accessed and searched (Section
D). We discuss sequence analysis (Sections E, F and G), sequence annotation
(Section H), structural analysis and prediction (Section I), gene and protein
expression analysis (Sections ] and K) the bioinformatics of protein interactions
(Sections L and M) and some applications of bioinformatics in the pharmaceu-
tical industry (Section N). Section O comprises a series of appendices providing
background information on file formats, computer operating systems and soft-
ware.

There are topics in computational biology that we have intentionally omitted.
Software designed specifically for structure refinement, automated instrumenta-
tion (including robotics) and other types of data collection are omitted. We
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instant Notes
Bioinformatics
WWW site

include methods for molecular graphics but, otherwise, we omit graphical and
other aids to document presentation.

This book makes reference to many databases and computer software tools that are
available on the World Wide Web as well as various informative web sites.
Although the addresses for many of these resources are listed in the book, the
Internet is constantly evolving and such addresses are subject to change on a
regular basis. For convenience, links to all the sites discussed in the text can be
found on an accompanying WWW site (http:/ / www.bios.co.uk/inbioinformatics).
The WWW site also contains further information, updates and links that are not
found in this book.
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A2 BIOINFORMATICS AND THE
INTERNET

B ; s

Key Notes

The Internet is an international computer network that uses a particular
protocol, known as TCP/IP, to package and route data. Most academic,
government and commercial institutions have access to the Internet, and
individuals may also gain access by subscribing to an ISP. The Internet
provides a versatile system for exchanging biological data.

The WWW is an Internet-based system for information exchange using a
protocol called http. Programs called browsers can access hypertext
documents on the Internet by searching for the relevant address, known
as a URL. Hypertext documents contain text and other multimedia
objects (images, audio files, etc.) but their most important property is the
presence of hyperlinks that allow the browser direct access to other
hypertext documents. These may be hosted by any computer on the
Internet, and in this way, the user can rapidly jump from computer to
computer around the world viewing and downloading information.

The WWW is a rich source of biological data and bioinformatics
resources. Many bioinformatic tools and databases can be accessed and
used over the Internet. However, due to constraints in the speed of data
transfer or access to the Internet, it may also be appropriate to download
databases and bioinformatic software and use them on a local computer.

Related topics Useful bioinformatics sites on the  Installing bioinformatic software
WWW (A3) locally (O4)

The Internet Biological information is stored on many different computers around the world.
The easiest way to access this information is for the computers to be joined
together in a network. A computer network is a group of computers that can
communicate, for example over a telephone system, therefore allowing data to
be exchanged between remote users. A typical computer network is shown in
Fig. 1. For transfer, data are first broken into small packets (units of informa-
tion), which are sent independently and reassembled when they arrive at their
destination. If information is sent from computer A to computer C, it can travel

A\B
/N

..
b—

Fig. 1. A simple computer network.
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The World Wide
Web (WWW)

via two different routes. In one case computer B acts as a router, and in the other
case computers D and E both act as routers. The availability of different routes
through the network means that communications can be maintained between
computers A and C even if part of the network is unavailable, for example if
computer B ceases to function.

The Internet is an international network of computers derived from an earlier
system, ARPAnet, developed by the US military. The Internet as we know it
began in 1969, when four American universities were connected together for the
first time allowing the rapid exchange of scientific data. The number of
computers linked to the Internet has grown exponentially over the last 30 years
and it is now estimated that over 20 million computers have access, many of
them personal computers in people’s homes. Information transfer over the
Internet is governed by a set of protocols (procedures for handling data pack-
ages) called TCP/IP. TCP is the Transmission Control Protocol, which deter-
mines how data is broken into packages and reassembled. IP is the Internet
Protocol, which determines how the packets of information are addressed and
routed over the network. To access the Internet, a computer must have the
correct hardware (generally a network card and/or a modem), the appropriate
software and permission for network access. Many institutions have automatic
access to the Internet, but private users must subscribe to an Internet Service
Provider (ISP).

The World Wide Web (WWW) is a way of exchanging information over the
Internet using a program called a browser. A number of browsers are available
for working on the WWW, the most widely used of which are Internet Explorer
and Netscape Navigator. Most computers are sold nowadays ‘Internet ready’
with the appropriate hardware and one or both of these browser programs
installed as standard. The WWW was developed in 1992 and allows the display
of information pages containing multimedia objects (e.g. text, images, audio
and video) in a special format called hypertext. In a hypertext document, text is
displayed normally and can be read and manipulated like any other text docu-
ment, but some words and objects are highlighted in a different color and these
are known as hypertext links (or simply hyperlinks). Clicking on a hyperlink
directs the browser to access another hypertext document, which might be on
the same computer or might be on any other computer linked to the Internet.
The new document may have its own hyperlinks and thus the process can be
repeated allowing the user to move rapidly from computer to computer around
the world downloading information as he or she goes (this is commonly known
as surfing the web or surfing the net).

The WWW works on the basis that each hypertext document has a unique
address known as a uniform resource locator (URL). URLs take the format
http:/ /restofaddress, where ‘http://’ identifies the protocol for communication
over the WWW (hypertext transfer protocol) and ‘restofaddress’ provides a
location for the hypertext document on the Internet. Every computer on the
Internet has an IP address, which is in the form of four integers conventionally
separated by dots. Associated with this is a text version of the address, for
example http://www.bios.co.uk, which is the publisher's address. The equiva-
lent IP address for the publisher is 195.172.6.15. If a local user tries to contact
http:/ /www .bios.co.uk, how does the browser find the correct site? The local
computer first contacts Internet computers called Domain Name Servers
(DNSs) that try to understand parts of the address starting with the most signif-
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Browsing,
working and
downloading

icant (right hand) part. For example, most text addresses have a country abbre-
viation, in this case ‘uk’ for United Kingdom, but American addresses do not
since the Internet was an American invention. If the computer one is trying to
access is providing a service on the WWW, it is known as a web server. This
means there are numerous files available for browsing, and each can be identi-
fied by a unique URL. Such files are specified by extra characters separated from
the main Intermnet address by a solidus (/). For example, the URL
http:/ /www bios.co.uk/bioinformatics refers to a subdirectory on the
publisher's web server that corresponds to the web site accompanying this
book. Once the DNS has found the Internet name for the server, it is for the
server itself to work out what do about any extensions to the URL such as
! /bioinformatics’.

Browsing the Internet is simply a case of clicking on the desired hyperlinks and
allowing the associated pages to download. Some pages download faster than
others, which may be due to content (pages with many images and other large
files will take longer to download than pages that contain text alone) or due to
the speed of connection (there are bottlenecks in many parts of the Internet, and
it is advisable to find a local web server to minimize the number of routers the
information has to pass through). It is also notable that the Internet will be
busier at certain times of the day, and during the weekends when recreational
use increases. Many bioinformatics sites are hosted by several web servers in
different locations around the world to reduce such bottlenecks. Different web
servers providing the same service are called mirrors.

To access a particular web site, it may first be necessary to type in the URL in
the address bar of the browser. Once a page has been accessed, however, it
should not be necessary to type in the URL again. Browser programs maintain a
list of URLs that have been visited (the History file) and any URL can be added
to a list of Favorites (in Internet Explorer) or Bookmarks (in Netscape
Navigator) to allow easy access in the future. Where does one start on the
Internet? A number of public search engines are available allowing the user to
search for sites of interest using particular keywords, but it may be better to
start with some dedicated bioinformatics sites. For the absolute beginner, a
selection of useful bioinformatics web sites is listed in Topic A3.

Having got the feel of bioinformatics on the WWW, what are the merits and
demerits of installing software locally (Topic O4), rather than using a WWW
site? Although locally installed software will usually run faster than the same
application used over the Internet, some software is difficult to install and might
need expert help. There are advantages in having local copies of simple
sequence alignment and other software if you are working ‘at home’, that is,
limited by rates of data transmission on telephone lines. However, the use of
locally installed databases can be disadvantageous because updates will be
published less frequently than the WWW-based versions. Many academic insti-
tutions have an Intranet, that is, a local network that can be accessed only from
computers within the institution. Such local networks may provide a number of
bioinformatics tools and applications, which will usually run just as fast as
locally installed software.
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... USEFUL BIOINFORMATICS
SITES ON THE WWW

Key Notes

Useful
bioinformatics sites

For the absolute beginner, the Internet can be daunting and intimidating.
Nine good starting points (gateways) for bioinformatics on the Internet

are listed. Each of the sites is well maintained, simple to use and provides
a wealth of resources such as links, databases and bioinformatics
software.

Internet

Once the user has gained some experience using the Internet, information
can be found relatively easily. If the bioinformatic gateways do not

provide the information required, general-purpose search engines can be
used to locate pages containing specific key words or phrases. Otherwise,
the home pages of academic institutions and biotechnology companies
can be useful starting points.

Pitfalls and hints

i When using a search engine it is important to refine the search and to

Related topics

avoid ambiguous words and phrases, as these can pull out numerous
irrelevant pages. Literature databases can help by providing useful
keywords and phrases to use as search terms.

Bioinformatics and the Internet Genome and organism-specific
(A2) (&c))
Annotated sequence databases (C2) Miscellaneous databases
(C4)

Useful
bioinformatics
sites

Searching the
Internet

For absolute beginners, we have listed nine good starting points for bioinfor-
matics on the WWW (Table 1). Each of these gateway sites is comprehensive, has
many useful links and is well maintained and stable. Time spent browsing and
using these sites will provide an accurate feeling for the bioinformatics resources
available on the Internet.

Although the nine web sites listed in Table 1 provide some of the best starting
points for bioinformatics on the WWW, there is a great deal of specialist biolog-
ical data that cannot be accessed directly from these sites. Finding relevant data
on the Internet is made simpler by the availability of general-purpose search
engines, such as Google, Yahoo, Lycos, AltaVista and Hotbot. These tools search
the entire Internet for pages that contain particular keywords or phrases, and
they can also be used to search for files of a particular type, such as image files
or video files. For example, one might search the Internet using the phrase
‘alcohol dehydrogenase’ to find pages containing information about that
enzyme. Alternatively, one might look for image files of a particular insect or
flower, or video files of frog development. Relevant sites are displayed as a list
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Table 1. Nine good starting points for bioinformatics on the WWW

URL Note

General bioinformatics ‘gateways’

http://www.ncbi.nlm.nih.gov/ National Center for Biotechnology Information homepage. A
resource for public databases, bioinformatics tools and
applications. Links to many useful sites and resources for
bioinformatics software.

http://www.ebi.ac.uk/ The EMBL European Bioinformatics Institute outstation. A
resource for biological databases and software, much of which
has exceilent tutorial support.

http://www.expasy.ch/ The ExPASy (Expert Protein Analysis System) Molecular Biology
Server. Maintained by the Swiss Institute of Bioinformatics
(SIB). Provides links, databases and software resources for the
analysis of protein sequences, structures and expression.

hitp://www.embl-heidelberg.de/ European Molecular Biology Laboratory homepage
http://www.gmd.de/Welcome.en.html German National Centre for information Technology homepage
hitp://links.bmn.com/ The BioMedNet gateway to thousands of biological websites,

includes a search facility and provides descriptions of each of
the web sites listed.

Genome projects
http://wit.integratedgenomics.com/GOLD/ Genomes On Line Database, with links to genomic databases
and progress reports on genome projects.
http://www.genome.ad.jp/kegg/ Kyoto Encyctopaedia of Genes and Genomes. A very
comprehensive Japanese site including metabolic maps.

Computing notes
http://foldoc.doc.ic.ac.uk/foldoc/index.htmi FOLD (Free Online Dictionary of Computing). A good place to
look up meanings of computer jargon.

of hits, with hyperlinks allowing direct access to the page of interest. The
problem with general-purpose search engines is that they have not been devel-
oped specifically with molecular biology in mind, and the information they
provide can be irrelevant or misleading, especially if the search term used has
other connotations.

As an alternative to search engines, the home pages of academic institutions
or biotechnology companies can also be a good place to start. Many universities,
for example, maintain comprehensive web sites with pages for staff to describe
research projects and display data, and such sites often contain hyperlinks to
sites of related interest.

Pitfalls and On a general-purpose search engine it is probably better to start with a set of key

hints words that is very restrictive and then remove some of the words if no hits are
generated. If a search term is too broad (e.g. ‘biochemistry’) it will produce a
ridiculous number of hits and it will be impossible to check all the listed pages.
Search terms with known alternative uses are also best avoided. For example,
searching the Internet with the word ‘steroid’ will likely hit more pages on
body-building than molecular biology! A positive suggestion is to use a litera-
ture database on the WWW such as PubMed (Topic C4) to look for useful and
appropriate keywords and phrases to use as search terms.



