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Message

Dr. Harsh Vardhan

Minister for Science & Technology
and Earth Sciences

MESSAGE
Department of Biotechnology initiated Integrated Human Resource Development
Programme way back in 1985-86 to cater to the requirement of quality manpower
for R&D, teaching and manufacturing activities. I am very proud that India is one
of the first countries in the world to initiate postgraduate teaching programme in
Biotechnology. M.Sc./M.Tech. programme was initiated in 5 universities and has
been expanded to over 70 universities/IITs in the country to cover general, medical,
agricultural, veterinary, environmental, industrial, marine, food, pharmaceutical
biotech.
Students for these programmes are selected on the basis of an All India entrance
test and all selected students are paid studentships. I am very happy to know that
the Department has initiated major curriculum revision exercise for specialisations
offered under DBT supported teaching programme. The exercise has been
coordinated by Biotech Consortium India Limited. The Department invited
feedback from researchers, academic community, biotech industries and past
as well as present students. Feedback has been considered by the Expert groups
and areas with recent developments have been included and identified gap areas
which need inclusion and updation have been taken care of. I compliment the
Department for taking up this major exercise for the benefit of student community
and congratulate the group for bringing out this publication.

(Dr. Harsh Vardhan)

Message

Shri Y. S. Chowdary

Minister of State for Science & Technology and
Earth Sciences

MESSAGE
Andy Hargreaves a renowned educational expert has once remarked “Capacity
building originally meant helping people to help themselves. Now it means
required trainee to deliver imposed policies”. In the Indian context, Integrated
Human Resource Development Programme of Department of Biotechnology
is a flagship and dynamic programme which has done exceedingly well to meet
the requirements of capacity building. The central idea should be to take enough
care in selection of quality students and provide hands-on practical training to
students.
I am extremely happy to note that Department is revising curriculum for various
PG programmes in Biotechnology at regular intervals to incorporate latest
developments in the field. While doing so, I am told that Biotech Consortium
India Limited has obtained necessary feedback from different stakeholders viz.,
researchers, academia, industries and students regarding the proposed changes in
curriculum. Feedback was analysed and considered by the Expert Groups vis-avis with curricula followed by best international universities. I am assured that the
proposed curricula have incorporated papers on research methodology, scientific
communication, prevailing regulations in the country etc.
I am confident that this curriculum revision exercise would be very beneficial
for faculty and students of not only DBT supported programmes but also other
universities involved in biotechnology teaching. I compliment the Department
for undertaking this valuable exercise.

(Shri Y. S. Chowdary)

Message

K. VijayRaghavan
Secretary

Department of Biotechnology

MESSAGE
Integrated Human Resource Development Programme in biotechnology is a
unique, innovative initiative taken by Department of Biotechnology way back
in 1985-86. Human Resource Development programmes of the Department are
highly dynamic and have evolved continuously based on need, regional aspirations
and feedback from different stakeholders.
Emphasis is laid on selection of institutions based on existing expertise,
infrastructure, nearby institutions engaged in research in relevant areas and
students are provided hands on practical training. These programmes are
continuously mentored and monitored by Advisory Committee, Expert Task Force
and Course Coordinators meeting. An attempt is made to conduct curriculum
revision exercise at frequent intervals to incorporate feedback from stakeholders
as well as inclusion of latest developments. I am confident that revised curriculum
has been framed after intense deliberations and would serve as a valuable resource
to experts and student community.
I thank the Biotech Consortium India Limited for assisting DBT in this important
exercise and compliment my colleague Dr. Suman Govil, Adviser, DBT for bringing
out this publication.

(K. VijayRaghavan)

Message

Professor B.J.Rao

FNA, FASc, FNASc
Department of Biological Sciences

TATA INSTITUTE OF FUNDAMENTAL RESEARCH
National Centre of the Government of India for Nuclear Science and Mathematics
(DEEMED UNIVERSITY)
HOMI BHABHA ROAD, BOMBAY 400 005

Telephone: 022-22782606, 22782255;
Mobile: 9004588909
Fax: 091-22-22804610; 22804611
Prof. B.J.Rao, FNA, FASc, FNASc
Senior Professor
JC Bose Fellow (DST)
Department of Biological Sciences
bjrao@tifr.res.in

MESSAGE
The revised contents of this course try to extract the content of
modern biology for medically relevant biology and biotechnology.
Several new modules have been added, keeping the level accessible
to an MSc student. New electives try to bring out contents that are
recent and somewhat futuristic. An effective communication of the
contents requires judicious use of not only the published material but
also the online web tutorials/movies etc. This is especially so where the
laboratory and library infrastructures are limiting.

(Prof. B.J.Rao)

Preface
Background

Promotion of Indian Biotechnology sector is high on policy agenda of Government of
India. Biotechnology has also been recognized as one of the key priority sectors under
‘Make in India’, ‘Skill India’ and ‘Startup India’ initiatives of Government of India,
as it is one of sectors expected to contribute towards enterprise creation, innovation
and economic growth. Department of Biotechnology (DBT), Ministry of Science
and Technology, Government of India has immensely contributed to this dynamism
through various policies and initiatives, establishment of innovation clusters, academiaindustry partnerships, increasing capabilities for technology development, etc. The
National Biotechnology Development Strategy (2015 – 2020) released by DBT provides
a strategic roadmap for India’s emergence as a global biotechnology innovation and
manufacturing hub. It has also highlighted importance of human resource development
and need for nurturing tailor-made human capital for advanced scientific research and
entrepreneurship.
DBT has taken a number of initiatives aimed at integrated human resource development
to evolve an ecosystem where scientists, innovators and future entrepreneurs can be
nurtured. Keeping in mind requirement for trained manpower in various areas of
Biotechnology, DBT initiated Post-Graduate Teaching Programme way back in 1985 with
5 universities which has expanded to 74 universities imparting M.Sc./M.Tech./M.V.Sc.
degrees in general, agricultural, animal, food, environmental, industrial marine, medical,
neuroscience and pharmaceutical biotechnology. 10 programmes are being phased
out. These universities and institutes are provided liberal financial support towards
strengthening of laboratory facilities, equipment, consumables, fellowships to students,
dissertation grant per student etc. Post-Graduate Teaching Programme selects best
students and trains them to join research or industry workforce contributing significantly
to biotechnology workforce.

About the Course
Curriculum Revision
Exercise

Taking into cognizance the changing needs of the economy and to keep abreast with
latest developments in the field of biotechnology, DBT proactively initiated revision of
course curricula of Post-Graduate Programmes in biotechnology. The present exercise
has been undertaken by Biotech Consortium India Limited (BCIL), New Delhi. Earlier
exercise was carried out in 2008. The Course Curriculum Revision Exercise has been
carried out for 13 Post-Graduate programmes in Biotechnology supported by DBT.
The revision of course curriculum of M.Sc. Medical Biotechnology aims to address
mismatch between ‘knowledge’ gained by students and appropriate skill set required for
technology development and implementation including present contemporary needs of
economy.

Methodology

A meticulous and structured approach has been adopted to accomplish the Course
Curriculum Revision exercise.
BCIL had initiated the exercise with a review of literature of relevant national and
international documents on curriculum design and planning for biotechnology
programmes of premier national as well as international universities, guidelines by
University Grants Commission, recent curricular guidelines released by Indian Council
of Agricultural Research, Ministry of Health and Family Welfare and Indian Institute
of Science Education & Research and other relevant research papers on curriculum
development in peer-reviewed journals.
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The findings of the literature review were adopted to design questionnaires for
eliciting feedback from stakeholders of Biotechnology community i.e. academicians,
scientists, industry representatives and students. Feedback was received from 165
experts and 20 students belonging to academic institutions, research organizations
and industry regarding addition of advanced topics, deletion of elementary, redundant
and overlapping topics, updation of laboratory practicals, re-adjustment of credit load,
incorporating ‘technology’ component in the curriculum, among others. It was also
suggested that re-orientation of curricula should be done keeping in view the needs of
the industry.

Strategic Approach

A Core Committee along with 9 subject specific subcommittees comprising of 63
academicians, scientists and industry representatives were constituted to revise and
update the curricula. The constitution of subject specific subcommittee for M.Sc. Medical
Biotechnology is given at Annexure-1.
The salient recommendations identified from stakeholder survey were presented to
the Committee. Several brainstorming discussion sessions were held for achieving the
desired balance between the foundation courses, recent developments in biotechnology
and updation needs identified during the stakeholder survey. Core Committee finalized
broad contours for revising all the course curricula. The guidelines set by the Core
Committee were taken up by the subject specific subcommittee of M.Sc. Medical
Biotechnology for updating the curriculum. The subject specific subcommittee
incorporated latest advancements in areas of Medical Biotechnology in the curriculum.
Separate meeting was held to discuss and deliberate the updations to be made in the
curriculum. The revised curriculum was vetted and finalized by the Core Committee.

Course Curriculum
Revision

The members of Committee agreed that revised course curriculum should provide skill
and outcome based education and help the students to gain domain knowledge, ability
to design and interpret research experiments and acquire effective communication
skills. The course curriculum has been re-designed accordingly to promote skill-based
and outcome-based education. The revised course curriculum totals to 96 credits
comprising of theory, practical, technology-based topics, electives and dissertation. Each
course includes learning objectives, student learning outcomes, course plan (number of
lectures/unit) and reference textbooks/resources. Theory and practical courses include
relevant examples, case scenarios and tutorials for inculcating critical thinking against
rote learning. Several new courses have been included and content for existing courses
has also been updated. Several specialized modules such as Biophysical Principles,
OMICS Technologies, Clinical Biochemistry, Tissue Engineering, Medical Devices,
Molecular Diagnostics and Therapeutics, Tissue Engineering, Stem Cell Technology,
Cancer Genetics, Clinical Genetics, Omics Data Management and Inflammation &
Disease Biology etc. have been incorporated to introduce students to different areas
and applications of medical biotechnology. With importance of students being able
to execute research projects independently, separate credits have been allotted for
proposal preparation and presentation before initiating dissertation and also credits for
dissertation have been increased accordingly.
We hope that model course curriculum shall serve as guidelines for academicians and
researchers from different parts of the country for adoption in their institutions with
modifications as per availability of expertise, infrastructure and specific needs.
We wish to put on record our sincere appreciation for constant guidance and
encouragement received from Dr. K. VijayRaghavan, Secretary, DBT for bringing out
this publication. We wish to acknowledge whole-hearted support of Core Committee
and subject specific subcommittees members. Sincere thanks are due to Dr. Manoj Singh
Rohilla, Scientist- D, DBT, Ms. Shweta for creative design, Mrs. Rita Bhatla, DBT and
Shri. Dilip Joy, BCIL.
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M.Sc. Medical Biotechnology
S.No.

Title

Credits

SEMESTER ONE
1
2
3
4
5

Biochemistry
Cell and Developmental Biology
Genetics
Molecular Biology
Biostatistics and Population Genetics

3
3
3
3
3

6
7
8

Laboratory I: Cell Biology and Microscopy
Laboratory II: Biochemistry and Analytical Techniques
Seminar and Communication Skills
TOTAL

4
3
2
24

TOTAL

3
3
3
3
3
3
3
2
23

TOTAL

4
3
3
3
2
2
2
3
2
2
26

TOTAL

20
2
22

TOTAL CREDITS

95

SEMESTER TWO
1
2
3
4
5
6
7
8

Immunology and Immunotechnology
Biophysical Principles and Analytical Techniques
Medical Microbiology and Infection Biology
Genetic Engineering and Genome Editing Technologies
OMICS: Genomics, Transcriptomics, Proteomics and Metabolomics
Laboratory III: Immunotechnology and Molecular Diagnostics
Laboratory IV: Molecular Biology and Genetic Engineering
Journal Club and Communication Skills

SEMESTER THREE
1
2
3
4
5
6
7
8
9
10

Clinical Biochemistry and Disease Metabolism
Tissue Engineering and Stem Cell Technology
Molecular Diagnostics and Therapeutics
Medical Devices
Intellectual Property Rights, Biosafety and Bioethics
Bioinformatics
Project Proposal Preparation and Presentation
Laboratory V: Clinical Biochemistry
Laboratory VI: Bioinformatics
Laboratory VII: Animal Tissue culture

SEMESTER FOUR
1
2

Dissertation
Elective

Recommended Electives:
1. Cancer Genomics | 2. Clinical Genetics and Diagnostics | 3. Nanobiotechnology | 4. Pharmacogenomics |
5. High-Volume Omics Data: Management & Analytics | 6. Inflammation & Disease Biology
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Semester One

Biochemistry
Credits

3

Unit I

Protein structure
5 lectures

Unit II

Enzyme kinetics
5 lectures

Unit III

Glycobiology
2 lectures

Unit IV

Structure and
functions of
DNA & RNA
3 lectures
Unit V

Bio-energetics
8 lectures

Course Objectives
The objectives of this course are to build
upon undergraduate level knowledge
of biochemical principles with specific
emphasis on different metabolic pathways.
The course shall make the students aware
of various disease pathologies within the
context of each topic.

Student Learning Outcomes
On completion of this course,
students should be able to:
• Gain fundamental knowledge
in biochemistry;
• Understand the molecular
basis of various pathological
conditions from the perspective
of biochemical reactions.

Chemical basis of life: Miller-Urey experiment, abiotic formation of amino acid
oligomers, composition of living matter; Water – properties of water, essential role of
water for life on earth pH, buffer, maintenance of blood pH and pH of gastric juice, pH
optima of different enzymes (pepsin, trypsin and alkaline phosphatase), ionization and
hydrophobicity, emergent properties of biomolecules in water, biomolecular hierarchy,
macromolecules, molecular assemblies; Structure-function relationships: amino acids –
structure and functional group properties, peptides and covalent structure of proteins,
elucidation of primary and higher order structures, Ramachandran plot, evolution
of protein structure, protein degradation and introduction to molecular pathways
controlling protein degradation, structure-function relationships in model proteins like
ribonuclease A, myoglobin, hemoglobin, chymotrypsin etc.; basic principles of protein
purification; tools to characterize expressed proteins; Protein folding: Anfinsen’s Dogma,
Levinthal paradox, cooperativity in protein folding, free energy landscape of protein
folding and pathways of protein folding, molten globule state, chaperons, diseases
associated with protein folding, introduction to molecular dynamic simulation.
Enzyme catalysis – general principles of catalysis; quantitation of enzyme activity and
efficiency; enzyme characterization and Michaelis-Menten kinetics; relevance of enzymes
in metabolic regulation, activation, inhibition and covalent modification; single substrate
enzymes; concept of catalytic antibodies; catalytic strategies with specific examples of
proteases, carbonic anhydrases, restriction enzymes and nucleoside monophosphate
kinase; regulatory strategies with specific example of hemoglobin; isozymes; role of
covalent modification in enzymatic activity; zymogens.
Sugars-mono, di, and polysaccharides with specific reference to glycogen, amylose
and cellulose, glycosylation of other biomolecules-glycoproteins and glycolipids;
lipids- structure and properties of important members of storage and membrane
lipids; lipoproteins.
Self-assembly of lipids, micelle, biomembrane organization - sidedness and function;
membrane bound proteins - structure, properties and function; transport phenomena;
nucleosides, nucleotides, nucleic acids - structure, a historical perspective leading up to
the proposition of DNA double helical structure; difference in RNA and DNA structure
and their importance in evolution of DNA as the genetic material.			
				
Bioenergetics-basic principles; equilibria and concept of free energy; coupled
interconnecting reactions in metabolism; oxidation of carbon fuels; recurring motifs in
metabolism; Introduction to GPCR, Inositol/DAG//PKC and Ca++ signaling pathways;
glycolysis and gluconeogenesis; reciprocal regulations and non-carbohydrate sources
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of glucose; Citric acid cycle, entry to citric acid cycle, citric acid cycle as a source of
biosynthetic precursors; Oxidative phosphorylation; importance of electron transfer in
oxidative phosphorylation; F1-F0 ATP Synthase; shuttles across mitochondria; regulation
of oxidative phosphorylation; Photosynthesis – chloroplasts and two photosystems;
proton gradient across thylakoid membrane.
Unit VI

Role of vitamins
& cofactors
in metabolism
12 lectures

Calvin cycle and pentose phosphate pathway; glycogen metabolism, reciprocal control
of glycogen synthesis and breakdown, roles of epinephrine and glucagon and insulin in
glycogen metabolism; Fatty acid metabolism; protein turnover and amino acid catabolism; nucleotide biosynthesis; biosynthesis of membrane lipids and sterols with specific
emphasis on cholesterol metabolism and mevalonate pathway; elucidation of metabolic
pathways; logic and integration of central metabolism; entry/ exit of various biomolecules from central pathways; principles of metabolic regulation; steps for regulation; TOR
(target of rapamycin) & autophagy regulation in relation to C & N metabolism, starvation responses and insulin signaling.
Recommended Textbooks and References:
1. Stryer, L. (2015). Biochemistry. (8th Ed.) New York: Freeman.
2. Lehninger, A. L. (2012). Principles of Biochemistry (6th Ed.). New York, NY: Worth.
3. Voet, D., & Voet, J. G. (2016). Biochemistry (5th Ed.). Hoboken, NJ: J. Wiley & Sons.
4. Dobson, C. M. (2003). Protein Folding and Misfolding. Nature, 426(6968), 884-890.
doi:10.1038/nature02261.
5. Richards, F. M. (1991). The Protein Folding Problem. Scientific American,
264(1), 54-63. doi:10.1038/scientificamerican0191-54.

Cell & Developmental
Biology
Credits

3

Course Objectives
The cells are “fundamental building
blocks of all organisms”. Therefore, a
comprehensive understanding of the
cell and cellular function is essential to
all biologists. Subsequently, it is equally
important to understand how a single
cell, develop into an embryo, grow
into an adult, sexually mature, and age.
Along with cell biology, the stem cell
biology which lies at the intersection of
developmental/cell biology and medicine,
has emerged as a great promise for the
future of regenerative medicine. In
view of above, this course will provide a
conceptual overview of cellular system
and functioning, and also discuss how
developmental patterns arise using
examples from different model systems
and highlighting regulatory networks
involved in these processes and usage of
stem cell biology for therapeutic purposes
and social implications associated with this
modern technology.
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Student Learning Outcomes
At the end of the course, students
should be able to:
• Understand the major ideas in cell
biology and developmental biology;
• Gain an understanding of the
experimental approaches, and how they
are applied to specific problems in cell
and developmental biology;
• Carry out and interpret experiments
in cell and developmental biology.

Unit I

Cell theory, methods
of study, structure
and function of
biological membranes
6 lectures

Unit II

Cells and organelles
7 lectures

Unit III

Endo-membrane
system, cellular
cytoskeleton and
motility, cellular
signalling
7 lectures
Unit IV

Overview of
development and
developmental
processes
8 lectures

Unit V

Developmental
anomalies and role
of stem cells in
development
6 lectures

An overview of microscopy techniques – Bright field phase contrast, dark field,
differential interference (DIC), Fluorescence, Confocal, Electron (TEM and SEM),
Electron tunnelling and Atomic Force Microscopy; Cell fractionation, differential
centrifugation. Structural models; Composition and dynamics; Transport of ions and
macromolecules; Pumps, carriers and channels; Endo and Exocytosis; Cellular junctions
and adhesions; Structure and functional significance of plasmodesmata; Mechanism of
cellular recognition and communication.
Nucleus: structure and function of nuclear envelope, lamina and nucleolus;
Macromolecular trafficking; Chromatin organization and packaging; Cell cycle and
control mechanisms; Mitochondria: structure, origin and evolution, organization of
respiratory chain complexes, Structure-function relationship; structure and function
of peroxisome; mitochondrial genome; Chloroplast: chloroplast biogenesis; structurefunction relationship; chloroplast genome.
Structure and function of microbodies, Golgi apparatus, lysosomes and endoplasmic
reticulum; Protein processing, sorting; vesicle transport, secretion; Overview of cellular
cytoskeleton, Organization and role of microtubules and microfilaments; Intermediate
filaments; Muscle organization and function; Cellular motility; Molecular motors;
Extracellular matrix in plants and animals; Overview of various cellular signalling
cascades with examples such as EGFR, Notch, Wingless, JAK-STAT etc.

Defining developmental biology, specification, competence, induction, morphogen
gradients, determination and differentiation, pattern formation, cell fate and cell lineages;
Developmental processes in animals- types of fertilization, cleavage, gastrulation,
fate map, direct observation of living embryos, dye marking, genetic labelling, early
developmental events in vertebrates; the unique features of mammalian cleavage,
comparative embryonic homologies; polarity in the oocyte, anterior-posterior,
dorsal-ventral and right-left axis formation; axis specification and the avian “organizer”,
control of blastomere identity; Overview of homeotic genes, axis formation in sea
urchin, C. elegans, D. melanogaster, amphibians and mammals; formation of vulva
in C. elegans; Development of the tetrapod limb, Postembryonic development:
metamorphosis, regeneration and aging; Developmental constraints on evolution.
Developmental defects and disorders; Stem cell- introduction and types of stem cell,
role of stem cells in development, Pluripotency, stem-cell plasticity, cellular signalling
and maintenance of stem cells, trans-determination, isolation, expansion, genetic
manipulation, genomic reprogramming, and cloning of stem cells, differences between
adult and embryonic stem cells, usages of stem cells in therapies, ethical issues attached
with stem cell research.
Recommended Textbooks and References:
1. Lodish, H. F. (2000). Molecular Cell Biology. New York: W.H. Freeman.
2. Hardin, J., Bertoni, G., Kleinsmith, L. J., & Becker, W. M. (2012). Becker’s World
of the Cell. Boston: Benjamin Cummings.
3. Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K., & Walter, P. (2002).
Molecular Biology of the Cell. New York: Garland Science.
4. Watson JD, Baker TA, Bell SP, Gann A, Levine M & Losick R (2014) Molecular
Biology of the Gene, 7th Edition, Cold Spring Harbor Laboratory Press, New York
5. Cooper, G. M., & Hausman, R. E. (2009). The Cell: a Molecular Approach.
Washington: ASM ; Sunderland.
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6. Gilbert SF., Barresi MJF. (2010) Developmental Biology; (9th Ed).; Sinauer Associates Inc
7. Wolper L., Tickle C; (2001); Principles of Development; Oxford University Press, UK
8. Relevant review papers as suggested by teachers.

Genetics
Credits

3

Unit I

Genetics of bacteria
and bacteriophages
4 lectures

Unit II

Yeast genetics
4 lectures

Unit III

Drosophila genetics
as a model of higher
eukaryotes
4 lectures
Unit IV

Human genetics
8 lectures

Course Objectives
The objectives of this course are to take the
students through the basics of genetics encompassing prokaryotic/phage genetics to
yeast and higher eukaryotic domains and
will cover all concepts of Mendelian genetics. It will also take the students through
the basics of human genetics and disease
gene mapping. In addition, students will
also be introduced to aims and outcome of
the human genome project.

Student Learning Outcomes
On successful completion of this course,
students should be able to:
• Describe the fundamental molecular
principles of genetics;
• Understand the relationship between
phenotype and genotype in human
genetic traits;
• Describe the basics of genetic mapping;
• Understand how gene expression
is regulated.

Concept of a gene in pre-DNA era; mapping of genes in bacterial and phage
chromosomes by classical genetic crosses; fine structure analysis of a gene; genetic
complementation and other genetic crosses using phenotypic markers; phenotype
to genotype connectivity prior to DNA-based understanding of a gene; Restriction
modification systems – history, types of systems and their characteristics, applications
of RM systems, methylation-dependent restriction enzymes, transposable elements –
types, properties and applications.
Meiotic crosses, tetrad analyses, non-Mendelian and Mendelian ratios, gene conversion,
models of genetic recombination, yeast mating type switch; dominant and recessive
genes/mutations, suppressor or modifier screens, complementation groups, transposon
mutagenesis, synthetic lethality, genetic epistasis.
Monohybrid & dihybrid crosses, back-crosses, test-crosses, analyses of autosomal
and sex linkages, screening of mutations based on phenotypes and mapping the
same, hypomorphy, genetic mosaics, genetic epistasis in the context of developmental
mechanisms; Testing gene mutations for allelism: complementation test, intragenic
complementation, pleiotropy.
History of human genetics, Pedigrees- gathering family history, pedigree symbols,
construction of pedigrees, presentation of molecular genetic data in pedigrees,
Monogenic traits, Autosomal inheritance-dominant, recessive Sex-linked inheritance,
Sex-limited and sex-influenced traits, Mitochondrial inheritance, OMIM number,
Complications to the basic pedigree patterns- nonpenetrance, variable, expressivity,
pleiotropy, late onset, dominance problems, anticipation, genetic heterogeneity, genomic
imprinting and uniparental disomy, spontaneous mutations, mosaicism and chimerism,
male lethality, X-inactivation; Approaches to analysis of complex traits- ‘Naturenurture’ concept, role of Family and shared environment, monozygotic and dizygotic
twins and adoption studies, Polygenic inheritance of continuous (quantitative) traits,
normal growth charts, Polygenic inheritance of discontinuous (dichotomous) traitsthreshold model, liability and recurrence risk, Genetic susceptibility in multifactorial
disorders (alcoholism, diabetes mellitus, obesity), Estimation of genetic components of
multifactorial traits: empiric risk, heritability, coefficient of relationship.
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Unit V

Cytogenetics,
developmental
genetics and
immunogenetics
8 lectures

Unit VI

Genetic variation
and gene mapping
5 lectures
Unit VII

Human genome and
comparative genomics
6 lectures

Cytogenetics: Techniques in human chromosome analysis, Human karyotype: banding,
nomenclature of banding, Pathology of human chromosomes, Nomenclature of aberrant
karyotypes, Common syndromes due to numerical chromosome changes, Common
syndromes due to structural alterations (translocations, duplications, deletions,
microdeletion, fragile sites) Common chromosome abnormalities in cancer, Genetics of
fetal wastage Disorders of sex chromosomes and autosomes; Molecular cytogenetics –
Fluorescence In situ Hybridization (FISH); Comparative Genomic Hybridization (CGH);
Developmental genetics: Genes in early development; Maternal effect genes; Pattern
formation genes; Homeotic genes; Signaling and adhesion molecules; Immunogenetics:
Major histocompatibility complex; Immunoglobulin genes - tissue antigen and organ
transplantation; Single gene disorders of immune system.
Genetic variation: Mutations; kinds of mutation; agents of mutation; genome
polymorphism; uses of polymorphism; Gene mapping: Physical mapping; linkage
and association.

Human genome: Genome project history, organization and goals of human genome
project, Mapping strategies, current status of various maps; DNA segment nomenclature,
Human genome diversity, organization of human genome, gene families; Comparative
genomics: Overview of prokaryotic and eukaryotic genomes, C-value, number of genes
and complexity of genomes, Conservation and diversity of genomes, Comparative
genomics as an aid to gene mapping and study of human disease genes.
Recommended Textbooks and References:
1. Hartl, D. L., & Jones, E. W. (1998). Genetics: Principles and Analysis.
Sudbury, MA: Jones and Bartlett.
2. Pierce, B. A. (2005). Genetics: a Conceptual Approach. New York: W.H. Freeman.
3. Tamarin, R. H., & Leavitt, R. W. (1991). Principles of Genetics. Dubuque,
IA: Wm. C. Brown.
4. Smith, J. M. (1989). Evolutionary Genetics. Oxford: Oxford University Press.
5. Brooker (1999). Genetics – Analysis and Principles. Benjamin/Cumings.
6. Snustad et al (1998). Principles of Genetics. Wiley and sons.
7. Strickberger (1985). Genetics. Mcmillan.
8. Gardner et al (1991). Principles of Genetics. John Wiley.
9. Prichard & Korf (2004). Medical Genetics at a Glance. Blackwell.
10. Strachan and Read (2003). Human Molecular Genetics. Wiley.
11. Mange E J and Mange A. P. (1999), Human Genetics, 2nd Edition,
Sinauer Associates publications.
12. Hartl L D and Jones B, (1994) Analysis of Genes and Genomes, 3rd Edition,
Jones and Bartlett Publishers.
13. Pasternak (2005). An Introduction to Molecular Human Genetics. Fritzgarald.

Molecular
Biology
Credits

3

Course Objectives
The aim of this course is to obtain and
understand fundamental knowledge
of molecular and cellular processes:
epigenetics, gene regulation, RNA
transcription, protein synthesis, protein
targeting and trafficking, and cell signaling.
Students participate in a computer tutorial
aimed at mastering basic web tools for
genome and proteome analysis.
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Student Learning Outcomes
Upon successful completion of this
course, students should be able t0:
• Explain and summarize the scientific
principles of the molecular biology
of DNA and RNA;
• Use specialized DNA/RNA isolation,
manipulation, and cloning methods,
individually and collaboratively that
are typical of molecular biology

The knowledge discussed in the lectures
and practiced at the computer tutorial is
the basis for an assignment that aims to
train students in a critical evaluation of
literature. Through presentation of their
topic and feedback of lecturers and their
peers, students become acquainted with
the scientific method.
Unit I

DNA structure and
genome organization
3 lectures

Unit II

DNA replication,
repair and
recombination
6 lectures

Unit III

RNA transcription,
RNA processing
and regulation
in prokaryotes
10 lectures

Unit IV

RNA transcription,
RNA processing
and regulation
in eukaryotes
13 lectures

laboratory investigations and
communicate the results as written
laboratory reports;
• Describe and explain the results of
DNA and/or RNA experiments based
on the scientific principles of nucleic
acid structure.

Structure of DNA - A,B, Z and triplex DNA; Central dogma, DNA as genetic material;
Organization of bacterial genome; Structure of eukaryotic chromosomes: DNA
compaction, nucleosome, 10 nm “beads-on-a-string” fibre, 30 nm chromatin fibre and
metaphase chromosome; Nuclear matrix in chromosome organization and function;
Heterochromatin and Euchromatin; DNA melting and buoyant density; Tm; DNA
reassociation kinetics (Cot curve analysis); Repetitive and unique sequences; Satellite
DNA; DNase I hypersensitive regions; DNA methylation & epigenetic effects.
Replication: initiation, elongation and termination in prokaryotes and eukaryotes;
Enzymes and accessory proteins and mechanisms; Fidelity; Replication of single stranded
circular DNA; link with cell cycle; DNA damaging agents - Physical, chemical and
biological mutagens; types of damage caused by endogenous and exogenous agents;
mutations- Nonsense, missense, silent and point mutations, frameshift mutations;
Intragenic and Intergenic suppression. DNA repair mechanisms- direct reversal,
photoreactivation, base excision repair, nucleotide excision repair, mismatch repair,
double strand break repair, SOS repair; Recombination: Chi sequences in prokaryotes;
Homologous,non-homologous and site specific recombination.
Structure and function of prokaryotic mRNA, tRNA (including initiator tRNA) and
rRNA (and ribosomes); Prokaryotic Transcription -RNA polymerase and sigma factors,
Transcription unit, Promoters, Promoter recognition, Initiation, Elongation and
Termination (intrinsic, Rho and Mfd dependent); Processing of mRNA, rRNA and tRNA
transcripts; Gene regulation: Repressors, activators, positive and negative regulation,
Constitutive and Inducible, small molecule regulators, operon concept: lac, trp, his
operons, attenuation, anti-termination, stringent control, translational control, DNA
re-arrangement, two component system; regulatory RNA – riboswitch, tmRNA,
antisense RNA; transcriptional control in lambda phage.
Structure and function of eukaryotic mRNA, tRNA (including initiator tRNA) and
rRNA (and ribosomes). Eukaryotic transcription - RNA polymerase I, II and III
mediated transcription: RNA polymerase enzymes, eukaryotic promoters and enhancers,
General Transcription factors; TATA binding proteins (TBP) and TBP associated
factors (TAF); assembly of pre-initiation complex for nuclear enzymes, interaction of
transcription factors with the basal transcription machinery and with other regulatory
proteins, mediator, TAFs; Processing of hnRNA, tRNA, rRNA; 5’-Cap formation; 3’-end
processing of RNAs and polyadenylation; loop model of translation; Splicing of tRNA
and hnRNA; snRNPs and snoRNPs in RNA processing; Regulation of RNA processing:
capping, splicing, polyadenylation; mRNA stability and degradation: degradation
and surveillance pathways; RNA editing; Nuclear export of mRNA; Catalytic RNA:
Group I and Group II introns splicing, Peptidyl transferase; Regulatory RNA and RNA
interference mechanisms, miRNA, non-coding RNA; Silencers and insulators, enhancers,
mechanism of silencing and activation; Families of DNA binding transcription factors:
Helix-turn-helix, helix-loop-helix, homeodomain; 2C 2H zinc finger, multi cysteine zinc
finger, basic DNA binding domains (leucine zipper, helix-loop-helix), nuclear receptors;
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Interaction of regulatory transcription factors with DNA: properties and mechanism of
activation and repression including Ligand-mediated transcription regulation by nuclear
receptors; Nuclear receptor; histone modifications and chromatin remodeling; Methods
for studying DNA-protein interaction: EMSA, DNase I footprinting, methylation
interference assay, chromatin immunoprecipitation.
Unit V

Protein translation,
post translational
modifications &
control in prokaryotes
& eukaryotes

Ribosomes; Composition and assembly; universal genetic code; Genetic code in
mitochondria; Degeneracy of codons; Termination codons; Wobble hypothesis;
Isoaccepting tRNA; Translational machinery; Mechanism of Translation in prokaryotes
and eukaryotes; Co- and Post-translational modifications of proteins; triple helix of
collagen; Translational control; Protein stability; Protein turnover and degradation.

8 lectures

Recommended Textbooks and References:
1. Krebs JE, Goldstein ES and Kilpatrick ST (2014) Lewin’s Gene XI,
Jones and Barlett Publishers.
2. RF Weaver Molecular Biology 5th edition (2012) McGraw Hill Higher Education
3. Watson JD, Baker TA, Bell SP, Gann A, Levine M & Losick R (2014) Molecular
Biology of the Gene, 7th Edition, Cold Spring Harbor Laboratory Press, New York.

Biostatistics
and Population Genetics
Credits

3

Unit I

Basics of biostatistics
5 lectures

Unit II

Biostatical analysis
6 lectures

Unit III

Genetic constitution
of a population

Course Objectives
Students in Biotechnology are generally
not well exposed to important issues of
Biostatistics relevant for appreciating
Population Genetics. Biostatistics is
clubbed with Population Genetics as the
latter is well supported by the quantitative
rigors of the former. This course provides a
comprehensive understanding of the basic
concepts of population genetics, leading up
to important aspects linking to evolution.
The student is expected to gain a fuller
appreciation of genetic determinants that
impact population level biological diversity
in the context of evolution.

Student Learning Outcomes
After successful completion of this course,
students are expected to be able to:
• Define and describe important
population and quantitative genetic
concepts such as: genetic drift, natural
selection, selective sweep, inbreeding,
heritability and quantitative traits;
• Apply these population and
quantitative genetic concepts to
problems related to the genetic dy
namics of natural, captive and
artificially selected populations.

Basic probability, venn diagrams, dependent probability, permutations and combinations,
making decisions with probability, correlation & causality, tests of statistical significance,
hypothesis testing & null hypothesis, two-way variables, mean/median/mode, variance
and standard deviation.
Constructing box-plots, expected values with empirical probabilities, binomial
distributions, Poisson processes, scatter plots, fitting quadratic and exponential functions
to scatter plots, linear regression & correlation; normal distributions, chi-square
probability distribution, analyses of variance, Bernoulli distributions and margin of
errors, hypothesis testing with one sample, one-tailed and two-tailed tests, T-statistic
confidence interval, Anova 1, 2 & 3.
Genetic constitution of a population: (a) Gene frequencies and genotypes;
(b) Hardy-Weinberg equilibrium; (c) Changes in gene frequency and continuous
variation; (d) Mutation, Selection, Equilibrium, Polymorphisms; Values, means and
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4 lectures

variance: (a) Metric characteristics, Population means; (b) Genetic components of
variation; (c) Genotype and environment correlation; (d) Environmental variance.

Unit IV

Gene pool, gene drift, migration & gene flow, Founder effects, extinction, speciation,
reduction in gene flow and bottle-necks, reproductive isolation.

Basic definitions
2 lectures
Unit V

Quantitative trait loci
5 lectures

Unit VI

Population genetics

(a) Major genes; (b) Methods of mapping QTLs; (c) Genetical and statistical
considerations; (d) QTLs in plants, fruit fly, mouse/rats, yeast; (e) Genomic methods
of mapping QTLs; (f) Haplotype mapping and genome-wide association studies
(GWAS) ; (g) QTL interactions: genetic and environment.
In-breeding depression & mating systems; population bottlenecks, migrations, Bayesian
statistics; adaptive landscape, spatial variation & genetic fitness.

3 lectures
Unit VII

Genetic determinants
shaping population
traits

Genetic determinants that shape population traits: (a) Overdominance (b) Pleiotropy
(c) Epistasis (d) Variable selection (e) Gene Flow (f) Disease Epidemiology.

2 lectures
Unit VIII

Modes of speciation
3 lectures
Unit IX

Phylogenetical
analysis

(a) Allopatric speciation (b) Parapatric speciation (c) Sympatric speciation
Evolutionary processes causing speciation: (a) Natural Selection (b) Sexual selection
(c) Random Genetic drift (d) Muller Incompatibility.
Importance of mitochondrial DNA and Y-chromosome sequence derived population
studies: Founder effects, human-origins and subsequent human migration patterns.

2 lectures

Recommended Textbooks and References:
1. Hartl, D. L., & Jones, E. W. (1998). Genetics: Principles and Analysis. Sudbury,
MA: Jones and Bartlett.
2. Pierce, B. A. (2005). Genetics: a Conceptual Approach. New York: W.H. Freeman.
3. Tamarin, R. H., & Leavitt, R. W. (1991). Principles of Genetics. Dubuque,
IA: Wm. C. Brown.
4. Smith, J. M. (1989). Evolutionary Genetics. Oxford: Oxford University Press.
5. Falconer and Mackay, (2009), Introduction to Quantitative Genetics, 4th Ed.,
Pearson Education.
6. Lynch and Walsh, (1998), Genetics and Analysis of Quantitative Traits, 1st Ed,
Sinauer Associates Inc.
7. Mackay, T. F. (2001). The Genetic Architecture of Quantitative Traits. Annual
Review of Genetics, 35(1), 303-339. doi:10.1146/annurev.genet.35.102401.090633.
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Laboratory I:
Cell Biology
and Microscopy
Credits

4
Syllabus

Course Objectives
The major objective of this track is understanding of fundamental cell biological
research in relation to human disease. This
understanding comprises:
• Cell biology in context of healthy and
diseased human body;
• Cellular basis of major human diseases;
• Advanced microscopy including live
cell imaging, correlative light and
electron microscopy, confocal
microscopy and underlying biophysics.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.
16.

Laboratory II:
Biochemistry
& Analytical
Techniques

Student Learning Outcomes
At the end of this course, students should
acquire basic concepts of structure and
functionality of the animal cell along with
basics of microscopy.

Introduction to anatomy, functioning & handling of upright and inverted
epifluorescence microscope & confocal microscope.
Observation of suitable specimen under bright field, phase contrast, dark field and
differential interference contrast (DIC) microscope.
Observation of animal/plant cell cultures under microscope. Measurement of cell
size by oculometer and stage micrometre.
Low speed separation of cells from animal blood or any mammalian cells
from a culture.
To quantify number of cells present in given sample and assessment of cell viability.
Identification of Barr body by preparing buccal smear.
Isolation of lysosomes, nuclei & ER membranes from given samples (i.e. chicken
liver) by isotonic sucrose method.
To study process of cellular osmosis in guard cells from plant leaves or animal blood.
To study cellular distribution of mitochondria by janus green staining.
Isolation of mitochondria from given tissue samples.
To assay activity of an enzyme in its natural source to assess organ function.
To examine number and morphology of nucleus in given tissue sample by
DAPI/PI staining.
Analysis of Green Fluorescence Protein (GFP) tagged cells/tissue under
fluorescence microscope. Quantifying intensity measurements after setting up
thresholds, and improving contrast features.
Analysis of F-actin based cellular cytoskeleton by Phalloidin staining to the
given tissue sample.
Localization of specific protein(s) inside the cells (in situ) by
immunohistochemistry. (May be demonstrated to the students).
Lecture demonstration of live cell movements, dynamics of cellular organelles
in relation to a function by using web-tutorials and online movies.

Course Objectives
The objective of this laboratory course is
to introduce students to experiments in
biochemistry. The course is designed to
teach the utility of set of experimental
methods in biochemistry in a problem
oriented manner.

Credits

3
12

Student Learning Outcomes
On completion of this course, students
should be able to:
• To elaborate concepts of biochemistry
with easy to run experiments;
• To familiarize with basic laboratory
instruments and understand the
principle of measurements using
those instruments with experiments
in biochemistry.

Syllabus

1. Preparing various stock solutions and working solutions that will be needed
for the course.
2. To prepare an Acetic-Na Acetate Buffer and validate the Henderson-Hasselbach equation.
3. To determine an unknown protein concentration by plotting a standard graph of
BSA using UV-Vis Spectrophotometer and validating the Beer- Lambert’s Law.
4. Titration of Amino Acids and separation of aliphatic, aromatic and polar amino
acids by thin layer chromatography.
5. Purification and characterization of an enzyme from a recombinant source
(such as Alkaline Phosphatase or Lactate Dehydrogenase or any enzyme of
the institution’s choice).
a) Preparation of cell-free lysates
b) Ammonium Sulfate precipitation
c) Ion-exchange Chromatography
d) Gel Filtration
e) Affinity Chromatography
f) Dialysis of the purified protein solution against 60% glycerol as a
demonstration of storage method
g) Generating a Purification Table (protein concentration, amount of total
protein; Computing specific activity of the enzyme preparation at each
stage of purification)
h) Assessing purity of samples from each step of purification by SDS-PAGE
Gel Electrophoresis
i) Enzyme Kinetic Parameters: Km, Vmax and Kcat.
6. Experimental verification that absorption at OD260 is more for denatured DNA
as compared to native double stranded DNA. reversal of the same following DNA
renaturation. Kinetics of DNA renaturation as a function of DNA size.
7. Biophysical methods (Circular Dichroism Spectroscopy, Fluorescence Spectroscopy;
UV-visible absorption specturm for proteins, Dynamic Light scattering analyses of
native particle sizes in protein mixture and pure proteins; Assessing the sub-unit
composition of an oligomeric protein).

Semester Two

Immunology
and Immunogenetics
Credits

3

Course Objectives
The objectives of this course are to learn
about structural features of components of
immune system as well as their function.
The major emphasis of this course will be
on development of immune system and
mechanisms by which our body elicit the
immune response. This will be imperative
for students as it will help them to think
like an immunologist and predict about
nature of immune response that develops against bacterial, viral or parasitic
infection, and prove it by designing new
experiments.
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Student Learning Outcomes
On completion of this course, students
should be able to:
• Evaluate the usefulness of immunology
in different pharmaceutical companies;
• Identify the proper research lab working in the area of their own interests;
• Apply their knowledge and design
immunological experiments to
demonstrate innate, humoral or
cytotoxic T lymphocyte responses and
figure out the kind of immune responses in the setting of infection (viral or
bacterial) by looking at cytokine profile.

Unit I

Immunology:
fundamental concepts
and anatomy of the
immune system
6 lectures
Unit II

Immune responses
generated by B and
T lymphocytes
7 lectures

Unit III

Antigen-antibody
interactions
6 lectures

Unit IV

Vaccinology
7 lectures

Unit V

Clinical immunology
6 lectures

Components of innate and acquired immunity; Important organs and cells of immune
responses, complement and inflammatory responses; pathogen recognition receptors
(PRR) and pathogen associated molecular pattern (PAMP); innate immune response;
mucosal immunity; antigens - immunogens, haptens; Major histocompatibility complex
(MHC) genes, Role of MHC in infectious diseases and disease susceptibility, HLA typing.

Immunoglobulins-basic structure, classes & subclasses of immunoglobulins, antigenic
determinants; multigene organization of immunoglobulin genes; B-cell receptor;
Immunoglobulin superfamily; principles of cell signaling; basis of self & non-self
discrimination; kinetics of immune response, memory; B cell maturation, activation
and differentiation; generation of antibody diversity; T-cell maturation, activation and
differentiation and T-cell receptors; functional T Cell subsets; cell-mediated immune
responses, ADCC; cytokines-properties, receptors and therapeutic uses; antigen
processing and presentation- endogenous antigens, exogenous antigens, non-peptide
bacterial antigens and super-antigens; cell-cell co-operation.
Precipitation, agglutination and complement mediated immune reactions; advanced
immunological techniques - RIA, ELISA, Western blotting, ELISPOT assay,
immunofluorescence, flow cytometry and immunoelectron microscopy; surface plasmon
resonance, biosensor assays for assessing ligand–receptor interaction, CMI techniqueslymphoproliferation assay, mixed lymphocyte reaction, cell cytotoxicity assays, apoptosis,
microarrays, transgenic mice, gene knock outs, Hybridoma and monoclonal antibodies,
Applications of monoclonal antibodies.
Active and passive immunization; live, killed, attenuated, subunit vaccines; vaccine
technology- role and properties of adjuvants, recombinant DNA and protein based
vaccines, reverse vaccinology; peptide vaccines, conjugate vaccines; antibody genes and
antibody engineering- chimeric, hybrid monoclonal antibodies; catalytic antibodies and
generation of immunoglobulin gene libraries, idiotypic vaccines and marker vaccines,
viral-like particles (VLPs), dendritic cell based vaccines, vaccine against cancer, T cell
based vaccine, edible vaccine and therapeutic vaccine; Success stories in vaccinology
e.g. Hepatitis, Polio, Small pox, DPT.
Immunity to infection: bacteria, viral, fungal and parasitic infections (Tuberculosis, HIV/
AIDS, Schistosomiasis, Kala Azar, Chickungunya, Dengue); hypersensitivity reactions–
Type I-IV; autoimmunity; types of autoimmune diseases; mechanism and role of CD4+
T cells; MHC and TCR in autoimmunity; transplantation –immunological basis of graft
rejection; clinical transplantation and immunosuppressive therapy; tumor immunology
– tumor antigens; immune response to tumors and tumor evasion of the immune system,
cancer immunotherapy; immunodeficiency-primary immunodeficiencies, acquired or
secondary immunodeficiencies, anaphylactic shock.
Recommended Textbooks and References:
1. Kindt, T. J., Goldsby, R. A., Osborne, B. A., & Kuby, J. (2006). Kuby Immunology.
New York: W.H. Freeman.
2. Brostoff, J., Seaddin, J. K., Male, D., & Roitt, I. M. (2002). Clinical Immunology.
London: Gower Medical Pub.
3. Murphy, K., Travers, P., Walport, M., & Janeway, C. (2012). Janeway's Immunobiology.
New York: Garland Science.
4. Paul, W. E. (1993). Fundamental Immunology. New York: Raven Press.
5. Goding, J. W. (1986). Monoclonal Antibodies: Principles and Practice: Production and
Application of Monoclonal Antibodies in Cell Biology, Biochemistry, and Immunology.
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London: Academic Press.
6. Parham, P. (2005). The Immune System. New York: Garland Science.

Biophysical
Principles and
Analytical
Techniques
Credits

3

Unit I

Basics

2 lectures

Unit II

Basic principles
of electromagnetic
radiation and related
spectroscopic
techniques
8 lectures

Unit III

Hydrodynamic
methods
2 lectures
Unit IV

Radioactivity
and radioisotopic
techniques
3 lectures

Course Objectives
The course is designed to provide a broad
exposure to all basic techniques
(Biochemical & Biophysical) used in
current Modern Biology research. The goal
is to impart basic conceptual understanding of principles of these techniques and
emphasize on Biochemical utility of same
& underlying Biophysics. At the end of the
course, student is expected to have enough
understanding of all the analytical techniques such that the barrier to implement
the same is abated to a great extent.

Student Learning Outcomes
On completion of this course, students
should be able to learn how to combine
previously acquired knowledge of physical
chemistry and biochemistry in order
to understand biochemical processes at
molecular level.

Units of measurement of solutes in solution; Normality, molality, molarity, millimol
and ppm; Water- structure and properties; Principles of glass and reference electrodes,
types of electrodes, complications of pH measurement (dependence of pH on ionic
strength, pH, pOH, Hendersen-Hasselbach equations, buffers, pH of body fluids, buffers
in body fluids, red blood cells and tissues. Length scales in biological systems: proteins,
multiprotein complexes, organelles & cells; Basic thermodynamics; Basic chemical
kinetics & reaction rates: Theory of chemical reactions.
Energy, wavelength, wave number and frequency; Absorption and emission
spectra, Beer-Lambert’s law, light absorption and its transmittance; UV and visible
spectrophotometry-principles, instrumentation and applications on enzyme assay and
kinetic assays, protein structural studies, nucleic acid structural studies; Basic principles,
instrumentation and applications of UV-visible, IR, fluorimetry, atomic absorption and
emission spectrophotometry; Basic principles, instrumentation and applications of
ESR, NMR; Biochemical applications of fluorescence, emission, Fluorescence life-times,
Anisotropy, time-resolved fluorescence methods and their applications, IR-Raman
Spectroscopic applications in biology.
Basic principles and types of centrifugation-rotors, boundary, differential, density
gradient, zonal isopycnic centrifugation, equilibrium; Sedimentation - sedimentation
velocity, preparative and analytical ultracentrifugation techniques: principles &
applications in biochemical fractionation methods.
Radioactivity, stable and radioactive isotopes, concepts of half-life and decay, principles
of scintillation counting, GM counters, applications of isotopes, Isotope dilution
technique, autoradiography, turnover studies, precursor-product relationship, production
of radio-labelled biomolecules, calculations involving isotopes, radiation hazards and
methods for contaminant prevention; Nature of radioactivity, properties of α, β and
γ-rays, measurement of radioactivity, use of radioisotopes in research, In vivo and
in vitro labelling techniques, double labelling, quenching, internal standard, channel
ratio, external standard ratio, emulsion counting, radioactive decay; Application of
radioactive isotopes in biochemical reaction mechanisms.
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Unit V

Electrophoresis
2 lectures

Unit VI

Chromatography and
X-ray crystallography
2 lectures

Unit VII

Optical tweezers
3 lectures
Unit VIII

Molecular and
chemical biology
4 lectures

Unit IX

Optical microscopy
methods
4 lectures

Unit X

Mass spectroscopy
3 lectures

Principles of electrophoretic separation, zonal and continuous electrophoresis, paper,
cellulose acetate/nitrate, gel and capillary electrophoresis, use of native and denaturating
gels, Protein subunit molecular weight determination using SDS-PAGE, Anomalous
protein migration of some proteins in SDS-PAGE, Acid-urea PAGE and their physical
basis, Isoelectric focussing and two dimensional gel electrophoresis, electroporation,
pulse field gel electrophoresis, gradient gels.
Chromatography, principles of adsorption, partition and ion-exchange chromatography,
gel permeation chromatography, GC, GC-MS and HPLC; X-ray Crystallography protein crystals, Bragg's law, unit cell, isomorphous replacement, fiber pattern of DNA;
Small-angle X-ray diffraction methods: Principles & applications; Basic protein structure
prediction methods.
Principles & applications; single-molecule measurements, Atomic Force microscopy,
Near-field Microscopy: Principles & applications. Force measurements at single molecule
to cell level using optical tweezers, mechanobiology.
DNA cloning; bacterial transformation; transfection; chromosome integration; screening
for transformants; Polymerase Chain Reaction; PCR types; Gel electrophoresis; DNA
sequencing; Molecular hybridization: Southern blot; Northern blot. Protein analyses:
Western blot & Immunoprecipitation; Rewriting DNA: mutations; random mutagenesis;
point mutation; Site-specific mutations; Genome Editing Technology; DNA array &
protein array; Click-chemistry: Principles & applications; Chemical sensors for
in-cell biochemistry.
Light Microscopy: lenses and microscopes, resolution: Rayleigh’s Approach, Darkfield;
Phase Contrast; Differential Interference Contrast; fluorescence and fluorescence
microscopy; Confocal microscope: confocal principle, resolution and point spread
function; nonlinear microscopy: multiphoton microscopy; principles of two-photon
fluorescence, advantages of two-photon excitation, tandem scanning (spinning disk)
microscopes, deconvolving confocal images; image processing, three-dimensional
reconstruction; Total Internal reflection microscopy, STED microscopy.
Ionization techniques; mass analyzers/overview MS; FT-ICR and Orbitrap, fragmentation
of peptides; proteomics, nano LC-MS; Phospho proteomics; interaction proteomics, mass
spectroscopy in structural biology; imaging mass spectrometry.
Recommended Textbooks and References:
1. David Friefelder, (1983), Physical Biochemistry, 2nd edition, W.H. Freeman and Co., USA.
2. G.H. Jeffery, J. Bassett. J. Mendham, R.C. Denney, (1991), Vogel’s Textbook of
Quantitative Chemical Analysis, 5th Edition, ELBS, England.
3. P.W. Atkins, (1996), The Elements of Physical Chemistry, Oxford University Press.
4. K Wilson and J Walker (eds.), (1999). Principles and Techniques of Practical
Biochemistry, 4th edition, Cambridge Univ.Press.
5. R.A. Day, A.L. Underwood, Quantitative Analysis, (1999), 6th Edition;
Prentice-Hall of India Pvt. Ltd., New Delhi.
6. Plummer, (2002). An Introduction to Practical Biochemistry, 3rd edition,
Tata Mc Graw Hill.
7. Jack A. Tuszynski Michal Kurzynski, Introduction to Molecular Biophysics, CRC Press.
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Medical
Microbiology
and Infection
Biology
Credits

3

Unit I

Bacterial diseases
8 lectures

Unit II

Viral diseases
7 lectures

Unit III

Fungal and
protozoan infections
7 lectures

Unit IV

Sexually transmitted
diseases and
congenital infections
6 lectures

Course Objectives
This course will provide a perspective
and exposure to medical aspects of
bacteriology, virology, mycology,
parasitology and infectious diseases along
with concepts of symptoms, pathogenesis,
transmission, prophylaxis and control,
a conceptual understanding of host –
pathogen interactions using well characterized systems as examples. The student
should have a good grasp of disease
causing microbes and their interactions
with host.

Student Learning Outcomes
On completion of this course, students
should be able to:
• Compare and contrast different
microbial diseases, including
properties of different types of pathogens, and mechanisms of pathogenesis;
• Summarize role of host in infectious
disease, including natural barriers to
infection, innate and acquired
immune responses to infection,
and inflammation;
• Compare and contrast experimental
approaches for identifying virulence
genes and advantages/disadvantages of
each approach for specific pathogens.

Normal microflora (microbiome) of human body and its role – Skin, mouth and
respiratory tract, intestinal tract, urogenital tract; Pathogenesis and virulence factors
- Koch’s postulates, Adherence and invasion, Toxins, Enzymes, Antiphagocytic
factors, Antigenic heterogeneity, Iron acquisition; Bacillus anthracis, Clostridium spp.,
Corynebacterium diptheriae; E. coli, Vibrio cholerae, Helicobacter pylori, Salmonella
typhi and paratyphi, Shigella dysenteriae; Listeria monocytogenes, Mycobacterium
spp., Rickettsial diseases; Haemophilus influenzae, Bordetella pertussis, Brucellosis,
Streptococcal and Staphylococcal infections; Antibacterial chemotherapy (with examples
of antibiotics) - Inhibition of cell wall synthesis, inhibition of cell membrane function,
inhibition of protein and nucleic acid synthesis, antimetabolites; Drug resistance - origin
(genetic and non-genetic), mechanisms, antimicrobial activity in vitro and in vivo,
Multi-drug resistance and its mechanisms e.g. MDR-TB.
Viral Pathogenesis - Routes of entry, Viral spread (local and systemic infection), Viral
persistence (chronic and latent infection); Polio, Chicken pox, Mumps, Measles, Rubella;
Viral hemorrhagic fever, viral encephalitis, Dengue and Yellow fever; Influenza virus
infection (emphasis on Avian and swine flu), Rabies and Prion diseases; Hepatitis
and Human Cancer viruses; Emerging viral diseases – Ebola, Marburg, SARS, Hanta,
Chikungunya, Zika, Chandipura; Antiviral chemotherapy and Viral vaccines; Nucleotide
and nucleoside analogs, Reverse transcriptase inhibitor, protease inhibitor, fusion
inhibitor etc., Interferons, Killed and attenuated vaccines.
			
Types of Mycoses (with specific example of causative fungi) – Superficial, Cutaneous,
Sub-cutaneous; Types of Mycoses (with specific example of causative fungi) - Endemic
and Opportunistic; Mycotoxins and Antifungal chemotherapy – Mycetismus, Aflatoxins,
classes of currently available drugs and new inhibitors in the pipeline; Protozoan
diseases - Giardiasis, Amoebiasis; Leishmaniasis, African sleeping sickness; Malaria,
Cryptosporidiosis; Infection by Helminths – Nematodes, Trematodes, Cestodes.
Syphilis and Gonorrheal infections; AIDS and Lentiviral infection; Herpes infections;
Chlamydial infections (Chlamydia trachomatis); Mycoplasma and Ureaplasma infection;
Toxoplasmosis; Congenital viral infections – Cytomegalovirus, Varicella zoster, HBV,
Enterovirus, Parvovirus B19 etc.
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Unit V

Host-pathogen
interaction
6 lectures

Intracellular and extracellular pathogens, Principles of microbial pathogenesis, host
damage, inflammatory responses, adaptation strategies of pathogen- impact of host
and pathogen metabolism on immunity and pathogen survival; Chronic pathogens
and mechanisms of persistence; Evasion mechanisms of pathogens; Bacterial – host
interaction- Mycobacterium tuberculosis, Borrelia burgdorferi; Viruses – host interaction:
HIV, Influenza; Protozoan – host interaction: Plasmodium spp., Leishmania major.
Recommended Textbooks and References:
1. KC Carroll, SA Morse, T Mietzner, S Miller. (2016) Jawetz, Melnick and Adelbergs’s
Medical Microbiology 27th edition, McGraw Hill.
2. J Owen, J Punt and Sharon Stranford, (2012), Kuby Immunology; 7th edition,
W.H. Freeman and Co.
3. IT Kudva, NA. Cornick, PJ Plummer, Q Zhang, TL Nicholson, JP Bannantine
and BH Bellaire. Virulence Mechanisms of Bacterial Pathogens, (2016)
5th edition, ASM Press.
4. V Kumar, AK. Abbas and JC Aster, (2015), Robbins & Cotran Pathologic Basis
of Disease. 9th Edition, Elsevier.
5. K Murphy and K Weaver, (2016), Janeway’s Immunobiology, 9th Edition,
Garland Science.
6. AK Abbas, (2015), Cellular and Molecular Immunology. 8th Edition, Elsevier.
7. Ananthanarayan and Paniker, Textbook of Microbiology, 8th Edition.
8. Baveja CP, (2001) Textbook of Microbiology. 5th Ed., Mcgraw Hill Education.

Genetic Engineering and
Genome
Editing
Technologies

Course Objectives
The objectives of this course are to
teach various approaches to conducting
genetic engineering and its applications
in biological research as well as in
biotechnology industries.

Student Learning Outcomes
Given the impact of genetic engineering
in modern society, students should be
endowed with strong theoretical
knowledge of this technology. In
conjunction with the practicals in
molecular biology & genetic engineering,
the students should be able to take up
biological research as well as placement in
the relevant biotech industry.

Credits

3
Unit I

Introduction and
tools for genetic
engineering
4 lectures

Unit II

Different types
of vectors
9 lectures

Impact of genetic engineering in modern society; general requirements for performing a
genetic engineering experiment; restriction endonucleases and methylases; DNA ligase,
Klenow enzyme, T4 DNA polymerase, polynucleotide kinase, alkaline phosphatase;
cohesive and blunt end ligation; linkers; adaptors; homopolymer tailing; labelling of
DNA: nick translation, random priming, radioactive and non-radioactive probes,
hybridization techniques: northern, southern, south-western and far-western and colony
hybridization, fluorescence in situ hybridization.
Plasmids; Bacteriophages; M13mp vectors; pUC19 and pBluescript vectors, phagemids;
Lambda vectors; Insertion and Replacement vectors; Cosmids; Artificial chromosome
vectors (YACs; BACs); Principles for maximizing gene expression vectors; pMal; GST;
pET-based vectors; Protein purification; His-tag; GST-tag; MBP-tag etc.; Intein-based
vectors; Inclusion bodies; methodologies to reduce formation of inclusion bodies;
mammalian expression and replicating vectors; Baculovirus and pichia vectors system,
plant based vectors, Ti and Ri as vectors, yeast vectors, shuttle vectors.
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Unit III

Different types
of PCR techniques
5 lectures

Unit IV

cDNA analysis
6 lectures

Unit V

Gene silencing and
genome editing
technologies
12 lectures

Principles of PCR: primer design; fidelity of thermostable enzymes; DNA polymerases;
types of PCR – multiplex, nested; real time PCR, touchdown PCR, hot start PCR,
colony PCR, cloning of PCR products; T - vectors; proof reading enzymes; PCR based
site specific mutagenesis; PCR in molecular diagnostics; viral and bacterial detection;
sequencing methods; enzymatic DNA sequencing; chemical sequencing of DNA;
automated DNA sequencing; RNA sequencing; chemical synthesis of oligonucleotides;
mutation detection: SSCP, DGGE, RFLP.
Introduction of foreign DNA into host cells; transformation, electroporation,
transfection; construction of genomic and cDNA libraries, phage display; strategies for
library screening; radioactive and non-radioactive probes; hybridization techniques:
Northern, Southern, South-western and Far-western and colony hybridization,
fluorescence in situ hybridization.
Gene silencing techniques; introduction to siRNA; siRNA technology; Micro RNA;
construction of siRNA vectors; principle and application of gene silencing; gene
knockouts and gene therapy; creation of transgenic plants; debate over GM crops;
introduction to methods of genetic manipulation in different model systems e.g. fruit
flies (Drosophila), worms (C. elegans), frogs (Xenopus), fish (zebra fish) and chick;
Transgenics - gene replacement; gene targeting; creation of transgenic and knock-out
mice; disease model; introduction to genome editing by CRISPR-CAS with specific
emphasis on Chinese and American clinical trials; Cloning genomic targets into CRISPR/
Cas9 plasmids; electroporation of Cas9 plasmids into cells; purification of DNA from
Cas9 treated cells and evaluation of Cas9 gene editing; in vitro synthesis of single guide
RNA (sgRNA); using Cas9/sgRNA complexes to test for activity on DNA substrates;
evaluate Cas9 activity by T7E1 assays and DNA sequence analysis; Applications
of CRISPR/cas9 technology. Applications gene therapy/gene editing - antiviral
strategies, cancer immunotherapy, hematologic disorders, liver-targeted gene editing,
neuromuscular disorders, ocular disorders etc., examples of Chinese and American
clinical trials.
Recommended Textbooks and References:
1. Old, R. W., Primrose, S. B., & Twyman, R. M. (2001). Principles of Gene
Manipulation and Genomics, 7th Edition: Oxford: Blackwell Scientific Publications.
2. Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual.
Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press.
3. Brown, T. A. (2006). Genomes (3rd ed.). New York: Garland Science Pub.
4. Selected papers from scientific journals, particularly Nature & Science.
5. Technical Literature from Stratagene, Promega, Novagen, New England Biolabs
6. Maeder, M. L., & Gersbach, C. A. (2016). Genome-editing Technologies for Gene
and Cell Therapy. Molecular Therapy, 24(3), 430-446. doi:10.1038/mt.2016.10,
7. Genome Editing Resource Library (Thermo Fisher) https://www.thermofisher.com/
in/en/home/life-science/genome-editing/genome-editing-learning-center/genomeediting-resource-library.html
8. Cox, D. B., Platt, R. J., & Zhang, F. (2015). Therapeutic Genome Editing: Prospects
and Challenges. Nature Medicine, 21(2), 121-131. doi:10.1038/nm.3793
9. Sander JD Joung JK. (2014) CRISPR-Cas Systems for Editing, Regulating and
Targeting Genomes. Nature Biotechnology 32, 347–355 doi:10.1038/nbt.2842
10. Doudna, J. A., & Charpentier, E. (2014). The New Frontier of Genome Engineering
with CRISPR-Cas9. Science, 346(6213), 1258096-1258096. doi:10.1126/
science.1258096.
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OMICS:
Genomics,
Transcriptomics, Proteomics and Metabolomics

Course Objectives
The objective of this course is to give
an introduction to Genomics and other
global Omics technologies, theory and
practical aspects of these technologies
and applications of these technologies in
biology. The student should be able to gain
working knowledge of these technologies
and appreciate their ability to impart a
global understanding of biological systems
and processes in health and disease.

Credits

3

Unit I

Introduction
to genomics
6 lectures

Unit II

Microarray
technology
6 lectures

Unit III

Sequencing
technologies
7 lectures

Student Learning Outcomes
On completion of this course, students
should be able to:
• Overview of genome variation in
population including technologies to
detect these variation;
• Understand how High-throughput
DNA sequencing (HTS) can be used to
identify disease causing genetic
variants in monogenic diseases;
• Understand how Genomewide association study (GWAS) can
detect disease associated markers in
multifactorial diseases;
• Understand how HTS technologies
can be used to explore changes in gene
expression;
• Application of various Omics
technologies.

Structure and organization of prokaryotic and eukaryotic genomes- nuclear,
mitochondrial and chloroplast genomes; Computational analysis, Databases,
Finding genes and regulatory regions; Tools for genome analysis– PCR, RFLP, DNA
fingerprinting, RAPD, SNP detection, SSCP, FISH to identify chromosome landmarks;
Human Genome Project- landmarks on chromosomes generated by various mapping
methods, BAC libraries and shotgun libraries preparation, Physical map, Cytogenetic
map, Contig map, Restriction map, UCSC browser.
Introduction, Basic principles and design, cDNA and oligonucleotide arrays, DNA
microarray, Instrumentation and structure; Designing a microarray experiment - The
basic steps, Types of microarray - expression arrays, protein arrays, Comparative
Genomic Hybridization (CGH) arrays, Resequencing arrays; Different platforms
(Affymetrix, Agilent etc.); Data Processing and Normalization - Algorithms of data
processing and Normalization; Tools used to normalize; Microarray databases – NCBI;
GEO (Gene Expression Omnibus), ArrayExpres (EBI); Functional Analysis: Differential
gene expression; Gene Ontology functional enrichment tools, Pathway analysis (KEGG
Database); Applications of Microarray technology; case studies.
Introduction to sequencing, Maxam and Gilbert method, Sanger Sequencing
techniques and applications; Next Generation sequencing (NGS),Introduction to NGS,
Experimental protocol (Isolation of DNA/RNA), quality check, Library Preparations,
sequencing reaction); Platform overview and comparison (Illumina, 454 (Roche), SOLiD
(Life technology), Specific Biosciences, Ion Torrent, Nanopore, PacBio; Types of NGS,
DNA-sequencing - Whole genome sequencing, exome sequencing, Deep sequencing,
ChIP sequencing, RNA-sequencing and the types (small RNA sequencing, non-coding
RNA sequencing),Whole transcriptome sequencing; Data Processing and Analysis: Data
Quality Check, filtering and Genome assembly and mapping to reference genomes,
mapping tools (bowtie, maqetc,), Sequence Alignment formats: Sequence Alignment/
Map (SAM) format, Binary Alignment/Map (BAM) format, Functional Analysis:
Pathway analysis, Gene Ontology analysis; Application of different sequencing technique,
methylomics, in vivo protein binding, genome wide association studies (GWAS), Histone
modification, microbial sequencing, Comparison of Microarray technology and High
throughput sequencing technology, case studies.
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Unit IV

Proteomics
7 lectures

Unit V

Metabolomics
6 lectures

Overview of protein structure-primary, secondary, tertiary and quarternary structure,
Relationship between protein structure and function; Outline of a typical proteomics
experiment, Identification and analysis of proteins by 2D analysis, Spot visualization
and picking; Tryptic digestion of protein and peptide fingerprinting, Mass spectrometry
: ion source (MALDI, spray sources), analyzer (ToF, quadrupole, quadruple ion trap)
and detector; Post translational Modifications: Quantitative proteomics, clinical
proteomics and disease biomarkers, mass spectral tissue imaging and profiling; Proteinprotein interactions: Surfaceomes and Secretomes, Solid phase ELISA, pull-down
assays (using GST-tagged protein) tandem affinity purification, far western analysis, by
surface plasmon resonance technique; Yeast two hybrid system, Phage display, Protein
interaction maps, Protein arrays-definition; applications- diagnostics, expression
profiling.
Introduction and overview of metabolites, sample collection and processing, Non tracer
and tracer (radio labelled)-based techniques in metabolomics (HPLC, NMR, LC-MS
and GC-MS); Metabolome data processing derived by various techniques, analysis of
databases (MetaboLight, Meta Cyc, MMCD etc.), Analysis tools, Metabolic pathways and
network analysis Metabolic flux analysis (TCA, Amino acids, fatty acids, intermediary
metabolites), Stoichiometric metabolic flux analysis, 13C metabolic flux analysis (MFA),
Metabolic control analysis (MCA); Applications of metabolomics; Integration of
metabolomics data sets with other data (eg. Transcriptomics, enzyme activity, etc.).
Recommended Textbooks and References:
1. Brown TA (2006) Genomes, 3rd Edition, Garland Science.
2. Campbell AM and Heyer LJ (2007) Discovering Genomics, Proteomics and
Bioinformatics. Benjamin Cummings.
3. Primrose S and Twyman R (2006) Principles of Gene Manipulation and Genomics,
7th Edition, Blackwell.
4. Rehm H (2006) Protein Biochemistry and Proteomics, 4th Edition, Academic Press.
5. Twyman RM. (2013) Principles of Proteomics, Second Edition by Garland Science
Taylor & Francis Group New York and London.
6. Liebler DC (2002) Introduction to Proteomics: Tools for the New Biology,
Humana Press, Totowa NJ. USA.
7. Griffiths WJ, Metabolomics, Metabonomics and Metabolite Profiling, (The Royal
Society of Chemistry UK) (2008) ISBN 978-0-85404-299-9
8. Teresa Whei-Mei Fan (Editor), Andrew M. Lane (Editor), Richard M. Higashi
(Editor) (2012) The Handbook of Metabolomics, Springer ISBN 978-1-61779-618-0.

Laboratory III:
Immunotechnology and
Molecular
Diagnostics

Course Objectives
The objectives of this laboratory course are
to develop an understanding about practical aspects of components of immune
system as well as their function. Basic as
well as advanced methods will be taught
to detect different antigen and antibody
interactions, isolation of different lymphocyte cells etc. and how they can be used in
respective research work.

Credits

3
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Student Learning Outcomes
On completion of this course, students
should be able to:
• Evaluate the usefulness of immunology
in different pharmaceutical companies;
• Identify proper research lab working in
area of their own interests;
• Apply their knowledge and design
immunological experiments to
demonstrate innate, humoral or
cytotoxic T lymphocyte responses and
figure out kind of immune responses
in setting of infection (viral or
bacterial) by looking at cytokine profile.

Syllabus

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

16.

Laboratory IV:
Microbiology
and Molecular
Biology

Handling of animals like rabbits, mice.
Preparation of antigens, immunization and methods of bleeding, serum
separation and storage.
Antibody titre by ELISA method.
Double diffusion, Immunoelectrophoresis and Radial Immuno diffusion.
Complement fixation test.
Isolation and purification of IgG from serum or IgY from chicken egg.
SDS-PAGE, Immunoblotting, Dot blot assays.
Blood smear identification of leucocytes by Giemsa stain.
Culture of Hela/J774 cells and phagocytosis.
Separation of mononuclear cells by Ficoll-Hypaque.
Differential leucocyte count under microscope.
Cryopreservation of cells.
Detection of genetic mutation using PCR.
Metabolite profile for biomarker detection in body fluids/tissues under
various metabolic disorders by making use of any biochemical methods.
Lecture-demonstration of any two inherited diseases for which molecular diagnosis
has provided a dramatic improvement of quality of medical care: take through
web-tutorial using online content.
Lecture demonstration of recognized genetic aberrations in clinical samples from
cancer patients and detail a test-case using next-generation sequencing of a patient
sample using web-tutorials and online content.

Course Objectives
The objective of this laboratory course is
to provide the students practical skills on
basic microbiological and genetic engineering techniques.

Credits

3
Syllabus

Student Learning Outcomes
On completion of this lab course, students
should be able to:
• Acquire basic microbiology techniques
and principles;
• Get first-hand experience that will
coincide with what is taught in the
lecture portion of the class;
• Gain hands-on experience on gene
cloning, protein expression and
purification.

Pure culture technique e.g. streaking, colony purification and sub-culturing.
Growth curve using viable count; Total cell count by measuring turbidity by
spectrophotometer and Petroff-Hausser chamber.
3. Identification of microbes in a local sample (soil/water/skin etc).
4. Determination of antibiotic sensitivity by Kirby-Bauer method and
antibiotic resistance.
5. Isolation of auxotrophs and Ames test using any chemical mutagen and testing
the mutagenicity of routine cosmetics and drugs.
6. Replica plate assay.
7. Isolation of specific mutants (gain of function & loss of function phenotypes) using
UV light, chemical mutagens, etc.
8. Isolation of microbial DNA (e.g. from E. coli) and plasmid DNA, purification
and quantification by DNA agarose gel, UV-visible spectrophotometer,
NanoDrop method.
9. Isolation of total RNA; gel separation of all ribosomal RNA species.
10. Preparation and plaque assay of bacteriophages.
1.
2.
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11. Episome transfer using F’ plasmid.
12. Detection of restriction and modification enzyme activity. Quantification of specific
activity. EcoRI, BamH1, HindIII digestion of DNA, calculation of restriction endonuclease activity, ligation, purification of His-tag protein from Ni-NTA column.
13. Gene complementation using gene transfer technique, followed by its cloning
in an expression vector.
14. Measurement of gene expression using a reporter assay.
15. Isolation of RNA from E.coli and quantitation of RNA by spectrophotometer,
PCR, RT-PCR, quantitative real-time PCR, nested PCR, multiplex PCR.
16. RFLP, RAPD, DNA fingerprinting.

Semester Three

Clinical
Biochemistry
and Disease
Metabolism
Credits

4
Unit I

Introduction to
clinical biochemistry
7 lectures

Unit II

Amino acids and
protein biochemistry
7 lectures

Course Objectives
The objectives of this course are to build
upon previous knowledge of biochemical
pathways and immunology to develop
an appreciation of applications of these
knowledge in clinical diagnostics and
treatment. The course shall make students
aware about various disease diagnostic
techniques, disease pathologies and
clinical case studies within the context of
each topic.

Student Learning Outcomes
Students should be able to:
• Understand applications of clinical
biochemistry in diagnostics;
• Understand the molecular basis
of various pathological
conditions from the perspective
of biochemical reactions.

Clinical specimen Considerations - Types of Samples, Sample Processing, Sample
Variables, Chain of Custody; Infection control, the vascular system, composition and
types of blood specimens, venipuncture, pediatric and geriatric venipuncture, capillary
specimen collection, capillary puncture procedures. Place and time of sample collection,
preservation, influence of nutrition, drugs, posture, etc. Choice and correct use of
anticoagulants; Care of the specimens, identification, transport, storage, influence of
temperature, freezing/thawing; Laboratory safety and regulations – Safety awareness,
safety equipment, biological, chemical, fire and radiation safety; Method evaluation and
quality management, Basic concepts, Reference interval study, Diagnostic efficiency,
Method evaluation, Quality Control and quality management.
Amino acids - Basic Structure, Metabolism, Essential Amino Acids, Non essential Amino
Acids, Body amino acid pool, Aminoacidopathies, Amino Acid Analysis, glutathione
hyperglycinemias, formation of taurine, homocystinuria, cystinuria and cystinosis,
phenyl ketonuria and alkaptonuria, albinism, tyrosinemia; Proteins – Importance,
Molecular Size, Catabolism and Nitrogen Balance, Structure, Classification, Dynamic
state of body proteins; Plasma proteins - Prealbumin (Transthyretin), Albumin,
Globulins; Total Protein abnormalities – Hypoproteinemia, Hyperproteinemia;
Methods of analysis – Total nitrogen, Total proteins, Fractionation, Identification and
Quantification of specific proteins, Serum protein electrophoresis, High-resolution
protein electrophoresis, Immunochemical methods; Proteins in other body fluids –
Urinary proteins and Cerebrospinal fluid proteins; Non-protein nitrogen compounds
(Physiology, clinical application, methods and pathophysiology) – Urea, Uric acid,
Creatine, Creatinine, Ammonia, Synthesis of thyroid hormones, Synthesis and
catabolism of catecholamines.
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Unit III

Clinically important
enzymes and related
pathophysiology
3 lectures

Unit IV

Diagnosis and
treatment of
carbohydrate
disorders
5 lectures
Unit V

Transport mechanism
and associated
disorders
4 lectures

Unit VI

Assessment of organ
system function
10 lectures

Enzymes of clinical significance - Creatine Kinase, Lactate Dehydrogenase, Aspartate
Aminotransferase, Alanine Aminotransferase, Alkaline Phosphatase, Acid Phosphatase,
Glutamyl transferase, Amylase, Lipase, Glucose-6-Phosphate Dehydrogenase, DrugMetabolizing Enzymes, Tumour markers, Bone markers, Cardiac markers, liver markers,
Inborn errors associated with carbohydrate metabolism; Inborn errors of metabolism
- Glycogen storage diseases, Fructosuria, Fructose intolerance, Pentosuria, Galactosuria,
Urine screening.
Blood glucose regulation (fasting/pp/random) –hormones influencing carbohydrate
utilization, Insulin, glucagon, glucocorticoids, epinephrine, growth hormone.
Hyperglycemia, Diabetes Mellitus - Aetiology and pathophysiology of Diabetes Mellitus,
Symptoms and complications, Criteria for Testing for Prediabetes diabetes, Criteria for
the Diagnosis of Diabetes Mellitus, Criteria for the Testing and Diagnosis of Gestational
Diabetes Mellitus, Hypoglycemia - Genetic Defects in Carbohydrate Metabolism.
						
Transport of plasma lipids, lipoprotein metabolism, lipid profile and diet, PUFA
and dietary fiber, Serum triglycerides; Diagnosis and treatment of lipid disorders –
Arteriosclerosis, Hyperlipoproteinemia, Hypercholesterolemia, Hypertriglyceridemia,
Combined Hyperlipoproteinemia, Lipoprotein(a) Elevation, Hypolipoproteinemia,
Hypoalphalipoproteinemia; Lipid and lipoprotein analyses - Lipid Measurement,
Cholesterol Measurement, Triglyceride Measurement, Lipoprotein Methods, HighDensity Lipoprotein Methods, Low-Density Lipoprotein Methods, Compact Analyzers,
Apolipoprotein Methods, Phospholipid Measurement, Fatty Acid Measurement.
Pituitary function - Introduction to Hormones and Pituitary Function hypophysiotropic or hypothalamic hormones; Anterior pituitary hormones; Pituitary
tumors; Growth hormone; Actions of growth hormone; Testing; Acromegaly; Growth
hormone deficiency; Prolactin; Prolactinoma; Other causes of hyperprolactinemia;
Clinical evaluation of hyperprolactinemia; Management of prolactinoma; Idiopathic
galactorrhea; Hypopituitarism - Etiology of hypopituitarism; Treatment of
panhypopituitarism; Posterior pituitary hormones – Oxytocin and Vasopressin.
Liver Function - Anatomy - Gross Anatomy, Microscopic Anatomy, Biochemical
functions - Excretory and Secretory, Synthetic, Detoxification and Drug Metabolism,
Liver function alterations during disease – Jaundice, Cirrhosis, Tumors, Reye Syndrome,
Drug- and Alcohol-Related Disorders Assessment of liver function/liver - Function
tests: Bilirubin, Urobilinogen in Urine and Faeces, Serum Bile Acids, Enzymes, Tests
Measuring Hepatic Synthetic Ability, Tests Measuring Nitrogen Metabolism, Hepatitis.
Cardiac Function - Anatomy and function of the heart - Anatomy Function, Pathologic
conditions of the heart, Cardiovascular Disease, Congenital Cardiovascular Defects,
Heart Failure, Acute Coronary Syndromes, Hypertensive Heart Disease, Infective Heart
Disease, Diagnosis of heart disease - Laboratory Diagnosis of Myocardial Infarction,
Markers of Inflammation and Coagulation Disorders, Markers of Congestive Heart
Failure, Patient-Focused Cardiac Tests, Disease.
Renal Function - Renal anatomy, Renal physiology - Glomerular Filtration, Tubular
Function, Elimination of Nonprotein Nitrogen Compounds, Water, Electrolyte, and
Acid-Base Homeostasis, Endocrine Function, 1,25-Dihydroxy Vitamin D3, Analytic
procedures, Clearance Measurements, Urine Electrophoresis, 2-Microglobulin,
Myoglobin, Microalbumin, Urinalysis, Pathophysiology – Glomerular Diseases, Tubular
Diseases, Urinary Tract Infection/Obstruction, Renal Calculi, Renal Failure.
Pancreatic Function and Gastrointestinal Function - Physiology of pancreatic function,
Diseases of the pancreas, Tests of pancreatic function - Secretin/Cholecystokinin Test,
Fecal Fat Analysis, Sweat Electrolyte Determinations, Serum Enzymes, Physiology and
biochemistry of gastric secretion, Clinical aspects of gastric analysis, tests of gastric
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function - Measuring Gastric Acid in Basal and Maximal Secretory Tests, Measuring
Gastric Acid, Plasma Gastrin, Intestinal physiology, Clinicopathologic aspects of
intestinal function, Tests of intestinal function - Lactose Tolerance Test, D-Xylose
Absorption Test, Serum Carotenoids, Other Tests of Intestinal Malabsorption.
Recommended Textbooks and References:
1. Michael L. Bishop, Edward P. Fody and Larry E. Schoeff; (2013). Basic Principles
and Practice of Clinical Chemistry, (7th Ed). Lippincott Williams and Wilkins.
2. Stryer, L. (2002). Biochemistry, (8th Ed). Freeman.
3. D.M. Vasudevan and Sreekumari, S, (2010). Textbook of Biochemistry for
Medical Students, (6th Ed). Jaypee Brothers Medical Publishers, New Delhi.
4. Sucheta Dandekar; (2010). Concise Medical Biochemistry, (3rd ed), Elsevier Health.
5. Satyanarayana and Chakrapani, (2013), Biochemistry; (4th Ed). Elsevier.

Tissue
Engineering
and Stem
Cell Therapy
Credits

3

Unit I

Introduction to
bioengineering
3 lectures
Unit II

Biomaterials
and scaffolds
5 lectures

Unit III

Tissue engineering
applications
5 lectures

Course Objectives
Tissue engineering is progressively being
accepted as beneficial means for lessening
global disease burden. This course would
provide a combined overview of genetic
engineering and molecular cell biology to
develop fundamental understanding to
manipulate cell and tissue properties rationally to alter, restore, maintain, or improve
cell and tissue functions. Further, this
course also describes strategies of tissue
engineering, stem cells, diseases that tissue
engineering can address, and also focuses
on various ethical issues attached with
tissue engineering and stem cell research.
This understanding is expected to manipulate cell and tissue properties rationally
to alter, restore, maintain, or improve cell
and tissue functions as well as to design
artificial tissue substitutes.

Student Learning Outcomes
On completion of this course,
student is expected to:
• Explain significance, current status and
future potential of tissue engineering;
• Identify key challenges in tissue
engineering of different human tissues;
• Describe design, fabrication and
biomaterials selection criteria for
tissue engineering scaffolds;
• Describe sources, selection, potential
manipulations and challenges of using
stem cells for tissue engineering.

Historical overview and fundamentals of tissue engineering, tissue dynamics/
homeostasis, Introduction to Biomaterials used in tissue engineering, Role of scaffolds
and growth factors in tissue engineering; Importance and scope of tissue engineering.

Introduction to biomaterials and scaffolds; Requirement of biomaterials as Tissue
Engineering scaffolds, Properties and types of scaffolds, Tissue specific scaffolds; Scaffold
Preparation: Different methods employed in synthesis of scaffolds and ways to process
them; Cell/Tissue-scaffold interaction: Animal cell culture on scaffolds, consequences,
optimization strategies and important considerations.
Skin tissue engineering, Liver tissue engineering, Bone and cartilage tissue engineering,
Nerve tissue engineering, Vascular tissue engineering, Muscle tissue engineering, Kidney
tissue engineering.
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Unit IV

Basics of stem
cells and molecular
manipulation
techniques
8 lectures

Unit V

Tissue and animal
level manipulation
& therapy
8 lectures

Unit VI

Therapy &
ethical issues
3 lectures

Stem cells in tissue engineering, types of stem cells, cellular signalling and maintenance
of stem cells, isolation, expansion, genetic manipulation, genomic reprogramming, and
cloning of stem cells, clinical applications, adult and embryonic stem cells, germline
stem cells, ethical issues. Gene silencing technology; Antisense therapy; miRNA, siRNA;
Tissue and organ transplantation; Transgenics and their uses; Gene therapy; selection
of the right gene, cloning vectors and strategies, intracellular barriers to gene delivery;
overview of different vehicles for gene delivery, Retro and adeno virus mediated gene
transfer; Liposome and nanoparticles mediated gene delivery; Overview of inherited and
acquired diseases for gene, Cell and Tissue Culture, Ex-vivo and in vivo gene therapy,
post therapy immune response, success rate, ethical issues.
Embryonic stem cells, pluripotency, blastocyst and inner cell mass cells; Organogenesis;
Mammalian nuclear transfer technology; Stem cell differentiation; Stem cell
cryopreservation, animal cloning and ethical considerations. Overview of embryonic
and adult stem cells for therapy of human neurodegenerative diseases, Spinal cord
Injuries and other Brain Syndromes; Tissue systems Failures; Diabetes; Cardiomyopathy;
Kidney failure; Liver failure; infertility, Cancer; Haemophilia etc; Regenerative medicine
using biomaterials, Cardiovascular tissue engineering, Connective tissue engineering,
Musculoskeletal tissue engineering, Neural tissue engineering.
Potential applications of human embryonic stem cells; Human embryonic stem cells
and society, Ethical considerations in stem cells research; Stem cells and religion
consideration; Pre-clinical regulatory consideration in stem cell based therapies and
patient advocacy.
Recommended Textbooks and References:
1. Ed. Robert Lanza et al.; Principles of Tissue Engineering; Academic Press
2. Boer JD et al.; Tissue Engineering; Academic Press
3. Pallua N, Suschek CV; Tissue Engineering: from Lab to Clinic; Springer
4. Barnes SJ, Harris LP; Tissue Engineering: Roles, Materials and Applications;
Nova Science Publishers Inc
5. Minuth WW. Strehl R. Schumacher K; Tissue Engineering: from Cell Biology
to Artificial Organs; Wiley VCH
6. Lanza R., Atala A.; Essentials of Stem Cell Biology; Academic Press
7. Zhao RC; Stem Cells: Basics and Clinical Translation (Translational Medicine
Research); Springer
8. Knoepfler; Stem Cells: An Insider’s Guide; World Scientific Publishing Company
9. Harris J. Quigley M. Chan S.; Stem Cells: New Frontiers in Science & Ethics;
World Scientific Publishing Co Pte Ltd
10. Attala & Lana; Methods of Tissue Engineering; Academic Press
11. Lanza, Langer, Vacanti; Principles of Tissue Engineering; Academic Press
12. Patrick, Mikos, McIntire; Frontiers in Tissue Engineering; Pergamon
13. Ratner, Hoffman, Schoen; Biomaterials Science; Academic Press
14. Palsson & Bhatia; Tissue Engineering; Prentice Hall.
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Molecular
Diagnostics &
Therapeutics
Credits

3
Unit I

Genome: resolution,
detection & analysis
5 lectures

Unit II

Diagnostic
metabolomics

Course Objectives
The objectives of this course are to
sensitize students about recent advances
in molecular biology and various facets of
molecular medicine which has potential
to profoundly alter many aspects of
modern medicine including pre- or
post-natal analysis of genetic diseases and
identification of individuals predisposed to
disease ranging from common cold
to cancer.

Student Learning Outcomes
Students should be able to understand
various facets of molecular procedures
and basics of molecular diagnostics and
therapeutics that could be employed in
early diagnosis and prognosis of human
diseases.

DNA polymorphism: human identity; clinical variability and genetically determined
adverse reactions to drugs; PCR: Real-time; ARMS; Multiplex; ISH; FISH; ISA; RFLP;
DHPLC; DGGE; CSCE; SSCP; Nucleic acid sequencing: new generations of automated
sequencers; Microarray chips; EST; SAGE; microarray data normalization & analysis;
molecular markers: 16S rRNA typing; Diagnostic proteomics: SELDI-TOF MS;
Bioinformatics data acquisition & analysis.
Metabolite profile for biomarker detection in the body fluids/tissues under various
metabolic disorders by making use of LCMS & NMR technological platforms.

3 lectures
Unit III

Detection of diseases
5 lectures

Unit IV

Molecular oncology
5 lectures

Unit V

Molecular therapeutics
10 lectures

Detection & identity of microbial diseases: Direct detection & identification of
pathogenic-organisms that are slow growing or currently lacking a system of in vitro
cultivation as well as genotypic markers of microbial resistance to specific antibiotics;
Detection of inherited diseases: Exemplified by two inherited diseases for which
molecular diagnosis has provided a dramatic improvement of quality of medical care:
Fragile X Syndrome: Paradigm of the new mutational mechanism of the unstable triplet
repeats, von-Hippel Lindau disease: recent acquisition in growing number of familial
cancer syndromes.
Detection of recognized genetic aberrations in clinical samples from cancer patients;
types of cancer-causing alterations revealed by next-generation sequencing of clinical
isolates; predictive biomarkers for personalized onco-therapy of human diseases such as
chronic myeloid leukemia, colon, breast, lung cancer and melanoma as well as matching
targeted therapies with patients and preventing toxicity of standard systemic therapies.
Gene therapy; Intracellular barriers to gene delivery; Overview of inherited and acquired
diseases for gene therapy; Retro and adeno virus mediated gene transfer; Liposome
and nanoparticles mediated gene delivery; Cellular therapy; Recombinant therapy;
Clinical applications of recombinant technology; Erythropoietin; Insulin analogs and
its role in diabetes; Recombinant human growth hormone; Streptokinase and urokinase
in thrombosis; Recombinant coagulation factors; Immunotherapy; Monoclonal
antibodies and their role in cancer; Role of recombinant interferons; Immunostimulants;
Immunosupressors in organ transplants; Role of cytokine therapy in cancers; Types of
recombinant vaccines and clinical applications; Gene silencing technology; Antisense
therapy; siRNA; Tissue and organ transplantation; Transgenics and their uses; Cloning;
Ethical issues.
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Unit VI

Quality assurance
& control

Quality oversight; regulations and approved testing.

1 lectures

Recommended Textbooks and References:
1. Campbell, A. M., & Heyer, L. J. (2006). Discovering Genomics, Proteomics, and
Bioinformatics. San Francisco: Benjamin Cummings.
2. Brooker, R. J. (2009). Genetics: Analysis & Principles. New York, NY: McGraw-Hill.
3. Glick, B. R., Pasternak, J. J., & Patten, C. L. (2010). Molecular Biotechnology:
Principles and Applications of Recombinant DNA. Washington, DC: ASM Press.
4. Coleman, W. B., & Tsongalis, G. J. (1997). Molecular Diagnostics: for the Clinical
Laboratorian. Totowa, NJ: Humana Press.
5. Bernhard Palsson and Sangeeta N Bhatia, (2004), Tissue Engineering,
2nd Edition, Prentice Hall.
6. Pamela Greenwell, Michelle McCulley, (2008), Molecular Therapeutics:
21st century Medicine, 1st Edition, Springer.

Medical
Devices
Credits

3
Unit I

Sensors

5 lectures

Unit II

Transducers
5 lectures

Unit III

Optical sensors
5 lectures
Unit IV

Bio recognition
systems
5 lectures
Unit V

Electrodes and
immobilization
5 lectures

Course Objectives
The objective of the course is to
familiarize students with emerging trends
in medical devices for early detection,
selection of appropriate treatment,
monitoring treatment effectiveness and
disease surveillance.

Student Learning Outcomes
On successfully completing this course,
students are expected to be able to:
• Extend principles of engineering to
the development of medical devices
and design of sensors;
• Appreciate basic configuration and
distinction among biosensor systems.

Rationale of electronic biosensors; Essence of three types of electronic biosensors
(i.e., potentiometric, amperometric, and cantilever-based sensors); Three essential
metrics that define modern electronic sensors; detection time, sensitivity, and
selectivity; Physics of detection time that allows one to organize every available sensor
in a systematic way; Fundamental limits of detection of various classes of sensors;
Opportunities and challenges of integrating sensors in a system platform.
Principles and applications of Calorimetric, Piezoelectric, semiconductor, impedimetric,
based transducers; Biochemical Transducers: Electrode theory: electrode-tissue interface,
metal-electrolyte interface, electrode-skin interface, electrode impedance, electrical
conductivity of electrode jellies and creams.
Photo detectors, optical fiber sensors, indicator mediated transducers; General principles
of optical sensing, optical fiber temperature sensors; Pulse sensor: photoelectric pulse
transducer, strain gauge pulse transducer.
Enzymes; Oligonucleotides Nucleic Acids; Lipids (Langmuir-Blodgett bilayers,
Phospholipids, Liposomes); Membrane receptors and transporters; Immunoreceptors;
Chemoreceptors.

Microelectrodes, body surface electrodes, needle electrodes, pH electrode, specific ion
electrodes/ Ion exchange membrane electrodes, enzyme electrodes; Reference electrodes:
hydrogen electrodes, silver-silver chloride electrodes, Calomel electrodes; Enzyme
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immobilization; Peptide immobilization; Antibody immobilization; Oligonucleotides and
Nucleic Acid immobilization; Cell immobilization; Mono-enzyme electrodes; Bi-enzyme
electrodes: enzyme sequence electrodes and enzyme competition electrodes.
Unit VI

Fundamentals
and applications
of microfluidics

Capillary flow and electro kinetics; Micro pump, Micro mixers, Micro reactors, Micro
droplets, Micro particle separators; Micro fabrication techniques (different types of
lithography methods); Application of micro-fluidics (eg. Lab- in –Chip).

5 lectures
Unit VII

Applications
5 lectures

Biomarkers: Disease and pathogen specific information, availability by sample type
(blood, serum, urine, sputum, saliva, stool, mucus); Specificity, sensitivity, shelf life,
portability; Clinical chemistry; Test-strips for glucose monitoring; Urea determination;
Implantable Sensors for long-term monitoring; Drug development and detection;
Environmental monitoring; Examples of various diseases (Cancer, HIV/AIDS,
Tuberculosis, Malaria, Lymphatic Filariasis, Schistosomiasis, Dengue, Chikungunya).
Recommended Textbooks and References:
1. Alice Cunningham, (1998), Introduction to Bio analytical Sensors,
John Wiley & Sons.
2. Jiri Janata, (2009), Principles of Chemical Sensors, 2nd Ed., Plenum Press.
3. F. Schellr, F. Schubert, J. Fedrowitz, (1997), Frontiers in Biosensors, Birkhauser.
4. F. Ligler, C. Rowe Taitt, (2002), Optical Biosensors. Present & Future. Elsevier.
5. Brian Eggins, (2002), Chemical Sensors and Biosensors, John Willey & Sons.
6. Graham Ramsay, (1998), Commercial Biosensors, John Wiley& Sons.
7. Ursula Spichiger-Keller, (1998), Chemical Sensors and Biosensors for Medical
and Biological Applications, Wiley-VCH.
8. Berthier Jean, and Silberzan Pascal, (2010), Microfluidics for Biotechnology,
2nd Ed. Artech House.
9. Frank A Gomez, (2008), Biological Applications of Microfluidics, Wiley.
10. Gareth Jenkins, Colin D. Mansfield, (2013), Microfluidic Diagnostics: Methods
and Protocols, Springer.
11. J G. Webster, (1998), Encyclopedia of Medical Devices and Instrumentation.
Vol I, II, III, IV, Wiley-Blackwell.

Intellectual
Property
Rights,
Biosafety
and Bioethics
Credits

2

Course Objectives
The objectives of this course are:
• To provide basic knowledge on
intellectual property rights and their
implications in biological research and
product development.
• To become familiar with India’s
National IPR Policy
• To learn biosafety and risk assessment
of products derived from
biotechnology and regulation
of such products.
• To become familiar with ethical issues
in biological research. This course will
focus on the consequences of
biomedical research technologies such
as cloning of whole organisms, genetic
modifications, DNA testing.
29

Student Learning Outcomes
On completion of this course, students
should be able to:
• Understand the rationale for and
against IPR and especially patents;
• Understand why India has adopted
National IPR Policy and be familiar
with broad outline of patent regulations;
• Understand different types of
intellectual property rights in general
and protection of products derived
from biotechnology research and
issues related to application and
obtaining patents;
• Gain knowledge of biosafety and
risk assessment of products derived
from recombinant DNA research
environment release of genetically

•

Unit I

Introduction to IPR
7 lectures

Unit II

Patenting
3 lectures

Unit III

Biosafety
3 lectures

Unit IV

National and
international
regulations
3 lectures

Unit V

Bioethics
7 lectures

modified organisms, national and
international regulations;
Understand ethical aspects related to
biological, biomedical, health care and
biotechnology research.

Introduction to intellectual property; types of IP: patents, trademarks, copyright &
related rights, industrial design, traditional knowledge, geographical indications,
protection of new GMOs; International framework for the protection of IP; IP as a factor
in R&D; IPs of relevance to biotechnology and few case studies; introduction to history of
GATT, WTO, WIPO and TRIPS; plant variety protection and farmers rights act; concept
of ‘prior art’: invention in context of “prior art”; patent databases - country-wise patent
searches (USPTO, EPO, India); analysis and report formation.; Review of Government
of India’s “National Intellectual Property Rights Policy”.
Basics of patents: types of patents; Indian Patent Act 1970; recent amendments; WIPO
Treaties; Budapest Treaty; Patent Cooperation Treaty (PCT) and implications; procedure
for filing a PCT application; role of a Country Patent Office; filing of a patent application;
precautions before patenting-disclosure/non-disclosure - patent application- forms
and guidelines including those of National Bio-diversity Authority (NBA) and other
regulatory bodies, fee structure, time frames; types of patent applications: provisional
and complete specifications; PCT and conventional patent applications; international
patenting-requirement, procedures and costs; financial assistance for patentingintroduction to existing schemes; publication of patents-gazette of India, status in Europe
and US; patent infringement- meaning, scope, litigation, case studies and examples;
commercialization of patented innovations; licensing – outright sale, licensing, royalty;
patenting by research students and scientists-university/organizational rules in India and
abroad, collaborative research - backward and forward IP; benefit/credit sharing among
parties/community, commercial (financial) and non-commercial incentives.
Biosafety and Biosecurity - introduction; historical background; introduction to
biological safety cabinets; primary containment for biohazards; biosafety levels; GRAS
organisms, biosafety levels of specific microorganisms; recommended biosafety levels
for infectious agents and infected animals; definition of GMOs & LMOs; principles of
safety assessment of transgenic plants – sequential steps in risk assessment; concepts
of familiarity and substantial equivalence; risk – environmental risk assessment and
food and feed safety assessment; problem formulation – protection goals, compilation
of relevant information, risk characterization and development of analysis plan; risk
assessment of transgenic crops vs cisgenic plants or products derived from RNAi, genome
editing tools.
International regulations – Cartagena protocol, OECD consensus documents and
Codex Alimentarius; Indian regulations – EPA act and rules, guidance documents,
regulatory framework – RCGM, GEAC, IBSC and other regulatory bodies; Draft bill
of Biotechnology Regulatory authority of India - containments – biosafety levels and
category of rDNA experiments; field trails – biosafety research trials – standard operating
procedures - guidelines of state governments; GM labeling – Food Safety and Standards
Authority of India (FSSAI).
Introduction, ethical conflicts in biological sciences - interference with nature, bioethics
in health care - patient confidentiality, informed consent, euthanasia, artificial reproductive technologies, prenatal diagnosis, genetic screening, gene therapy, transplantation.
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Bioethics in research – cloning and stem cell research, Human and animal experimentation, animal rights/welfare, Agricultural biotechnology - Genetically engineered food,
environmental risk, labeling and public opinion. Sharing benefits and protecting future
generations - Protection of environment and biodiversity – biopiracy.
Recommended Textbooks and References:
1. Ganguli, P. (2001). Intellectual Property Rights: Unleashing the Knowledge Economy.
New Delhi: Tata McGraw-Hill Pub.
2. National IPR Policy, Department of Industrial Policy & Promotion,
Ministry of Commerce, GoI
3. Complete Reference to Intellectual Property Rights Laws. (2007).
Snow White Publication Oct.
4. Kuhse, H. (2010). Bioethics: an Anthology. Malden, MA: Blackwell.
5. Office of the Controller General of Patents, Design & Trademarks; Department of
Industrial Policy & Promotion; Ministry of Commerce & Industry; Government
of India. http://www.ipindia.nic.in/
6. Karen F. Greif and Jon F. Merz, Current Controversies in the Biological Sciences
-Case Studies of Policy Challenges from New Technologies, MIT Press
7. World Trade Organisation. http://www.wto.org
8. World Intellectual Property Organisation. http://www.wipo.int
9. International Union for the Protection of New Varieties of Plants. http://www.upov.int
10. National Portal of India. http://www.archive.india.gov.in
11. National Biodiversity Authority. http://www.nbaindia.org
12. Recombinant DNA Safety Guidelines, 1990 Department of Biotechnology,
Ministry of Science and Technology, Govt. of India. Retrieved from
http://www.envfor.nic.in/divisions/csurv/geac/annex-5.pdf
13. Wolt, J. D., Keese, P., Raybould, A., Fitzpatrick, J. W., Burachik, M., Gray, A.,
Wu, F. (2009). Problem Formulation in the Environmental Risk Assessment for
Genetically Modified Plants. Transgenic Research, 19(3), 425-436.
doi:10.1007/s11248-009-9321-9
14. Craig, W., Tepfer, M., Degrassi, G., & Ripandelli, D. (2008). An Overview of General
Features of Risk Assessments of Genetically Modified Crops. Euphytica, 164(3),
853-880. doi:10.1007/s10681-007-9643-8
15. Guidelines for Safety Assessment of Foods Derived from Genetically
Engineered Plants. 2008.
16. Guidelines and Standard Operating Procedures for Confined Field Trials of
Regulated Genetically Engineered Plants. 2008. Retrieved from http://www.igmoris.
nic.in/guidelines1.asp
17. Alonso, G. M. (2013). Safety Assessment of Food and Feed Derived from GM
Crops: Using Problem Formulation to Ensure “Fit for Purpose” Risk Assessments.
Retrieved from http://biosafety.icgeb.org/inhousepublications/
collectionbiosafetyreviews.

Bioinformatics
Credits

2

Course Objectives
The objectives of this course are to
provide students with the theory practical
experience of the use of common
computational tools and databases which
facilitate investigation of molecular
biology and evolution-related concepts.

31

Student Learning Outcomes
On completion of this course, students
should be able to:
• Develop an understanding of the basic
theory of these computational tools;
• Gain working knowledge of these
computational tools and methods;
• Appreciate their relevance for
investigating specific contemporary
biological questions;

•

Unit I

Bioinformatics
basics
5 lectures

Unit II

DNA sequence
analysis
5 lectures

Unit III

Multiple DNA
sequence analysis
4 lectures

Unit IV

Protein modelling
5 lectures

Unit V

Protein Structure
prediction and
virtual library
6 lectures

Critically analyse and interpret the
results of their study.

Bioinformatics basics: Computers in biology and medicine; Importance of Unix and
Linux systems and its basic commands; Database concepts; Protein and nucleic acid
databases; Structural databases; databases and search tools: biological background for
sequence analysis; Identification of protein sequence from DNA sequence; searching
of databases for similar sequences; NCBI; publicly available tools; resources at EBI;
resources on the web; database mining tools.
DNA sequence analysis: gene bank sequence database; submitting DNA sequences to
databases and database searching; sequence alignment; pairwise alignment techniques;
motif discovery and gene prediction; local structural variants of DNA, their relevance
in molecular level processes, and their identification; assembly of data from genome
sequencing.
Multiple sequence analysis; multiple sequence alignment; flexible sequence similarity
searching with the FASTA3 program package; use of CLUSTAL W and CLUSTAL X for
multiple sequence alignment; submitting DNA protein sequence to databases: where and
how to submit, SEQUIN, genome centres; submitting aligned set of sequences, updates
and internet resources; methods of phylogenetic analysis.
Protein modelling: introduction; force field methods; energy, buried and exposed
residues; side chains and neighbours; fixed regions; hydrogen bonds; mapping properties
onto surfaces; fitting monomers; RMS fit of conformers; assigning secondary structures;
sequence alignment- methods, evaluation, scoring; protein completion: backbone
construction and side chain addition; small peptide methodology; software accessibility;
building peptides; protein displays; substructure manipulations, annealing.
Protein structure prediction: protein folding and model generation; secondary structure
prediction; analyzing secondary structures; homology modelling: potential applications,
description, methodology, homologous sequence identification; align structures, align
model sequence; construction of variable and conserved regions; threading techniques;
topology fingerprint approach for prediction; evaluation of alternate models; sequence
based methods of structure prediction, prediction using inverse folding, fold prediction;
significance analysis, scoring techniques, sequence-sequence scoring; protein function
prediction; elements of in-silico drug design; Virtual library: Searching Medline, PubMed,
current content, science citation index and current awareness services, electronic
journals, grants and funding information.
Recommended Textbooks and References:
1. Lesk, A. M. (2002). Introduction to Bioinformatics. Oxford: Oxford University Press.
2. Mount, D. W. (2001). Bioinformatics: Sequence and Genome Analysis. Cold Spring
Harbor, NY: Cold Spring Harbor Laboratory Press.
3. Baxevanis, A. D., & Ouellette, B. F. (2001). Bioinformatics: a Practical Guide to the
Analysis of Genes and Proteins. New York: Wiley-Interscience.
4. Pevsner, J. (2015). Bioinformatics and Functional Genomics. Hoboken, NJ.:
Wiley-Blackwell.
5. Bourne, P. E., & Gu, J. (2009). Structural Bioinformatics. Hoboken, NJ: Wiley-Liss.
6. Lesk, A. M. (2004). Introduction to Protein Science: Architecture, Function, and
Genomics. Oxford: Oxford University Press.
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Project
Proposal
Preparation &
Presentation
Credits

Course Objectives
The main purpose of this course is to
help students organize ideas, material
and objectives for their dissertation and
to begin development of communication
skills and to prepare the students to present their topic of research and explain its
importance to their fellow classmates and
teachers.

2

Student Learning Outcomes
Students should be able to demonstrate
the following abilities:
• Formulate a scientific question;
• Present scientific approach to solve
the problem;
• Interpret, discuss and communicate
scientific results in written form;
• Gain experience in writing a scientific
proposal;
• Learn how to present and explain
their research findings to the audience
effectively.

Syllabus

Selection of research lab and research topic: Students should first select a lab wherein
they would like to pursue their dissertation. The supervisor or senior researchers should
be able to help the students to read papers in the areas of interest of the lab and help them
select a topic for their project. The topic of the research should be hypothesis driven.
Review of literature: Students should engage in systematic and critical review of appropriate and relevant information sources and appropriately apply qualitative and/or
quantitative evaluation processes to original data; keeping in mind ethical standards of
conduct in the collection and evaluation of data and other resources.

Syllabus

With the help of the supervisor/guide, students should be able to discuss the research
questions, goals, approach, methodology, data collection, etc.
Students should be able to construct a logical outline for the project including analysis
steps and expected outcomes and prepare a complete proposal in scientific proposal
format for dissertation.

Syllabus

Students will have to present the topic of their project proposal after few months of their
selection of the topic. They should be able to explain the novelty and importance of their
research topic.

Syllabus

At the end of their project, presentation will have to be given by the students to explain in
detail the work done by them. Along with summarizing their findings they should also be
able to discuss the future outcomes of their work.

Project Proposal
Preparation

Writing Research
Proposal

Poster Presentation

Oral Presentation

Laboratory V:
Clinical
Biochemistry
and Disease
Metabolism

Course Objectives
The objectives of this course are to build
upon previous knowledge of biochemical
pathways and immunology to develop
an appreciation of applications of these
knowledge in clinical diagnostics and
treatment. The course shall equip students
with basic skills in practicals for clinical
biochemistry.

Credits

3
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Student Learning Outcomes
Students should be able to:
• Learn basic hands-on skills for blood
and urine biochemistry practicals;
• Understand applications of clinical
biochemistry in diagnostics;
• Understand the molecular basis of
various pathological conditions from
the perspective of biochemical
reactions through practical
case studies.

Unit I

Blood Practicals

1.
2.
3.
4.
5.
6.
7.
8.

Sugar estimation (fasting/post-pradial-random)- Alkaline copper reduction method
Total lipid profile & CBC.
Kidney Function Test: Urea - Diacetyl monoxime method),
Creatinine - Jaffe’s Kinetic method)
Protein Estimation: Total Protein- Biuret method, Albumin- BCG method
Lipid: Cholesterol – by CHOD-POD Method
Body Elements: Calcium – CPC method, Phosphorus-Ammonium
phosphomolybdate method
Liver Function Test: Bilirubin(total, direct and indirect)- Diazo Method, SGPT, ALP
Electrophoresis for Enzymes & activity staining of any clinically relevant enzyme
from a patient sample: Activity measurements of Creatinine Kinase, Lactate
Dehydrogenase from patient sample.

Unit II

Sugar, Protein, Ketone bodies, Bile salts and Bile acids.

Unit III

Case history-1: Diabetic Ketoacidosis
A 32-year-old male with type 1 diabetes since the age of 14 years was taken to the
emergency room because of drowsiness, fever, cough, diffuse abdominal pain, and
vomiting.
Fever and cough started 2 days ago and the patient could not eat or drink water. On
examination, he was tachypneic, his temperature was 39° C, pulse rate 104 beats per
minute, respiratory rate 24 breaths per minute, supine blood pressure 100/70 mmHg. He
was slightly confused. Perform suitable tests in the blood/urine sample provided and give
probable diagnosis on the basis of your findings. Interpret the result accordingly.
Case history-2: Nephrotic Syndrome
A five year old child was brought in paediatric OPD with complaints of weakness and
polyuria. On physical examination it was observed that he was having periorbital oedema
and swelling over legs. Perform suitable tests in blood/urine sample provided and
interpret your findings.
Case history-3: Chronic Renal Failure
A 70 years old man presented in nephro OPD with complaints of weakness, loss of
appetite and breathlessness. He was diabetic and taking anti-diabetic drugs since
last 15 years. His blood pressure was 140/100 and there was oedema over face. Perform
suitable tests on blood sample provided and interpret your findings accordingly.
Case history-4:
Choose a case of a genetic disorder, describe the basics of disease biochemistry,
study patient case history to assess the disease phenotype, discuss the available
treatment modalities, study the patient case-history after the successful completion
of prescribed treatment.

Urine Practicals
Case Studies

Laboratory VI:
Bioinformatics
Credits

2

Course Objectives
The aim is to provide practical
training in bioinformatics methods
including accessing the major public
sequence databases, use of the different
computational tools to find sequences,
analysis of protein and nucleic acid
sequences by various software packages.
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Student Learning Outcomes
On completion of this course,
students should be able to:
• Describe the contents and properties
of the most important bioinformatics
databases;
• Perform text- and sequence-based
searches and analyze and discuss the
results in light of molecular biological
knowledge;
• Explain the major steps in pairwise and
multiple sequence alignment,

•

Syllabus

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Laboratory
VII: Animal
Tissue Culture
Credits

explain the principle and execute
pairwise sequence alignment by
dynamic programming;
Predict the secondary and tertiary
structures of protein sequences.

Using NCBI and Uniprot web resources.
Introduction and use of various genome databases.
Sequence information resource: Using NCBI, EMBL, Genbank, Entrez, Swissprot/
TrEMBL, UniProt.
Similarity searches using tools like BLAST and interpretation of results.
Multiple sequence alignment using ClustalW.
Phylogenetic analysis of protein and nucleotide sequences.
Use of gene prediction methods (GRAIL, Genscan, Glimmer).
Using RNA structure prediction tools.
Use of various primer designing and restriction site prediction tools.
Use of different protein structure prediction databases (PDB, SCOP, CATH).
Construction and study of protein structures using Deepview/PyMol.
Homology modelling of proteins.
Use of tools for mutation and analysis of the energy minimization of protein structures.
Use of miRNA prediction, designing and target prediction tools.

Course Objectives
This course aims at providing hands-on
experience of basic aspect of methods for
handling animal cell culture. Online tools
and resources are highly recommended,
especially when infrastructure facility is
limiting factor.

Student Learning Outcomes
On completion of this course, students
should be able to gain hands on experience
of handling and maintaining various
animal cell lines. Students should also
be able to learn materials and substances
which cause toxicity in animal cells.

2
Syllabus

1.

2.
3.
4.
5.

6.

7.

Culturing a given cell line (primary or transformed), maintaing the same using
serial passaging, safety methods employed to minimise contaminations while
culturing and maintaining the culture.
Various cell culture media, culturing methods for adherent and suspension cultures,
counting cells, quantifying cell viability in the culture, freeze-storing the cultures;
Staining cells using nuclear stains such as DAPI/PI or membranes or mitochondria
using specific dyes, followed by fluorescence imaging.
Detecting contamination (bacterial/fungal/micoplasma etc.) in animal cell cultures.
Cross-contamination of cell-lines.
Trypsinizing cells: Trypsinization is a technique that uses the proteolytic enzyme
trypsin to detach adherent cells from the surface of a cell culture vessel. This
procedure is performed whenever the cells need to be harvested (e.g., for passaging,
counting, or for nucleic acid isolation).
Low speed centrifugation of cultured cells, followed by detergent lysis and
fractionation of cell lysates into cytoplasmic, nuclear soluble and chromatin
fractions. Assessing the purity of cell fractionation by staining with marker-specific
Abs using Immunoflorescence or westernblot methods.
Assessing culture instability: This is generally overlooked in busy labs, but is a
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8.

very important facet of cell culturing. The growth rate of cells that have been
repeatedly subcultured may sometimes unexpectedly decrease, and the cytotoxicity
of, for example, a transfection process may unexpectedly increase. This instability
can result from variations in cell culture conditions, genomic variation, and
selective overgrowth of constituents of the cell population. Importance of using
cells with a low passage number (<10 splitting cycles). To safeguard against
instability in continuous cell lines, avoid senescence or transformation in finite cell
lines, and maintain consistency in transfection experiments, and create cell banks
by freezing aliquots of cells to recall into culture if and when necessary.
Also important to learn about procedures of sterilizing potentially biohazardous
materials (e.g., cells, culture medium, etc.) before disposal, and disposed of
according to your institution’s guidelines.

Recommended Textbooks and References:
1. Freshney, R.I. (1993) Culture of Animal Cells, a Manual of Basic Technique,
3rd ed., New York: Wiley-Liss.
2. Spector, D., Goldman, R.R., and Leinwand, L.A., eds. (1998) Cells: a Laboratory
Manual. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press.
3. Drexler, H.G. et al., eds. (1997) DSMZ Catalogue of Human & Animal Cell Lines. 6th ed.
4. Ausubel, F.M. et al. eds. (1991) Current Protocols in Molecular Biology.
New York: Wiley Interscience.

Semester Four

Dissertation
Credits

20

(Semester III: 4 Credits;
Semester IV: 20 Credits)

Course Objectives
The objectives of this course are to
prepare the students to adapt to the
research environment and understand
how projects are executed in a research
laboratory. It will also enable students to
learn practical aspects of research and
train students in the art of analysis and
thesis writing.
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Student Learning Outcomes
Students should be able to learn how to
select and defend a topic of their research,
how to effectively plan, execute, evaluate
and discuss their experiments. Students
should be able to demonstrate considerable
improvement in the following areas:
• In-depth knowledge of the chosen
area of research.
• Capability to critically and
systematically integrate knowledge
to identify issues that must be
addressed within framework of
specific thesis.
• Competence in research design
and planning.
• Capability to create, analyse and
critically evaluate different technical
solutions.
• Ability to conduct research
independently.
• Ability to perform analytical
techniques/experimental methods.
• Project management skills.
• Report writing skills.
• Problem solving skills.
• Communication and interpersonal
skills.

Syllabus

Based on the project proposal submitted in earlier semester, students should be able to
plan, and engage in, an independent and sustained critical investigation and evaluate a
chosen research topic relevant to biological sciences and society. They should be able to
systematically identify relevant theory and concepts, relate these to appropriate methodologies and evidence, apply appropriate techniques and draw appropriate conclusions.
Senior researchers should be able to train the students such that they can work independently and are able to understand the aim of each experiment performed by them.
They should also be able to understand the possible outcomes of each experiment.

Syllabus

At the end of their project, thesis has to be written giving all the details such as aim,
methodology, results, discussion and future work related to their project. Students may
aim to get their research findings published in a peer-reviewed journal. If the research
findings have application-oriented outcomes, the students may file patent application.

Planning &
performing
experiments

Thesis writing

Recommended
Electives

Cancer
Genomics
Credits

2

Unit I

Cancer genomics:
perspective and new
technologies
8 lectures
Unit II

Significance of
transcriptome
sequencing in
personalized
cancer medicine

Course Objectives
The objectives of this course are:
• To provide basic knowledge of
cancer genomics;
• To become familiar with relevant
technologies, public databases and
informatics methods that are used to
determine driver mutations and
oncogenic pathways
• To provide the rationale for
personalized cancer treatment;
• To provide basic information regarding
underlying biology of common cancers.

Student Learning Outcomes
On completion of this course, students
should be able to:
• Understand genomic basis of cancer;
• Explain key technologies and interact
with public databases;
• Understand biology of various
cancers and role of environment in
carcinogenesis.

Historical perspective on development of cancer genomics; Cancer characterization using
sequencing approaches; Advances in sequencing technologies; Discoveries using secondgeneration sequencing technologies; Cancer transcriptome sequencing and analysis;
Identifying pathogen presence in cancer samples.

Importance of RNA; Role of MicroRNAs and Ultra-conserved Non-Coding RNAs in
cancer; From microarray to RNA sequencing; Workflow for RNA sequencing; RNA
sequencing data analysis in cancer genome research; Incorporating transcriptome
sequencing analysis to identify genomic driver mutations; Transcriptome sequencing:
from bench to bedside; Tissue Microarrays in studying gynecological cancers.

6 lectures
Unit III

Cancer pharmacogenomics & biomarker
discovery and
development

Pharmacogenomics; Cancer pharmacogenomics in children; Active ADR surveillance
and future directions; Uses of biomarkers in cancer research and cancer care;
Biomarker discovery and qualification; Assay validation, clinical validity, clinical utility;
Incorporation of biomarkers into clinical trial design.

4 lectures
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Unit IV

Bioinformatics for
cancer genomics &
genomic resource
projects

Data Types in cancer genomics, Data management & data analysis, Data Interpretation
TCGA and other sources of cancer genomic data; Key large-scale cancer genomics
projects; other notable genomics projects.

4 lectures
Unit V

Genomics of
specific cancers
8 lectures

Unit VI

Impact of
environment
on cancer genomics

Genetic basis of hereditary cancer syndromes; Retinoblastoma, Wilms tumor, Nonsyndromic tumors and susceptibility Loci, Cancer predisposition syndromes, Genomics
of adult and pediatric cancers; Special focus on common solid tumors of the Lung,
Prostate, Colon and Breast:- Genomics and Molecular Profiling, Epidemiology, Standard
Treatment and Prognosis; Somatic gene mutations, Personalized targeted therapy,
Molecular diagnostics and treatment guidance; Special focus on common liquid tumors
of the hematopoietic system- Acute myeloid leukemia: epidemiology, etiology,
genetic and epigenetic alterations, somatic mutations and their contribution to
survival in childhood acute myeloid leukemia; Disease-associated mutations in signal
transduction pathways.
Important components of the exposome; Mechanisms of environmental carcinogenesis.

2 lectures

Recommended Textbooks and References:
1. Graham Dellaire, Jason N. Berman and Robert J. Arceci, (2013), Cancer Genomics:
from Bench to Personalized Medicine, 1st Edition; Academic Press.

Clinical
Genetics and
Diagnostics
Credits

2

Course Objectives
This course has been designed with goal
to provide preclinical medical education
which has important applications in clinical medicine, public health and medical
research. The objective is to help the
students to appreciate the importance of
genetics in medicine with emphasis on the
general principles of disease inheritance,
pathogenesis, diagnosis, and counselling.
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Student Learning Outcomes
On completing this course, students
should be able to:
• Elicit and document a family history
and pedigree;
• Understand clinical genetic risk
assessments;
• Be able to convey genetic information
and discuss risk;
• Have an appreciation of molecular,
cytogenetic and biochemical laboratory
testing utilised in clinical genetics;
• Have an appreciation for the
approaches to treatment for specific
genetic disorders;
• Understand the role of prenatal
screening and testing in pregnancy
management and care and the
options available when fetal
abnormality is detected;
• Understand the role of genetics as the
underlying cause of various disorders
of the human body;
• Understand the role of genetics in cancer.

Unit I

History and
classification of
genetic disorders
7 lectures

Unit II

Molecular basis of
genetic diseases
9 lectures

Unit III

Diagnostics
6 lectures

Unit IV

Genetic counselling
and methods of
prenatal testing
5 lectures

Unit V

Personalised
medicine:
future scope

Origin of medical genetics, major developments and its impact on clinical practice;
Single gene disorders, Patterns of inheritance, Classical and non-classical; Clinical
cytogenetics: Principles and mechanisms of chromosome abnormalities; Numerical
Chromosome Aberrations, Structural Chromosomal Aberrations; Common autosomal
and the sex Chromosomes abnormalities; Cancer genetics: common cancers and
diagnostics; Genetics of complex/polygenic disorders and diagnostics.
Types of mutations, factors causing mutations and effects; Common singe gene disorders:
Disorders of haematological system- thalassemia, hemophilia, sickle cell disease;
Common disorders of neurological system- Huntington disease, Fragile X syndrome,
Hereditary ataxias, Neuromuscular disorders like Duchenne muscular dystrophy, Spinal
muscular atrophy; Diseases associated with dynamic mutations -Myotonic dystrophy
(MD); fragile X chromosome syndrome (Martin–Bell syndrome); Huntington's chorea,
Kennedy's disease, Spinocerebellar ataxia 1 (SCA1); Machado-Joseph Disease (MJD)
Friedreich's Ataxia; Biochemical basis of Genetic diseases; Inborn errors of metabolism;
Disorders of immune system; Genomic Imprinting defects, Microdeletion syndromes
nature, molecular characterization, mechanisms of phenotypic expression of the PraderWilli Syndrome (PWS), Angelman Syndrome(AS) and other diseases associated with
chromosome imprinting; Congenital anomalies of development– dysmorphology and
teratogenesis; Congenital malformations, deformations and disruptions, dysplasia,
large and small malformations, Types of combined anomalies, disorders in sexual
differentiation, intersexual conditions; Mitochondrial Diseases–Leber Hereditary
optic neuropathy(LHON); Myoclonic Epilepsy with Ragged Red Fibres (MERRF);
Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes(MELAS);
Kearns–Sayre syndrome, etc.
Cytogenetic testing- Karyotype, Molecular-cytogenetic testing-FISH, MLPA, QFPCR,
CMA; Testing for single gene disorders-common molecular techniques and advanced
techniques for known and unknown mutations; Inherited variation and Polymorphism,
RFLP, Microsatellite, Minisatellite; Genetic screening, carrier testing; Predictive testing
- Newborn screening; Antenatal screening, population screening; Treatment of genetic
disorders.
Genetic counselling and principles in practice – case studies and risk assessment,
pedigree analysis; Antenatal diagnosis: Indications for prenatal diagnosis, invasive
methods, ethical issues, different techniques for diagnosis; Non-invasive methods of
prenatal testing; Pre-implantation and preconception diagnosis-indications, assisted
reproduction techniques, methods of pre-implantation and preconception genetic
diagnosis, Pre-implantation genetic screening; Therapy of genetic diseases conventional therapy of genetic diseases, gene therapy of monogenic diseases,
antisense therapy of diseases associated with somatic mutations, cancer and viral
infections; targeted therapy.
Recent advances in human molecular genetics paving ways towards potential application
of personalised therapies/medicines: pharmacogenomics/drug metabolism in relation to
individual genetic makeup.

2 lectures
Unit VI

Ethical issues and
genetic services

Ethical issues in medical genetics, legal and social issues; Genetics and society;
Genetic services in India.

3 lectures
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Recommended Textbooks and References:
1. Gersen S.L, M.B. Keagle (eds) (2005) The Principles of Clinical Cytogenetics,
2nd edition. Humana Press, Totowa, NJ, 596p.
2. Elles RG, Mountford R (eds) (2003) Molecular Diagnosis of Genetic Diseases,
2nd Edn. Humana Press, Totowa, NJ.
3. Botstein D1, Risch N. Discovering Genotypes Underlying Human Phenotypes: Past
Successes for Mendelian Disease, Future Approaches for Complex Disease. Nat Genet.
2003 Mar;33 Suppl:228-37.
4. Peter Turnpenny.Churchill Livingstone, Emery’s Elements of Medical Genetics,
(14th Eds.), Elsevier.
5. Robert L. Nussbaum,Roderick R. McInnes, Huntington F Willard, Thompson &
Thompson Genetics in Medicine, (eds), Elsevier.
6. C.R. Scriver, A.L. Beaudet, W.S. Sly, D. Valle, The Metabolic and Molecular Basis of
Inherited Disease, 7th ed. Vol. 3, McGraw Hill, New York.
7. Peter S Harper, (2010), Practical Genetic Counselling 7th Edition.
8. Janice Berliner, Ethical Dilemmas in Genetics and Genetic Counseling-Principles
through Case Scenarios.

Nanobiotechnology
Credits

2

Unit I

Introduction to
nanobiotechnology
5 lectures
Unit II

Nano - films
5 lectures
Unit III

Nano - particles
6 lectures

Unit IV

Applications of
nano - particles

Course Objectives
The course aims at providing general and
broad introduction to multi-disciplinary
field of nanotechnology. It will familiarize
students with combination of top-down
approach of microelectronics and micromechanics with bottom-up approach of
chemistry/biochemistry; a development
that is creating new and exciting cross-disciplinary research fields and technologies.
The course will also give an insight into
complete systems where nanotechnology
can be used to improve everyday life.

Student Learning Outcomes
On successful completion of this course,
students should be able to describe basic
science behind the properties of materials
at the nanometre scale, and the principles behind advanced experimental and
computational techniques for studying
nanomaterials.

Introduction to Nanobiotechnology; Concepts, historical perspective; Different formats
of nanomaterials and applications with example for specific cases; Cellular Nanostructures; Nanopores; Biomolecular motors; Bio-inspired Nanostructures, Synthesis and
characterization of different nanomaterials.
Thin films; Colloidal nanostructures; Self Assembly, Nanovesicles; Nanospheres; Nanocapsules and their characterisation.

Nanoparticles for drug delivery, concepts, optimization of nanoparticle properties for
suitability of administration through various routes of delivery, advantages, strategies for
cellular internalization and long circulation, strategies for enhanced permeation through
various anatomical barriers.
Nanoparticles for diagnostics and imaging (theranostics); concepts of smart stimuli
responsive nanoparticles, implications in cancer therapy, nanodevices for biosensor
development.

5 lectures
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Unit V

Nano - materials
6 lectures
Unit VI

Nano - toxicity
5 lectures

Nanomaterials for catalysis, development and characterization of nanobiocatalysts, application of nanoscaffolds in sythesis, applications of nanobiocatalysis in the production of
drugs and drug intermediates.
Introduction to Safety of nanomaterials, Basics of nanotoxicity, Models and assays for
Nanotoxicity assessment; Fate of nanomaterials in different stratas of environment; Ecotoxicity models and assays; Life cycle assessment, containment.
Recommended Textbooks and References:
1. GeroDecher, Joseph B. Schlenoff, (2003); Multilayer Thin Films: Sequential
Assembly of Nanocomposite Materials, Wiley-VCH Verlag GmbH & Co. KGaA
2. David S. Goodsell, (2004); Bionanotechnology: Lessons from Nature,
Wiley-Liss
3. Neelina H. Malsch, Biomedical Nanotechnology, CRC Press
4. Greg T. Hermanson, (2013); Bioconjugate Techniques, (3rd Edition); Elsevier
5. Recent review papers in the area of Nanomedicine.

Pharmacogenomics
Credits

Course Objectives
This course will give a broad perspective
on emergence of pharmacogenomics as a
new field and provide them with insight
into growing importance it will play in
clinical therapeutics and future drug
design.

2

Unit I

Pharmacogenomics
10 lectures

Unit II

Pharmacology
10 lectures

Unit III

Biomarkers
3 lectures

Student Learning Outcomes
Students will gain an understanding
of how genetic differences between
individuals can impact the outcome of
drug therapy in a positive and negative
way. The course will also help students to
understand how drug therapy based on
a person’s genetic makeup can optimize
effectiveness of therapy while reducing
unwanted drug effects.

Pharmacogenomics; Pharmacogenetics; Benefits; Practical applications of
pharmacogenomics; The Promise of Pharmacogenomics today leading to personalized
medicines; Human genetic variation- examples of CYP gene variations leading to variable
metabolism of drugs; Distribution of variation; Mutations & its kind; Natural selection;
Variation in ethnic groups, races.
Pharmacology; Clinical pharmacology; Drugs; Drug Legislation & safety; Types of Drugs
- examples of latest drugs; Drug potency and Efficacy; ADME of Drug- Drug absorption;
Drug distribution; Drug metabolism & Drug Excretion; Drug efficacy & toxicity;
drug therapeutic levels; Therapeutic Index; Drug abuse; Drug response in patients by
correlating gene expression; Regulation of gene expression; Polymorphism; Alleles; Single
nucleotide polymorphism; Genotyping; example of TPMT and DPD gene mutation and
their impact in treatment strategy.
Genetic markers-Biomarkers in early drug development; Biomarkers in Clinical
development; Biomarkers.

Recommended Textbooks and References:
1. Wu R and Lin M, (2008), Statistical & Computational Pharmacogenomics, CRC Press.
2. Yan Q, (2008), Pharmacogenomics in Drug Discovery and Development,
Springer-Verlag New York, LLC.
3. Meyer UA and Tyndale RF, (2005), Pharmacogenomics, 2nd Edition, CRC Press.
4. Innocenti F, (2005), Pharmacogenomics: Methods and Applications,
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Springer-Verlag New York, LLC.
5. Rothstein MA and Collins FS, (2003), Pharmacogenomics: Social, Ethical, and
Clinical Dimensions, Wiley John & Sons, Inc.

High-Volume
Omics Data:
Management
& Analytics

Course Objectives
The objective of this course is to provide
knowledge on managing and analysis
workflows for Omics data from various
technologies. The students should not only
gain knowledge on tools and software but
also principles of omics data analysis.

Credits

2

Unit I

Data management
4 lectures

Unit II

Microarray data and
analysis principles
6 lectures

Unit III

Next generation
sequencing:
RNA and DNA
6 lectures

Unit IV

Proteome
6 lectures

Student Learning Outcomes
After completing course students should
be able to:
• Understand and perform basics
of a data analysis workflow for
omics expression data
(transcriptomics, proteomics,
metabolomics);
• Understand aspects of study design,
experimental planning and sample
selection;
• Know what normalization, data
transformation etc. means and what it
does to your data.

Technology Awareness - Computer clusters (HPC), Super computers, Cloud
Computing, Storage platforms, Network Attached Storage (NAS); Programming for
High Performance Computing - Basics of Linux operating system, Introduction to
Programming languages (Perl and/or Python); Introduction to R;Data Awareness
-Databases - NCBI, GEO, UCSC Browser; High-volume data and its management,
Data size, format and type, policies – IPR and ethics, Data Compression and
archiving strategies.
Statistics - Distributions, Statistical Inference, Dimensionality Reduction (Principal
Component Analysis, Multidimensional Scaling), Unsupervised Clustering (Dissimilarity
Metrics, Hierarchical Clustering, K-Means and K-medoid Clustering, Self Organizing
Maps); Single/Dual Channel Microarray Technologies, Quality Check, Normalization,
Quantifying Gene Expression, Quantifying Differential Expression, Multiple Hypothesis
Testing and False Discovery; Functional Analysis and applications - Gene Ontology and
pathway analysis, Promoter analysis and gene regulatory network, CGH & Genotyping
chips, polymorphism via genome-wide scanning; Online Software and databases for
analysis - DAVID, GSEA, Gorilla, Amigo etc.
Raw data file formats, sequence quality evaluation - Phred quality score, GC content etc.
(tools/softwares - FastQC, NGS QC toolkit etc.); filtering and trimming of bad quality
reads (tools/softwares – FastX tool kit, trimmomatic, NGS QC toolkit etc.) and data
visualization; Genome assembly, mapping of reads to reference genome (tools - bowtie,
maq etc.); data formats (SAM, BAM etc.); Basic analysis post mapping to reference
genome - DNA seq, RNA seq, ChIP-seq, exomseqetc; Functional analysis (as mentioned
in unit II) and Application in various studies; Galaxy tool to analyze sequencing data.
Proteomics data processing and analysis: data identification - Raw data formats : Viewers
(TOPPView (tools/softwares - mzXML, mzML and mzData etc.), [Spectra Viewer, Mascot
Distiller. Converters (tools/softwares - Hermers, MS convert, CompassXpert, Masstransit);
Protein identificationDatabase search algorithms (tools/softwares - MassWiz, MASCOT,
SEQUEST, etc.), Platforms, Pipelines and libraries(tools/softwares – MassyPuP, etc.), Peak
picking and Denconvolution (tools/softwares - Decon tools, esimsa2D, etc.), De novo
sequence algorithms(tools/softwares - CycloBranch, Lutefisk, DenovoX, etc.), Homology
Search (tools/softwares - MS-homology, SPIDER, Labsolutions LCMS, Xcalibur);
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Post Translational Modification (tools/softwares - ProSight PTM, Crosstalk DB etc.)
Quantification for Quantitative Proteomics(tools/softwares - MassChroQ, IsoBariQ,
Multi-Q MaxQuant etc.), protein structure (tools/softwares - StavroX, XcomB MS2pro,
etc.), Mass spectrometry Imaging (tools/softwares - Axima2Analyze, BioMap, etc.).
Recommended Textbooks and References:
1. Sara Goodwin, John D. McPherson, and Richard McCombie. (2016) Coming of Age:
Ten Years of Next-Generation Sequencing Technologies. Nature Reviews 17: 349.
2. Michael L. Metxker. (2010) Sequencing Technologies – the Next Generation.
Nature Reviews 11: 31.
3. James Galagan, Anna Lyubetskaya and Antonio (2013), Gomes. ChIP-seq
and the Complexity of Bacterial Transcriptional Regulation. Current topics
in microbiobiology and immunology 363: 43-68
4. A Tutorial Review of Microarray Data Analysis.
5. Sorin Drăghici. (2012) Statistics and Data Analysis for Microarrays Using R and
Bioconductor, 2nd Edition. Chapman and Hall/CRC.
6. Huang da W, Sherman BT, Lempicki RA. (2009); Systematic and Integrative Analysis
of Large Gene Lists using DAVID Bioinformatics Resources. Nat Protoc. 4(1):44-57.

Inflammation
and Disease
Biology
Credits

2

Unit I

Inflammatory
response
4 lectures

Unit II

Individual cell types
2 lectures
Unit III

Inflammation
and diseases
15 lectures

Unit IV

Brain disease
and cancer

Course Objectives
Objective of this course is to provide basic
contours of inflammation and disease
biology in context of associated diseases.
Acute inflammatory response is body’s first
system of alarm signals that are directed
toward containment and elimination of
disease causing perturbation. Uncontrolled
inflammation is a pathophysiological
basis for many widely occurring diseases,
including cardiovascular disease, asthma,
arthritis, and even cancer, including
infectious diseases.

Student Learning Outcomes
On completion of this course, students
should be able to understand human
body response to different diseases and
pathogens encountered. They should also
be able to identify role of different cell
types during an inflammatory response.

An overview in the context of overall body physiology: Acute & chronic inflammation;
Resolution of Acute Inflammation & wound healing; Links between innate and adaptive
immunity; Chronic inflammatory diseases such as rheumatoid arthritis, ankylosing
spondylitis, multiple sclerosis, inflammatory bowel diseases, and others typically
stimulate a systemic response of the entire body.
Neutrophils, mast cells, basophils, eosinophils, macrophages, lymphocytes, fibroblasts &
stromal cells.

Glomerulonephritis & Ischemia Reperfusion injury; asthma; animal models of
rheumatoid arthritis; ocular inflammation models; atherosclerosis in experimental
animal models; oral inflammation percentage periodontitis; pathogens & inflammation;
inflammation biomarkers & cardiometabolic risk; Diabetes Mellitus & metabolic
syndrome; Cardiometabolic Risk Inflammation and Neurodegenerative Disorders.
Roles of innate immunity and inflammation in aging brain/infectious disease; Role of
Inflammation in cancer development.

3 lectures
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Unit V

Anti-inflammatory
lifestyle

Aspects of anti-inflammatory lifestyle.

1 lecture

Recommended Textbooks and References:
1. Charles N. Serhan, Peter A. Ward, Derek W. (2010). Fundamentals of Inflammation,
Cambridge University Press.
2. Filipe Palavra, Flavio Reis, Daniela Marado, Armando Sena. (2015) Biomarkers of
Cardiometabolic Risk, Inflammation and Disease, Springer.
3. Bharat B. Aggarwal, Sunil Krishnan & Sushovan Guha. (2011) Inflammation, Lifestyle
and Chronic Diseases: The Silent Link Oxidative Stress and Disease. CRC Press.

44

DBT Supported Teaching Programmes
S.No. Name of University

Contact Details of Course Coordinator

1.

All India Institute of Medical
Sciences, New Delhi

Dr. Jaya Sivaswami Tyagi
Deptt. of Biotechnology
011-26589654
Jstyagi@aiims.ac.in

2.

Maharishi Dayanand University,
Rohtak

Dr. Hari Mohan Saini
Centre for Biotechnology
9671027033, 9416863575
01262-393101, 393105, 273820
harimohansaini@gmail.com
cmbtmdu@gmail.com

Annexure I
Subject Specific
Subcommittee of
M.Sc. Medical
Biotechnology

Chairperson
1. Dr. B. J. Rao, Senior Professor, Tata Institute of Fundamental Research, Mumbai
Members
2. Dr. Jaya Tyagi, Professor, Department of Biotechnology, All India Institute of
Medial Sciences, New Delhi
3. Dr. Pramod Mehta, Professor, Centre for Biotechnology, Maharshi Dayanand
University, Rohtak
4. Dr. Alok Ray, Consultant Professor, School of International Biodesign and Former
Head of Biomedical Engineering, Indian Institute of Technology, New Delhi
5. Dr. Madhumita Roy Chowdhury, Senior Scientist, Department of Pediatrics,
Division of Genetics, All India Institute of Medical Sciences, New Delhi
6. Dr. Mousumi Mutsuddi, Assistant Professor, Department of Molecular and Human
Genetics, Banaras Hindu University, Varanasi
7. Dr. Surajit Sarkar, Assistant Professor, Department of Genetics, University of Delhi
8. Dr. Arjun Surya, Chief Scientific Officer, Curadev Pharma, New Delhi
9. Dr. Vibhu Kanchan, Senior Scientist, MSD Wellcome Trust Hilleman Labs Pvt. Ltd.,
New Delhi
Member Secretary
10. Ms. Shreya Malik, Deputy Manager, Biotech Consortium India Limited, New Delhi
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Contact Us
For Details,
Contact Us

DEPARTMENT OF BIOTECHNOLOGY

Block 2, 7th Floor, CGO Complex, Lodhi Road,
New Delhi-110003

DR. SUMAN GOVIL
Advisor
suman@dbt.nic.in

BIOTECH CONSORTIUM INDIA LIMITED
5th Floor, Anuvrat Bhawan
210, Deen Dayal Upadhay Marg
New Delhi -110002

DR. PURNIMA SHARMA
Managing Director
ceo.bcil@nic.in

MS. SHREYA MALIK
Deputy Manager
shreya@biotech.co.in
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Universities/ Institutes offering M.Sc./ M.Tech teaching
programmes in biotechnology in India with DBT support
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.Sc. AGRICULTURAL BIO TECHNOLOG Y

M.V.Sc. ANIMAL BIO TECHNOLOG Y

M.Sc. MEDICAL BI OTECHNOLOG Y

M.Sc. MARINE BIO TECHNOLOGY

M.Sc. MOLECULAR & HUMAN GENETICS

M.Sc. NEUROSCIENCE

M.Sc. INDUSTRIAL BI OTECHNOLOGY

M.TECH. FOOD BIO TECHNOLOG Y

M.TECH. BIO TECHNOLOGY

M.Sc. ENVIRONMEN TAL BIOTECHNOLOG Y

M.Sc. BIORESOURCE BIO TECHNOLOG Y

M.TECH. PHARMACEUTICAL BI OTECHNOLOG Y
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