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• Part-I: Overview of Molecular Biology
• Part-II: Biological Sequence Databases
• Part-III: Principles and Methods of 

Sequence Analyses
• Part-IV: Sequence Database Searching
• Part-V: Bioinformatics in Molecular Medicine
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Part-I

Overview of molecular biology

Complexity and Diversity in Life

4
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Molecular basis of life

Living organisms-diversity

Molecular Biology brings 
Uniformity in life

From bacteria to human
molecular biology is same

Central dogma of molecular biology
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Polymeric organization in bio-macromolecules
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Nucleic acids (DNA/RNA): Polymer of nucleotides
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Four types of nucleotides due to difference in ‘bases’

9

10



5/15/2012

Bioinformatics Workshop, BU, April 2009 6

11

12



5/15/2012

Bioinformatics Workshop, BU, April 2009 7

13

14

DNA for Information

Protein for Execution
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Proteins and the molecular basis of life

• Proteins have dynamic and diverse role(s)
– Catalysing biochemical reactions (Enzymes; Regulators)

– Formimg receptors and channels in cell membranes 
(Membrane proteins)

– Providing intra/extracellular scaffolding support 
(Cytoskeleton protein)

– Transporting molecules (Transport proteins)

– Hormones

– more

16

Proteins are the Polymers of amino acids
20 types amino acids in proteins; protein’s length in the range of 50-2000 Amino acids;

~40,000 different proteins in human; millions of known proteins from other organisms
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Protein Structure
primary structure – amino 

acid sequence

DRLEFIVTALLKPW

N-terminus C-terminus

tertiary structure – protein 
folding

http://www.path.cam.ac.uk/~mrc7/igs/mikeimages.html

quaternary structure –
multimeric complexes

http://www.path.cam.ac.uk/~mrc7/igs/mikeimages.html

secondary structure – local 
spatial arrangement

http://mcl1.ncifcrf.gov/integrase/asv_secstr.html
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The correlation between
Nucleic acids and protein sequences?

19

Genetic Code
Which nucleotide triplet codes for which amino acid

20
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Coding and non-coding DNA

• DNA codes for proteins.
• Are all DNA sequences code for proteins?
• No. Only 2-3% of human DNA code for protein 

called as coding DNA or gene (coding regions).
• The coding region starts with the ATG (AUG) 

codon and ends with any of the stop codon.
• Rest is non-coding! Function(s) of major part 

of non-coding regions not known.

21

Mutations: Changes in DNA sequences
Important event during life processes

major cause of diversity; key reason for many diseases

22
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Case study: Disease due to mutation in the DNA
Sickle cell anemia

• In Sickle cell anemia, red blood cells assume an irregular 
crescent-like shape which increases the RBC’s rigidity.

• Result in blockage of blood flow in capillaries and red cell 
destruction leading to anemia (deficiency of hemoglobin).

• Hemoglobin, the red blood pigment, is a protein responsible 
for transport oxygen throughout the body.

• A molecule of hemoglobin composed of four protein chains 
called globin.

• Main cause of Sickle cell anemia, is a mutation in the 
hemoglobin gene resulting in defective hemoglobin with 
single amino acid mutation (Glu6→Val).

23

Normal red cells versus Sickle cells

24
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Part-II

Biological Sequence Databases

26

What is Bioinformatics?
Applying Mathematics, Statistics, Computer Science, 

Information Technology for solving Biological problems

Bioinformatics is the science of storing, retrieving and
analyzing large amounts of biological information.

It cuts across many disciplines, including biology,
computer science and mathematics.
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Applications of Bioinformatics
Molecular basis of pathogenicity; 
e.g. Amyloid protein in neurodegenerative 
diseases

Novel targets of therapeutic intervention; 
e.g. Caspase inhibitors in diseases 
characterized by tissue degradation

Molecular Diagnostics;
e.g. Bird Flu

Host-pathogen interaction;
e.g. Bacterial adherence factors

Novel Research tools; 
e.g. GFP-based techniques

28

Why Bioinformatics?
• Large-scale DNA/genome sequencing projects (in

particlular Human genome project) have led to an
explosion of information concerning the DNA and
protein sequence data.

• Development in the field of computer technology
including the use of computerized databases for
storing, retrieving and comparing sequences;
computer graphics for displaying and manipulating
three-dimensional structures.
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The explosion in sequence information
billions of bases from over 100,000 species

30

Bioinformatics in Urdu poetry

Bioinformatics as the Science of Sequence

Sequence is the name of the game
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Prof. Zafar H. Zaidi and Bioinformatics
at Karachi University

• Pioneered Protein 
Chemistry

(Protein Sequencing; 
1975-2001)

• Initiated 
Bioinformatics 
(Sequence Analysis; 
1991-2001)

• First paper published 
structural 
Bioinformatics in 
1994

32
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Scope of topics
• Biological databases (utilization, development and 

integration etc.)
• Analyses of nucleotide and protein sequence 

information
• Analyses of 3D structural data of macromolecules.
• Assessment of how small molecules interact with 

macromolecules in biological systems.
• Studies on networks of protein-protein interactions
• Simulation of biological processes
• More
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Scope of topics

• Biological databases (utilization, development and 
integration etc.)

• Analyses of nucleotide and protein sequence 
information

• Analyses of 3D structural data of macromolecules.
• Assessment of how small molecules interact with 

macromolecules in biological systems.
• Studies on networks of protein-protein interactions
• Simulation of biological processes
• More

42

Bioinformatics Resources

Sequence Databases
• 1960s; The first sequences to be collected were those 

of proteins by Margaret Dayhoff at the NBRF, 
Washington, USA. 
[Protein sequence atlas; PIR]

• 1970s; First DNA sequences databases were  
(a) the GenBank at Los Alamos National Labotaroy, 
New Maxico, USA 
(b) EMBL at the European Molecular Biology 
Laboratory at Heidelberg, Germany.
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Primary Bioinformatics Databases

• Nucleotide (DNA) sequence databases
GenBank, EMBL and DDBJ

• Protein sequence Databases
SwissProt, PIR, UniProt

• Protein 3D structure databases
PDB, SCOP, CATH

• Genome Centers databases
Sanger Center, TIGR

• Specialized databases
MEROPS, Protein Kinase Resource

Nucleotide Sequence Databases

• 3 major nucleotide sequence databases in INSC
– Genbank at NCBI, Bethesda, Maryland, USA
– EMBL at EBI, Hinxton, UK
– DDBJ at NIG, Mishima, Japan 

• Curators of these databases have made a consortium 
termed as International Nucleotide Sequence 
Collaboration (INSC)
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GenBank; the main page

Sequence Entry; The flatfile
(3 major parts)

• These databases contain millions of ‘entries’; 
each entry has nucleotide sequence of a portion 
of DNA.

• The sequence entry is a computerized text file 
called ‘flatfile’.

• The flatfile comprises of 3 parts
– The header (information that apply to the entire record)
– The feature table (annotations on the record)
– The nucleotide sequence
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The Header

The Feature Table
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The Feature Table (contd.)

The Nucleotide Sequence
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Submitting Sequences to the 
Databases

• Sequences can be submitted to the databases 
through the web or through computer 
programs (i.e. Sequin at GenBank)

• Web interfaces for sequence submission
– at DDBJ is Sakura,
– at EMBL is wEBIn and
– at GenBank is BankIt

Nucleotide sequence databases
• RefSeq

Many sequences are represented more than once in 
Genbank/EMBL/DDBJ (redundancy in sequence entries)

RefSeq collection is a curated secondary DB
provides a comprehensive, integrated, nonredundant set of 
sequences

• Organismal Divisions in databases
BCT (Bacterial); FUN (fungal); HUM (human); PLN (plant)

• Functional Divisions in databases
– EST (Expressed Sequence Tags)
– HTG (High Throughput Genome sequences)
– WGS (Whole Genome sequences)
– CON (constructed ‘contig’ records of chromosomes and other 

long DNA sequences.
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Protein Sequence Databases
Atlas of Protein Sequence and Structure

• The first comprehensive collection of macromolecular
sequences in the Atlas of Protein Sequence and Structure,
published from 1965-1978 under the editorship of
Margaret O. Dayhoff.

• Dr. Dayhoff and her research group pioneered in the
development of computer methods for the comparison
of protein sequences, for the detection of distantly
related sequences and duplications within sequences,
and for the inference of evolutionary histories from
alignments of protein sequences.

PIR-International
• The Protein Information Resource (PIR), located at Georgetown University 

Medical Center (GUMC), is an integrated public bioinformatics resource to 
support genomic and proteomic research, and scientific studies.

• PIR was established in 1984 by the National Biomedical Research Foundation 
(NBRF) as a resource to assist researchers in the identification and 
interpretation of protein sequence information.

• For four decades, PIR has provided many protein databases and analysis tools 
freely accessible to the scientific community, including the Protein Sequence 
Database (PSD), the first international database (PIR-International), which 
grew out of Atlas of Protein Sequence and Structure.

• Today, PIR offers a wide variety of resources mainly oriented to assist the
propagation and standarization of protein annotation:
– PIRSF (Protein Family Classification System)
– iProClass (Integrated Protein Knowledegebase)
– iProlink (Literature, Information & Knowledege)
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The SwissProt

• The Swiss-Prot is a manually annotated protein
knowledgebase established in 1986 and maintained
since 2003 by the UniProt Consortium, a
collaboration between the Swiss Institute of
Bioinformatics (SIB) and the Department of
Bioinformatics and Structural Biology of the Geneva
University, the European Bioinformatics Institute
(EBI) and the Georgetown University Medical
Center's Protein Information Resource (PIR).

UniProt Knowledgebase 
(UniProtKB)

• The UniProt Knowledgebase (UniProtKB) is the central hub for the 
collection of functional information on proteins, with accurate, 
consistent and rich annotation. In addition to capturing the core data 
mandatory for each UniProtKB entry (mainly, the amino acid sequence, 
protein name or description, taxonomic data and citation information), 
as much annotation information as possible is added.

• This includes widely accepted biological information, classifications 
and cross-references, and clear indications of the quality of annotation 
in the form of evidence attribution of experimental and computational 
data.

• The UniProt Knowledgebase consists of two sections:
– "UniProtKB/Swiss-Prot" (reviewed, manually annotated): A section containing 

manually-annotated records with information extracted from literature and 
curator-evaluated computational analysis.

– "UniProtKB/TrEMBL" (unreviewed, automatically annotated): A section with 
computationally analyzed records that await full manual annotation.
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Accessing Bioinformatics Databases

Part-III

Principles and methods of 
sequence analyses



5/15/2012

Bioinformatics Workshop, BU, April 2009 30

59

Scope of topics
• Biological databases (utilization, development and 

integration etc.)
• Analyses of nucleotide and protein sequence 

information
• Analyses of 3D structural data of macromolecules.
• Assessment of how small molecules interact with 

macromolecules in biological systems.
• Studies on networks of protein-protein interactions
• Simulation of biological processes
• More

60

Sequence Analysis and 
Sequence Analysis Programs

As more DNA sequences became available in the 
late 1970s, interest also increased in developing 
computer programs to analyze the sequences.

In early 1980s, the Genetics Computer Group 
(GCG) was started at the University of 
Wisconsin, USA, offering a set of programs for 
sequence analysis.
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Sequence Analysis and 
Methods for Comparing Sequences

 The Dot Matrix method (DOTPLOT, COMPARE)

 Dynamic programming matrices

 Word or k-tuple methods (FASTA, BLAST)

DotPlots
• One of the basic methods for comparing two 

sequences.
• Quickly identifies

– regions of local alignment
– substitutions/insertions/deletions
– direct or inverted repeats
– low complexity regions

• Provides easy to understand, intuitive representation 
of the similarity

• Do not provide statistical measure of the quality of 
alignment
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DotPlots
• For constructing the DotPlots; letters in each 

sequence are written out across the top and down 
the side of a square matrix.

• Now, position by positon a dot is placed at each 
position where there is a match.

• Several publicly available tools for DotPlots; 
– Dotter
– Dotlet
– Dottup

64

Sequence analysis by DotPlots
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J *

A * *

B *

R *

A * *

N *

JABRAN
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DotDlot analysis; repetitive sequences
J A B R A N J A B R A N

J * *

E

B * *

R * *

A * * * *

N * *

J * *

E

B * *

R * *

A * * * *

N * *
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Dynamic Programming for sequence alignment
identity and substitution scoring, gap penalty
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Sequence Analysis Programs

• Sequence comparison and alignment

Pairwise sequence alignment

FASTA; BLAST

Multiple sequence alignment

PILEUP; ClustalW

• Pattern search; PROSITE

• Phylogenetic analysis; Phylip

• Genome-level sequence analysis

68

Example: Pairwise sequence alignment of
(a) human and chicken cathepsin B and 
(b) human and hookworm cathepsin B.

Identical residues are indicated as dark blocks.
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Multiple sequence alignment
Alignment of 3 or more sequences.

70

Multiple sequence alignment
of the family of kunitz-type proteinase inhibitors
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Phylogenetic Analysis
of kunitz-type proteinase inhibitors based on multiple 

sequence alignment

Part-IV

Sequence Database Searching
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Database searching
• Searching for sequences in a database that are similar to a 

query sequence
• Often referred to as homology searching
• Currently the most commonly used method in bioinformatics
• Applications

– Identifying functions
– Retrieving homologues
– Predicting structures
– Characterizing domains
– Identifying coding regions

• General principle:
– Align a query sequence to every sequence in the database
– Select the database sequences with the highest score

Similarity searching algorithms

• Smith Waterman
– Slow-but exhautive

• FASTA
– Heuristic approach (www.ebi.ac.uk)

• BLAST
– Currently industry standard (www.ncbi.nlm.nih.gov/blast)
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Database searching using BLAST

• Algorithm based on dynamic programming
• Different BLAST ‘versions’

– Nucteotide BLAST: Search a nucleotode DB using nucleotide query
• Blastn, megablast

– Protein BLAST: Search a protein DB using query protein sequence
– BlastX: Search protein DB using a translated nucleotide query
– tBlastn
– tBlastx
– PSI-Blast
– PHI-Blast

Applications: Predicting functions

• For a protein sequence
– Blastp and PSI-blast of the non-redundant DB

• For a DNA/RNA sequence
– Blastn and/or Fasta of the non-redundant nucleotide DB
– If coding, Blastx or Fasta of the non-redundant protein DB
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Applications: predicting protein structure

• Blastp, psi-blast of the PDB
• If a good homologue is found, its structure can be 

used as template to model the query sequence

Applications: detecting genes

• Blastx and/or FastX of the non-redundant 
protein database

• Blastn and/or tBlastx of the EST database and 
of the well characterized mRNA database (e.g. 
RefSeq)
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Database Searching Tips

• Use the latest version of the DB, preferably a non-redundant 
DB

• For sensitive searches, use more than one program
• Translate DNA query to search a protein DB
• When using a protein query sequence, also search a 6-frames 

translation of a DNA DB
• Split large query sequences into smaller segments (if > 1000 

for DNA or > 200 for protein)
• If a sequence is found to contain a segment with a lot of hits 

in the DB, delete this segment and repeat the search

Database Searching Tips

• Sequences with an E value < 0.02-0.05 (protein) or < 
0.001 (DNA) are statistically significant and almost 
always biologically significant

• What is biologically significant may not always be 
statistically significant: carefully examine hits with an 
expectation (E value) with 0.05-10.

• Use biological reasoning and common sense when 
interpreting the results

• Do not expect that computer will tell you the truth 
(always).
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Blast page at the NCBI website

Blast sequence submission page
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Blast search result-Header

Blast result page-Description
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Blast result page-Alignment

Part-V

Bioinformatics in molecular medicine
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How Bioinformatics supports  Molecular Medicine?

• Genome-level sequence analysis of medically important 
organisms in order to;
gain comprehensive knowledge for their life cycle,

characterization of disease causing factors,
identify new targets for therapeutic intervention

• Novel drug targets
Computational tools can identify and validate new drug targets that act on the 
cause, not merely the symptoms of the disease.

• Personalised medicine
Clinical medicine will become more personalised with the development of the 
field of pharmacogenomics.

• Preventative medicine

• Gene therapy

88

Specialized databases useful in Molecular Medicine

• OMIM- Online Mendelian Inheritance in Man. This 
database is a catalog of human genes and genetic disorders.

• ENSEMBL- is designed to allow free access to all the genetic 
information available about the Human Genome.

• Human Gene Mutation DB- contains sequences and 
phenotypes of human disease-causing mutations.

• KEGG- to computerize knowledge of molecular interactions 
namely metabolic pathways, regulatory pathways and molecular 
assemblies.

• dbSNP- Single Nucleotide Polymorphisms DB

• GeneCards- an integrated DB of human genes that includes 
automatically-mined genomic, proteomic and transcriptomic 
information, as well as orthologies, disease relationships, SNPs, 
gene expression, gene function etc. 
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A Case Study
To understand the capabilities of bioinformatics

• A patient told to the physician that she has “a genetic 
form of diabetes”.

• Physician can gather information in the following way.
– OMIM→diabetes→Diabetes Mellitus, Autosomal Dominant, 

Type II→men ons defect in control of the Glucokinase gene
– ENTREZ→Glucokinase→DNA/protein sequence as well as 

literature
– Retrieve the sequence and perform sequence analysis
– Motif search associated with various functions revealed 

binding sites of glucose and ATP
– GENBANK→analysis of DNA bases that encode for glucokinase
– PDB→overall structure, precise loca on of glucose and ATP 

binding

A Case Study
To understand the capabilities of bioinformatics

• The physician has used a number of databases
• On the basis of collected information about the 

molecular basis of disease, the physician can take 
following steps;
– Confirm the diagnosis by sequencing of relevant part of DNA
– Prescribe an appropriate treatment
– Discuss the prognosis of disease
– Genetic counseling
– Might ask of the participation in the clinical study of new 

treatment(s)
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The nature of biology in the “post-genome era”:

“The new paradigm, now emerging, is 

that all genes will be known (in the 

sense of being resident in databases 

available electronically), and that 

the starting point of a biological 

investigation will be theoretical.”
Walter Gilbert, 1993

92

End Note

• Bioinformatics is the body of 
Knowledge; A wealth of data on 
sequences and structures.

• Key Resource is KNOWLEDGE

• And the key technology is 
INFORMATION HANDLING
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Leading Bioinformatics Institutions
European Bioinformatics Institute, Cambridge, UK

National Center for Biotechnology Information, USA

National Human Genome Research Institute, USA

EMBL, Heidelberg, Germany

J. Craig Ventor Institute, USA

The Sanger Institute, UK

Bioinformatics Journals and Books
Bioinformatics

Genome Research

Nucleic Acid Research

Bioinformatics by D.W. Mount

Introduction to Bioinformatics by Attwood

Structural Bioinformatics by P.E. Bourne

Bioinformatics; A beginner’s Guide by Claverie

Bioinformatics Computing by B. Bergeron

Bioinformatics Societies
International Society for Computational Biology (ICSB)

Asia Pacific Bioinformatics Network (APBioNet)

European Conference on Computational Biology (ECCB)


