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Key Notes

4T Whatis ¢

' What i 1 Bioinformatics is the combination of biology and information technology.
ks :b]q_]l.pfﬂrihaﬁﬂ?[‘.-}r

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.
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B\l L_*:l‘hn le 1 Computers are required in bioinformatics for their processing speed
i HEL catttputers in- i} (allowing repetitive tasks to be carried oul quickly and systematically)
£ . bloinformatics | and for their problem-solving power. However, many problems

E addressed by bioinformatics still require expert human input, and the
integrity and quality of the source data are also critical.

:; |W§’§p'!‘bfﬂsb§5ﬁ" This boak is designed to provide the newcomer to bicinformatics with
| ——=J  cnough information to understand the principles of bicinformatic

i applications and to gain some practice in their use. The text covers basic
i introductory subjects such as the role of the Internet as well as the key

. areas of bioinformatics: the use of databases, sequence and structural

i 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. ,
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Related topics Bioinformatics and the Internet Useful bioinformatics sites on the '
3 (A2) WWW (A3) b
at is Bioinformatics is the marriage of biology and information technology. The

ioinformatics?  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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' torage and
e The creation of databases allowing the storag

biological data sets. istics to de
® The gc\:vlﬂp]“(‘_ﬂt nf a]gnl’il]‘ltns at‘ld Slalls

among members of large data sets. d interpretation of various types of
® The use of these tools for the analysis an.—_] otein sequences, protein struc-
biological data, including DNA, HNA. 206G PT

i iochemi thways.
tures, gene expression profiles and bioc hemical pathway -
me into use in the 19905 and was originally

: A and protei
synonymous with the management and analysis of I]}Niirhl:lj been a\]r':;ilablr;
R Computational tools for sequence ana Ys EA———
since the 1960s but this was a minority interest unt.ll ath‘;m:umber af sh::-reg

uences in databases such as Genban : g2
sei{;ande:d to incorporate many other types of blﬂIGglCﬂ_l data,ﬂ:;; eg:;:?ler
protein structures, gene expression profiles and protein mtera‘clt. l. " Ddo
these areas requires its own set of databases, algorithms and statistical m S

some of which are discussed in this book.

termine relationships

The term bioinformatics first ca

sequence data.

Bioinformatics is largely although not exclusively a Cﬂmp‘-lter'bf_‘s"ﬂ’d d"s‘:‘PhI_‘e-
Computers are important in bioinformatics for two reasons. First, many bio-
informatics problems require the same task to be repeated millions of i:'lmes. 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 altermative 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.

Th,j: bml; is based on the authors’ experience in teaching bioinformatics at
undergraduate and postgraduate level. A common starti i

er| At . int for those new
h:‘) bioinformatics is ‘What can I do with this sequence?’ Tﬁsl:mk is designed to
give the rﬂa‘dEI‘ 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 ro]
: e of the I . i .
(Section A), how data used in bioinformatics is ot et in bicinformatics

There are topics in computationa] b
Software designed specifically for stry,
tion (including robotics) and other ¢

ology that
cture refin

S dement, automated instrumenta-

a.ta_mllectinn are omitted. We
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A1 - The scope of bicinformatics «
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i include methods for molecular praphics but, otherwise, we omit graphical and
other aids to document presentation,

[

g;::::::'::;‘ Tl:us book makes reference to many databases and computer software tools that are
i available on the World Wide Web as well as various informative web sites.
t www Although the addresses for many of these resources are listed in the book, the -
i 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
5 found on an accompanying WWW site (http:/ / www bios.co.uk/inbioinformatics).
] g WWW site also contains further information, updates and links that are not
i nd in this book.
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Section A - Overview of Bloinformatics

A2 BIOINFORMATICS AND THE
INTERNET

Key Notes

The Internet is an international computer network that uses a pal;]hl:ullar
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.

Related topics

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.

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

T ——

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
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 compu

Fig. 1. A simple computer network,

i a group of computers that can

C
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A2 - Bicinfermatics and the Internet

th

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
cogvputer B ceases to function.

&hﬂ 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 3D 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
Touted 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 Jardware 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 o
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 he browser find the correct site? The local
computer first contacts Internet computers called Domain Name Servers

——————

PN S

(DNSs) that fry to understand parts of the address starting with the most signif-

Scanned with CamScanner

|



e —
6 gection A - Overview of m"'m"""atle;f-i
]
v o
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“Niation, i this case ‘uk’ for United Kingdom, but Ame 5 do ny !
since the Internet was an American invcnlim‘!, .lf the compu te; f:;es::, r:erg ko .‘_. |
access is providing a service on the WWW, it is kqnwn a; a b b:f' This ,
means there are numerous files available for browsmg,h an tcac s iden;, 1
fied by a unique URL. Such files are spcciﬁcd by extra characters 5Tp, i:hed fom' ' mm
the main Internet address by a solidus (/). For z&tmpte, e URI,‘_
| http:/ / www.bios.co.uk /bioinformatics refers to a .eitu lrecmory on t]?, .
publisher's web server that corresponds to the web site acco panying thig :
: book. Once the DNS has found the Internet name for the server, it is for the *
| server itsell to work out what do about any extensions to the URL such 2k
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‘/bioinformatics’, |
Browsing, Browsing the Internet is simply a case of clicking on the desired hyperlinks ang L
| working and allowing the associated pages to download. Some pages download faster thay
| downloading others, which may be due to content (pages with many ‘lmages and other larpe
| files will take longer to download than pages that contain text alone) or due ty
.l 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 recreafio ;
“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. e :

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 maintaina
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
d‘emerits of installing software locally (Topic O4), rather than u-sing 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 upda:tes will be |
L published less frequently than the WWW-based versions. Many academic insti- r i
N tutions have an Intranet, that is, a local n Lt

age

5@

etwork that can be accessed only from. : . /

ocal networks ma : of ! /
bioinformatics tools and applications, which will Y provide a number 7 o
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& : locally installed software. lly run just as fast B
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Section A - Overview of Bloinformatics

Key Notes

Related topics

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 bicinformatics
software.

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.

When using a search engine it is important to refine the search and to
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) (C3)
Annotated sequence databases (C2) Miscellaneous databases
(C4)

Useful
bioinformatics

sites

Searching the
internet

K- )

For absolute beginners, we have listed nine good starting points for bioin.fmﬂ
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 bll‘uwsing 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.uf 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 'k
the entire Internet for pages that contain particular keywords or pl'u:rases. and
they can also be used to search for files of a particular type, sud} as image files
or video files. For example, one might search ﬁfe lntfmet 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 asa lsst

_._.______,..1_.:.........”.“ = eaciiES
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Table 1. Nina good starting points for blolnformatics on the WWW ——

LAl

Gonaral Blolntormation "Gnlewnyy' (‘U

http:Afwww il nlim.nll

hitp/fwww ablac uky/

g/ www.expany.ch/

ot R

hnology Information homepage. A
hininformatics tools and
aites and resources for

Natlonal Canter for Biotot
ranaurea for public diatabasas,
applications. Links to marny useful

bioinformatics soltware. ‘
@ The EMBL Europaan Bloinformatics institute outstation, A
ramource for biological databages and software, much of which
has excallont tutorial support.
The ExPASY (Expert Protain Analysis System) Maleculal: Biology
Seryor, Maintalned by the Swiss Institute of Bioinformatics
(SIB), Provides links, databases and software resources for the

analysls of protein seguences, structures and expression.

Lgov/

hitp:/fwww.embl-heldelborg.de/ @ European Molecular Biology Laboratory homepage
hitp/fwww.gmd.de/Walcome,.en.htmi Garman National Centre for Information Technology homepage

httpe/Ninks.bmn.com/

Genome projecls

The BioMedNet gateway to thousands of biological websites,
includes a search facility and provides descriptions of each of

the weab sites listed.

http://wit.integratedgenomice.com/GOLD/ Genomes On Line Database, with links to genomic databases

and progress reporis on genome projects.

hitp:/fwww.genome.ad Jp/kegy/ Kyoto Encyclopaedia of Genes and Genomes. A very

Computing notes

comprehensive Japanese site including metabolic maps.

http://foldoc.doc.ic.ac.uk/foldoc/index.html FOLD (Free Online Dictionary of Computing). A good place to

look up meanings of computer jargon.

Pitfalls and
hints

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.

On a general-purpose search engine it is probably better to start with a set of key
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 exaplzgle
searching the Internet with the word ‘steroid’ will likely hit more pages or;
body-building than molecular biology! A positive suggestion is to usenglitera-

10
i

ture database on the WWW such as PubMed (T opic C4) to look for useful and

appropriate keywords and phrases to use as search terms,

A A e B i
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