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1. INTRODUCTION



• The application of computational techniques in the management and analysis of
biological information is known as Bioinformatics

• Rybak in 1968 coined the term in his book

• The sequence databases is doubling, approximately each year

• The key challenge is to manage and analyse these immense overwhelming information
to draw a logical conclusion in respect to protein structure, function and evolution (also
true for nucleotide information!!!)

• Two principle analytical approach in bioinformatics are,
i) pattern-recognition & ii) prediction

• The barrier in prediction is the Protein Folding Problem



• Homology is the central concept used in sequence analysis (homology is not synonymous 
to similarity)

• Sequences are said to be homologous if they are said to be diverged from a common 
ancestor

• Homology could be of two types, i) paralogous (different but related functions in same 
species), ii) orthologous (same function in different species)

• Analogy is another important concept developed from convergent evolution (non-
homologous proteins having similar functions/ similar protein folds with no detectable 
sequence similarity)

• Alignment searches can be with decreasing certainty towards the Twilight Zone (the 
zone of sequence similarity [0-20% aprox]where alignment appears to be plausible in 
naked eye) where alignments are no longer statistically significant where as comparison 
fails completely in the Midnight Zone





2. INFORMATION NETWORK



Browser: A Web client (computer program) that permits information retrival from the Internet or the WWW

Client: Any program that interacts with a server (e.g. firefox)

Server: A computer or software system that communicates information via Internet to a client

Transmission Control Protocol/Internet Protocol (TCP/IP): The rules that govern data transmission between
two computers over the Internet

Internet Protocol address (IP address): An unique identifying number assigned to each node on internet to
allow communication between them

HyperText Markup Language (HTML): The syntax governing the way documents are created so that they can
be interpreted and rendered by Web browsers

HyperText Transport Protocol (HTTP): The communication protocols used by Web servers

Hypertext: Text that contains embedded links hyperlinks to other documents

Hyperlink: An active HTTP cross-reference that link one Web document to another on the Internet



• Internet is a global network of computer networks

• Each computer in the network is called the node and each node has an unique id (IP
address) by which it can be identified and can communicate with other such node

• Internet provide services like emails, news groups, file transfer, remote computing etc

• The World Wide Web (WWW) is the most powerful information system on the internet
(but its not the same as internet!!!)

• Browsers provide easy-to-use interface for accessing information on the Web

• Home page is the first point of contact between a browser and a Web server

• Documents that browsers displayed are accessed by means of unique address called
URLs (Uniform Resource Locators).





European Molecular Biology Network (EMBnet)

• EMBnet is a network of European Biocomputing laboratories established in 1988

• Structurally it is subdivided into cluster of nodes called National Nodes (online service,
user support and training), Specialist Nodes (database management and software
development) and Associate Node

• Such three very notable Specialist Nodes are hosted by Hinxton Hall at Wellcome Trust
Genome Campus

• These are the Sanger Centre, the UK MRC Human Genome Mapping ProjectResource
Centre (HGMP-RC) and the European Bioinformatics Institute (an outstation of EMBL
maintain, EMBL nucleotide database, TrEMBL and SWISS-PROT database; also collaborate
with GenBank and DDBJ as a member of a common collaborative work)

• The Sequence Retrieval System (SRS) was developed within EMBnet to allow information
retrieval across a range of different database types by using a single interface







National Centre for Biotechnology Information (NCBI)

• Leading American bio-information provider and home of the GenBank and Entrez
information retrieval system

• Established in the year of 1988, hosted by National Library of Medicine (NLM) and
situated in the campus of National Institute of Health (NIH), Bethesda, Maryland

• The main function is to maintain the GenBank and NIH DNA sequence database and also
collaborating with EMBL and DDBJ



Biotechnology Information System Network (BTISNet)

The Indian bioinformatics network



3. PROTEIN INFORMATION RESOURCE



• Databases are used to store a vast amount of data generating from different sequence projects

• Among different types of databases primary, secondary and tertiary databases are of most importance for routine
sequence analysis

• Primary databases contains sequence data

• Composite databases amalgamate different primary databases and thus obviate the need of searching different
databases for single query

• Different composite databases use different primary resources and have different redundancy criteria for its
amalgamation process

• Secondary databases contains pattern data (diagnostic signatures of protein families). These signatures encode the
most highly conserved features of multiple alignment data and often crucial for structure and function analysis of
proteins

• Different sequence analysis methods gives rise to different pattern databases: the main approaches exploit single
motifs (regular expressions), multiple motif (e.g. fingerprints) and full domain alignment (e.g. Hidden Markov Models)

• PROSITE and PRINTS are the only and comprehensively manually annotated secondary databases

• Unified database for protein family is known as InterPro, created to avoid annotation bottleneck of the secondary
databases











4. GENOME INFORMATION RESOURCE





• The principle DNA sequence
databases are GenBank,
EMBL and DDBJ, which each
collect a portion of the total
sequence data reported
world wide and exchange
them at a daily basis

• GenBank is produced at NCBI
and splitted into smaller
discrete divisions. This allows
fast, specific searches by
restricting queries to
particular database subsets



• In addition to these comprehensive DNA sequence databases, there is a variety of
more specialised specific genomic resources often termed boutique databases

• These bring focus to specific genomics and particular genomics techniques

• SGD (Saccaromyces Genome Database)

• UniGene: primarily attempts to provide a transcript map by utilizing set of non-
redundant gene oriented clusters derived fro GeneBank sequences

• TDB (TIGR database): Microbes database

• ACeBD (A C. elegance database)



5. PAIRWISE ALIGNMENT TECHNIQUES 



• To identify an evolutionary relationship between a newly determined sequence and a known gene family, the extent of
shared similarity must be assessed

• An algorithm is a set of finite steps that define a computational process

• A program is an implementation of algorithm

• The simplest way to compare two sequences is to align them by inserting gap characters to bring them to vertical
register. Counting the matched character positions gives a naïve alignment score

• The basic method of comparing two sequences are dotplot. This is a graph where sequence lye in x and y-axes.

• Dots are plotted in all positions where identical residues are observed. For identical sequences, this leads to an
unbroken diagonal line across the plot, where similar sequences given rise to broken diagonals

• Alignments are models that reflects different biological perspectives. Therefore, there is no right or wrong model from
one another. Two general approaches consider similarity (1) global alignment ( across the full length of the sequences-
the Needleman and Wunsch algorithm) and (2) local alignment (across only parts of the sequences-Smith-Waterman
algorithm)

• Both the algorithm exploit dynamic programming, whereby a solution to a problem is built by solving smaller, tractable
sub-problems. The optimal alignment is chosen from a set of high-scoring alternatives. Such methods are prohibitively
time consuming for a larger pair of sequence.



• The FastA and BLAST programs are local similarity search methods that concentrate on finding short identical matches,
which may contribute to a total match

• Speed issues are addressed using heuristics
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Bioinformatics is the future…


