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Dept. of Biotechnology & Bioinformatics  
JSS Academy of Higher Education & Research 

 
   

M.Sc., BIOINFORMATICS  

Academic Year 2021-22  

Foreword 

Bioinformatics is a new emerging branch in the field of life science. Bioinformatics is 
information technology applied to the management and analysis of biological data with the 
aid of computers. It is the science of using information to understand biology. It is a field in 
which biological information collected, compared, studied and analyses to find the 
interrelation between them for solving structural, functional and evolutionary questions 
using computational technologies. The biological information stored in various databases 
is available online.  

Bioinformatics refers to the creation and advancement of databases, software, 
computational and statistical techniques and hypothesis to solve problems generated from 
the management and analysis of biological data. On the other hand, computational biology 
refers to the theory-based investigation of a specific biological problem using computers, 
carried out with experimental or simulated data, with the primary goal of discovery and 
the advancement of biological knowledge. Bioinformatics addresses the following 
questions and put more emphasis on understanding the disease related problems at 
molecular level. 

 Protein sequencing, Nucleic acid sequencing and their analysis.  

 Find proteins their interaction, activity, modification and function.  

 Elucidation of function of a molecule based on its structure.  

 Gene expression, analysis, prediction and establish genomic library.  

 Find homology for studying evolutionary relationship among different species.  

 Molecular modeling and molecular dynamics methods to study structure from 
sequence.  

 Drug discovery and design from data of functional genomics and proteomics.  

In the age of Internet and sequenced genomes, we have more information at our fingertips 
than ever before. Organizing this entire data and combating information overload is 
becoming more and more important. The advent of genetic engineering vastly increased 
size of the information. It is thus necessary for institutes like university evolve a system, 
which is most accurate and more student friendly.  

 

M.Sc. Bioinformatics
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Course Overview 
 
Program Objective 

To have better understanding to correlate the fundamentals and advance concepts in 
biology, mathematics, pharmaceutics, medicine computationally. 

Curriculum  

The study of PG course of Bioinformatics includes the areas of development of new 
computational methods for studying Organization and Evolution of Genes and Genomes, 
computational approaches to Macromolecular structure, dynamics and simulation, 
Comparative Evolutionary Genomics, Drug design and Discovery, Pharmacogenomics, 
Algorithm Development, Data base Development, Sequence Analysis, Data Mining, 
Prediction and Analysis of structure etc. 

Course Description 

The Course extends for a period of two years under Semester Pattern (Four semesters).The 
Program has been designed in a way to make the students understand the basic and 
fundamental concepts in bioinformatics and their kind of application in biological issues. 
Pharmacoinformatics and medical bioinformatics is a new discipline in the area of the 
genomics revolution. It is central to biomedicine with application in areas like pharmacy, 
medicine, biology and medicinal chemistry.  

Outcome 

The distinctiveness of the program is that every student can face the biological issues 
systematically. 

Career opportunities 

Graduates acquire a wide range of subject specific and transferable skills and gain extensive 
research experience. Majority of the students find PhD positions straight after the M.Sc., 
whilst others build upon their training to enter careers in biology and IT. The combination 
of Systems Biology and Bioinformatics addressed in this course reflects the current skills 
sought in academic and industrial (e.g. pharmaceutical) settings. 
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Program Outcomes (PO) 

i. To work with confidence and conscience in fundamentals of biological problem for 
instance to identify the structural and functional aspects of small and macromolecule 
in a typical biological laboratory and also to be aware of contamination issues.  

ii. To identify suitable leads against targets responsible for disease onset and 
progression that provides a regimen for drug discovery and development proves. 
Exclusively, at the end of the program, the graduates are molded as finer competent 
against the thriving competition from the students of premier institutes of India.  

iii. To understand the concepts and specific features of the subject that is further 
perceived as an application across the disciplines of computers and biosciences. In 
addition to having established knowledge in scientific writing, on how to give a 
scientific presentation, how to evaluate a scientific paper, and research ethics and as 
well as to apply their learned skills in the techniques within the chosen area of 
research.  

iv. To fulfill the needs of the industry for the manpower with the specific skills sets 
related to Bioinformatics.  

 

Eligibility 

A pass in Bachelor Degree (B.Sc./B.Tech./B.Pharm) with science as a major subject from a 
UGC recognized institute or an equivalent accrediting Board. 
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M.Sc., BIOINFORMATICS 
 

SEMESTER I 

 
Sl. 
No. 

Study 
Component 

and Code 

 
 

Title of the Paper 

 
Hours of 

Instruction
/ Week 

Examination  
Total 

Credits Duration 
in  Hours 

 
CIA 

Theory/ 
Practical 

Exam 

Max. 
Marks 

1 DSC 01 Biomolecules  4 3 30 70 100 4 

2 DSC 02 Molecular Biology for Bioinformatics 4 3 30 70 100 4 

3 DSC 03 Basics of Computer Programming  4 3 30 70 100 4 
4 AECC Principles of Statistics 2 2 - 50  50 2 

5 SEC 01 Biological Techniques 2 2 - 50   50 2 

6 Practical 01 Biomolecules    4 3 15 35  50  2 

7 Practical 02 Molecular Biology   4 3 15 35    50   2 

 Total Marks and Credits 500 20 

SEMESTER II 

1 DSC 04 Protein Structure and Function 4 3 30 70 100 4 
2 DSC 05 Systems Biology 4 3 30 70 100 4 
3 DSC 06 Python Programming for 

Bioinformatics 4 3 30 70 100 4 
4  

DSE 01a# 

(Or) 
DSE 01b 

 

 Computational Biology 
(Or) 
Molecular  statistical model using ‘R’ 

4 3 30 70 100 4 

5 DSE 02a# 

(Or) 
DSE 02b 

(Or) 
DSE 02c 

2a. Genomics & Proteomics  
(Or) 
2b. Cancer Biology & Stem Cell 

Technology  
(Or) 
2c. Tissue Engineering & 

Regenerative medicine 

4 3 30 70 100 4 

6 SEC 02 Pharmacogenomics and Drug 
Design  2 2 - 50   50 2 

7 Practical 03 Protein Structure and Function 
and Systems Biology 4 3 15 35   50 2 

8 Practical 04 Python Programming for 
Bioinformatics  4 3 15   35   50   2 

 Total Marks and Credits 650 26 
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SEMESTER III 

 
Sl. 
No. 

Study 
Components 

and  Code 

 
 

Title of the Paper 

 
Hours of 

Instruction/ 
Week 

Examination  
Total 

Credit Duration 
in  Hours 

 
CIA 

Theory/ 
Practical 

Exam 

Max. 
Marks 

1 DSC 07 Advanced Computer Aided Drug 
Design  4 3 30 70 100 4 

2 DSC 08 Structural Bioinformatics 4 3 30 70 100 4 

3 DSC 09# Immunoinformatics 4 3 30 70 100 4 

4 

 
DSE 03a# 

(Or) 
DSE 03b 

 

Bioinformatics tools in MATLAB 
(Or)  
PERL for Bioinformatics  

4 3 30 70 100 4 

5 SEC 03# Research Design & Methodology 2 2 - 50    50   2 
6 Practical 05 Computer Aided Drug Desig  and 

Structural Bioinformatics 
4 3 15 35     50   2 

7 Practical 06 Immunoinformatics 4 3 15 35     50    2 

8  Internship - - - -     50   2 

 Total Marks and Credits  600 24 

SEMESTER IV 

 Dissertation 300 12 

 Total (Semester I to IV) 2050 82 

 
 
 

Abbreviations:  
DSC – Discipline Specific Core 

DSE – Discipline Specific Elective  

AECC – Ability Enhancement Compulsory Course 

SEC – Skill Enhancement Course 

# Students may choose any one elective course among the choice offered, specific to the 
discipline. Common papers for M.Sc., Biotechnology and Bioinformatics.  

*Project Proposal, Presentations, Teamwork and Professional Ethics, Industrial/Institutional Visits 
etc.  
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Semester One
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SEMESTER ONE 
 

DSC 01 – Biomolecules 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
UNIT I 
Carbohydrates and lipids 
Carbohydrates - Structure, reactions, types and functions of monosaccharides, disaccharides, 
oligosaccharides and polysaccharides; Chemistry of carbohydrates – pentoses, hexoses, 
amino sugars; Linkages in carbohydrates. Structural elucidation of carbohydrates - graded 
acid hydrolysis, periodate oxidation, GC-MS, IR and NMR. Glycobiology - Glycoproteins, N- 
and O-glycosylation, Proteoglycans – heparan sulfate, chondroitin sulfate, lectins.  
Lipids - Classification of lipids: simple - fats, oils, waxes; compound – phospholipids, 
glycolipids, sphingolipids, lipoproteins and derived lipids – fatty acids, steroids, fat soluble 
vitamins. Lipid mediators: Eicosanoids - prostaglandins, prostacyclins, thrombaxanes and 
leukotrienes.  
 
UNIT II 
Nucleic Acids- Nitrogenous bases, nucleosides, nucleotides, physicochemical properties.  
Purification of nucleic acids, melting of DNA, Tm, factors affecting Tm, Cot curve, 
classification of DNA based on cot curve.  Chemical reactions of DNA and RNA; Nucleotides 
as regulatory molecules, enzyme cofactors and mediators of chemical energy in cells.  
 
UNIT III 
Amino acids and Proteins: 
Amino acids- Nomenclature, classification and buffering properties of amino acids, zwitter 
ionic structure, reactions of amino acids, unusual amino acids, non-protein amino acids. 
Determination of amino acid compositions: acid and base catalyzed hydrolysis, separation, 
quantification, N and C terminal sequencing methods, automated sequenators. 

No. of hours/week Credits 
4 4 

Course Objectives 
The objectives of this course are to introduce the students to the fundamental concepts of 
the molecules of life with emphasis on its structure-function relationship and impart 
knowledge on the applications of thermodynamics in biological sciences.  
 
Course Outcomes 
The student will be able to: 

• understand the structure and functions of various molecules of life. 

• understand the different classification and specific role of each type of biomolecule. 

• describe how living organisms acquire and transform energy to perform biological work. 

• understand the principle and function of high energy molecules. 

• Apply the concept of thermodynamics in understanding daily life processes and activities. 
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Determination of S-S bond position, site of glycosylation and type of linkage (o-glycosyl and 
n-glycosyl). 
Proteins: structure – primary, secondary -  helix,  sheets, -bend/-turn, tertiary and 
quaternary structures. Secondary structure prediction methods - Ramachandran plot, Chou 
and Fasman algorithm.  
 
UNIT IV 
Bioenergetics: Thermodynamics - Laws of thermodynamics, thermodynamics variables and 
function, applications of the laws of thermodynamics to biological systems.  Free energy 
concept, molecular basis of entropy, standard free energy and measurement of free energy, 
significance in metabolism. Energy rich bonds - ATP and interconversions of nucleotide 
phosphates, phosphorylation potential.  

 
Recommended Textbooks and References  
 

1. David L. Nelson, Michael M. Cox. Lehninger Principles of Biochemistry, Eighth 
Edition, 2021, W. H. Freeman. 

2. S.P. Bhutani, Chemistry of Biomolecules, 2nd Edition, 2020, Taylor and Francis group, 
CRC press. 

3. Robert K. Delong and Qiongqiong Zhou. Introductory experiments on biomolecules 
and their interactions, 2015, Elsevier.  

4. Berg, Jeremy M., Tymoczko, John L., Gatto Jr., Gregory J., Stryer, Lubert. Biochemistry, 
8th Edition, 2015, W. H. Freeman. 

5. Roger L. Lundblad, F MacDonald, Handbook of Biochemistry and Molecular Biology, 
5th Edition, 2018, CRC press. 
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SEMESTER ONE 
 

DSC 02 - Molecular Biology for Bioinformatics 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I:   
Fundamentals of molecular biology- Structure of Nucleic acids, DNA-Protein interactions, 
Gene expression, Transcription in prokaryotes, Control of prokaryotic transcription, 
Transcription in Eukaryotes, Post transcriptional events, Transcriptional regulation, 
Translation and translational regulation, post translational modification, RNA and Protein 
export and its regulation.  
 
UNIT II:   
Fundamentals of genetic Engineering, historical perspectives, tools of genetic engineering – 
modifying enzymes, cloning vectors – naturally occurring plasmids, cloning plasmids, virus 
as cloning vehicles, Shuttle vectors, cloning host. Techniques in genetic engineering - Gene 
cloning, DNA libraries, Microarray techniques, DNA sequencing, Next Generation 
sequencing, Data repositories.  
 
UNIT III:   
Introduction to Bioinformatics - Overview of biological research.  Biological databases,  
Publicly available biological databases (NCBI, EBI and UniProt, etc.,). Plants databases 
(TAIR), Fly databases, Genomics, Proteomics, Human Proteomic Atlas and Metabolomics, 
Pathway database (KEGG, Netpath), dbSNP.  
 
UNIT IV:  
Pairwise and multiple sequence analysis (BLAST, ClustalW). Motif and domain assignments. 
DNA-RNA binding motifs. DNA and RNA sequence analysis, Protein sequence analysis- 
Structure and function prediction, Localization of signal sequences for targeting proteins, 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 To make the students familiar with the principles and concepts of Molecular biology, 

genetic engineering and Bioinformatics 
 To illustrate the usage of molecular tools and techniques to create recombinant DNA 

products. 
 To introduce various applications of Bioinformatics  

Course Outcomes 
The student will be able to: 
• Perform the manipulation of DNA sequences with DNA modifying enzymes 
• Acquire knowledge on gene transformation in plants, animals, and microorganisms. 
• Able to understand and use biological databases and other bioinformatic tools to 

analyze biological data 
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Nuclear localization signal, Gene expression analysis, Protein expression profiling, Protein 
modification. 
 

 
Recommended Textbooks and References  
 

1. Principles of Gene Manipulation and Genomics(link is external) – 7th Edition – Sandy 
B. Primrose, Richard Twyman – Blackwell Publishing 

2. Gene Cloning and DNA Analysis: An Introduction(link is external) - 6th Edition - T. A. 
Brown - John Wiley & Sons 

3. An Introduction to Genetic Engineering(link is external) - 3rd Edition - Desmond S. T. 
Nicholl - Cambridge University Press 

4. Molecular Biotechnology: Principles and Applications of Recombinant DNA (link is 
external)- 4th Edition - Bernard R. Glick, Jack J. Pasternak, Cheryl L. Patten - ASM 
Press. 
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SEMESTER ONE 
 

DSC 03 - Basics of Computer Programming 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT-I:  INTRODUCTION  
Introduction to Computers: Computer Systems, Computing Environments, Computer 
Languages, Creating and Running Programs, Software Development, Flow charts. Number 
Systems: Binary, Octal, Decimal, Hexadecimal. Introduction to C Language: Background, C 
Programs, Identifiers, Data Types, Variables, Constants, Input / Output Statements 
Arithmetic Operators and Expressions: Evaluating Expressions, Precedence and 
Associativity of Operators, Type Conversions. 
 
UNIT-II: CONDITION STATEMENTS AND FUNCTIONS  
Conditional Control Statements: Bitwise Operators, Relational and Logical Operators, If, If-
Else, Switch-Statement and Examples. Loop Control Statements: For, While, DoWhile and 
Examples. Continue, Break and Goto statements Functions: Function Basics, User-defined 
Functions, Inter-function Communication, Standard Functions, Methods of Parameter 
Passing, Recursive Functions. Storage Classes: Auto, Register, Static, Extern, Scope Rules, and 
Type Qualifiers 
 
UNIT-III: ARRAYS AND POINTERS  
Concepts, Using Arrays in C, Array Applications, Two- Dimensional Arrays, Multidimensional 
Arrays, Linear and Binary Search, Selection and Bubble Sort. Pointers: Introduction (Basic 
Concepts), pointers to pointers, compatibility, Pointer Applications, command-line 
arguments, Introduction to structures and unions. 
 

No. of hours/week Credits 
4 4 

Course Objectives  
This course aims to:  
1. Express algorithms and draw flowcharts in a language independent manner.  
2. Teach how to write modular, efficient and readable C programs.  
3. Describe the techniques for creating program modules in C using functions & recursive 

functions.  
4. Familiarize students with pointers and dynamic memory allocation functions to 

efficiently solve problems. 
 
Course Outcomes: 
After successful completion of the course, students will be able to: 
 

1. Write, compile and debug programs in C language.  
2. Use different data types in a computer program  
3. Design programs involving decision structures, loops, arrays and functions.  
4. Use pointers to understand the dynamics of memory; create & perform different file 

operations. 
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UNIT-IV: STRINGS   
Concepts, C Strings, String Input/Output Functions, Arrays of Strings, String Manipulation 
Functions. Input and Output: Introduction to Files, Modes of Files, Streams, Standard Library 
Input/ Output Functions, Character Input/Output Functions. 
 
Recommended Textbooks and References  

  
1. B.A. Forouzan and R.F. Gilberg, “A Structured Programming Approach in C”, Cengage 
Learning, 2007  
2. Kernighan BW and Ritchie DM, “The C Programming Language”, 2nd Edition, Prentice 
Hall of India, 2006.  
3. Rajaraman V, “The Fundamentals of Computer”, 4th Edition, Prentice-Hall of India, 2006.  
 
REFERENCE WEBSITES:  
1. https://www.nrcan.gc.ca  
2. https://www.nrsc.gov.in  
3. http://geoinfo.amu.edu.pl/wpk/rst/rst/Front/tofc.html  
4. https://www.isprs.org/education/tutorials.aspx  
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SEMESTER ONE 
 

AECC – Principles of Statistics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
UNIT I:  
Descriptive statistics, Importance and Scope of Statistics, Data Types, Variables, Frequency 
Distribution, Graphical Representation Methods (Histogram, Bar Charts, Pie Charts), 
Measures of Center Tendency (Mean, Median, Mode,) and Dispersion (Standard Deviation, 
Variance) Advantages and Disadvantages. 
 
UNIT II:  
Probability, Basic Terminology: Trial, Events, Sample Space and Sample Points, Basic Laws 
of Probability, Types of Probability, Normal probability curve, Standard Normal Distribution, 
Bayes theorem -simple problems. 
 
UNIT III:  
Sampling Methods, Concept of Population, Sample, Sampling, Sample Size, Sampling Error, 
Advantages and Disadvantages, of Sampling Method, Types of Random Sampling Methods – 
SRS, Stratified Random Sampling, Systematic Random Sampling and Cluster Sampling. 
 
UNIT IV:  
Testing of Hypotheses, Statistical Hypotheses-Null and Alternative, Level of Significance, 
Type I and Type II Error, P Value, Degrees of Freedom, Chi-Square Test, Student’s t Test: One 
Sample t Test and Paired and unpaired t-Test, Analysis of Variance. Correlation-Karl 
Pearson’s and Spearman’s rank correlation. Regression Analysis. 
 
  

No. of hours/week Credits 
2 2 

 
Course Objectives 
The objective of this course is to give conceptual exposure of essential contents of statistics 
to students. To train the students intensively in both theoretical and practical aspects of 
statistics, to bring them in contact with basic concepts and methods and to create a problem-
solving attitude with the aid of statistical methodology. 
 

Course Outcomes 
Upon successful completion of the course, the student will be able to: 
 Apply to construct frequency distribution and graphical methods.  
 To calculate and apply measures of location and measures of dispersion. 
 Perform Test of Hypothesis and understand the concept of p-values 
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Recommended Textbooks and References  
 
1. Fundamentals of Biostatistics. Veer Bala Rastogi. Publisher: ANE Books. 2nd Edition, 2009. 
2. Fundamentals of Mathematical Statistics, S.C. Gupta and V. K. Kapoor, Publisher: Sultan 

Chand & Sons (2014). 
3. Fundamentals of Statistics. S.C. Gupta. Publisher: Himalaya Publishing House Pvt. Ltd. 

Edition, 7th Edition, 2012 
4. Introductory Statistics for Biology. R. E. Parker. Publisher: Cambridge University Press 2nd 

Edition, 1991. 
5. Statistics for behavioural science. Chintamani Kar. Publisher: Dominant Publishers & 

Distributors (P) Ltd. (2015). 
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SEMESTER ONE 
 

SEC 01 - Biological Techniques 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
UNIT I: Separation techniques  
Centrifugation: Basic principle of centrifugation, RCF and other factors affecting 
sedimentation, Preparatory Vs analytical centrifuges, Types of centrifugation techniques – 
Density gradient, Differential centrifugation, Ultracentrifugation.  
Chromatography: History and basic principles of chromatography; Principle, 
instrumentation and applications of Planar – paper, TLC and column chromatography -gas 
chromatography (GC), liquid chromatography (LC), HPLC – normal and reverse phase, Ion 
exchange chromatography (IEC), size exclusion chromatography (SEC), and chiral 
chromatography; Partition chromatography - Liquid-liquid and gas-liquid 
chromatography. 
 
UNIT II: Electrophoresis and blotting 
Electrophoretic Techniques: Basic Principles of Electrophoresis, Types of electrophoresis: 
free flow, capillary and zone electrophoresis. Theory, principles and applications of Paper, 
Cellulose acetate and Gel Electrophoresis, Isoelectric focusing, Specialized Electrophoretic 
techniques viz., Discontinuous gel electrophoresis, Immunoelectrophoresis, Gradient, 2-D 
gel and Pulse-field gel electrophoresis, High voltage electrophoresis.  Blotting techniques: 
southern, northern and western blotting. 
 
UNIT III: Spectroscopy  
Basics: Basic principles, Laws of absorption, Absorption spectrum, Chromophore concept. 
Theory, Principles, Instrumentations and Applications of UV-Visible and IR 
spectrophotometry, Fluorescence, NMR, Atomic absorption, Mass spectroscopy, Raman, 
CD, ORD and Flame spectrophotometry, Luminometry, Flowcytometry. 
 

No. of hours/week Credits 
2 2 

 
Course Objectives 
The course provides an in-depth understanding of various scientific instruments used 
for analysis. The objective of this course is to understand the scope of application, 
advantages and limitations of the various modern analytical and separation techniques. 

 
Course Outcomes:  
Upon successful completion of this course, the student will be able to 
 Understand the principle involved in the functioning of various instruments and cause 

of uncertainties in instrumental measurements. 
 Understand the advantages and limitations of various modern, analytical techniques. 
 Have in depth knowledge about separation techniques. 
 Make use of instrumental methods for solving complex biological problems. 
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UNIT IV: Radio-Isotopic Techniques  
History, Introduction to Isotopes and Radioactivity, Radioactive Decay, Production of 
Isotopes, Synthesis of radioactive compounds, Radioactive labelling procedures, 
Interaction of radioactivity with matter, Use of radio isotopes in Life Sciences, commonly 
used isotopes, Safety aspects. Detection and Measurement of radioactivity: Methods based 
upon Gas Ionization (ionization chambers, Proportional Counters and Geiger-Muller 
counters), Photographic methods, Methods based upon Excitation (Scintillation counters 
and their types). Principles and applications of Tracer Techniques, Autoradiography and 
its applications. Immunotechniques – Radioimmunoassay, ELISA. 

 
Recommended Textbooks and References: 

1. Keith Wilson and John Walker. (2010). Principles and Techniques of Biochemistry 
and Molecular Biology, 7th edition, Cambridge University Press. 

2. Prakash S. Bisen, Anjana Sharma. (2013). Introduction to Instrumentation in Life 
Sciences, 1st edition, CRC press, Taylor & Francis Group. 

3. Rajan Katoch. (2011). Analytical Techniques in Biochemistry and Molecular Biology, 
Springer. 

4. Vasudevan Ramesh. (2019). Biomolecular and Bioanalytical Techniques- Theory, 
Methodology and Applications. 1st Edition, Wiley & sons Ltd. 

5. David L. Nelson, Michael M. Cox. (2021). Lehninger Principles of Biochemistry, 8th 
edition, W H Freeman & Co. 
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PRACTICALS/LABORATORY 
 

 
SEMESTER ONE 
 
Practical 01 - Biomolecules  

 
1. Biochemical calculations. 
2. Paper chromatography. 
3. Extraction of nucleic acid. 
4. Determination of nucleic acid concentration by spectrophotometry. 
5. Estimation of protein by Biuret assay. 
6. Estimation of reducing sugars by DNS method. 
7. SDS-PAGE. 

 
  Practical 02 - Molecular Biology 
 

1. Sequence analysis and Primer designing  
2. Model organism database (Arabidopsis) 
3. DNA Isolation from plant tissue 
4. Polymerase chain reaction 
5. DNA finger printing 
6. Agarose gel Electrophoresis 

 
  

No. of hours/week Credits 
4 2 
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Semester Two
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SEMESTER TWO 
 

DSC 04 -Protein Structure and Function 
 
 

 

 

 

 

 

 

 

 

 

 

 

Unit I:  
Protein synthesis: Biological protein synthesis and degradation. Post-
translational modifications. Recombinant protein production using different expression 
systems and application. Methods for peptide/protein sequencing. Chemical 
modification of proteins.  
 
Unit II: 
Protein Structure: Primary Structure. Secondary structure - alpha helix and beta pleated 
structure, triple helix (collagen) and Super secondary structures. Tertiary and Quaternary 
structure - forces stabilizing structure. Structure function relationship - myoglobin and 
hemoglobin. Protein informatics: Prediction of secondary and tertiary structure. Databases 
for protein sequences structure and function.  
 
Unit III:  
Protein folding and characterisation: Dynamics of Protein folding. Role of molecular 
chaperones in protein folding, Lysosomal and membrane proteins. Determination of three-
dimensional structure of proteins: X-ray crystallography, NMR spectroscopy, and Cryo-EM 
microscopy. Protein structure modeling and analysis using molecular graphics.  
 
Unit IV: 
Protein structure-function relationships: Methods for directed evolution of proteins. 
Protein interactions – protein-lignad, protein-DNA and protien-protein interactions. 
Methods for kinetic and thermodynamic characterization of protein interactions and 
interpretations. Examples of protein function and applications. 

No. of hours/week Credits 
4 4 

Objectives: 
 To enable the students to appreciate structural and functional aspects of 

proteins. 

 To elaborates on the protein characterization methodology and studies of 
protein-drug and protein-protein interaction. 

Outcomes: 
Upon successful completion of this course, the student will be able to  
 Gain knowledge of fundamentals of proteins synthesis, degradation and recombinant 

protein production 

 Understand protein structure and prediction of proteins using informatics 
approach 

 Know how protein folding is important for its stability and as well 
characterization of proteins by various techniques 
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Recommended Textbooks and References  
 

1. K.P.Murphy, Protein structure, stability and folding, Humana press.  

2. Arthur M. Lesk, Introduction to protein architecture, Oxford University Press.  

3. A. McPherson, Introduction to Macromolecular Crystallography, John wiley Publications.  

4. Carl Branden and John Tooze and Carl Brandon Introduction to Protein Structure, John 

Garland, Publication Inc.  

5. N. Gautham Bioinformatics, Narosa publications. ISBN-13: 9781842653005  

6. Vasantha Pattabhai and N.Gautham Biophysics, Narosa Publishers ISBN 1-4020-0218 
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SEMESTER TWO 
 

DSC 05 - Systems Biology 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UNIT I 

General introduction to systems biology– overview of molecular mechanism and molecular 
functions, Molecular networks. Mathematical models vs. computational analysis vs. 
statistics.  
 
UNIT II 

Integrating multi-omics datasets and understanding biological systems – Genomics, 
proteomics, transcriptomics, metabolomics, phenomics and integromics- rates and 
application. Understanding genomics and proteomics into biology in-silico. Omics analysis 
tools. 
 
UNIT III 

Concept of gene expression, Comparative Genomics and chromatin. Genome sequencing, 
genome assembly and finishing, genomic annotation, comparative genomics, and chromatin. 
Human Molecular genetics: Genetic mapping of human chromosomes, detection of 
mutations in human genes, determining gene function, human gene therapy, pro-drug 
activation therapy, Predicting the effect of mutations on protein function-SIFT Polyphen.  
 

No. of hours/week Credits 
4 4 

Course Objectives 
 The paper enables the students to learn the basic concepts, models, and measures to 

characterize the properties of analyzing metabolic networks. 
 The goal of this course is to provide students with an overview of current methods, 

applications, analysis approaches, and results in different fields of systems biology. 
Students will both acquire and apply the new knowledge through examination of 
relevant research publications.  

Course Outcomes 
On successful completion of this course, students will be able to 

1. It helps the students to understand the integrating aspects of multi-omics datasets 
and thereby understanding the biological systems.  

2. Get to know large-scale methods used in systems biology research and their basic 
data types  

3. List limitations of current systems biology methods and needs for future 
development 

4. Discuss examples of the latest research publications that mark the frontier of the 
field of systems biology  

5. Compare different systems biology approaches in their advantages and 
disadvantages  
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UNIT IV 

Computational systems biology - Computational modeling to understand a) the fundamental 
properties of biochemical networks, and b) the properties of specific biochemical systems. 
Use of systems biology software to construct and analyses biochemical network models. 
 
Recommended Textbooks and References  
 
1. Kitano H. (ed.), 2001 Foundations of Systems Biology. MIT Press.  
2. Bock G. and Goode J.A. (ed.), 2002 In Silico Simulation of Biological Processes, Novartis 
Foundation Symposium, John Wiley & Sons.  
3. Klipp E., Herwig R., Kowald A., Wierling C., and Lehrach H., 2005 Systems Biology in 
Practice, Wiley-VCH.  
4. Sneppen K. and Zocchi G., 2005 Physics in Molecular Biology, Cambridge University Press.  
5. Noble D., The Music of Life, 2006 Biology Beyond the Genome Oxford University Press.  
6. Szallasi T., Stelling J. and Periwal V. (ed.), 2006 System Modeling in Cellular Biology: From 
Concepts to Nuts and Bolts (Hardcover), MIT Press.  
7. Palsson B., 2006 Systems Biology - Properties of Reconstructed Networks, Cambridge 
University Press.  
8. Kaneko K., 2006 Life: An Introduction to Complex Systems Biology, Springer  
9. Alon U., 2006. An Introduction to Systems Biology: Design Principles of Biological Circuits, 
CRC. 
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SEMESTER TWO 
 

DSC 06 - Python Programming for Bioinformatics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

UNIT I  
INTRODUCTION, DATA TYPES AND OPERATORS Installation and working with Python, 
Variables and data types in python, Perform computations and create logical statements 
using Python’s operators: Arithmetic, Assignment, Comparison, Logical, Membership, 
Identity, Bitwise operators, list, tuple and string operations. 

 
UNIT I 
PYTHON DECISION MAKING AND LOOPS Write conditional statements using If statement, if 
else statement, elif statement and Boolean expressions, While loop, For loop, Nested Loop, 
Infinite loop, Break statement, Continue statement, Pass statement, Use for and while loops 
along with useful built-in functions to iterate over and manipulate lists, sets, and dictionaries. 
Plotting data, Programs using decision making and loops.   

 
UNIT I 
PYTHON FILE OPERATIONS & MODULES An introduction to file I/O, use text files, use CSV 
files, use binary files, Handle a single exception, handle multiple exceptions, Illustrative 
programs, Exercises. Importing own module as well as external modules, Programming 
using functions, modules and external packages Understanding Libraries, Data Frames and 
Basic operations with data frames.  

No. of hours/week Credits 
4 4 

Course Objectives:  

The objective of this course is to provide an exciting insight into Python Programming related 

to Bioinformatics. Further, to impart hands on experience on the programs, so that the 

students are trained to code the biological aspects in computer language. 

Course Outcomes:  

Upon successful completion of the course, students will be able to 

•Understand the summary of text patterns using regular expressions, apply different 

strategies for error handling of applications and write applications in one of the most 

simplistic languages available. 

• Be familiar with Python's fundamentals and develop simple applications.  

• Apply the principles and techniques of object-oriented programming.  

•Use sophisticated techniques and Python modules that are particularly useful for 

bioinformatics programming.  

• Build new Python software tools for life science research. 

I

II

III
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UNIT I 
Basics of object-oriented programming, database management, CGI programming; Regular 
Expressions: concepts, patterns matching, simple uses, the importance of patterns in biology, 
file parsing to extract information from biological data; Python Libraries: NumPy, Pandas, 
SciPy; BioPython: installation, introduction to components- Alphabets, Sequences and, 
Mutable Seq objects, simple Bioinformatics application programs; Application of python 
modules, libraries and packages in Bioinformatics domain.  

 
Recommended Textbooks and References:  

1. McKinney, W. (2012). Python for data analysis: Data wrangling with Pandas, NumPy, 
and IPython. O'Reilly Media, Inc.  

2. Sebastian Bassi (2018) Python for bioinformatics, Second edition. CRC Press, 2017. | 
Series: Chapman & Hall/CRC mathematical and computational biology. 

3. Mitchell L Model (2009) Bioinformatics Programming Using Python, O'Reilly Media, 
Inc. 

4. Ruediger-Marcus Flaig (2008) Bioinformatics Programming in Python: A Practical 
Course for Beginners, Wiley-Blackwell. 

5. Tim J. Stevens, Wayne Boucher (2015) Python Programming for Biology, Cambridge 
University Press. 

6. Jeff Chang, Brad Chapman, Iddo Friedberg, Thomas Hamelryck, Michiel de Hoon, 
Peter Cock, Tiago Antao, Eric Talevich, Bartek Wilczy´nski (2020).  Biopython 
Tutorial and Cookbook. 

7. Martin C. Brown (2001) Python The Complete Reference, McGraw-Hill/Osborne 
Media. 

 
REFERENCE WEBSITES:  

1. http://www.w3schools.com  
2. http://docs.python.org  
3. http://www.tutorialspoint.com  
4. http://www.learnpython.org  

 
 
  

IV
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SEMESTER TWO 
 

DSE 01a – Computational Biology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I 

Biological databases and data retrieval - Nucleotide databases (Genbank, EMBL, DDBJ), 
Sequence submission Methods and tools (Sequin, Sakura, Bankit), Sequence retrieval 
systems (Entrez & SRS), Sequence File Formats and Conversion tools, Protein (Swiss-Prot, 
TrEMBL, PIR_PSD, Expasy), Genome (NCBI, EBI, TIGR, SANGER), Derived Databases (Prosite, 
PRODOM, Pfam, PRINTS), Metabolic Pathway DB (KEGG, EMP, EcoCyc, BioCyc and MetaCyc). 
 
UNIT II 

Pairwise sequence alignment: Similarity, Identity and Homology, Global Alignment, Local 
Alignment, Visual Alignment, Dynamic Programming, Heuristic approach, Database Search 
methods & tools, Scoring Matrices and Affine Gap costs, Detailed method of derivation of the 
PAM & BLOSUM Matrices, Differences between Distance & Similarity Matrix, Assessing the 
Significance of Sequence Alignments. 
 
UNIT III 

Multiple sequence alignment: Significance of MSA, Various approaches for MSA 
(Progressive & Iterative), Profile analysis, Block analysis, Pattern searching, Motif analysis. 
Statistical methods for aiding alignment – Expectation Maximization, MEME, Gibbs Sampling, 
Markov Chains, Hidden Markov Models, Algorithm of HMM-based approaches, BaliBase-
Scoring of MSA, PSI/PHI-BLAST. 
Gene prediction: Gene structure in Prokaryotes and Eukaryotes, Gene prediction methods, 
Neural Networks, Pattern Discrimination methods, Signal sites Predictions (Promoter, 
Splice, UTR, CpG-islands), Evaluation of Gene Prediction methods. 

No. of hours/week Credits 
4 4 

 
Course Objectives 
The course is designed to provide an in-depth understanding of various nucleotide, 
protein and genome databases and know about the file formats, to understand pairwise, 
multiple sequence alignment, and the principle and to gain knowledge on approaches 
for gene prediction methods in prokaryotes and eukaryotes. 
 
Course Outcomes:  
 
Upon successful completion of this course, the student will be able to 
 understand the databases of nucleotides, proteins and genome 
 understand the different file formats to understand pairwise alignment 
 predict protein and gene interaction by using specific bioinformatics tools 
 gain insight into RNA secondary structure prediction & phylogenetic analysis 

 



34

 
UNIT IV 

RNA secondary structure prediction: RNA secondary structure prediction methods and 
its limitations, mfold method of Zuker, RNA fold program, Tertiary structures of rRNA, 
Applications of RNA structure modeling Phylogenetic Analysis: Concept of dendrograms, 
Strings and Evolutionary trees, Ultrametric trees and Ultrametric distances, Additive - 
Distance trees, Methods of Construction of Phylogenetic trees- Maximum Parsimony Method, 
Maximum likelihood method and Distance Methods, Reliability of trees. 
 
Recommended Textbooks and References 
1. A. Lesk (2002) Introduction to Bioinformatics (3rd Ed), Oxford University Press. 
2. D.E. Krane and M.L Raymer (2003)Fundamental concepts of Bioinformatics Pearson 

Education ISBN 81- 297-0044-1 
3. A.D. Baxevanis et al., (2005) Current Protocols in Bioinformatics Wiley Publishers. 
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SEMESTER TWO 
 

DSE 01b - Molecular statistical model using ‘R’  
 
 
 
 
 

 

 

 

 

 

 

 

UNIT I 

Introduction to statistical software R Downloading and Installing R, Essentials, 
Advantages and objects, Functions and arguments, Manipulating vectors, Factors, Matrix 
operations: addition, subtraction, multiplication, Lists, Importing of files, Data frame, Getting 
Help: The functions help(), help.search() and example(). 
 

UNIT II 

Descriptive statistics and Graphics in R Measure of central tendency and measure of 
dispersion (Mean, median, standard deviation, variance, quartiles, fivenum summary),  R-
Graphics- Bar Graph, Pie chart, Box-plot, Dot diagram, Stem and leaf plot and Histogram, 
 

UNIT III 

Introduction to Probability and Probability Distribution using R functions Sample 
spaces, Events, Set Union, Intersection, and Difference, Basic probability problems in R, 
Probability Mass Functions with Mean, Variance, and Standard Deviation in R, Fitting of 
distributions to given data with R –Binomial distribution, Poisson distribution and Normal 
distribution. 
 

UNIT IV 

R functions in Linear modelling and standard statistical tests Correlation, correlation 
coefficient, Simple linear regression, one way ANOVA and two way ANOVA, One and two 
sample t-tests, Chi-squared tests, F- test for equality of variance and non-parametric tests: 
Kruskal-Wallis Test. 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 
 Students in this course study a wide variety of Molecular statistical and graphical 

techniques, including linear and nonlinear modeling, classical statistical tests, 
time-series analysis, and classification and clustering. 

 
Course Outcomes 
On successful completion of this course, students will be able to 
 Perform various statistical functions 
 Perform graphics in R 
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Recommended Textbooks and References 

1) Purohit S.G., Gore,S.D. and Deshmukh,S.R.(2008) Statistics Using R, Alpha Science. 
2) Peter Dalgaard: Introductory statistics for R, Springer. 
3) Statistical Methods Using  R Software :V. R. Pawagi  and Saroj A.  Ranade 
4) Verzani, J. (2005). Using R for Introductory Statistics, Chapman and Hall, London. 
5) Introduction to Probability,and Statistics Using R,G. Jay Kerns,First Edition 
6)  Andrew R. Leach (2001) “Molecular Modeling – Principles and Applications”; Second 

Edition, Prentice Hall, USA  
7) Gasteiger Johann (2003) Chemoinformatics: A Textbook, Wiley, John & Son, ISBN13 
8) Schaum's Outline of Computer Graphics by Zhigang Xiang and Roy A. Plastock Second 

Edition, Mc Graw Hill, USA  
  



37

SEMESTER TWO 
 

DSE 02a - Genomics & Proteomics 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
UNIT I  
Biological Databases, Sequence analysis and Gene Prediction   
Introduction to bioinformatics - classification of biological databases, Biological data 
formats, Application of bioinformatics in various fields. Introduction to Sequence alignment 
- Substitution matrices –PAM and BLOSUM. Pairwise alignment methods; Multiple sequence 
alignment methods. Evolutionary analysis: distances - clustering methods – rooted and 
unrooted tree representation – Bootstrapping strategies. Categories of gene prediction 
programs – gene prediction in prokaryotes and eukaryotes. Prediction Algorithms. Promoter 
and regulatory elements in prokaryotes and eukaryotes. Prediction algorithms.  
 
UNIT II  
Structural Bioinformatics   
Protein secondary structure prediction - for globular proteins and for transmembrane 
proteins. Coiled coil prediction. Protein tertiary structure prediction – methods – homology 
modelling, threading and fold recognition; ab initio protein structural prediction. CASP.  
 
UNIT III 
Pharmacoinformatics  
Introduction to drug designing - Molecular targets, Characteristics of a drug compound, Drug 
discovery pipeline, Target identification & validation, Lead compound identification; 
Serendipity, High throughput screening, Structure-based & ligand based approaches. 
Pharmacophore identification, QSAR method; ADME Predictions.  
 
  

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
To acquaint the student with various tools available for analyzing genomes and proteomes. 
Also to throw light on genomic & proteomic approaches utilized for various applications. 
 
Course Outcomes:  
 

Upon successful completion of this course, the student will be able to 
 
 explore various genomes sequenced 
 gain adequate knowledge on various tools available for annotation of genomes 
 utilize the principle of two- dimensional gel electrophoresis for analysis of various 

proteins 
 utilize the principle of mass spectrometry and micro array for analysis of proteins. 

 



38

 
UNIT IV  
Expression Bioinformatics  
DNA Microarray: cDNA Microarray technology, oligonucleotide Microarray technology, 
Microarray databases, Applications of Microarrays. Microarray experimentation. An 
introduction to Microarray analysis. Image processing; Normalizing expression 
measurements, Cluster analysis- Hierarchical clustering, k-means clustering, Self-organizing 
maps. CHIP-on-chip arrays. Protein Microarray 
 
Recommended Textbooks and References  
 

1. S. B. Primrose and R.M. Twyman “Principles of Genome Analysis and Genomics”, 7th 
Edition, Blackwell Publishing, 2006. 

2. S. Sahai, “Genomics and Proteomics, Functional and Computational Aspects” Plenum 
Publication, 1999. 

3. Andrezej K Konopka and James C. Crabbe, “Compact Hand Book – Computational 
Biology”, Marcel Dekker, USA, 2004. 

4. Pennington & Dunn, “Proteomics from Protein Sequence to Function”, 1 st edition, 
Academic Press, San Diego, 1996. 
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SEMESTER TWO 
 

DSE 02b - Cancer Biology & Stem Cell Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
UNIT I 
Cancer Biology:  Introduction, historical perspective, classification, Carcinogenesis, cancer 
initiation, promotion and progression,  Cancer cell cycles, Apoptosis,  Genes and proteins 
as players in apoptosis, DNA viruses/ cell immortalization.               
Understanding Cancer as a Disease: natural history of cancer development, Free radicals, 
antioxidants and metabolic oxidative stress and cancer, Genetic instability and epigenomic 
changes in cancer (DNA methylation, histone acetylation), Epidemiology of selected 
cancers. 
 
UNIT II 
Hallmarks of cancer –Tumors: benign tumors vs. malignant tumors, types of cancer, 
common symptoms, growth signal autonomy, evasion of growth inhibitory signals, evasion 
of apoptosis, unlimited replicative potential, angiogenesis, invasion and metastasis. 
Molecular basis of cancer - Cancer Genes: Oncogenes and signal transduction, transcription 
factors and cancer, Retroviral oncogenes, Tumor suppressor, Tumor suppressor gene 
pathways,  DNA methylation, epigenetic silencing of suppressor genes.    
 
UNIT III 
Animal models of cancer – carcinogen induced models, xenografts, genetically modified 
models. Current concepts in cancer therapy Strategies of anticancer chemotherapy, 
Strategies of anticancer gene therapy/translating therapies from the laboratory to the 
clinic, Gene discovery in cancer research, cancer genome anatomy project,  Cancer 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
This course gives a wide outlook on cancer biology and knowledge on cell regulation 
under diseased conditions. Further, the subject would provide students the goals, 
practices and accomplishments of contemporary stem cell biology. This Course is 
intended towards providing basic knowledge of what are stem cells, their types, 
respective functions, regulation and their role in revolutionizing the concept of modern 
regenerative medicine. 
 
Course Outcomes:  
 
Upon successful completion of this course, the student will be able to 
 Understand the processes of cells becoming cancerous owing to cell cycle 

deregulation and environmental factors 
 Establish embryonic & adult stem cell cultures 
 Understand the ethics behind the usage of stem cells   
 assess the role of stem cells in drug discovery 
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immunity and strategies of anticancer immunotherapy, stem cells and their  applications in 
cancer therapy.    
 
UNIT IV 
Stem Cells – Basics, Properties and Classification, Types of Stem cells – Hematopoietic Stem 
Cells, Mesenchymal Stem Cells, Embryonic Stem Cells, Fetal Stem Cells, Stem cells from 
adult organs Characteristics. Principles of Isolation, Culture and Characterization of stem 
cells - Three-Dimensional Cell Culture, Organ Culture, Organotypic Culture.  Stem cell 
markers & their identification - growth factor requirements and their maintenance in 
culture - feeder and feeder free cultures - cell cycle regulators in stem cells. Plasticity, 
differentiation & transdifferentiation of stem cells: Bone marrow – multipotent function. 
Applications of stem cells: Therapeutic applications - muscular dystrophy, heart disease, 
diabetes - burns and skin ulcers. Role of stem cells in neurodegenerative diseases- spinal 
cord injury-orthopedic applications- eye diseases- stem cells and gene therapy. 
 
 
Recommended Textbooks and References  
1. Molecular biology of the cell – 5th Edition By Bruce Alberts, Alexander Johnson, Julian 

Lewis, Martin Raff, Keith Roberts, Peter Walter 
2. Text book of biochemistry for medical students – 7th Edition D.M. Vasudevan, S. 

Sreekumari, Kannan Vaidyanathan 
3. Genes IX.  By Benzamin Lewin. 
4. R. Lanza, J. Gearhart et al (Eds), Essential of Stem Cell Biology. (2009), Elsevier Academic 

press. 
5.  R. Lanza and I. Klimanskaya, Essential Stem Cells Methods. (2009), Academic Press 
6. J. J. Mao, G. Vunjak-Novakovic et al (Ed): Translational Approaches in Tissue Engineering 

& Regenerative Medicine 2008, Artech House, INC Publications.  
7. Robert Lanza et al. Principles of Tissue Engineering, 3rd Edition. Academic Press; 3 

edition (August 21, 2007)  
8. Stein et al. Human Stem Cell Technology and Biology: A Research Guide and Laboratory 

Manual.Wiley-Blackwell; 1 edition (January 4, 2011)  
9. Lanza et al. Handbook of Stem Cells, Two-Volume Set: Volume 1-Embryonic Stem Cells; 

Volume 2-Adult & Fetal Stem Cells (v. 1). Academic Press (September 28, 2004) 
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SEMESTER TWO 
 

DSE 02c: Tissue Engineering & Regenerative Medicine 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

UNIT I              
Tissue Engineering: Introduction, Scope and recent development. Therapeutical 
applications - Cells as therapeutic agents. Cell numbers and growth rate. Measurement of 
Cell Characteristics - morphology, number viability, motility and functions. Measurement 
of Tissue Characteristics - appearance, cellular component, extra cellular membrane 
component, mechanical measurements and Physical Properties. 
 
UNIT II          
Tissue architecture – Types, Components, and dynamics. Tissue repair, engineering wound 
healing and Sequence of Events. Basic wound healing applications of growth factors: 
VEGF/angiogenesis, basic properties, Cell-matrix & cell-cell interactions, telomeres and 
self-renewal, Control of cell migration in tissue engineering. Tissue dynamics - Dynamic 
states of tissues, homeostasis in highly prolific tissues and tissue repair. Angiogenesis. 
 
UNIT III 
Biomaterials: Properties of biomaterials, surface, bulk, mechanical and biological 
properties. Scaffolds & tissue engineering, Types of biomaterials, Biological and synthetic 
materials, Biopolymers, applications of biomaterials, modifications of biomaterials, Role of 
nanotechnology. 
 
UNIT IV  
Stem cells: Introduction, hematopoietic differentiation pathway potency and plasticity of 
stem cells. Embryonic stem cells, hematopoietic and mesenchymal stem cells, Stem cell 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
 
This course would help students to understand the applications and usage of stem cells 
in various therapies and would impart information regarding the development of 
various scaffolds and concepts of tissue engineering for various stem cell based 
therapies.  
 
Course Outcomes:  
Upon successful completion of this course, students will be able to 
 
 understand the role of various growth factors involved in tissue growth 
 assess the role of different biomaterials used for therapeutics 
 possess in depth knowledge on cutting edge technologies of tissue engineering. 
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markers, identification and analysis by FACS. Differentiation of stem cells. Stem cell 
systems - Liver, Neuronal stem cells, Types & sources of stem cell with characteristics: 
embryonic, adult, hematopoietic, fetal, cord blood, placenta, bone marrow, primordial germ 
cells, and Cancer stem cells induced pluripotent stem cells. 
Tissue engineered therapies. Product characterization. Components. Preservation - 
freezing and drying. Safety, efficacy, patent protection and regulation of tissue-engineered 
products. Ethical issues. 

 
Recommended Textbooks and References  

1. Meyer, U., Meyer, Th., Handschel, J., Wiesmann, H.P. (Eds.). Fundamentals of Tissue 
Engineering and Regenerative Medicine, 1st edition, Springer-Verlag Berlin 
Heidelberg, 2009 

2. Satya Prakash, Dominique Shum-Tim. Stem Cell Bioengineering and Tissue 
Engineering Microenvironment. 1st edition, World Scientific Pub Co Inc, 2011 

3. Anthony Atala, Robert Lanza, Tony Mikos, Robert Nerem. Principles of Regenerative 
Medicine. 3rd edition, Academic Press, 2018 
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SEMESTER TWO 
 

SEC 02 - Pharmacogenomics and Drug Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I 
Introduction and Concepts in Genomics: Large scale genome sequencing strategies, Genome 
assembly and annotation, Genome databases of plants, animals and pathogens. 
Metagenomics: Gene networks: basic concepts, computational model such as Lambda 
receptor and lac operon Prediction of genes, promoters, splice sites, regulatory regions: basic 
principles, application of methods to prokaryotic and eukaryotic genomes and 
interpretation of results, Basic concepts on identification of disease genes, role of 
bioinformatics-OMIM database, reference genome sequence, integrated genomic maps, gene 
expression profiling; identification of SNPs, SNP database (DbSNP).  
 
UNIT II 
Comparative genomics: Basic concepts and applications, BLAST2, MegaBlast algorithms, 
PipMaker, AVID, Vista, MUMmer, applications of suffix tree in comparative genomics, 
synteny and gene order comparisons, Comparative genomics databases: Clusters of 
Orthologous Groups (COGs) Functional genomics: Application of sequence based and 
structure-based approaches to assignment of gene functions – e.g. sequence comparison, 
structure analysis (especially active sites, binding sites) and comparison, pattern 
identification, etc. Use of various derived databases in function assignment, Polymorphisms-
Introduction, types and importance in Drug targets. Prediction of structural changes among 
sequences by the influence of polymorphisms.  
 
  

No. of hours/week Credits 
2 2 

 
Course Objectives: 
 
Objectives: To understand how the individualization of drug therapy based on a 
person’s genetic makeup can optimize the effectiveness of that therapy while reducing 
unwanted drug effects. To help students to gain knowledge about the NGS technologies 
useful in Personalized drug designing.  
 
Course Outcomes:  
Upon successful completion of this course, students will be able to 
 

1. The goal of the course is to give students an understanding of the principles of 
human genetics and genomics as they apply to improving the problems in drug 
therapy optimization and patient care.  

2. Students completing this course will gain an understanding of how genetic 
differences between individuals can impact the outcome of drug therapy in a 
positive and negative way. 
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UNIT III 
Pharmacogenomics Overview, Concepts and Applications: Introduction, basic concepts 
about genetics diseases. Personalized medicine- introduction and importance. The genetics 
of therapeutic targets and gene-based targets. Pharmacogenomics necessity in drug 
designing. Drug response to patients, Structural influence in the Drug response. Efficacy and 
metabolism of drugs. Pharmacogenomics vs. Structural Pharmacogenomics. Drug 
metabolism pathways and adverse drug reactions. Tools for pharmacogenomic analysis. 
Pharmacokinetics (PK), Pharmacodynamics (PD). Process in Structural Pharmacogenomics 
- Target Structure optimization, Validation, lead identification, ADME prediction, synthesis, 
assays and Clinical trials.  
 
UNIT IV 
Pharmacogenomics analysis, Techniques and Case study: Role of SNP in Pharmacogenomics, 
SNP arrays DNA microarray: database and basic tools, Gene Expression Omnibus (GEO), 
ArrayExpress, SAGE databases. DNA microarray: understanding of microarray data, 
normalizing microarray data, detecting differential gene expression, correlation of gene 
expression data to biological process and computational analysis tools (especially clustering 
approaches). Application of NGS in Pharmacogenomics: Emergence of Next generation 
sequencing, Illumina Genome Analyzer, Nanopore Sequencing, Single Molecule Real Time 
DNA sequencing, Comparison of Next generation sequencing techniques, Drawbacks of NGS, 
NGS File formats, & applications. Ethical issues for Pharmacogenomics; Future of 
Pharmaceuticals. 
 
 
Recommended Textbooks and References  

1. Altman, R. B., Flockhart, D., & Goldstein, D. B. (Eds.). (2012). Principles of 
pharmacogenetics and pharmacogenomics. Cambridge University Press.  

2. Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to quantitative genetics. 
London. UK: Prentice Hall, 56-70.  

3. Lam, Y. W. F., & Scott, S. R. (Eds.). (2013). Pharmacogenomics: Challenges and 
Opportunities in Therapeutic Implementation. Academic Press.  

4. Mount, D. W. (2004). Bioinformatics: sequence and genome analysis. 2nd (Vol. 692). 
Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press. xii  

5. Richard, J.R. (2003). Analysis of Genes and Genomes. Wiley Publications.  
6. Yan& Qing (2014). Pharmacogenomics in Drug Discovery and Development (2 nd 

ed). NY: Springer. 
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SEMESTER TWO 
 

PRACTICALS/LABORATORY 
 

Practical 03 - Protein Structure and Function and Systems Biology 

1. Biological database with reference to Expasy and NCBI 

2. Queries based on biological databases 

3. Retrieve gene sequence in FASTA format 

4. Find the presence of super secondary structure  

5. Sequence similarity search (homologues, orthologues, Paralogues) 

6. Similarity search using the Blast and interpretation of the results. 

7. Energy calculation of the biomolecules using molecular mechanics and quantum 

mechanics. (Argus lab). 

8. Calculate PI/MW of protein. 

 
Practical 04 - Python Programming for Bioinformatics 
 

1. Conceptual introduction: installing Python, environment setup, basic syntax, 
interactive shell, editing, saving, and running a script. 

2. Basic syntax; variables; operators (basics) 
3. Decision making; loops (selection and iterations) 
4. Numbers, lists, strings, tuples, dictionary (advanced data structures) 
5. Files and file operations in python (data storage and retrieval using) 
6. Functions in python; modules in python (function and module orientation) 
7. Classes and objects (object-oriented programming) 
8. Regular expressions and File Parsing 
9. Application of python in bioinformatics domain 

 Complement and reverse complement for DNA Sequence  
 Composition of amino acids for the given protein sequence 
 Translate the DNA sequence into protein sequence 
 Finding biologically meaningful patterns/motifs from sequences 
 Prediction of the secondary structure of a protein  
 Use Python programs to perform analysis in bioinformatics software 
 Read specific sequence from the given multiple sequences  
 Find the exact location of genes in the genome  
 Retrieve two protein structures from PDB and analyze the structures 
 Extract the DNA/protein information from the files from biological databases  

No. of hours/week Credits 
4 2 
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Semester Three
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SEMESTER THREE 
 

DSC 07 - Advanced Computer Aided Drug Design 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I  
Introduction to Computer Aided Drug Design (CADD), Stages of drug discovery and 
development, Role of bioinformatics in medicinal chemistry, Combinatorial chemistry, 
Chemogenomics & chemogenetics, applications of chemogenomics in drug discovery, 
Chemistry of target drug interactions, chemical descriptors, Chemogenomic approaches of 
target prediction, chemical databases. 
 
UNIT II  
Concepts in Molecular Modeling: Introduction; Coordinate System; potential energy surfaces 
molecular graphics; Molecular Mechanics: Features of molecular mechanics, force fields; Bond 
structure and bending angles – electrostatic, van der Waals and non-bonded interactions, 
hydrogen bonding in molecular mechanics; Derivatives of molecular mechanics energy function. 
Application of energy minimization. Molecular Dynamics Simulation Methods: Molecular 
Dynamics using simple models; Molecular Dynamics with continuous potentials and at constant 
temperature and pressure; Time dependent properties; Solvent effects in Molecular Dynamics; 
Conformational changes from Molecular Dynamics simulation.  

 

UNIT III 
Drug Designing Related Applications: Drug discovery process, Role of Bioinformatics in drug 
design, Target identification and validation, lead optimization and validation, Structure-based 
drug design and ligand-based drug design, Modeling of target-small molecule interactions, 
Finding new drug targets to treat diseases, Molecular Simulations.  

 

 

No. of hours/week Credits 
4 4 

 
Course Objectives: 
The goal of the course is to give students an understanding of the principles of human 
genetics and genomics as they apply to improving the problems in drug therapy 
optimization and patient care.  
 
Course Outcomes:  
Upon successful completion of this course, students will be able to 
 
1. Possess an in-depth overview of methods and techniques applied in CADD 
2. Design and develop various strategies of new drug like molecules 
3. Perform, understand, and interpret the results of the calculations and bring them in 

a publication ready form 
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UNIT IV  
Molecular Modeling in Drug Discovery: Pharmacophore identification, Deriving 3D 
pharmacophore, Molecular Docking, methods to identify lead compounds, de novo ligand, 
design, Applications of 3D Database Searching and Molecular docking. Structure Activity 
Relationship: QSARs and QSPRs, QSAR Methodology, Various Descriptors used in QSARs: 
Electronic; Topology; Quantum Chemical based Descriptors. Use of Genetic Algorithms, 
Analysis in the QSAR equations. Drug designing software: Free and commercial Tools 
available for various stages in drug discovery and refinement processes. 
 
 
Recommended Textbooks and References  

1. Andrew RL. Molecular modeling principles and applications. Prentice Hall, London. 
2001. 

2. Computational and structural approaches to drug discovery, Robert M Stroud and 
Janet. F Moore, RCS Publishers.  

3.  Introduction to Quantitative Drug Design by Y.C. Martin, CRC Press, Taylor & 
Francis group.  

4. Drug Design by Ariens Volume 1 to 10, Academic Press, 1975, Elsevier Publishers. 4. 
Principles of Drug Design by Smith and Williams, CRC Press, Taylor & Francis. 

5.  The Organic Chemistry of the Drug Design and Drug action by Richard B. Silverman, 
Elsevier Publishers. 

6. Comprehensive Medicinal Chemistry – Corwin and Hansch, Pergamon Publishers. 
7. Wilson and Gisvold’s Text book of Organic Medicinal and Pharmaceutical Chemistry, 

Ippincott Williams & Wilkins 
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SEMESTER THREE 
 

 
DSC 08 - Structural Bioinformatics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UNIT I 

Structural biology and structural databases. Nucleic acid structures, RNA folding, RNA loops, 
conformational study. various ribose ring conformations, ribose-ring puckering. protein-
protein interactions, protein ligand interactions. DNA-binding proteins, RNA-binding 
proteins. Ramachandran plot, 3-dimensional structures of membrane proteins, importance 
of 310 helix and loops, biophysical aspects of proteins and nucleic acids. Structural databases 
- Protein Data bank (PDB), Nucleic Acid Data Bank (NDB), Molecular modeling Data Bank 
(MMDB). Secondary structure, three-dimensional structure prediction, protein folding and 
functional sites, protein folding classes.  
 

UNIT II 

Protein structure prediction, Protein Structure Prediction:- Homology modeling, prediction 
of  protein structure from sequences, functional sites. Protein folding problem, protein 
folding classes, protein identification and characterization, Predicting transmembrane 
helices, Primary structure analysis and prediction, Secondary structure analysis and 
prediction, motifs, profiles, patterns and fingerprints search. Methods of sequence based 
protein prediction.  
 

UNIT III 

Molecular Modeling and Molecular Mechanics, Molecular modeling:-Introduction, force field, 
quantum chemistry, Schrödinger equation, potential energy functions. Energy minimization, 
local and global minima, saddle point, grid search. Introduction to various approximations. 
Conformational search, Z-matrix, docking, molecular modeling packages.  

No. of hours/week Credits 
4 4 

 
Course Objectives: 

 
The objective of the course is to train the students in the use of databases for structure 
determination for diagnostic therapeutic application. 

 
Course Outcomes:  
Upon successful completion of this course, students will be able to 

1. Design and develop various strategies of new drug like molecules 
2. Perform, understand, and interpret the results of the calculations and bring 

them in a publication ready form 
3. Possess better understanding of in silico virtual screening protocols 
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UNIT IV  
Molecular mechanics, Definition, balls and springs, force fields, bond-stretching, bond-
bending, dihedral motions, out of plane angle potential, non-bonded interaction, coulomb 
interactions, conformational search, united atoms and cut-offs. 
Molecular dynamics:-Introduction, Newton’s equation of motion, equilibrium point, radial 
distribution function, pair correlation functions, MD methodology, periodic box, algorithm 
for time dependence; leapfrog algorithm, Verlet algorithm, Boltzman velocity, time steps, 
duration of the MD run. Starting structure, analysis of MD job, uses in drug designing, ligand 
protein interactions.  
 

Recommended Textbooks and References 

1. Bourne Philip E., Weissig Helge. Structural Bioinformatics (Methods of Biochemical 
Analysis, V. 44), 2003. Publisher: Wiley-Liss. ISBN: 0471202002.  
2. Höltje Hans-Dieter, Sippl Wolfgang, Rognan Didier, Folkers Gerd. Molecular Modeling: 
Basic Principles and Applications. Publisher: New York, Wiley-VCH. 2003. ISBN: 
3527305890.  
3. Leach, Andrew. Molecular Modelling: Principles and Applications. Publisher: Prentice Hall. 
2001. ISBN: 0582239338. 
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SEMESTER THREE 
 

 
DSC 09 - IMMUNOINFORMATICS 

 

 

 

 

 

 

 

 

 

 

 

 

UNIT I 

Immune system: overview of the immune system - Lymphatic system and Lymphoid organs. 
Cells of the immune system and their functions. Immune system - Innate and Acquired 
immunity. Innate immunity - Anatomical and Physiological barriers, Cells and processes of 
Innate immunity, Innate immune response, and their recognition structures. Acquired 
immunity – humoral and cell-mediated responses. Immunogens and Antigens: 
Requirements for immunogenicity; major classes of antigens; antigen recognition by B and 
T lymphocytes. Structures and Functions of T-Cells and B-Cells. 
 
UNIT II 

Immunotechniques: Production of polyclonal and monoclonal antibody. Affinity and avidity. 
Antigen - antibody interaction - precipitation reaction, agglutination reaction - 
Radioimmunoassay, ELISA and its types, Western Blot, Immunofluorescence, and Isolation 
of lymphoid cells from blood and lymphoid organs and analysis using flow cytometry. 
 

UNIT III 

Definition of Immunoinformatics – bioinformatics strategies for better understanding of 
immune function - structural features of MHC peptides-MHC peptide interaction parameters: 
a) interface area between peptide and MHC, b) intermolecular hydrogen bonds. 
Immunological databases – IMGT – IMGT-GENE-DB – IMGT-HLA IMGT/LIGM-DB - HaptenDB 
– EPITOME – dbMHC – JenPep 
 

No. of hours/week Credits 
4 4 

 
Course Objectives: 

 To integrate a simulation tool for immune system dynamics that is both patient and 
pathogen specific.  

 To provide molecular information and bioinformatics prediction methods to create a 
detailed computational model of the innate and adaptive immune response.  
 
Course Outcomes: 

 Upon successful completion of this course, students will be able to  
1. Understand the immune system, its components and their functions  
2. Know about various immunology-based techniques for analyzing antigen-antibody 

interaction. 
3. Gain insight into informatics-based approaches for prediction of allergen epitopes,  
4. Predict immunologically reactive epitopes and computational vaccine design using 

immunoinformatic tools. 
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UNIT IV 

Experimental and theoretical description of peptide-MHC binding, selection of epitopes 
using bioinformatics, prediction of proteasome processing, and TAP binding, Predictions of 
Class I and Class II MHC Epitopes, IEDB analysis Resource, CTLPred, Population Coverage 
analysis, Epitope conservancy analysis. Vaccine - Tools & servers for computational Vaccine 
design-from Genome to Vaccine. 
 

Recommended Textbooks and References 

1.      Abbas AK, Lichtman AH, Pillai S. (2021). Cellular and Molecular Immunology. 
10th edition, Elsevier Publication, Philadelphia (ISBN: 9780323757485). 
 2.      Delves P, Martin S, Burton D, Roitt IM. (2016). Roitt’s Essential Immunology. 
13th Edition, Wiley-Blackwell Scientific Publication, Oxford (ISBN: 978-1-118-41577-1). 
3.      Jenni Punt; Sharon Stranford; Patricia Jones; Judy Owen. (2019). Kuby’s Immunology. 8th 
edition W.H. Freeman and Company, New York. 
4.      Kenneth M. Murphy, Casey Weaver. (2016). Janeway’s Immunobiology. 9th edition 
Garland Science Publishers, New York ISBN: 9780815345510. 
5.      Anil K. Sharma (2019). Immunology An Introductory Textbook. 1st edition Jenny 
Stanford Publishing (ISBN 9789814774512). 
6. Flower Darren R. Bioinformatics for Vaccinology Publisher: UK, John Wiley & Sons Inc. 

2008. ISBN: 9780470027110.  
7. Namrata Tomar (2020). Immunoinformatics. 3rd edition, Springer (ISBN 1071603884, 

9781071603888). 
8. Foundation Novartis. Immunoinformatics: Bioinformatic Strategies for Better 

Understanding of Immune Function. Publisher: Chichester, John Wiley & Sons Inc. 2003. 
ISBN: 0470853565.  
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SEMESTER THREE 
 

DSE 03a - BIOINFORMATICS TOOLS IN MATLAB 

 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I 
Introduction to Matlab, Matlab key features, basic functionalities-tool box, data types, 
variables, operators, vectors, matrix operations, trigonometric functions, 2D, 3D- graphics, 
Limits. Control structures, function handling, class file handling, mat file creation, symbolic 
mathematics. Numerical Methods- solving linear equations, solving differential equations-
ODE suite, integration, interpolation, regression. Statistical analysis- probability, hypothesis 
testing, ANOVA and cluster analysis.  
 
UNIT II 
Bioinformatics Tool Box, Sequence Analysis, NGS, Graph Theory, Gene Ontology, Importing 
Data and Deploying.  
 
UNIT III 
Biological Data Analysis, Microarray Data Analysis, Mass Spectrometry Data Analysis, 
statistical classification of biological data  
 
UNIT IV 
Image Processing, Key Features, Importing and Exporting Images, image file formats and 
format conversion, Pre- and Post-Processing Images, Spatial Transformations and Image 
Registration. Microarray image analysis. Systems Biology, Basics of enzyme kinetics, Kinetic 
Laws. Modeling Biological System, Simulation, sensitivity analysis, parameter estimation 
using simbiology. Pharmacokinetic modeling- simulation, population study. Model of the 
Yeast Heterotrimeric G Protein Cycle and glycolysis. 
 

  

No. of hours/week Credits 
4 4 

 
Course Objectives: 

The computer based course introduces the students to the use of MatLab as a tool for 
bioinformatics. 

Course Outcome: 

Students will be able to understand additional toolbox of bioinformatics in MatLab for 
image processing, simulation, pharmacokinetics, and biological data analysis. 
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Recommended Textbooks and References 

1. Alterovitz G., M. F. Ramoni, “Systems Bioinformatics: An Engineering Case-Based 
Approach”, Artech House, 2007.  

2.  Michael R. King, Nipa A. Mody, “Numerical and Statistical Methods for 
Bioengineering: Applications in MATLAB”, Cambridge University Press, 2011.  

3.  Gibas C., Per Jambeck, “Developing bioinformatics computer skills”, O'Reilly Media, 
Inc., 2001.  

4.  Semmlow, “Biosignal and Biomedical Image Processing”, Marcel Dekker, Inc., 2004. 
5. Hoppensteadt, Peskin, “Modeling and Simulation in Medicine and Life Sciences”, 

Springer, 2010. 
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SEMESTER THREE 
 

DSE 03b - PERL for Bioinformatics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNIT I  
Introduction to Perl Scripting language. Interpreted Language. About Perl. Why Perl for 
Bioinformatics?, CPAN. Basic structure of Perl language – print command – First Perl 
program – Executing your code. Variables in Perl: Scalars, Arrays and Hashes. Package and 
Lexical Variables. Reading from the Keyboard – using chomp.  
 
UNIT II 
Data Structures in Perl Literals: Numbers and Strings, Operators, Scalar data, Array data, 
Hash data. Manipulation of Data Structures: Scalar Variable: (Function list - chomp, chop, 
length, chr, oct, hex, oct, ord, index, rindex, substr, uc, ucfirst, lc, lcfirst). Array Variable: 
Creating an array, Use of range operator in an array, Adding and removing elements, getting 
the number of elements in an array, Accessing elements in an array. (Function list - reverse, 
sort, join, split, pop, push, shift, unshift, grep, map). Hash Variable: Printing hash data, 
accessing and removing elements (Function list - keys, values, delete, each, exists)  
 
UNIT III 
Control Structures and Regular Expressions Control Structures: if, else, elsif, switch, unless, 
while, until, do…while, for and for…each. (Statements associated with loops – next, last, redo, 
goto, continue) Regular expressions: Simple string comparisons, Matching, Substitutions, 
and Translations. Special characters in patterns. Storing and reusing portions of patterns. 
Escape characters.  
 
UNIT IV 
File and Directory Manipulations. File opening modes (read, write, append), File variable, 
Die – terminating a program, Reading a file line by line, Closing a file. File test operators (d, 
e, l, r, s, w, x, B, T). File Manipulation Functions – select, eof, seek, tell, read, sysread, syswrite, 
link, unlink, rename, truncate. Directory Manipulation functions – mkdir, chdir, opendir, 
readdir, closedir, telldir, seekdir, rewinddir, rmdir. System variables. Object Oriented 
Programming Sub routines, references, OOPs in Perl – Introduction to modules, Classes in 

No. of hours/week Credits 
4 4 

 
Course Objectives 
 The course provides the introduction to PERL scripting language and its use in 

bioinformatics. 
 
Course Outcomes 
On successful completion of this course, students will be able to 

 At the end of the course, the students are able to utilize the power of PERL for 
disease diagnostics and therapy 
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Perl, Methods, Constructors, Destructors, Inheritance, Polymorphism, Operator overloading. 
BioPerl – basics. CGI, DBI, LWP.  
 
 
Recommended Textbooks and References 
1. Beginning Perl for Bioinformatics by James Tisdall, O-Reilly.  
2. Developing Bioinformatics Computer Skills by Cynthia Gibas, Per Jambeck, OReilly  
3. Learning Perl by Randal L. Schwartz, Tom Phoenix, O-Reilly.  
4. Programming Perl by Larry Wall, Tom Christiansen, Jon Orwant, O-Reilly.  
5. Programming the Perl DBI by Alligator Descartes, Tim Bunce, O-Reilly.  
6. Advanced Perl Programming by Sriram Srinivasan, O-Reilly. 
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SEMESTER THREE 
 

SEC 03 – Research Design & Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
UNIT I  
Introduction – Research methods vs. Methodology. Types of research – Descriptive vs. 
Analytical, Applied vs. Fundamental, Quantitative vs. Qualitative, Conceptual vs. Empirical, 
concept of applied and basic research process, criteria of good research. Defining and 
formulating the research problem, selecting the problem, necessity of defining the problem, 
importance of literature review in defining a problem, literature review-primary and 
secondary sources, reviews, monograph, patents, research databases, web as a source, 
searching the web, critical literature review, identifying gap areas from literature and 
research database, development of working hypothesis. 
 
UNIT II 
Research design: Meaning, Need, Features of Good Design, Concepts, Types. Basic principles 
of Experimental Design, various methods of Research. Survey, Philosophical, Historical, 
Experimental, Causal Comparative, Genetic, Case Studies. Tools for Data Collection: 
Collections of Primary Data, Collection of Data through questionnaire and Schedules, other 
Observation Interview Methods, Collection of Secondary Data, Selection of appropriate 
method for data collection, Case Study, Focus Group Discussion, Techniques of developing 
research tools, viz. Questionnaire and rating scales etc. Reliability and validity of Research 
tools.  

No. of hours/week Credits 
2 2 

 
Course Objectives 

1. This course offers "An overview of research methodology including basic 
concepts employed in quantitative and qualitative research methods.  

2. This course introduces research methods as they apply to the higher education 
(HIED) field of study. 

3.  This course provides a macroperspective of the methods associated with 
conducting scholarly research in all follow-on core, elective, quantitative and 
qualitative courses; and the PG dissertation. 

Course Outcomes 
On successful completion of this course, students will be able to 

1. demonstrate knowledge of research processes (reading, evaluating, and 
developing);  

2. perform literature reviews using print and online databases; 
3. identify, explain, compare, and prepare the key elements of a research 

proposal/report;  
4. define and develop a possible HIED research interest area using specific 

research designs;  
5. compare and contrast quantitative and qualitative research paradigms,  
6. describe sampling methods, measurement scales and instruments, and 

appropriate uses of each;  
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UNIT III 
Introduction, overview and research misconduct, rules and regulations in India, data 
management, mentoring, mentor - mentee responsibilities, authorship guidelines, 
publication and peer review, intellectual property, plagiarism, patents, collaboration, 
reporting and representation research, representing images, bias, conflicts of interest, 
ethical use of animal subjects, protection of human subjects, stem cell ethics, Eco sourcing 
code of practice, radioactive, chemical and biohazard safety, waste management and 
disposal, social responsibility. 
 
UNIT IV 
Meaning of Interpretation, Technique of Interpretation, Precaution in Interpretation, 
Significance of Report Writing, Different Steps in Writing Report, Layout of the Research 
Report, Types of Reports, Oral Presentation, Mechanics of Writing a Research Report, 
Precautions for Writing Research Reports, Conclusions. 
 
 
Recommended Textbooks and References 
  
1. Anthony, M., Graziano, A.M. and Raulin, M.L., 2009. Research Methods: A Process of 

Inquiry, Allyn and Bacon.  
2. Carlos, C.M., 2000. Intellectual property rights, the WTO and developing countries: the 

TRIPS agreement and policy options. Zed Books, New York.  
3. Coley, S.M. and Scheinberg, C. A., 1990, "Proposal Writing", Sage Publications.  
4. Day, R.A., 1992.How to Write and Publish a Scientific Paper, Cambridge University Press.  
5. Fink, A., 2009. Conducting Research Literature Reviews: From the Internet to Paper. Sage 

Publications  
6. Leedy, P.D. and Ormrod, J.E., 2004 Practical Research: Planning and Design, Prentice Hall.  
7. Satarkar, S.V., 2000. Intellectual property rights and Copy right. Ess Ess Publications. 
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SEMESTER THREE 
 

 
PRACTICALS/LABORATORY 

 
Practical 05 - Computer Aided Drug Design and Structural Bioinformatics 

 
1. Prediction of 3D-structure of protein  
2. Validation of the modelled protein structure. 
3. Molecular Docking study for homology built protein (protein-ligand docking) 
4. Identify the Drug and Receptor Binding pocket. 
5. Predict and analyse ADMET properties of molecules for the docked conformation 

 
Practical 06 - Immunoinformatics 
 

1. Selection of animals, Preparation of antigens, Immunization and methods of bleeding, 
serum separation and storage  

2. Antibody titer by ELISA method  
3. Double diffusion, Immuno-electrophoresis and Radial Immuno diffusion 
4. Complement fixation test 
5. Isolation and purification of IgG from serum or IgY from chicken egg  
6. Immunoblotting  
7. Dot blot assays 
8. Blood smear identification of leucocytes by Giemsa stain  
9. Demonstration of Phagocytosis 
10. Antigen-Antibody interaction by immunoprecipitation assays 
11. ELISA 
12. DoT Blot 
13. Immunoinformatics databases & tools: 1. IMGT & IEDB 2. BciPep, 3. Epitome, 4. CED, 

and 5. Ag-Ab Db 
14. Epitope prediction algorithms: 1. B-cell epitope predictions using sequence-based 

approaches, 2. B-cell epitope predictions using structure-based approaches and 3. T-
cell epitope prediction methods 

15. Vaccine design: 1. Pipeline & workflows and 2. Prediction of immunogenicity 

 

 

******** 

 

No. of hours/week Credits 
4 2 
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Semester Four
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Unit 3: 
Introduction, overview and research: 

Unit 4: 
Meaning of Interpretation: 

Recommended Textbooks and References 
 

 

 

 

 

 

 

 

 

 D’Angelo.

DISSERTATION

Course Type Marks
Credits

L T P C
Project 300 12

The student shall carryout, a semester long project work under the supervision/mentorship of 
identified guide (internal or external or both). The project work shall be compiled and submitted in 
the form of dissertation as per the format. The project work shall be original research work related to 
the programme or case studies that provide an analysis of specific research questions/socio-economic 
issues, etc. leading to a dissertation as partial fulfilment of the degree. 



66



67

Question Paper Pattern
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I. LONG ESSAYS (Answer any TWO of the following)  2x15=30 Marks 

1.   

2.   

3.   

   

   

II. SHORT ESSAYS (Answer any FIVE of the following) 5x6=30 Marks 

4.   

5.  

6.   

7.   

8.   

9.   

10.   

  

III. SHORT ANSWERS (Answer all the following) 5x2=10 Marks 

11.   

12.   

13.   

14.   

15.   

 
*****  

 
  

MODEL QUESTION PAPER                                                                                                QP CODE:                                               
JSS Academy of Higher Education & Research, Mysuru 

(Deemed to be University) 
First Semester M.Sc., (Program) (RS-1) Examination - Year 

Subject: 
Note: Draw neat, labeled diagrams wherever necessary. 
Your answers should be specific to the questions asked. 

Time: 03 Hours Max Marks: 70 
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I LONG ESSAYS (Answer any TWO of the following)  2x10=20 Marks 

1.   

2.   

3.   

   

   

II SHORT ESSAYS (Answer any FIVE of the following) 5x4=20 Marks 

4.   

5.  

6.   

7.   

8.   

9.   

10.   

 
  

III SHORT ANSWERS (Answer all the following) 5x2=10 Marks 

11.   

12.   

13.   

14.   

15.   

 
*****  

 
 
 

MODEL QUESTION PAPER                                                                                                QP CODE:                                               
JSS Academy of Higher Education & Research, Mysuru 

(Deemed to be University) 
First Semester M.Sc., (Program) (RS-1) Examination - Year 

Subject: 
Note: Draw neat, labeled diagrams wherever necessary. 
Your answers should be specific to the questions asked. 

Time: 02 Hours Max Marks: 50 


