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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 S.K. Barik

Director
CSIR - National Botanical Research Institute

MESSAGE
The M. Sc. syllabus on Bioresource Biotechnology aims at providing students the
much-needed strong knowledge base on bioresources of the country as well as
the exposure to the whole range of biotechnological tools and technologies those
areavailable for utilization and value addition of our rich bioresources. In addition to
the technologies required exclusively for specific bioresources, the course curriculum
includes adequate hands-on practical training on the application of technologiesrelated
to industrial, food, agricultural, medical, and environmental biotechnologyin the field
of bioresource technology. Such applications include, bioprocesses, biomass, bioenergy,
bio-transformations, and several conversion and production technologies. A dedicated
semester for the project work would not only help the students in experimenting novel
ideas and independently conceptualizing a problem but would also train them on
strategies to solve it. The project work should also instill confidence in the students
to design experiments, implement and interpret the results.
We do realize that there is ample scope for improvement of the syllabus and we
welcome constructive suggestions for its improvement in future. I express my deep
sense of gratitude to the efforts made by Late Dr. PS Ahuja, Prof. AK Kaul and
other expert members for preparing the first draft of this syllabus. I also thank the
Chairman and other expert members of the Core team on syllabus formulation for
their valuable inputs.

(SK Barik)

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. Bioresource 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.
Bioresource 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. Bioresource
Biotechnology for updating the curriculum. The subject specific subcommittee
incorporated latest advancements in areas of Bioresource 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. Specialized courses such as Animal Bioresources, Plant Bioresources,
Microbial Bioresources and Characterization & Conservation of Bioresources have
been included to make the curriculum focussed. 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. Bioresource Biotechnology
S.No.

Title

Credits

SEMESTER ONE
1
2
3
4
5

Biochemistry
Cell and Molecular Biology
Genetics
Microbial Bioresources
Plant Bioresources

4
4
2
2
2

6
7
8
9
10

Animal Bioresources
Biostatistics
Laboratory I: Biochemistry and Analytical Techniques
Laboratory II: Microbial Bioresources
Laboratory III: Plant and Animal Bioresources
TOTAL

2
2
2
2
2
24

TOTAL

4
4
2
2
2
2
4
2
2
24

TOTAL

4
4
2
2
2
2
4
4
24

TOTAL

24
24

TOTAL CREDITS

96

SEMESTER TWO
1
2
3
4
5
6
7
8
9

Genetic Engineering
Immunology
Genomics and Proteomics
Bioinformatics
Research Methodology and Scientific Communication Skills
Elective
Laboratory IV: Molecular Biology and Genetic Engineering
Laboratory V: Immunology
Laboratory VI: Bioinformatics and Biostatistics

SEMESTER THREE
1
2
3
4
5
6
7
8

Bioresources: Characterization and Conservation
Plant and Animal Biotechnology
Industrial Biotechnology
Bioentrepreneurship
Intellectual Property Rights, Biosafety and Bioethics
Project Proposal Preparation and Presentation
Laboratory VII: Plant and Animal Biotechnology
Laboratory VlII: Industrial Biotechnology

SEMESTER FOUR
1

Dissertation

Recommended Electives:
1. Climate Science | 2. Nanobiotechnology | 3.Synthetic Biology
3

Semester One

Biochemistry
Credits

4

Unit I

Protein structure
5 lectures

Unit II

Enzyme kinetics
5 lectures

Unit III

Glycobiology
2 lectures

Unit IV

Lipids, DNA
and 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
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; target of rapamycin (TOR) & 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 & Molecular Biology
Credits

4
Unit I

Dynamic
organization of cell
6 lectures

Unit II

Chromatin structure
and dynamics
12 lectures

Course Objectives
The objectives of this course are to
sensitize the students to the fact that
as we go down the scale of magnitude
from cells to organelles to molecules,
the understanding of various biological
processes becomes deeper and inclusive.

Student Learning Outcomes
Student should be equipped to understand
three fundamental aspects in biological
phenomena: a) what to seek; b) how to
seek; c) why to seek?

Universal features of cells; cell chemistry and biosynthesis: chemical organization of
cells; internal organization of the cell - cell membranes: structure of cell membranes
and concepts related to compartmentalization in eukaryotic cells; intracellular
organelles: endoplasmic reticulum and Golgi apparatus, lysosomes and peroxisomes,
ribosomes, cellular cytoskeleton, mitochondria, chloroplasts and cell energetics; nuclear
compartment: nucleus, nucleolus and chromosomes.
Chromatin organization - histone and DNA interactome: structure and assembly
of eukaryotic and prokaryotic DNA polymerases, DNA-replication, repair and
recombination; chromatin control: gene transcription and silencing by chromatinWriters,-Readers and –Erasers; Transcriptional control: Structure and assembly of
eukaryotic and prokaryotic RNA Polymerases, promoters and enhancers, transcription
factors as activators and repressors, trancriptional initiation, elongation and termination;
post-transcriptional control: splicing and addition of cap and tail, mRNA flow through
nuclear envelope into cytoplasm, breakdown of selective and specific mRNAs through
interference by small non-coding RNAs (miRNAs and siRNAs), protein translation
machinery, ribosomes-composition and assembly; universal genetic codes, degeneracy
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of codons, Wobble hypothesis; Iso-accepting tRNA; mechanism of initiation, elongation
and termination; co- and post-translational modifications, mitochondrial genetic code.
Unit III

Cellular signalling,
transport and
trafficking

Molecular mechanisms of membrane transport, nuclear transport, transport across
mitochondria and chloroplasts; intracellular vesicular trafficking from endoplasmic
reticulum through Golgi apparatus to lysosomes/cell exterior.

3 lectures
Unit IV

Cellular processes
8 lectures

Unit V

Manipulating and
studying cells

Cell cycle and its regulation; cell division: mitosis, meiosis and cytokinesis; cell
differentiation: stem cells, their differentiation into different cell types and organization
into specialized tissues; cell-ECM and cell-cell interactions; cell receptors and transmembrane signalling; cell motility and migration; cell death: different modes of cell death
and their regulation.
Isolation of cells and basics of cell culture; observing cells under a microscope, different
types of microscopy; analyzing and manipulating DNA, RNA and proteins.

3 lectures
Unit VI

Genome
instability and
cell transformation
8 lectures

Mutations, proto-oncogenes, oncogenes and tumour suppressor genes, physical, chemical
and biological mutagens; types of mutations; intra-genic and inter-genic suppression;
transpositions- transposable genetic elements in prokaryotes and eukaryotes, role of
transposons in genome; viral and cellular oncogenes; tumor suppressor genes; structure,
function and mechanism of action; activation and suppression of tumor suppressor
genes; oncogenes as transcriptional activators.
Recommended Textbooks and References:
1. Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K., & Walter, P. (2002).
Molecular Biology of the Cell. New York: Garland Science.
2. Lodish, H. F. (2000). Molecular Cell Biology. New York: W.H. Freeman.
3. Krebs, J. E., Lewin, B., Kilpatrick, S. T., & Goldstein, E. S. (2014). Lewin's Genes XI.
Burlington, MA: Jones & Bartlett Learning.
4. Cooper, G. M., & Hausman, R. E. (2009). The Cell: a Molecular Approach.
Washington: ASM; Sunderland.

Genetics
Credits

2

Course Objectives
The objectives of this course are to take
students through basics of genetics and
classical genetics covering prokaryotic/
phage genetics to yeast and higher
eukaryotic domains. On covering all
classical concepts of Mendelian genetics
across these life-forms, students will
be exposed to concepts of population
genetics, quantitative genetics
encompassing complex traits, clinical
genetics and genetics of evolution.
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Student Learning Outcomes
On successful completion of this course,
student will be able :
• Describe fundamental molecular
principles of genetics;
• Understand relationship between
phenotype and genotype in human
genetic traits;
• Describe basics of genetic mapping;
• Understand how gene expression
is regulated.

Unit I

Genetics of bacteria
and bacteriophages
10 lectures
Unit II

Yeast genetics
6 lectures

Unit III

Drosophila genetics
as a model of higher
eukaryotes

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 gene.
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 context of developmental mechanism.

4 lectures
Unit IV

Population genetics
and genetics of
evolution
4 lectures

Introduction to the elements of population genetics: genetic variation, genetic drift,
neutral evolution; mutation selection, balancing selection, Fishers theorem, HardyWeinberg equilibrium, linkage disequilibrium; in-breeding depression & mating systems;
population bottlenecks, migrations, Bayesian statistics; adaptive landscape, spatial
variation & genetic fitness.

Unit V

Complex traits, mapping QTLs, yeast genomics to understand biology of QTLs.

Quantitative genetics of
complex traits (QTLs)
2 lectures
Unit VI

Plant genetics
2 lectures

Laws of segregation in plant crosses, inbreeding, selfing, heterosis, maintenance of
genetic purity, gene pyramiding.

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.

Biostatistics
Credits

2

Course Objectives
The objective of this course is to introduce
to statistical methods and to understand
the underlying principles, as well as
practical guidelines of “how to do it”
and “how to interpret it” statistical data
particularly for bio systems.
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Student Learning Outcomes
On completion of this course,
students should be able to:
• Understand how to summarise
statistical data;
• Apply appropriate statistical tests
based on an understanding of study
question, type of study and type
of data;
• Interpret results of statistical tests and
application in biological systems.

Unit I

Introduction
5 lectures

Unit II

Descriptive statistics
5 lectures
Unit III

Probability
and distribution
4 lectures
Unit IV

Correlation and
regression analysis
6 lectures
Unit V

Statistical hypothesis
testing

Types of biological data (ordinal scale, nominal scale, continuous and discrete logical
systems data), frequency distribution and graphical representations (bar graph,
histogram, box plot and frequency polygon), cumulative frequency distribution,
populations, samples, simple random, stratified and systematic sampling.		
					
Measures of Location, Properties of Arithmetic Mean, median, mode, range, Properties
of the Variance and Standard Deviation, Coefficient of Variation, Grouped Data, Graphic
Methods, Obtaining Descriptive Statistics on the Computer, Case study.
		
							
Introduction to probability and laws of probability, Random Events, Events-exhaustive,
Mutually exclusive and equally likely (with simple exercises), Definition and properties of
binomial distribution, Poisson distribution and normal distribution.			
								
Correlation, Covariance, calculation of covariance and correlation, Correlation
coefficient from ungrouped data Spearson’s Rank Correlation Coefficient, scatter and dot
diagram, General Concepts of regression, Fitting Regression Lines, regression coefficient,
properties of Regression Coefficients, Standard error of estimate.			
Making assumption, Null and alternate hypothesis, error in hypothesis testing,
confidence interval, one-tailed and two-tailed testing, decision making.

4 lectures
Unit VI

Tests of significance
8 lectures

Unit VII

Experimental designs
8 lectures

Steps in testing statistical significance, selection and computation of test of significance
and interpretation of results; Sampling distribution of mean and standard error, Large
sample tests (test for an assumed mean and equality of two population means with
known S.D.), z-test; Small sample tests (t-test for an assumed mean and equality of means
of two populations when sample observations are independent); Parametric and Non
parametric tests (Mann-Whitney test); paired and unpaired t-test, chi
square test.
Introduction to study designs: Longitudinal, cross-sectional, retrospective and
prospective study, Principles of experimental designs, Randomized block, and Simple
factorial designs, Analysis of variance (ANOVA) and its use in analysis of RBD,
introduction to meta-analysis and systematic reviews, ethics in statistics.
Recommended Textbooks and References:
1. Jaype Brothers, (2011), Methods in Biostatistics for Medical Students and Research
Workers (English), 7th Edition
2. Norman T.J. Bailey, (1995), Statistical Methods in Biology, 3rd Edition, Cambridge
University Press.
3. P. N. Arora and P. K. Malhan, (2006), Biostatistics, 2nd Edition, Himalaya
Publishing House.
4. Jerold Zar, Biostatistical Analysis, 4th Edition. Pearson Education.
5. Biostatistics: a Foundation for Analysis in the Health Sciences, 7th Edition, Wiley.
6. ML Samuels, JA Witmer (2003) Statistics for the Life Sciences, 3rd edition.
Prentice Hall.
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Microbial
Bioresources
Credits

2

Unit I

Microbial
characteristics
6 lectures
Unit II

Microbial diversity
9 lectures

Unit III

Control of
microorganisms
3 lectures
Unit IV

Virology
5 lectures
Unit V

Host- microbe
interaction
5 lectures

Course Objectives
The objectives of this course are to
introduce students to field of microbiology
with special emphasis on microbial
diversity, morphology, physiology and
nutrition; methods for control of microbes
and host-microbe interactions.

Student Learning Outcomes
Students should be able to:
• Identify major categories of
microorganisms and analyze their
classification, diversity, and ubiquity;
• Identify and demonstrate structural,
physiological, genetic similarities
and differences of the major categories
of microorganisms;
• Identify and demonstrate how to
control microbial growth;
• Demonstrate and evaluate interactions
between microbes, hosts and
environment.

Introduction to microbiology and microbes, history & scope of microbiology,
morphology, structure, growth and nutrition of bacteria, bacterial growth curve, bacterial
culture methods; bacterial genetics: mutation and recombination in bacteria, plasmids,
transformation, transduction and conjugation; antimicrobial resistance.
Microbial taxonomy and evolution of diversity, classification of microorganisms,
criteria for classification; classification of bacteria; Cyanobacteria, acetic acid bacteria,
Pseudomonads, lactic and propionic acid bacteria, endospore forming bacteria,
Mycobacteria and Mycoplasma. Archaea: Halophiles, Methanogens, Hyperthermophilic
archae, Thermoplasm; eukarya: algae, fungi, slime molds and protozoa; extremophiles
and unculturable microbes.
				
Sterilization, disinfection and antisepsis: physical and chemical methods for control
of microorganisms, antibiotics, antiviral and antifungal drugs, biological control of
microorganisms.
								
Virus and bacteriophages, general properties of viruses, viral structure, taxonomy of
virus, viral replication, cultivation and identification of viruses; sub-viral particles –
viroids and prions.
Host-pathogen interaction, ecological impacts of microbes; symbiosis (Nitrogen fixation
and ruminant symbiosis); microbes and nutrient cycles; microbial communication
system; bacterial quorum sensing; microbial fuel cells; prebiotics and probiotics.

Recommended Textbooks and References:
1. Pelczar, M. J., Reid, R. D., & Chan, E. C. (1977). Microbiology (5th ed.).
New York: McGraw-Hill.
2. Willey, J. M., Sherwood, L., Woolverton, C. J., Prescott, L. M., & Willey, J. M. (2011).
Prescott's Microbiology. New York: McGraw-Hill.
3. Matthai, W., Berg, C. Y., & Black, J. G. (1999). Microbiology, Principles and
Explorations. Boston, MA: John Wiley & Sons.
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Plant
Bioresources
Credits

Course Objectives
This course has been designed to acquaint
students with plant bioresources, their
traditional and non-traditional uses,
current status and recent developments
in value addition and future prospects.

2
Unit I

Plant bioresources:
origin, domestication
and improvement
10 lectures

Unit II

Plant bioresources:
traditional uses
7 lectures

Unit III

Medicinal and other
useful plants
7 lectures

Student Learning Outcomes
On completion of this course,
students should be able to:
• Identify different plant bioresources;
• Understand the importance of the
plant bioresources;
• Apply knowledge gained for
betterment of mankind.

Prehistoric plant human interactions; discovery of plant use to humans, hunter-gathering
to practice of agricultural plant exploitation, resurgence of interest in plant bioresources
due to plant explorations and ethnobotanical studies during 19th and 20th centuries;
Importance of classification and taxonomy of plants; Classification systems of plants
with emphasis on Angiosperm Phylogeny Group IV (APG IV) classification; Origin
of cultivated plants: Vavilovian concept of Centres of origin of crop plants; Centres of
origin of maize, rice and wheat; concept of primary and secondary Centres of origin of
crop plants; Domestication of crop plants; beginning of agriculture; dissemination and
spread of agriculture; domestication and evolution of crop plants; Plant improvement:
development of improved agricultural crops through plant breeding; evolution of high
yielding crop varieties through genetic engineering; uses and production of improved
varieties in wheat, rice and maize.
Food supplements: Solanum tuberosum, Ipomoea batatas, Agaricus bisporus and
Hippophae rhamnoides (distribution, classification, parts used and method of use,
nutritive value); spices and condiments: Crocus sativus, Piper nigrum, Zingiber officinale
and Apium graveolens (distribution, classification, parts used and method of use).
Sources of beverages: non-alcoholic: Camellia sinensis (tea) and Coffea arabica (coffee);
alcoholic: Vitis vinifera (grapes) (distribution, classification, parts used and method of
use). Fodders, fibres, timbers: Fodders: Avena byzantina, Grewia optiva and Morus
alba (distribution, classification and method of use); Fibers: Gossypium spp., Chorchorus
capsularis, Cocos nucifera, (distribution, classification, part used and durability); Timbers:
Pinus roxburghii, Tectona grandis and Dalbergia sissoo (distribution, classification, wood
structure and properties), non-timber forest products (bamboos and canes); Dyeyielding plants: Definition; history and sources of natural dyes, commonly used dye
plants: Bixa orellana, Butea monosperma, Lawsonia inermis and Indigofera tinctoria; less
used colouring matter: balsam, marigold, and pomegranate (distribution, part used and
commercial importance); Biofuels: Waste to wealth.
Medicines: antioxidants (Ginkgo biloba, Camellia sinensis, Hippophae rhamnoides);
adaptogens (Eleutherococcus senticosus, Cordyceps sinensis); anodynes (Atropa belladona,
Zingiber officinale); laxatives (Aloe vera and Plantago ovata); nervines (Melissa
officinalis, Avena sativa); aromatic oils (Thymus serpyllum and Lavandula angustifolia);
immunostimulants (Eupatorium perfoliatum, Acanthopanax centicosus); anti-cancerous
(Taxus wallichiana, Podophyllum hexandrum) ; anti-malarial (Artemisia annua)
(distribution, classification, part used and method of use, and medicinal value); Biosweeteners (Stevia rebaudiana and Glycyrrhiza glabra); bio-flavors (Vanilla planifolida
and Fragaria virginiana); bio-alginates (Laminaria hyperboria, Ascophyllum nodusum);
bio-gums (Caesalpina spinosa, Trigonella foenum-graecum) (distribution, classification,
part used and method of use, and efficacy); Bio-cosmetics (Aloe vera, Crocus sativus
and Santalum album); bio-preservatives (vinegar, sugar) (distribution, classification,
part used and method of use; efficacy); Current scenario and recent advancements in
pharmaceutical and cosmoceutical industries.
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Unit IV

Value addition of
plant resources
4 lectures

Principle and applications of steam distillation for medicinal and aromatic plants;
Solvent extraction principle and methods; Super critical CO2 extraction principle and
applications.

Recommended Textbooks and References:
1. Anonymous (1970-1988). The Wealth of India: Raw Materials, Vol. I-XI.
CSIR, New Delhi.
2. Biodiversity International (2013). Bioversity collecting mission database.
3. Guarino L, Ramanatha Rao V, Reid R, eds. (1995). Collecting Plant Genetic
Diversity: Technical Guidelines. International Plant Genetic Resources Institute
(IPGRI), Rome, Italy.
4. Judd, W. S., Campbell, C. S., Kollogg, E. A., Stevens, P. F. and Donoghue, M. J. (2008).
Plant Systematic: Phylogenetic Approach. Sircuier Associates, Inc.
5. Sharma, O.P. (2001). Hill’s Economic Botany, Tata McGraw-Hill Pub. Ltd.
6. Sharma, Ramniwas. (2006). Growth and Development of Agriculture. Biotech Book.
7. Singh, R.V. (1982). Fodder Trees of India, Oxford & IBH Publishing Co.
8. Thormann I, Gaisberger H, Mattei F, Snook L, Arnaud E. (2012). Digitization and
Online Availability of Original Collecting Mission Data to Improve Data Quality and
Enhance the Conservation and Use of Plant Genetic Resources. Genetic Resources and
Crop Evolution. 59:5 635-644.
9. Vankar, S. P. (2006). Handbook on Natural Dyes for Industrial Applications. National
Institute of Industrial Research, Delhi.
10. Varnam, H. Alan and Suther Land, P. Jane (1994). Beverages (Technology, Chemistry
and Microbiology), Chapman and Hall.
11. Bennett, B. C. Plant Domestication and the Origins of Agriculture. Encyclopedia of
Life Support System (EOLSS) Online.
12. Ameenah Gurib-Fakim. (2014). Novel Plant Bioresources: Applications in Food,
Medicine and Cosmetics. Wiley-Blackwell.
13. Timothy R. Tomlinson, Olayiwola Akerele (1998). Medicinal Plants: Their Role in
Health and Biodiversity. University of Pennsylvania Press.
14. Khare, C. P. (2008). Indian Medicinal Plants: an Illustrated Dictionary. Springer
Science & Business Media.
15. Trivedi, P. C. (2006). Medicinal Plants: Traditional Knowledge. IK International Pvt Ltd.
16. Das, S. K. (1959). Medicinal, Economic and Useful Plants of India(Alphabetically arranged).

Animal
Bioresources
Credits

2
Unit I

Animal diversity
and taxonomy
8 lectures

Course Objectives
Since the dawn of civilization, humankind
realized importance of animals,
domesticated them and utilized their
services in one way or the other. The
course is designed to acquaint students
with biology of these animals, their
management and judicious utilization
based on scientific principles.

Student Learning Outcomes
On completion of this course, students
should be able to:
• Identify different animal bioresources;
• Understand importance of animal
bioresources;
• Apply the knowledge gained for
betterment of mankind.

Diversity and classification of animals; need of classification, hierarchy of groups; five
kingdom system of classification; Taxonomy: definition, history and importance,
kinds of taxonomy (morphotaxonomy, karyotaxonomy, cytotaxonomy and molecular
taxonomy); phases of taxonomy; Identification; identification by keys, types of keys,
construction and use of keys; curating (collection, killing, preservation and storage);
concept of species and sub-species; Zoological nomenclature (ICZN), principles of
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nomenclature, publication of scientific names, typification and kinds of types,
principle of priority.
Unit II

Aquatic animals,
insects and
earthworms
8 lectures

Unit III

Animal products
and management
8 lectures

Edible species of fishes; fish culture: sources of fish seed, types of culture practices,
selection of species; Indian and exotic cultivable fish species; layout of a typical fish pond,
types of fish ponds, management techniques, control of aquatic weeds and predators;
maturing, supplementary and artificial feeding; Edible species of aquatic invertebrates,
prawn, lobster, mollusks and crabs; shell fish prawn and pearl oyster farming; Sericulture,
apiculture, lac culture, vermiculture, milliculture; diseases associated with various
cultures, advances in insect-based industries in India; Insects as food and nutrition.
Pharmaceuticals from animals; (sea food): value addition and export, role of Marine
Product Export Development Authority (MPEDA) in promoting production and
export of marine products; Meat, leather and wool industries and their production
with special emphasis on their export potential; poultry farming (chicken, duck and
quail); commercial poultry breeds in India, poultry diseases; egg industry - present
status in India; Dairy farming in India: breeds of cattle and buffalo, milk production and
pasteurization techniques; Animal waste recycling: biogas and its production, types of
biogas plants; slaughter house wastes and their utilization; fish byproducts; fish mealmethods of processing and uses.
Recommended Textbooks and References:
1. Blackwelder. E. Richard. (1996). Taxonomy: a Text and Reference Book, 3rd Edition,
John Wiley and Sons INC.
2. Jabde V. Pradip. (2005). Text Book of Applied Zoology, 1st Edition, Discovery
Publishing House, New Delhi.
3. Malhotra P. (2008). Economic Zoology, 5th Edition, Adhyayan Publishers,
New Delhi.
4. Shukla G.S. and Upadhay (2001). Economic Zoology, 4th Edition, Rastogi
Publications, Meerut.
5. Hickman, C. P., & Roberts, L. S. (2011). Animal Diversity (6th ed.).
McGraw-Hill Education.
6. Helfman, G., Collett, U. B., & Facey, U. E. (2011). The Diversity of Fishes: Biology,
Evolution and Ecology (2nd ed.). Wiley-Blackwell.
7. Venkataraman, K., & Sivaperuman, C. (2014). Marine Faunal Diversity in India:
Taxonomy, Ecology and Conservation. Academic Press.

Laboratory I:
Biochemistry
& Analytical
Techniques

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

Credits

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.

4
Syllabus

1. Preparing various stock solutions and working solutions that will be needed
for the course.
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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
j) Dialysis of the purified protein solution against 60% glycerol as a demonstration
of storage method
6. Experimental verification that absorption at OD260 is more for denatured DNA as
compared to native double stranded DNA.
7. Identification of an unknown sample as DNA, RNA or protein using available
laboratory tools (Optional Experiments).
8. Biophysical methods (Circular Dichroism Spectroscopy, Fluorescence Spectroscopy).
9. Determination of mass of small molecules and fragmentation patterns by
Mass Spectrometry.

Laboratory II:
Microbial
Bioresources

Course Objectives
The objective of this laboratory course is
to provide the students practical skills in
basic microbiological techniques.

Credits

Student Learning Outcomes
Students should be able to:
• Isolate, characterize and identify
common bacteria;
• Determine bacterial load of different
samples;
• Perform antimicrobial sensitivity test;
• Preserve bacterial cultures.

2
Syllabus

Sterilization, disinfection and safety in microbiological laboratory.
Preparation of media for cultivation of bacteria.
Isolation of bacteria in pure culture by streak plate method.
Study of colony and growth characteristics of some common bacteria:
Bacillus, E. coli, Staphylococcus, Streptococcus, etc.
5. Preparation of bacterial smear and Gram’s staining.
6. Enumeration of bacteria: standard plate count.
7. Antimicrobial sensitivity test and demonstration of drug resistance.
8. Maintenance of stock cultures: slants, stabs and glycerol stock cultures.
9. Determination of phenol co-efficient of antimicrobial agents.
10. Determination of Minimum Inhibitory Concentration (MIC).
11. Isolation and identification of bacteria from soil/water samples.
1.
2.
3.
4.
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Recommended Textbooks and References:
1. Cappuccino, J. G., & Welsh, C. (2016). Microbiology: a Laboratory Manual.
Benjamin-Cummings Publishing Company.
2. Collins, C. H., Lyne, P. M., Grange, J. M., & Falkinham III, J. (2004). Collins and
Lyne’s Microbiological Methods (8th ed.). CRC Press.
3. Arnolds. Tille, P. M., & Forbes, B. A. Bailey & Scott’s Diagnostic Microbiology.
Elsevier Health – US.

Laboratory III:
Plant and
Animal
Bioresources

Course Objectives
This laboratory course is designed to
teach basics of exploration, identification
and conservation of plant and animal
bioresources.

Student Learning Outcomes
On completion of this course, students
should be able to:
• Understand features of various animal
and plant bioresources;
• Learn various classical and modern
methods of bioresource conservation
and management.

Credits

2
Syllabus

1. Collection and identification of a few economically important plant and animal taxa.
Honey bee, Earthworm, Withania somnifera, Abelmoschus spp., Phyllanthus emblica.
2. Introduction to intraspecific variability against backdrop of concept of invariability
of a species: maize, beans, brinjal, dogs, poultry.
3. Variability beyond level of species
i. Intra-generic variation. Solanum spp., Capsicum spp., Allium spp., Apis spp.
ii. Intra-familial variability. Solanaceae, Poaceae.
4. Collect, describe, identify and classify wild bioresources, including wild relatives
of crop plants and look for similarities and differences with the cultivated relatives.
Wild relatives of: Pear, Indian gooseberry, Olive, Okra, Fig, Grape and Rice.
5. Variability introduced in cultivated plants and animals to suit human fancy, taste and
need through classical methods of plant improvement-selection and hybridization:
rose, dog, apple, mango, rice, maize, seedless guava and grapes.
6. Spottings on plant and animal bioresources produced through biotechnological
interventions - photograph of GM plants and animals like Bt cotton, Flavr savr
tomato, Golden rice, Noori.
7. Aquatic bioresources: Lotus, Water chestnut, Euryale ferox, Typha spp., Nymphaea
spp., Fish, Prawn, Crab, Turtle, Marine algae, Corals, Pearls, Ducks.
8. Subterranean bioresources: potatoes, sweet potato, Tapioca sp., Zingiber sp.,
Dioscorea sp., Curcuma sp., Groundnut, Acorus sp., Earthworm.
9. Terrestrial Bioresources: Trees, fruits: Rosaceous, Non- rosaceous.
10. Study of characteristics of important bioresources - Timbers: hard and soft woods,
fuels, medicine, fodder, foliage: silkworm, food, Rubber; Shrubs: food, fodder,
medicinal, fruits, fibres, dyes; Herbs: food, fodder, medicinal, fruits, fibres, dyes.
11. Study of characteristics of bioresources used to produce multiple products through
processing: Maize- maize floor, Popcorn, Cakes; Soyabean; Potato; Camelia sp.;
Wheat; Linum sp. and Silk.
12. Assessment of Bioresources: Determination of density, abundance and frequency of
species by quadrat method.
13. Determination of species diversity by using Shanon -Wiener’s index and
Simpson Index.
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14. Understanding principle and functioning of Global Positioning System (GPS)
and its use.
15. Marking and mapping different sites of University campus with help of Global
Positioning System.
Recommended Textbooks and References:
1. Koppe and Gilbert (1973). Biochemistry and Experimental Biology - Volumes 13-14.
2. Adriance Sherwood Foster (1974). Practical Plant Anatomy. New York : D. Van
Nostrand Company Inc.
3. Judith Winston (2012). Describing Species: Practical Taxonomic Procedure for
Biologists. Columbia University Press.

Semester Two

Genetic
Engineering
Credits

4

Unit I

Introduction and
tools for genetic
engineering
6 lectures

Unit II

Different types
of vectors
7 lectures

Unit III

Different types
of PCR techniques
7 lectures

Course Objectives
The objectives of this course are to teach
students with various approaches to
conducting genetic engineering and their
applications in biological research as well
as in biotechnology industries. Genetic
engineering is a technology that has been
developed based on our fundamental
understanding of the principles of
molecular biology and this is reflected in
the contents of this course.

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

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; homopolymeric 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; M13 mp vectors; PUC19 and Bluescript vectors, phagemids;
Lambda vectors; Insertion and Replacement vectors; Cosmids; Artificial chromosome
vectors (YACs; BACs); Principles for maximizing gene expression: expression vectors,
pMal, GST, pET-based vectors; Protein purification: His-tagged/GST-tagged/MBP-tagged
proteins 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 plasmids as vectors, yeast vectors,
shuttle vectors.
Principles of PCR: primer design; fidelity of thermostable enzymes; DNA polymerases;
types of PCR – multiplex, nested; reverse-transcription PCR, real time PCR, touchdown
PCR, hot start PCR, colony PCR, asymmetric PCR, cloning of PCR products; TA
cloning 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.
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Unit IV

cDNA analysis
7 lectures

Unit V

Gene silencing and
genome editing
technologies
13 lectures

Insertion of foreign DNA into host cells; transformation, electroporation, transfection;
construction of libraries; isolation of mRNA and total RNA; reverse transcriptase and
cDNA synthesis; cDNA and genomic libraries; construction of microarrays – genomic
arrays, cDNA arrays and oligo arrays; study of protein-DNA interactions: electrophoretic
mobility shift assay; DNase footprinting; methyl interference assay, chromatin
immunoprecipitation; protein-protein interactions using yeast two-hybrid system;
phage display.
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.
Recommended Textbooks and References:
1. Brown, T. A. (2006). Genomes (3rd ed.). New York: Garland Science Pub
2. S. Primrose, R. Twyman, B. Old, and G. Bertola (2006), Principles of Gene
Manipulation and Genomics, Blackwell Publishing Limited; 7th Edition
3. Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual.
Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press.
4. Selected papers from Scientific Journals, particularly Nature & Science.
5. Technical Literature from Stratagene, Promega, Novagen, New England Biolab etc.

Immunology
Credits

4

Unit I

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

Immune responses
generated by B and T
lymphocytes

Course Objectives
The objectives of this course are to make
students learn about the structural features
of the components of the immune system
as well as their function. The major
emphasis of this course will be on the
development of the immune system and
mechanisms by which our body elicit the
immune response. This will be imperative
for the students as it will help them to
think like an immunologist and predict
about the nature of immune response that
develops against bacterial, viral or parasitic
infection, and prove it by designing new
experiments.

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.

Components of innate and acquired immunity; phagocytosis; 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, MHC and
immune responsiveness and disease susceptibility.

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
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10 lectures

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, Hapten-carrier system.

Unit III

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, biosenor assays for assessing ligand –receptor interaction, CMI techniqueslymphoproliferation assay, mixed lymphocyte reaction, cell cytotoxicity assays, apoptosis,
microarrays, transgenic mice, gene knock outs.

Antigen-antibody
interactions
7 lectures

Unit IV

Vaccinology
9 lectures

Unit V

Clinical immunology
10 lectures

Unit VI

Immunogenetics
6 lectures

Active and passive immunization; live, killed, attenuated, subunit vaccines; vaccine
technology- role and properties of adjuvants, recombinant DNA and protein based
vaccines, plant-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.
Immunity to infection : bacteria, viral, fungal and parasitic infections (with examples
from each group); hypersensitivity – Type I-IV; autoimmunity; types of autoimmune
diseases; mechanism and role of CD4+ T cells; MHC and TCR in autoimmunity;
treatment of autoimmune diseases; 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, autoimmune disorder, anaphylactic shock,
immunesenescence, immune exhaustion in chronic viral infection, immune tolerance,
NK cells in chronic viral infection and malignancy.
Major histocompatibility complex genes and their role in autoimmune and infectious
diseases, HLA typing, human major histocompatibility complex (MHC), Complement
genes of the human major histocompatibility complex: implication for linkage
disequilibrium and disease associations, genetic studies of rheumatoid arthritis, systemic
lupus erythematosus and multiple sclerosis, genetics of human immunoglobulin,
immunogenetics of spontaneous control of HIV, KIR complex.
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.
London: Academic Press.
6. Parham, P. (2005). The Immune System. New York: Garland Science.
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Genomics and
Proteomics

Course Objectives
The objective of this course is to provide
introductory knowledge concerning
genomics, proteomics and their
applications.

Credits

Student Learning Outcomes
Students should be able to acquire
knowledge and understanding of
fundamentals of genomics and proteomics,
transcriptomics and metabolomics and
their applications in various applied areas
of biology.

2
Unit I

Basics of genomics
and proteomics
3 lectures
Unit II

Genome mapping
4 lectures

Unit III

Genome sequencing
projects

Brief overview of prokaryotic and eukaryotic genome organization; extra-chromosomal
DNA: bacterial plasmids, mitochondria and chloroplast.
						

Genetic and physical maps; markers for genetic mapping; methods and techniques used
for gene mapping, physical mapping, linkage analysis, cytogenetic techniques, FISH
technique in gene mapping, somatic cell hybridization, radiation hybrid maps, in situ
hybridization, comparative gene mapping.
					
Human Genome Project, genome sequencing projects for microbes, plants and animals,
accessing and retrieving genome project information from the web.

3 lectures
Unit IV

Comparative
genomics
5 lectures
Unit V

Proteomics
5 lectures
Unit VI

Functional genomics
and proteomics
8 lectures

							
Identification and classification of organisms using molecular markers- 16S rRNA
typing/sequencing, SNPs; use of genomes to understand evolution of eukaryotes, track
emerging diseases and design new drugs; determining gene location in genome sequence.
									
Aims, strategies and challenges in proteomics; proteomics technologies: 2D-PAGE,
isoelectric focusing, mass spectrometry, MALDI-TOF, yeast 2-hybrid system, proteome
databases.
				
Transcriptome analysis for identification and functional annotation of gene, Contig
assembly, chromosome walking and characterization of chromosomes, mining functional
genes in genome, gene function- forward and reverse genetics, gene ethics; proteinprotein and protein-DNA interactions; protein chips and functional proteomics; clinical
and biomedical applications of proteomics; introduction to metabolomics, lipidomics,
metagenomics and systems biology.
Recommended Textbooks and References:
1. Primrose, S. B., Twyman, R. M., Primrose, S. B., & Primrose, S. B. (2006). Principles
of Gene Manipulation and Genomics. Malden, MA: Blackwell Pub.
2. Liebler, D. C. (2002). Introduction to Proteomics: Tools for the New Biology.
Totowa, NJ: Humana Press.
3. Campbell, A. M., & Heyer, L. J. (2003). Discovering Genomics, Proteomics, and
Bioinformatics. San Francisco: Benjamin Cummings.
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Bioinformatics
Credits

2

Unit I

Biological databases
3 lectures

Unit II

Sequence alignment
and database searching
3 lectures

Unit III

Phylogenetic analysis
3 lectures

Unit IV

Structural biology
3 lectures

Unit V

Classification and
comparison of
3D structures
3 lectures

Unit VI

Applications in
drug design
3 lectures

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

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

Introduction, Primary & Secondary database, Sequence file formats, Introduction to
structures, Protein Data Bank (PDb), Molecular Modelling Database (MMDb), Structure
file formats, Visualizing structural information, Database of structure viewers, Collection
of sequences, sequence annotation, sequence description.
		
Evolutionary basis of sequence alignment, Optimal alignment methods, Substitution
scores & gap a, Statistical significance of alignments, Database similarity searching,
FASTA, BLAST, Low complexity regions, Repetitive elements, Multiple Sequence
Alignment: Progressive alignment methods, Motifs and patterns, Clustral, Muscle;
Scoring matrices, Distance matrices.
		
Alignment, tree building and tree evaluation, Comparison and application of Unweighted
Pair Group Method with Arithmetic Mean (UPGMA), Neighbour Joining (NJ), Maximum
Parsimony (MP), Maximum Likelihood (ML) methods, Bootstrapping, Jackknife; Software
for Phylogenetic analysis. DNA barcoding: Methods tools and databases for barcoding
across all species, Applications and limitations of barcoding, Consortium for Barcode of
Life (CBOL) recommendations, Barcode of Life Database (BOLD).
3-D structure visualization and simulation, Basic concepts in molecular modeling:
different types of computer representations of molecules; External coordinates and
Internal Coordinates, Molecular Mechanics, Force fields etc. Secondary structure
elucidation using Peptide bond, phi, psi and chi torsion angles, Ramachandran map,
anatomy of proteins – Hierarchical organization of protein structure –like CATH (class,
architecture, topology, homology), SCOP (Structural Classification of Proteins), FSSP
(families of structurally similar proteins).
DNA & RNA secondary and tertiary structures, t-RNA tertiary structure; Protein
Secondary structure prediction: Algorithms viz. Chou Fasman, GOR methods, Tertiary
Structure prediction: Fundamentals of the methods for 3D structure prediction
(sequence similarity/identity of target proteins of known structure, fundamental
principles of protein folding etc.) Homology/comparative modeling, fold recognition,
threading approaches, and ab initio structure prediction methods; CASP (Critical
Assessment of protein Structure Prediction); Computational design of promoters,
proteins & enzymes.				
Chemical databases like NCI/PUBCHEM; Fundamentals of Receptor-ligand interactions;
Structure-based drug design: Identification and Analysis of Binding sites and virtual
screening; Ligand based drug design: Structure Activity Relationship – QSARs &
Pharmacophore; In silico predictions of drug activity and ADMET.		
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Unit VII

Analysis of
microarray data

Designing of oligo probes; Image processing and normalization; Microarray data
variability (measurement and quantification); Analysis of differentially expressed genes;
Experimental designs.					

Unit VIII

Comparison with computer algorithms, string structures, Introduction to programming
in computational biology through C/ Perl / Java. 				

2 lectures

Biological algorithms
2 lectures
Unit IX

Systems biology
3 lectures

System-level understanding of biological systems, use and integration of data from
transcriptomics, proteomics and metabolomics; concepts in glycomics, interactomics
and fluxomics.
				
Recommended Textbooks and References:
1. A.D. Baxevanis and B.F.F. Ouellette (Eds). (2002), Bioinformatics: a Practical Guide
to the Analysis of Genes and Proteins, John Wiley and Sons.
2. D.W. Mount, (2001), Bioinformatics: Sequence and Genome Analysis, Cold Spring
Harbor Laboratory Press.
3. Jones & Peuzner, (2004); Introduction to Bioinformatics Algorithms; Ane Books, India.
4. Web-resources and suggested reviews/ research papers.
5. Dov Stekel, (2003); Microarray Bioinformatics; Cambridge University Press.

Research
Methodology
and Scientific
Communication Skills

Course Objectives
The objectives of this course are to give
a background on the history of science,
emphasizing the methodologies used to
do research, use the framework of these
methodologies for understanding effective
lab practices and scientific communication
and appreciate scientific ethics.

Student Learning Outcomes
Students should be able to:
• Understand the history and
methodologies of scientific research,
applying these to recent published
papers;
• Understand and practice scientific
reading, writing and presentations;
• Appreciate scientific ethics through
case studies.

Credits

2
Unit I

History of science
and science
methodologies

Empirical science; the scientific method; manipulative experiments and controls;
deductive and inductive reasoning; descriptive science; reductionist vs holistic biology.

8 lectures
Unit II

Preparation for
research

Choosing a mentor, lab and research question; maintaining a lab notebook.

2 lectures
Unit III

Process of
communication
5 lectures

Concept of effective communication- setting clear goals for communication; determining
outcomes and results; initiating communication; avoiding breakdowns while
communicating; creating value in conversation; barriers to effective communication;
non-verbal communication-interpreting non-verbal cues; importance of body language,
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power of effective listening; recognizing cultural differences; Presentation skills - formal
presentation skills; preparing and presenting using over-head projector, PowerPoint;
defending interrogation; scientific poster preparation & presentation; participating
in group discussions; Computing skills for scientific research - web browsing for
information search; search engines and their mechanism of searching; hidden Web
and its importance in scientific research; internet as a medium of interaction between
scientists; effective email strategy using the right tone and conciseness.
Unit IV

Scientific
communication
9 lectures

Technical writing skills - types of reports; layout of a formal report; scientific writing
skills - importance of communicating science; problems while writing a scientific
document; plagiarism, software for plagiarism; scientific publication writing: elements
of a scientific paper including abstract, introduction, materials & methods, results,
discussion, references; drafting titles and framing abstracts; publishing scientific papers peer review process and problems, recent developments such as open access and nonblind review; plagiarism; characteristics of effective technical communication; scientific
presentations; ethical issues; scientific misconduct.
Recommended Textbooks and References:
1. Valiela, I. (2001). Doing Science: Design, Analysis, and Communication of Scientific
Research. Oxford University Press.
2. On Being a Scientist: a Guide to Responsible Conduct in Research. (2009).
Washington, D.C.: National Academies Press.
3. Gopen, G. D., & Smith, J. A. The Science of Scientific Writing. American
Scientist, 78(Nov-Dec 1990), 550-558.
4. Mohan, K., & Singh, N. P. (2010). Speaking English Effectively. Delhi:
Macmillan India.
5. Movie: Naturally Obsessed, The Making of a Scientist.

Laboratory
IV: Molecular
Biology and
Genetic
Engineering

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

Credits

Student Learning Outcomes
On completion of this lab course,
tudents 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 in
gene cloning, protein expression and
purification.

4
Syllabus

1.

2.
3.
4.
5.

Concept of lac-operon:
a) lactose induction of β-galactosidase.
b) Glucose Repression.
c) Diauxic growth curve of E.coli
UV mutagenesis to isolate amino acid auxotroph
Phage titre with λ phage/M13
Genetic Transfer-Conjugation, gene mapping
Plasmid DNA isolation and DNA quantitation
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Restriction Enzyme digestion of plasmid DNA
Agarose gel electrophoresis
Polymerase Chain Reaction and analysis by agarose gel electrophoresis
Vector and Insert Ligation
Preparation of competent cells
Transformation of E.coli with standard plasmids, Calculation of
transformation efficiency
12. Confirmation of the insert by Colony PCR and Restriction mapping
13. Expression of recombinant protein, concept of soluble proteins and inclusion
body formation in E.coli, SDS-PAGE analysis
14. Purification of His-Tagged protein on Ni-NTA columns
a) Random Primer labeling
b) Southern hybridization.
6.
7.
8.
9.
10.
11.

Recommended Textbooks and References:
1. Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual. Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press.

Laboratory V:
Immunology
Credits

2

Syllabus

Course Objectives
The objectives of this laboratory
course are to make students develop an
understanding about practical aspects of
the components of the 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.

Student Learning Outcomes
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.

Selection of animals, Preparation of antigens, Immunization and methods of
bleeding, serum separation and storage.
2. Antibody titre by ELISA method.
3. Double diffusion, Immuno-electrophoresis and Radial Immuno diffusion.
4. Complement fixation test.
5. Isolation and purification of IgG from serum or IgY from chicken egg.
6. SDS-PAGE, Immunoblotting, Dot blot assays.
7. Blood smear identification of leucocytes by Giemsa stain.
8. Separation of leucocytes by dextran method.
9. Demonstration of Phagocytosis
10. Separation of mononuclear cells by Ficoll-Hypaque.
1.

Recommended Textbooks and References:
1. Hay, F.C. & Westwood, O.M.R. (2008). Practical Immunology, 4th Edition.
Wiley-Blackwell.
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Laboratory
VI: Bioinformatics and
Biostatistics

Course Objectives
The aim is to provide students practical
training in bioinformatics and statistical
methods including accessing major public
sequence databases.

Credits

2

Syllabus

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
10.
11.
12.
13.
14.
15.
16.

Student Learning Outcomes
On completion of this course,
students should be able to:
• Describe the contents and properties
of important bioinformatics databases,
perform text- and sequence-based
searches and analyse and discuss the
results in light of molecular biological
knowledge;
• Explain the major steps in pairwise and
multiple sequence alignment,
explain its principles and execute
pairwise sequence alignment by
dynamic programming;
• Predict the secondary and tertiary
structures of protein sequences;
• Perform and analyse various statistical
tools available to analyse the data.

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 energy minimization of protein structures.
Use of miRNA prediction, designing and target prediction tools.
Use of Statistical packages like SPSS (Statistical Package for the Social Sciences)/SAS
(Statistical Analysis System) & Maple
MATLAB (Matrix Laboratory)
Performing various statistical analysis like T-test, ANOVA, Regression, Chi-square,
PLS (Partial Least Squares) and PCA (Principle Component Analysis).
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Semester Three

Bioresources:
Characterization and
Conservation
Credits

Course Objectives
Bioresources are being overexploited to
meet market demand, threatening their
existence. The present course aims at
introducing students to approaches for
documentation of biodiversity, nature
and magnitude of threat to bioresources
and imparting knowledge about their
conservation.

Student Learning Outcomes
On completion of this course,
students should be able to:
• Understand various bioresource
assessment methods;
• Understand methods of
characterization of bioresources;
• Understand and employ various
bioresource conservation techniques.

4
Unit I

Survey and
documentation
of biodiversity and
bioresources
8 lectures

Unit II

Loss of bioresources
10 lectures

Unit III

Conservation
of bioresources
10 lectures

Unit IV

Conservation
strategies
12 lectures

Biodiversity and bioresources: concept and scope; evolution of biodiversity, factors
promoting biodiversity; levels of biodiversity - genetic, species and ecosystem diversity;
measuring organismal diversity: species richness index, species evenness index,
Shannon-Wiener Index and Simpson Index; measurement of biodiversity at spatial level:
alpha, beta and gamma diversity; Remote sensing and Geographical Information System
(GIS): introduction, scope, history, components, functions, advantages and limitations;
Application of remote sensing for bioresources management: land cover and land use,
forestry, agriculture and wildlife.
Estimate of biodiversity loss; Means of biodiversity loss: species extinction, genetic
erosion; loss of ecosystem diversity; Causes of biodiversity loss: habitat destruction,
unsustainable exploitation, biological invasion, environmental pollution and poverty.
Species threat status: IUCN threat categories and criteria; concept of rarity; RED
Data Book; Biodiversity hotspots; effect of climate change on biodiversity; Biopiracy:
factors and reasons, biopiracy- vis – a – vis IPR regime; steps to check biopiracy - vigil,
applicability of modern technologies in checking biopiracy.
Why conserve bioresources; global measures for conserving bioresources: international
conservation organizations (FAO, UNESCO, IUCN, WWF, UNEP, Biodiversity
International, WCMC); multilateral treaties (Ramsar Convention, WHC, CITES, CBD).
Biological Diversity Act, 2002 and Biological Diversity Rules, 2004, Wild Life (protection)
Act,1972 including amendments in 1991, Forest (conservation) Act, 1980, Bioresource
Development Board, Indian Bioresource Information Network; National Biodiversity
Authority, National Biodiversity Action Plan, 2008, State Biodiversity Boards; IPRs and
Biological Resources, Development in Life Sciences Trade Industry and the WTO TRIPS Agreement, patents and other IPRs, Implication of IPRS to Biological Resources;
PVPFRA, Plant Breeder’s rights, Farmer’s rights, Tribunal rights, Traditional Resource
rights, Variety registration.
In situ conservation sites: Protected areas - Biosphere Reserves, National Parks,
Wildlife Sanctuaries; Reserve Forests; Community conserved areas - Sacred groves
and community forests; In situ conservation of aquatic ecosystems: lakes, wetlands,
mangroves, coral reefs, and ponds. Ex situ conservation sites: Botanical Gardens and
Arboreta, Field gene banks, Seed banks, Zoological parks, zoos and aquaria, role of
Animal Breeding Centres in conservation; In vitro conservation and cryopreservation:
principles, infrastructure and experimental protocols for in vitro conservation and
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cryopreservation of cells, tissues and organs; advantages and disadvantages; in vitro and
cryobanks; DNA and genomic resource banks, conservation in permofrost conditions.
Gene banks: IBPGR, Indian gene banks for plant, animal, fish, microbial and insect
genetic resources; NBPGR, National Genetic Resource Advisory Council.
Unit V

Molecular
characterization
of bioresources
8 lectures

Molecular markers - definition, properties, classification, importance and scope;
Molecular marker techniques: RAPD, SSR, ISSR, SSAP and AFLP, Expressed Sequence
Tags, and their utility; merits and demerits of different molecular marker techniques.
Proteins, isozymes and allozymes as markers, their significance in characterization;
methods of isozyme and allozyme analysis. Biotechnology and its role in biodiversity
conservation; software for molecular characterization and diversity analysis; role of
taxonomy in assessment, conservation and sustainable use of biodiversity.
Recommended Textbooks and References:
1. Bhojwani, S. S. (1990). Plant Tissue Culture: Applications and Limitations,
Elsevier, Amsterdam.
2. K. V. Krishnamurthy (2003). Textbook of Biodiversity, Illustrated reprint,
Science Publishers.
3. Correa, Carlos M. (2000). Intellectual Property Rights, the WTO and Developing
Countries: the TRIPS Agreement and Policy Options. Zed Books, New York.
4. Kurt Weising, Hilde Nybom, Markus Pfenninger, Kirsten Wolff, Gunter Kahl.
DNA Fingerprinting in Plants, Principles, Methods & Application, 2nd edition,
Taylor & Francis.
5. Engelmann F. (2004). Plant Cryopreservation: Progress and Prospects. In vitro
Cellular and Developmental Biology 40:427-433.
6. Engels JMM, Visser L, editors. (2003). A Guide to Effective Management of
Germplasm Collections. IPGRI Handbooks for Genebanks No. 6. IPGRI,
Rome, Italy.
7. FAO/IPGRI. (1994). Genebank Standards. Food and Agriculture Organization of the
United Nations, Rome and International Plant Genetic Resources Institute, Rome.
8. Glick, B.R. and Pasternak, J.J. (1998). Molecular Biotechnology: Principles and
Applications of Recombinant DNA. ASM Press, Washington.
9. Groom, M.J., Meffe, G.K. and Carroll, C.R. (2006). Principles of Conservation
Biology. Sircuier Associates, Inc.
10. Holdgate MW (1986). Summary and Conclusions: Characteristics and
Consequences of Biological Invasions. Philosophical Transactions of the Royal
Society, London.
11. Narayan, P.S. (2001). Intellectual Property Law in India, Gogia Law
Agency, Hyderabad.
12. Nordgen (2008). Agreement Between (depositor) and the Royal Norwegian Ministry
of Agriculture and Food Concerning the Deposit of Seeds in the Svalbard Global
Seed Vault. The Svalbard Global Seed Vault. The Nordic Genetic Resource Centre.
13. Collen, B., Pettorelli, N., Baillie, J. E., & Durant, S. M. (Eds.). (2013). Biodiversity
Monitoring and Conservation: Bridging the Gap Between Global Commitment and
Local Action. John Wiley & Sons.
14. Perrings, C. (1997). Biodiversity Loss: Economic and Ecological Issues. Cambridge
University Press.
15. Magurran, A. E. (2013). Measuring Biological Diversity. John Wiley & Sons.
16. Krebs, J. E., Lewin, B., Goldstein, E. S., & Kilpatrick, S. T. (2014). Lewin's Genes XI.
Jones & Bartlett Publishers.
17. Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., &
Kinzig, A. P. (2012). Biodiversity Loss and its Impact on Humanity. Nature,
486(7401), 59-67.
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Plant and
Animal
Biotechnology

Course Objectives
To impart theoretical knowledge on
various techniques of plant and animal
biotechnology like tissue culture,
plant genetic transformation and their
application in industries.

Credits

Student Learning Outcomes
Student should gain strong understanding
of plant and animal based cell cultures
system. This should help them to take up
plant and animal biological research as well
as placement in relevant biotech industry.
They should be able to analyse bioprocess
from an economics/market point of view.

4
Unit I

Plant tissue culture
and plant transformation techniques
6 lectures

Unit II

Plant biotechnology
for abiotic and biotic
stress resistance
6 lectures

Unit III

Plant biotechnology
for improving crop
yield and quality
4 lectures
Unit IV

Animal cell culture
and scaling up
6 lectures
Unit V

Animal tissue culture
and hybridoma
technology
6 lectures

Unit VI

Animal assisted
reproductive
techniques
6 lectures

Plant tissue culture- history; totipotency of plant cells; Principles for aseptic
culture techniques, culture media, plant growth regulators. Plant regeneration: somatic
embryogenesis, importance of haploid production through pollen culture and triploid
production through endosperm culture in crop improvement; In vitro pollination;
wide hybridization; somatic cell hybridization (hybrids and cybrids); embryo culture;
Synthetic seeds and their importance; Methods of gene transfer- Agrobacterium mediated
gene transfer and electroporation.
Plant biotechnology for enhancing cold and heat stress tolerance; secondary effects
of abiotic stress – production of ROS; genes involved in scavenging of ROS; Plant
biotechnology in enhancing drought and salt stress tolerance; Plant biotechnology
for enhancing resistance against fungal pathogens; anti-microbial proteins; Plant
biotechnology to enhance viral resistance- pathogen derived resistance; coat protein,
antisense, SiRNA and ribozyme approaches to enhance resistance for extending shelf life
of fruits and flowers (ACC synthase gene and polygalacturonase).
Plant biotechnology in improving fruit ripening and enhancing photosynthesis; Golden
rice- nutritionally improved rice through biotechnology; transgenic sweet potato;
Modification of taste and appearance- sweetness, starch and preventing discoloration;
Bioplastics- biodegradable plastic from plants through biotechnological intervention.

Primary and established cell line cultures; equipment and materials for cell culture; Cell
culture-suspension cultures, culture media, natural and artificial media, initiation of cell
cultures, evolution of continuous cell lines; Measurement of viability and cytotoxicity of
cultured cells; Scaling up of animal cell cultures and their applications.
Organ culture- techniques, advantages, limitations and applications; Stem cell lines:
origin and types of cultures and maintenance of stem cell lines; stem cell therapy and its
applications; Hybridoma technology and somatic cell fusion technology its importance
in medicine, cell cloning, manipulation and cell synchronization; flow cytometry
techniques; Cell culture products: viral vaccines, interferons, recombinant proteins,
hybrid antibodies.
In-vitro fertilization in humans, wild animals and cattle, embryo transfer in wild animals
and cattle, applications of embryo transfer technology, story of Noori, Garima, etc;
Ovum pick-up and applications of animal cloning; Production of transgenic animals
with special reference to transgenic mice, cow and sheep; identification and transfer of
genes influencing milk quality and disease resistance; production of pharmaceuticals;
Transfection methods- Ca phosphate precipitation, DEAE-Dextran mediated
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transfection, lipofection, fusion with bacterial protoplasts, electroporation; targeted gene
transfer- gene disruption and gene replacement.
Recommended Textbooks and References:
1. Bhojwani, S. S. (1990). Plant Tissue Culture: Applications and Limitations, Elsevier,
Amsterdam.
2. Brown, T. A (2007). Genomes. BIOS Scientific Publishers Ltd.
3. Clark, D. P (2005). Molecular Biology: Understanding the Genetic Revolution.
Academic press.
4. Malacinski, G. M (2006). Essentials of Molecular Biology. 4th edition. Narosa
Publishing House.
5. Primrose, S. B and Twyman, R. M (2007). Principles of Gene Manipulation and
Genomics. Blackwell Publishing, Oxford, UK.
6. Singh, B. D. (2007). Biotechnology: Expanding Horizons. Kalyani Publishers.
7. Slater, A., Scott, N and Fowler, M (2003). Plant Biotechnology: the Genetic
Manipulation of Plants. Oxford University Press.
8. Bernard R. Glick, Jack J. Pasternak, Cheryl L. Pattten. (2010). Molecular
Biotechnology: Principles and Applications of Recombinant DNA. 4th Ed. ASM press.
9. H. S. Chawla. (2013). Introduction to Plant Biotechnology. Science Publishers.
10. Reed BM, Engelmann F, Dulloo ME, Engels JMM. (2004). Technical Guidelines
for the Management of Field and in vitro Germplasm Collections. IPGRI Handbooks
for genebanks No. 7. International Plant Genetic Resources Institute, Rome, Italy.
11. Reed BM, Paynter C, Bartlett B. (2002). Shipping Procedures for Plant Tissue Cultures.
USDA-ARS NCGR.
12. Ruane J, Sonnino A. (2006). The Role of Biotechnology in Exploring and Protecting
Agricultural Genetic Resources. Food and Agriculture Organization of the United
Nations, Rome.
13. Razdan, M.K. (1993). An Introduction to Plant Tissue Culture, Oxford and IBH.
14. Singh, J. S., Singh, S. P. and Gupta, S. R. (2006). Ecology, Environment and Resource
Conservation, Anamaya Publishers, New Delhi.
15. Wadehra, B.L. (2000). Law Relating to Patents, Trade Marks, Copyright Designs &
Geographical Indications, Universal Law Publishing.
16. Williamson, M. (1996). Biological Invasion, Chapman and Hall, London.
17. Winnaker, E.L. (1987). From Genes to Clones: Introduction to Gene Technology.
VCH, Germany.
18. Judd, W. S and. Campbell, C. S, Kellogg, E. A Stevens, F. and. Donoghue, M. J.
(2007).Plant Systematics: a Phylogenetic Approach. Sinauer Associates, Inc, USA
19. Karp, A., Isaac, P. G and Ingram, D. S. (1998). Molecular Tools for Screening
Biodiversity. Chapman and Hall, Madras
20. Bernard R. Glick, Jack J. Pasternak, Cheryl L. Pattten. (2010). Molecular
Biotechnology: Principles and Applications of Recombinant DNA. 4th Ed. ASM press.
21. Brown, T. A (2007). Genomes. BIOS Scientific Publishers Ltd.
22. Clark, D. P (2005). Molecular Biology: Understanding the Genetic Revolution.
Academic press.
23. Das, H. K (2010). Textbook of Biotechnology. Wiley India Pvt. Ltd.
24. Freshney, R. I (2010). Culture of Animal Cells. John Wiley and Sons Inc.
25. Malacinski, G. M (2006). Essentials of Molecular Biology. 4th Ed. Narosa
Publishing House.
26. Animal Biotechnology: Science-Based Concerns (2002). The National Academies Press.
27. Dugwekar, V.G (2012). Reproductive Biotechnology of Farm Animals.
28. Encyclopedia of Industrial Biotechnology: Bioprocess, Bioseparation, and
Cell Technology.
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29. Jha, T.B and Ghosh, B (2016). Plant Tissue Culture: Basic and Applied; 2nd Ed.
Platinum Publishers.
30. Kong, S. K (2010). Biotechnology Recombinant DNA Technology. The Chinese
University of Hong Kong.
31. Kumaresan, V (2008). Applied Animal Biotechnology. Saras Publication.
32. Ramawat, K.G, Goyal, S (2010). Molecular Biology and Biotechnology.
33. Shenoy, M (2015). Animal Biotechnology. Laxmi Publications; First edition.
34. Singh, B. Gautam, S. K and Chauhan, M. S. Textbook of Animal Biotechnology.
35. Singh, B.D (2014). Biotechnology: Expanding Horizons.
36. Yadav, P.S (2010). Reproductive Biotechnology in Buffalo.

Industrial
Biotechnology
Credits

Course Objectives
The objectives of this course are to educate
students about fundamental concepts
of bioprocess technology and its related
applications, thus, preparing them to meet
challenges of new and emerging areas of
biotechnology industry.

2

Unit I

Basic principles
of biochemical
engineering
4 lectures
Unit II

Bioreactor design
and analysis
6 lectures

Unit III

Downstream
processing and
product recovery
6 lectures

Student Learning Outcomes
Students should be able to:
• Appreciate relevance of microorganisms from industrial context;
• Carry out stoichiometric calculations
and specify models of their growth;
• Give an account of design and
operations of various fermenters;
• Present unit operations together with
fundamental principles for basic
methods in production technique for
bio-based products;
• Calculate yield and production rates
in biological production process, and
also interpret data;
• Calculate need for oxygen and oxygen
transfer in a bioproduction process;
• Critically analyze any bioprocess from
an economics/market point of view;
• Give an account of important
microbial/enzymatic industrial
processes in food and fuel industry.

Isolation, screening and maintenance of industrially important microbes; microbial
growth and death kinetics (an example from each group, particularly with reference to
industrially useful microorganisms); strain improvement for increased yield and other
desirable characteristics.

Batch and continuous fermenters; modifying batch and continuous reactors: chemostat
with recycle, multistage chemostat systems, fed-batch operations; conventional
fermentation v/s biotransformations; immobilized cell systems; large scale animal and
plant cell cultivation; fermentation economics; upstream processing: media formulation
and optimization; sterilization; aeration, agitation and heat transfer in bioprocess; scale
up and scale down; measurement and control of bioprocess parameters.
Separation of insoluble products - filtration, centrifugation, sedimentation, flocculation;
Cell disruption; separation of soluble products: liquid-liquid extraction, precipitation,
chromatographic techniques, reverse osmosis, ultra and micro filtration, electrophoresis;
final purification: drying; crystallization; storage and packaging.
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Unit IV

Fermentation
economics
4 lectures
Unit V

Applications of
enzyme technology
in food processing
4 lectures

Unit VI

Applications of
microbial technology
in food process
operations and
production, biofuels
and biorefinery

Isolation of microorganisms of potential industrial interest; strain improvement; market
analysis; equipment and plant costs; media; sterilization, heating and cooling; aeration
and agitation; bath-process cycle times and continuous cultures; recovery costs; water
usage and recycling; effluent treatment and disposal.
Mechanism of enzyme function and reactions in process techniques; enzymatic
bioconversions e.g. starch and sugar conversion processes; high-fructose corn syrup;
interesterified fat; hydrolyzed protein etc. and their downstream processing; baking by
amylases, deoxygenation and desugaring by glucoses oxidase, beer mashing and chill
proofing; cheese making by proteases and various other enzyme catalytic actions in food
processing.
Fermented foods and beverages; food ingredients and additives prepared by fermentation
and their purification; fermentation as a method of preparing and preserving foods;
microbes and their use in pickling, producing colours and flavours, alcoholic beverages
and other products; process wastes-whey, molasses, starch substrates and other food
wastes for bioconversion to useful products; bacteriocins from lactic acid bacteria –
production and applications in food preservation; biofuels and biorefinery.

4 lectures

Recommended Textbooks and References:
1. Shuler, M. L., & Kargi, F. (2002). Bioprocess Engineering: Basic Concepts. Upper
Saddle River, NJ: Prentice Hall.
2. Stanbury, P. F., & Whitaker, A. (1984). Principles of Fermentation Technology.
Oxford: Pergamon Press.
3. Blanch, H. W., & Clark, D. S. (1997). Biochemical Engineering. New York:
M. Dekker.
4. Bailey, J. E., & Ollis, D. F. (1986). Biochemical Engineering Fundamentals.
New York: McGraw-Hill.
5. El-Mansi, M., & Bryce, C. F. (2007). Fermentation Microbiology and Biotechnology.
Boca Raton: CRC/Taylor & Francis.

Bioentrepreneurship
Credits

2

Course Objectives
Research and business belong together
and both are needed. In a rapidly
developing life science industry, there
is an urgent need for people who
combine business knowledge with the
understanding of science & technology.
Bio-entrepreneurship, an interdisciplinary
course, revolves around the central theme
of how to manage and develop life science
companies and projects. The objectives
of this course are to teach students
about concepts of entrepreneurship
including identifying a winning business
opportunity, gathering funding and
launching a business, growing and
nurturing the organization and harvesting
the rewards.
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Student Learning Outcomes
Students should be able to gain
entrepreneurial skills, understand
the various operations involved in
venture creation, identify scope for
entrepreneurship in biosciences and
utilize the schemes promoted through
knowledge centres and various agencies.
The knowledge pertaining to management
should also help students to be able to
build up a strong network within the
industry.

Unit I

Innovation and
entrepreneurship
in bio-business
8 lectures

Unit II

Bio Markets:
business strategy
and marketing
8 lectures

Unit III

Finance and
accounting

Introduction and scope in Bio-entrepreneurship, Types of bio-industries and competitive
dynamics between the sub-industries of the bio-sector (e.g. pharmaceuticals vs. Industrial
biotech), Strategy and operations of bio-sector firms: Factors shaping opportunities
for innovation and entrepreneurship in bio-sectors, and the business implications of
those opportunities, Alternatives faced by emerging bio-firms and the relevant tools
for strategic decision, Entrepreneurship development programs of public and private
agencies (MSME, DBT, BIRAC, Make In India), strategic dimensions of patenting &
commercialization strategies.
Negotiating the road from lab to the market (strategies and processes of negotiation
with financers, government and regulatory authorities), Pricing strategy, Challenges
in marketing in bio business (market conditions & segments; developing distribution
channels, the nature, analysis and management of customer needs), Basic contract
principles, different types of agreement and contract terms typically found in joint
venture and development agreements, Dispute resolution skills.
Business plan preparation including statutory and legal requirements, Business feasibility
study, financial management issues of procurement of capital and management of costs,
Collaborations & partnership, Information technology.

8 lectures
Unit IV

Technology
management
8 lectures

Technology – assessment, development & upgradation, Managing technology transfer,
Quality control & transfer of foreign technologies, Knowledge centers and Technology
transfer agencies, Understanding of regulatory compliances and procedures (CDSCO,
NBA, GCP, GLA, GMP).
Recommended Textbooks and References:
1. Adams, D. J., & Sparrow, J. C. (2008). Enterprise for Life Scientists: Developing
Innovation and Entrepreneurship in the Biosciences. Bloxham: Scion.
2. Shimasaki, C. D. (2014). Biotechnology Entrepreneurship: Starting, Managing, and
Leading Biotech Companies. Amsterdam: Elsevier. Academic Press is an imprint
of Elsevier.
3. Onetti, A., & Zucchella, A. Business Modeling for Life Science and Biotech Companies:
Creating Value and Competitive Advantage with the Milestone Bridge. Routledge.
4. Jordan, J. F. (2014). Innovation, Commercialization, and Start-Ups in Life Sciences.
London: CRC Press.
5. Desai, V. (2009). The Dynamics of Entrepreneurial Development and Management.
New Delhi: Himalaya Pub. House.

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
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 consequences of
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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
an 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;

biomedical research technologies such •
as cloning of whole organisms, genetic
modifications, DNA testing.

•

Unit I

Introduction to IPR
5 lectures

Unit II

Patenting
5 lectures

Unit III

Biosafety
5 lectures

Unit IV

National and
international
regulations
5 lectures

Gain knowledge of biosafety and
risk assessment of products derived
from recombinant DNA research
and environmental release of
genetically 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.
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).
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Unit V

Bioethics
5 lectures

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. 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.
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/inhousepublicationscollectionbiosafetyreviews.
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Project Proposal Preparation
& Presentation
Credits

2

Course Objectives
The 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
explainits importance to their fellow
classmates and teachers.

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.
Writing Research Proposal: With the help of the senior researchers, 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
work done by them in detail. Along with summarizing their findings they should also
be able to discuss the future expected outcome of their work.

Project Proposal
Preparation

Poster Presentation

Oral Presentation

Laboratory
VII: Industrial
Biotechnology

Course Objectives
This course will give students a practical
exposure to various techniques used in
industries. It will provide training to
students in upstream and downstream unit
operations.

Credits

2
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Student Learning Outcomes
On completion of this course, students
should be able to:
• Perform various techniques used
in industries;
• Understand the differences between
industrial and research oriented
lab work;
• Perform basic genomics searches and
experiments.
• Analyze and interpret data, and apply
laboratory skills to solve complex
bioprocess engineering problems.
• Solving problems typical of
bio industries and research.

Syllabus

1.

2.

3.
4.

5.

6.

7.
8.
9.
10.
11.
12.
13.
14.

Basic Microbiology techniques
a) Scale up from frozen vial to agar plate to shake flask culture.
b) Instrumentation: Microplate reader, spectrophotometer, microscopy.
c) Isolation of microorganisms from soil samples.
Experimental set-up
a) Assembly of bioreactor and sterilization.
b) Growth kinetics.
c) Substrate and product inhibitions.
d) Measurement of residual substrates.
Data Analysis
a) Introduction to Metabolic Flux Analysis (MFA).
Fermentation
a) Batch.
b) Fed-batch.
c) Continuous.
Unit operations
a) Microfiltrations: Separation of cells from broth.
b) Bioseparations: Various chromatographies and extractions.
Bioanalytics
a) Analytical techniques like HPLC, FPLC, GC, GC-MS etc. for measurement of
amounts of products/substrates.
Transfer of DNA fragments from Agarose gel to Nitrocellulose membrane
(Southern blotting)
Monitoring bacterial growth through measurement of turbidity in
spectrophotometer and plotting of growth curve.
Determination of thermal death point of different bacteria.
Immobilization of yeast biomass in sodium alginate gel.
Isolation of industrially important microorganisms.
Screening bacterial and fungal isolates for amylase, cellulase and protease activity
by plate array method.
Preparation of YA agar, starch Agar and skimmed milk media.
Isolation of exopolysaccharides produced by lactic acid bacteria.

Recommended Textbooks and References:
1. Shuler, M. L., & Kargi, F. (2002). Bioprocess Engineering: Basic Concepts. Upper
Saddle River, NJ: Prentice Hall.
2. Stanbury, P. F., & Whitaker, A. (1984). Principles of Fermentation Technology.
Oxford: Pergamon Press.
3. Blanch, H. W., & Clark, D. S. (1997). Biochemical Engineering. New York:
M. Dekker.
4. Bailey, J. E., & Ollis, D. F. (1986). Biochemical Engineering Fundamentals. New
York: McGraw-Hill.
5. El-Mansi, M., & Bryce, C. F. (2007). Fermentation Microbiology and Biotechnology.
Boca Raton: CRC/Taylor & Francis.

34

Laboratory
VIII: Plant
and Animal
Biotechnology

Course Objectives
The objective of this laboratory course is to
provide practical skills on basic plant and
animal biotechnology.

Student Learning Outcomes
On completion of this course, students will
be able to perform basic experiments on
plant and animal biotechnology.

Credits

4
Prepare culture media with various supplements for plant tissue culture.
Prepare explants of Valleriana wallichii for inoculation under aseptic conditions.
Attempt in vitro andro and gynogenesis in plants (Datura stramonium).
Isolate plant protoplast by enzymatic and mechanical methods and attempt fusion
by PEG (available material).
5. Culture Agrobacterium tumefaciens and attempt transformation of any
dicot species.
6. Generate an RAPD and ISSR profile of Eremurus persicus and Valleriana wallichii.
7. Prepare karyotypes and study morphology of somatic chromosomes of Allium cepa,
A. sativum, A. tuberosum and compare them on the basis of karyotypes.
8. Pollen mother cell meiosis and recombination index of select species (one
achiasmate, and the other chiasmate) and correlate with generation of variation.
9. Undertake plant genomic DNA isolation by CTAB method and its quantitation by
visual as well as spectrophotometeric methods.
10. Perform PCR amplification of ‘n’ number of genotypes of a species for studying
the genetic variation among the individuals of a species using random primers.
11. Study the genetic fingerprinting profiles of plants and calculate the
polymorphic information content.

Syllabus

1.
2.
3.
4.

Syllabus

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

Plant Biotechnology

Animal Biotechnology

Count the cells of an animal tissue and check their viability.
Prepare culture media with various supplements for plant and animal tissue culture.
Prepare single cell suspension from spleen and thymus.
Monitor and measure doubling time of animal cells.
Chromosome preparations from cultured animal cells.
Isolate DNA from animal tissue by SDS method.
Attempt animal cell fusion using PEG.

Recommended Textbooks and References:
1. Bhojwani, S.S. and Razdan, M.K. (2004). Plant Tissue Culture: Theory and Practice,
Revised Edition - (Studies in Plant Science), Elsevier Publications, Netherlands.
2. Chawla, H.S. (2009). Introduction to Plant Biotechnology, (3rd ed), Science
Publishers, USA.
3. Chawla, H.S. (2001). Introduction to Plant Biotechnology, Oxford & IBH Publishing Co.
4. Purohit S.S. (2006). A Laboratory Manual of Plant Biotechnology. (2nd ed).
Agrobios, India.
5. Shivanna, K.R. and Rangaswamy, N.S. (1992). Pollen Biology: a Laboratory Manual.
Springer-Verlag.
6. Vasil, I.K. and Thorpe, T.A. (2010). Plant Cell and Tissue Culture. Kluwer
Academic Publishers.
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Semester Four

Dissertation
Credits

24

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.

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
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Recommended
Electives

Climate Science
Credits

2

Unit I

Introduction to
climate science
7 lectures

Unit II

Climate change:
vulnerability, impact,
adaptation and
resilience
10 lectures

Unit III

Policy for climate
change and sustainable
development
7 lectures

Course Objectives
The objectives of this course are:
• To impart knowledge of basic
understanding about climate system:
its attributes, underlying processes,
and drivers of climate change and
perspectives in analyzing constraints
and opportunities for sustainable
development
• To give basic information of associated
laws and policies of climate change.

Student Learning Outcomes
On completion of this course,
students should be able to:
• Understand basics of climate science;
• Appreciate chemistry and geology
behind the climate change;
• Understand laws governing climate
policy in India and world;
• Learn about climate vulnerability and
impacts of advancing climate change,
different adaptation and resilience
possibilities and various challenges
and conflicts of implementation.

Fundamentals of meteorology, atmospheric vertical profile of temperature and
pressure, microphysical processes in atmosphere climate system and interaction among
components of climate system and feedback mechanisms, Atmospheric thermodynamics,
radiation in atmosphere, greenhouse gases and climate forcing, weather systems: extreme
weather events and western disturbances; Introduction to climate models, types of GCM/
RCM models and its importance.
Introduction to concept of vulnerability; Focused discussion on vulnerability of different ecological and social systems, coastal vulnerability, particular issues for developing
countries, refer to tipping points in the Earth system; Qualitative to semi-quantitative
methods to evaluate vulnerability and impacts; Impact of climate change: Introduction
to extreme events and gradual changes of the climate; impacts on different natural and
managed systems/ sectors (ecosystem, agricultural, freshwater, urban infrastructure and
society) and regions; Mitigation and Adaptation: Introduction to concept, indicators of
adaptation, problems of its operationalization; Mitigation of Green House Gases and
stabilization scenario; Potential adaptation options for issues of food security, energy security, and transport in developing and developed countries; Factors influencing adaptation strategies (technical, institutional, financial) and constraints to developing strategies;
Resilience to climate change possibilities.
Changing Perspectives- Definitions & Principles of Sustainable Development;
Millennium Development Goals: Status (global and Indian); Inclusive Growth and
Poverty Reduction, Impact on approach to development policy and practice in India,
future directions; Challenges to Sustainable Development- Agriculture, Population
& Food Security, Public Health and Nutrition, Education, Natural Resources (Forests,
Energy, Water); Climate Change: Law and Policy- Basic policy issues; Developments at
international level: UN Framework, Convention on Climate Change, Kyoto Protocol,
Negotiations; International Organizations and Institutions: WMO, IPCC; Trade and
Climate change; National Scenario: National Action Plan on Climate Change; Initiatives
at the state level; Energy Conservation Act, 2001.
Recommended Textbooks and References:
1. Barbara J., Pitts F. and Pitts J.N., Jr. (2000). Chemistry of the Upper and Lower
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2.

3.
4.
5.
6.
7.
8.
9.

10.
11.
12.

13.

14.
15.
16.

17.
18.
19.

Nanobiotechnology
Credits

2

Atmosphere Theory, Experiments and Applications Academic Press, San Diego.
Climate Change Science: an Analysis of Some Key Questions-National Academy
of Sciences Committee on the Science of Climate Change, National Academy Press,
Washington, DC, 2001.
Marshall J. and Plumb R.A. (2001). Atmosphere, Ocean and Climate, Elsevier,
Amsterdam.
Oliver J.E. and Hidore J.J. (2008). Climatology: an Atmospheric Science,
Prentice Hall.
Seinfeld J.H. and Pandis S.N. (2006). Atmospheric Chemistry and Physics-from Air
Pollution to Climate Change, John Wiley and Sons, INC.
Wade R. (1988) The Management of Irrigation Systems: How to Evoke Trust and
Avoid Prisoners' Dilemma, World Development, 16(4), 489-500.
Paul S. (1992) Accountability in Public Services: Exit, Voice and Control, World
Development, 20(7), 1047-1060.
World Bank (2003) Reforming Public Institutions and Strengthening Governance, A
World Bank Strategy Implementation Update.
Kumar S. and Kant S. (2005). Bureaucracy and New Management Paradigms:
Modeling Foresters’ Perceptions regarding Community-based Forest Management
in India, Forest Policy and Economics, 7, pp- 651– 669.
Moore M. (1989) The Fruits and Fallacies of Neo-liberalism: the Case of Irrigation
Policy, World Development, 17(11), 1733-1750.
Bauer C.J. (1997) Bringing Water Markets Down to Earth: the Political Economy of
Water Rights in Chile, 1976-95, World Development, 25(5), 639-656.
Jack B.K., Kousky C. and Sims K.R.E. (2008) Designing Payments for Ecosystem
Services: Lessons from Previous Experience with Incentive based Mechanisms,
PNAS, 105(28), pp- 9465-9470.
Patt A.G., Schröter D., Klein R.J.T. and De la Vega Leinert A.C. (eds.) (2009)
Assessing Vulnerability to Global Environmental Change –Making Research
Useful for Adaptation Decision Making and Policy. Earthscan.
Parikh J.K. and Parikh K. (2002) Climate Change: India’s Perceptions, Positions,
Policies and Possibilities. Paris, OECD.
Roaf S., Crichton D. and Nicol F. (2005) Adapting Buildings and Cities for Climate
Change. Oxford: Architectural Press.
Shukla P.R., Sharma S.K.,Ravindranath N.H., Garg A. and Bhattacharya S.
(Eds.) (2003) Climate Change and India,Vulnerability Assessment and
Adaptation. Hyderabad, Universities Press.
Kirstin Dow, Tom Downing (2016). The Atlas of Climate Change: Mapping the
World's Greatest Challenge.
Houghton, J., & Firor, J. (1995). Global Warming: the Complete Briefing (Vol. 2).
Cambridge: Cambridge University Press.
Biswas, A. K., & Tortajada, C. (2016). Water Security, Climate Change and
Sustainable Development: An Introduction. In Water Security, Climate Change and
Sustainable Development (pp. 1-5). Springer Singapore.

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-dis
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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.

ciplinary research fields and technologies.
The course will also give an insight into
complete systems where nanotechnology
can be used to improve everyday life.
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

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
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. Gero Decher, 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.

Synthetic
Biology
Credits

2

Course Objectives
The objectives of this course are to provide
fundamental understanding of synthetic
biology i.e. basic cellular processes, design
and implement new cellular behaviors
by applying mathematical, analytical and
engineering tools for studying biological
systems.
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Student Learning Outcomes
Students should be able to acquire
knowledge and improve quantitative
understanding of natural phenomenon as
well as foster an engineering discipline for
obtaining new complex cell behaviors, also
should enable them to perform research in
interdisciplinary fields like systems biology
and synthetic biology and know how to
engineer live organisms to display novel
functions using engineering practices

such as modular assembly and parts
characterization and the related policies
and ethical issues.
Unit I

Systems biology basics
5 lectures
Unit II

Synthetic
biology-foundation
technologies and
standards

Synthetic biology – definitions and concepts; History and evolution of synthetic biology
and engineering perspectives; Natural vs. Engineering systems.

Key enabling technologies in synthetic biology; BioBricks - Definition of a BioBrick,
black-box encapsulation, PoPs and RiPs; The Registry of Standard Biological Parts; Signal
carrier, modularity, Abstraction hierarchy.Tools for analysing and controlling Biological
Systems; Simulation tools - stochastic simulators, BioJADE, MATLAB.

5 lectures
Unit III

DNA re-writing,
devices and circuits

Writing DNA: DNA synthesis, artificial genes, never born proteins, non‐natural nucleic
acids; Devices and circuits: Bacterial camera, Construction of toggle switches, logic
gates, oscillators, pulse generators, time delayed circuits.

5 lectures
Unit IV

Implications and
applications of
synthetic biology

Applications of synthetic biology- Bioplastics, Artemisinin, DNA origami, RNA
based designs, genome engineering, biofuel - microbial and minimal synthetic cell,
Reconstructing viruses, 3D bioprinting; Directed evolution of chemical sensors.

6 lectures
Unit V

Risks and ethical,
legal and social issues
3 lectures

Safety and Legal issues: Ethics, bio‐security, Bio‐safety – case studies on 1918 Spanish flu
virus resurrection. Intellectual Property-Ownership and sharing regimes for biological
entities: open-access to patenting, implications for systems and synthetic biology
research; Major global events-iGEM competition.
Recommended Textbooks and References:
1. Freemont, P.S and Kitney, R.I. (2012). Synthetic Biology – a Primer. World Scientific
Publishing Co pte Ltd
2. Singh, V and P.K. Dhar. (2015). Systems and Synthetic Biology. Springer publishing,
Netherlands
3. Fu, P and Panke, S (2009). Systems Biology and Synthetic Biology. Wiley Publishing.
4. Church, G and Regis, E. (2012). Regenesis: How Synthetic Biology will Reinvent
Nature and Ourselves. Basic Books.
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