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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

Dr. R. Chandra Babu

Professor
Centre for Plant Molecular Biology and Biotechnology

MESSAGE
Agriculture, as a source of livelihood, remains the largest sector of Indian economy.
This necessitates continued improvement of our agricultural production and its value
addition. However, this increase in agricultural production has to overcome challenges
such as yield plateau, decreasing land, water and labour and the effects of climate
change. Biotechnology is a promising tool to overcome the above constraints and
achieving “Second Green Revolution”. The contribution of Biotechnology is significant
in areas such as healthcare, agriculture, food, industrial and environmental sectors.
Indian biotech industry ranks 3rd in the Asia-Pacific and ranks 2nd among countries
harbouring economically important plants. Indian biotech industry witnessed a
phenomenal growth of 57.14 per cent in FY16 valued at Rs.71, 400 crores. It is aimed
to achieve an ambitious growth rate of around 30 per cent for taking this industry to a
value of Rs.5, 50, 000 crores by 2025 for India to attain the status of one among top three
global players in biotechnology. One of the defined goals to achieve this target, stated in
National Biotechnology Development Strategy (NBDS) 2015 - 2020 formulated by DBT,
is development of skilled human resources. The National Education Policy - 2016
also envisions a quality education system to produce graduates equipped with the
knowledge, skills, attitudes and values that are required to lead a productive life
and participate in the country’s development process. NBDS has identified Agricultural
Biotechnology as one of the focus areas to implement the “Make in India” concept in the
biotechnology sector.
Enhancing skills among students for employability and entrepreneurship rely heavily
on the overall curriculum of the education programs. It determines the attainment
of knowledge by the students and the ability to relate acquired knowledge to real-life
situations. Since the last syllabus revision, significant advancements have been made in
the field of biotechnology and there was a strong need for revising the existing curriculum
and introducing new courses on cutting edge science and emerging frontier areas. Thus
the curriculum was revised based on the feed-back from faculty, students, industry and
other stakeholders. The revised curriculum aims at developing knowledgeable, skilled and
high calibre quality human resource in Agricultural Biotechnology to meet the needs of
the industry, academia and the nation.

(R. Chandra Babu)

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. Agricultural 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 Agricultural
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 Agricultural
Biotechnology for updating the curriculum. The subject specific subcommittee
incorporated latest advancements in areas of Agricultural 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 94 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. Focus has been given in areas such as Plant Growth and Development
with Response to Stress, Genetics and Principles of Plant Breeding, Concepts of Research,
Designing Experiments and Statistical Data Analysis, etc. 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. Agricultural Biotechnology
S.No.

Title

Credits

SEMESTER ONE
1
2
3
4
5

Biochemistry
Fundamentals of Molecular Biology
Genetic Engineering
Plant Physiology
Molecular Cell Biology

3
3
3
3
2

6
7
8
9

Genetics and Plant Breeding
Biostatistics, Experimental Design and Data Analysis
Laboratory I: Biochemistry, Physiology and Analytical Techniques
Laboratory II: Techniques in Molecular Biology and Genetic Engineering
TOTAL

3
2
3
3
25

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

Molecular Breeding
Plant Tissue Culture and Genetic Transformation
Molecular Pathology and Molecular Diagnostics
Genomics and Proteomics
Microbial Biotechnology
Research Methodology and Scientific Communication Skills
Project Proposal Preparation and Presentation
Laboratory III: Molecular Breeding, Genomics and Proteomics
Laboratory IV: Plant Tissue Culture and Genetic Transformation
Laboratory V: Techniques in Cell Biology, Immunotechnology
and Molecular Diagnostics

3
3
2
2
2
2
2
3
3
3
TOTAL

25

TOTAL

3
3
2
2
2
2
1
3
2
4
2
24

TOTAL

20
20

TOTAL CREDITS

96

SEMESTER THREE
1
2
3
4
5
6
7
8
9
10
11

Stress Biology
Bioprocess Engineering and Technology
Bioinformatics
Intellectual Property Rights, Biosafety and Bioethics
Bioentrepreneurship
Critical Analysis of Landmark Discoveries
Seminar
Laboratory VI: Bioinformatics and Biostatistics
Laboratory VII: Stress Biology
Dissertation
Elective I

SEMESTER FOUR
1

Dissertation

Recommended Electives:

1. Environmental Biotechnology | 2. Food Biotechnology | 3. Nanobiotechnology | 4. Systems & Synthetic Biology |
5. Molecular Basis of Host-Pathogen Interactions
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Semester One

Biochemistry
Credits

3

Unit I

Biosynthesis
of biomolecules
7 lectures
Unit II

Enzymes
8 lectures
Unit III

Biochemistry of
nitrogen and sulphur
metabolism

Course Objectives
The objectives of this course are to build
upon undergraduate level knowledge of
biochemical principles. The course shall
make the students aware of biochemical
and molecular basis of various plant
processes and plant growth regulatory
substances.

Student Learning Outcomes
On completion of this course, students
should be able to gain fundamental
knowledge in biochemistry and
understand molecular basis of various
plant processes.

Scope and importance of biochemistry in Agriculture; Biosynthesis of structural
carbohydrates, sucrose-starch interconversion; storage proteins and lipids; Assembly
of lipids, biomembrane organization, membrane bound proteins, glycoproteins,
lipoproteins.
Isolation of enzymes - purification methods; Enzyme classification, Mechanism of action;
Enzyme kinetics - MM equation, LB plot; Enzyme assay methods; Enzyme inhibition;
Enzyme regulation; Isozymes, Abzymes, Ribozymes, Synzymes, Immobilized enzymes.
Biochemistry of nitrogen fixation and nitrate assimilation, sulphate reduction and
incorporation of sulphur into amino acids; Biochemistry of seed germination and
development; Biochemistry of fruit ripening.

6 lectures
Unit IV

Stress biochemistry
and plant defence
9 lectures

Unit V

Phytohormones
and secondary
metabolites
9 lectures

Abiotic stresses, ROS; Enzymic and non-enzymic antioxidants; Biosynthesis &
mechanism of action of osmoprotectants – glycine betaine, proline; polyamines;
heat shock proteins; Plant defense system-organization; PR proteins, phytoalexins,
cinnamic acid, salicylates, jasmonic acid, toxic amino acids - mode of action; Signal
transduction- role of G proteins, protein kinases, cyclic nucleotides and calcium;
Anti-nutritional factors in pulses, cereals, oil seeds, fruits & vegetables; Importance of
Lectins and Bt toxins in insect pest management.
Phytohormones – synthesis and mode of action. Role of auxin, gibberellins, ethylene,
cytokinins, ABA and brassinosteroids; Secondary metabolites - introduction, types and
role of secondary metabolites in plant system; Shikimate pathway, Acetate-mevalonate
pathway, Alkaloids biosynthesis; Biochemistry and significance of cyanogenic glycosides,
glucosinolates.
Recommended Textbooks and References:
1. Voet D and Voet JG. (2016). Biochemistry (5th ed.). Hoboken, NJ: J. Wiley & Sons.
2. Goodwin TW and Mercer EI. (1983). Introduction to Plant Biochemistry.
Pergamon Press.
3. Dey PM and Harborne JB. (1997). Plant Biochemistry, Academic Press, New York.
4. Conn, E.E. & Stumpf, P.K. (2014) The Biochemistry of Plants - a Comprehensive
Treatise Vol.1- 8, (ed.) Academic Press, New York.
5. Bob B. Buchanan, Wilhelm Gruissem and Russell L. Jones. (2015). Biochemistry and
Molecular Biology of Plants. Second Edition. American Society of Plant Biology.
John Wiley & Sons, Ltd, UK.
6. Heldt HS. (1997). Plant Biochemistry and Molecular Biology. Oxford University Press.
7. Biochemistry: an Introduction - https://en.wikipedia.org/wiki/
4

Biochemistry Online: an Approach Based on Chemical Logic http://employees.csbsju.edu/hjakubowski/classes/ch331/bcintro/default.html
9. Lehninger, A.L. (2012). Principles of Biochemistry (6th ed.). New York, NY: Worth.
10. Stryer, L. (2015). Biochemistry (8th Ed.) New York: Freeman.
11. http://www.ebook777.com/biochemistry-8th-edition/
12. http://www.sciencedirect.com/science/book/9780122146749
8.

Fundamentals
of Molecular
Biology
Credits

3

Unit I

Structure of nucleic
acids and genome
organization
6 lectures

Unit II

Molecular events
in DNA replication,
DNA repair and
recombination
8 lectures

Course Objectives
The objectives of this course are to make
students understand how molecular
machines are constructed and regulated
so that they can accurately copy, repair,
and interpret genomic information in
prokaryotes and eukaryotic cells. Further,
to appreciate the subject of molecular
biology as a dynamic and ever-changing
experimental science.

Student Learning Outcomes
Students should be able to acquire basic
knowledge on molecular architecture of
prokaryotic and eukaryotic genomes and
learn various molecular events that lead
to duplication of DNA, recombination
of genes, gene expressed into transcripts
and translated into proteins following a
central dogma. Also, the mechanisms by
which DNA could be damaged and repairs
itself will be also discussed. Further, the
course helps to understand molecular
mechanisms behind different modes of
gene regulation in bacteria and eukaryotes
at both pre- and post-transcriptional levels
and methods to study DNA and protein
interactions.

Historical developments of molecular biology - Nucleic acids as genetic material –
Discovery of DNA; Chemistry of nucleic acids-composition of DNA and RNA-Purines,
pyrimidines and minor bases; Nomenclature of nucleic acids; Forms of DNA-A,B, Z and
triplex DNA; Structure of DNA and RNA- primary structure; secondary structure – Base
pairing and Base stacking; Tertiary and Quaternary structure; Properties and functions
of nucleic acids; Genome organization in prokaryotes and eukaryotes; Chromosomal
structure- composition and structure of chromatin; Genome packaging- role of Histones;
Nucleosome, chromosome - 30 nm chromatin fibre–Solenoid structure; Nuclear matrix
in chromosome organization and function; Heterochromatin and Euchromatin; C value
and C-value paradox; DNA re-association kinetics (Cot curve analysis)- DNA melting
and buoyant density-Tm value; Analysis of repetitive sequences – Highly repetitivesatellite DNA, moderately repetitive –Tandem repeats and Interspersed transposons.
Central dogma of Molecular Biology; DNA replication- Classical experiments in DNA
replication; Models of DNA replication; Origin of replication; Steps in DNA replicationinitiation, elongation and termination; DNA replication in bacteria, phages and
eukaryotes; Enzymes and accessory proteins and its mechanisms; fidelity; Replication
of chromosomal ends; Assembly of new DNA into nucleosomes; Replication of single
stranded circular DNA and link with cell cycle; DNA damaging agents - Physical,
chemical and biological mutagens; Types of DNA damages; mutations- Nonsense,
missense, silent, point mutations and frame shift mutations; DNA repair mechanismsdirect reversal, photoreactivation, base excision repair, nucleotide excision repair,
mismatch repair, double strand break repair, SOS repair; Recombination: Chi sequences
in prokaryotes; Homologous, non-homologous and site specific recombination.
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Unit III

Molecular events in
transcription and
post-transcriptional
processing
10 lectures

Unit IV

Molecular events
in translation and
post-translational
modifications
8 lectures

Unit V

Gene regulation
in prokaryotes and
eukaryotes
8 lectures

Structure and function of prokaryotic mRNA, tRNA, rRNA and ribosomal proteins;
Prokaryotic Transcription-RNA polymerase and sigma factors, Transcription unit,
Promoters and consensus, Promoter recognition-Initiation-promoter clearance,
Elongation and Termination (intrinsic, Rho and Mfd dependent). Post transcriptional
processing of mRNA, rRNA and tRNA transcripts; Structure and function of eukaryotic
mRNA, tRNA and rRNA and ribosomal proteins. Eukaryotic transcription - RNA
polymerase I, II and III mediated transcription: RNA polymerase enzymes, eukaryotic
promoters and enhancers, General Transcription factors; TATA binding proteins (TBP)
and TBP associated factors (TAF); assembly of pre-initiation complex for nuclear
enzymes, interaction of transcription factors; Promoter melting and open complex
formation; Abortive initiation; Elongation – Pausing, poising and backtracking events;
Termination of transcription; Post transcriptional processing-Processing of hnRNA,
tRNA, rRNA; 5’-Cap formation; 3’-end processing of RNAs and polyadenylation;
Splicing of tRNA and hnRNA; snRNPs and snoRNPs in RNA processing; Exon skipping
and alternative splicing. Nuclear export of mRNA-mRNA stability and degradation; RNA
editing- insertion, deletion- Guide RNA and base substitution; Catalytic RNA: Group I
and Group II introns splicing.
Ribosomes – structure, composition and assembly; Genetic code- universal genetic
code and modified genetic code; Genetic code in mitochondria; Codon degeneracycodon bias; Start and termination codons; Wobble hypothesis; Isoaccepting tRNA;
Translational machinery; Mechanism of Translation in prokaryotes and Eukaryotes.
Initiation complex formation - 30S and 70S in prokaryotes and 40S and 80S initiation
complex in eukaryotes; Cap dependent and Cap independent initiation in eukaryotes,
Elongation-translocation – transpeptidation and termination of translation; Co- and
Post-translational modifications of proteins; Translational control; Protein stability Protein turnover and degradation.
Gene regulation – regulation of gene expression in prokaryotes; Repressors, activators,
positive and negative regulation, Constitutive and Inducible, small molecule regulators;
Operon concept: lac, trp, his operons, attenuation, anti-termination, stringent control,
translational control, DNA re-arrangement, Small RNAS - regulatory RNA – riboswitch,
tmRNA, antisense RNA; Small RNA mediated gene regulation; Transcriptional control
in lambda phage; Gene regulation in eukaryotes - regulatory RNA and RNA interference
mechanisms, miRNA, non coding RNA; Silencers and insulators, enhancers, mechanism
of silencing and activation; Families of DNA binding transcription factors: Helix-turnhelix, helix-loop-helix, homeodomain; zinc fingers, basic DNA binding domains, nuclear
receptors; Interaction of regulatory transcription factors with DNA: properties and
mechanism of activation and repression-Ligand-mediated transcription regulation by
nuclear receptors; Histone modifications and chromatin remodeling; Methods
for studying DNA - protein interactions: Electrophoretic mobility shift assay (EMSA),
DNase I footprinting, methylation interference assay and chromatin
immunoprecipitation.
Recommended Textbooks and References:
1. Bob B. Buchanan, Wilhelm Gruissem and Russell L. Jones. 2015. Biochemistry and
Molecular Biology of Plants. Second Edition. American Society of Plant Biology.
John Wiley & Sons, Ltd, UK.
2. Krebs JE, Goldstein ES and Kilpatrick ST (2014) Lewin’s Gene XI, Jones and
Barlett Publishers.
3. Malacinski, GM (2015) Freifelder’s Essentials of Molecular Biology
(4th Student edition) Jones and Bartlett Publishers, Inc.
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4. McLennan A, Bates A, Turner P and White, M (2012). BIOS Instant Notes in
Molecular Biology, Taylor & Francis publishers.
5. Weaver, RF (2012) Molecular Biology (5th edition). McGraw Hill Higher
Education Inc.
6. Watson JD, Baker TA, Bell SP, Gann A, Levine M &Losick R (2014) Molecular
Biology of the Gene, 7th Edition, Cold Spring Harbor Laboratory Press, New York.
7. Molecular Biology of the Cell by Alberts et al., https://www.ncbi.nlm.nih.gov/books/
NBK21054/
8. Genomes by Terrence.A.Brown - https://www.ncbi.nlm.nih.gov/books/NBK21128/
9. Biochemistry by Stryer- https://www.ncbi.nlm.nih.gov/books/NBK21154/
10. Open access books from InTechOpen on RNA Processing, Replication and
Related Cellular Processes, DNA Sequencing - Methods and Applications,
Chromatin Remodelling, etc.

Genetic
Engineering
Credits

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

3

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

Unit IV

cDNA analysis
7 lectures

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

Impact of genetic engineering in modern society; general requirements for performing a
genetic engineering experiment; restriction endonucleases and methylases; DNA ligase,
Klenow enzyme, T4 DNA polymerase, polynucleotide kinase, alkaline phosphatase;
cohesive and blunt end ligation; linkers; adaptors; homopolymer tailing; labelling of
DNA: nick translation, random priming, radioactive and non-radioactive probes,
hybridization techniques: northern, southern, south-western and far-western and colony
hybridization, fluorescence in situ hybridization.
Plasmids; Bacteriophages; M13mp vectors; pUC19 and pBluescript vectors, phagemids;
Lambda vectors; Insertion and Replacement vectors; Cosmids; Artificial chromosome
vectors (YACs; BACs); Principles for maximizing gene expression vectors; pMal; GST;
pET-based vectors; Protein purification; His-tag; GST-tag; MBP-tag etc.; Intein-based
vectors; Inclusion bodies; methodologies to reduce formation of inclusion bodies;
mammalian expression and replicating vectors; Baculovirus and pichia vectors system,
plant based vectors, Ti and Ri as vectors, yeast vectors, shuttle vectors.
Principles of PCR: primer design; fidelity of thermostable enzymes; DNA polymerases;
types of PCR – multiplex, nested; real time PCR, touchdown PCR, hot start PCR,
colony PCR, cloning of PCR products; T - vectors; proof reading enzymes; PCR based
site specific mutagenesis; PCR in molecular diagnostics; viral and bacterial detection;
sequencing methods; enzymatic DNA sequencing; chemical sequencing of DNA;
automated DNA sequencing; RNA sequencing; chemical synthesis of oligonucleotides;
mutation detection: SSCP, DGGE, RFLP.
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 –
7

genomic arrays, cDNA arrays and oligo arrays; study of protein - DNA interactions:
electrophoretic mobility shift assay; DNase I footprinting; methyl interference assay,
chromatin immunoprecipitation; protein-protein interactions using yeast two-hybrid
system; phage display.
Unit V

Gene silencing and
genome editing
technologies
13 lectures

Gene silencing techniques; introduction to siRNA; siRNA technology; Micro RNA;
construction of siRNA vectors; principle and application of gene silencing; gene
knockouts and gene therapy; creation of transgenic plants; debate over GM crops;
introduction to methods of genetic manipulation in different model systems e.g. fruit flies
(Drosophila), worms (C. elegans), frogs (Xenopus), fish (zebra fish) and chick; Transgenics
- gene replacement; gene targeting; creation of transgenic and knock-out mice; disease
model; introduction to genome editing by CRISPR-CAS with specific emphasis on
Chinese and American clinical trials; Cloning genomic targets into CRISPR/Cas9
plasmids; electroporation of Cas9 plasmids into cells; purification of DNA from Cas9
treated cells and evaluation of Cas9 gene editing; in vitro synthesis of single guide RNA
(sgRNA); using Cas9/sgRNA complexes to test for activity on DNA substrates; evaluate
Cas9 activity by T7E1 assays and DNA sequence analysis; Applications of CRISPR/cas9
technology.
Recommended Textbooks and References:
1. Old, R. W., Primrose, S. B., & Twyman, R. M. (2001). Principles of Gene
Manipulation and Genomics, 7th Edition: Oxford: Blackwell Scientific Publications.
2. Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual. Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press.
3. Brown, T. A. (2006). Genomes (3rd ed.). New York: Garland Science Pub.
4. Sander JD and Joung JK. (2014). CRISPR-Cas systems for Editing, Regulating and
Targeting Genomes. Nat Biotechnol. 32:347-355.
5. Ran FA, Hsu PD, Wright J, Agarwala V, Scott DA, Zhang F. (2013). Genome
Engineering using the CRISPRCas9 System. Nature Protocol. 8:2281-2308.
6. Selected papers from scientific journals, particularly Nature, PNAS & Science.
7. Technical Literature from Stratagene, Promega, Novagen, New England Biolab etc.,
8. Gene Cloning and DNA Analysis, 2010 Retrieved from http://biolab.szu.edu.cn/
otherweb/lzc/genetic%20engineering/courseware/b1.pdf
9. Introduction to Biotechnology and Genetic Engineering. Retrieved from https://
thunderbooks.files.wordpress.com/2009/05/introduction-to-biotechnology-andgenetic-engineering-infinity-2008.pdf
10. An Introduction to Genetic Engineering. Retrieved from http://tootshamy.com/
albums/userpics/10002/Introduction_to_Genetic_Engineering.pdf
11. Genetic Engineering – Basics, New Applications and Responsibilities. Retrieved from
http://library.umac.mo/ebooks/b28055287.pdf

Plant
Physiology
Credits

Course Objectives
The objectives of this course are to
understand basic principles of important
physiological processes in plants including
stress adaptation and to study functions of
nutrients and plant growth regulators in
crop production.

3

8

Student Learning Outcomes
On completion of this course, students
should be able to acquire knowledge on
important physiological processes in plants
and role of nutrients and growth regulators
in growth and development besides the
crop’s response to various abiotic stresses.

Unit I

Plant water relations
8 lectures

Unit II

Plant nutrition
8 lectures
Unit III

Plant metabolism
8 lectures

Unit IV

Plant growth
8 lectures

Unit V

Stress physiology
8 lectures

Introduction and role of Physiology in Agriculture – structure, properties and role of
water in plants; soil and cell water terminologies; field capacity and PWP (Permanent
Wilting Point); mechanism of water absorption; ascent of sap – theories; transpiration;
stomatal structure – mechanism of stomatal movement; anti-transpirants.
Essential and beneficial nutrients – classification, functions and deficiency symptoms
of primary, secondary and micro nutrients in plants; hidden hunger; mechanisms of
nutrient absorption – chelates, foliar nutrition.
Photosynthesis – EMR and PAR; red drop and Emerson’s enhancement effect;
photochemical reactions; photolysis of water; Z scheme, photophosphorylation,
reduction of CO2 i.e., carbon assimilation in C3, C4 and CAM pathways, difference
between three pathways; photorespiration and its significance; phloem loading and
unloading; munch hypothesis; source and sink strength – manipulations; respiration;
glycolysis, TCA cycle, oxidative phosphorylation - differences between oxidative
phosphorylation and photophosphorylation; energy budgeting in respiration respiratory quotient.
Growth – growth curve; plant growth hormones/regulators (PGRs); physiological role
and applications of auxins, gibberellins, cytokinin, ethylene and ABA; commercial uses
of PGR’s; senescence and abscission – classification; physiological and biochemical
changes and its significance; photoperiodism; florigen theory of flowering; phytochrome;
regulation of flowering in crops; vernalization; seed dormancy, breaking dormancy; seed
germination, physiological basis of germination.
Physiology of abiotic stresses in plants – water, drought, submergence and flooding stress,
temperature; cold, heat, global warming, green-house gases and salt; salinity, sodicity and
alkalinity – effects and tolerance mechanisms; Nutrients; deficiency and excess-tolerance
mechanisms and Nutrient use efficiency.
Recommended Textbooks and References:
1. Bob B. Buchanan, Wilhelm Gruissem and Russell L. Jones. 2015. Biochemistry and
Molecular Biology of Plants. Second Edition. American Society of Plant Biology.
John Wiley & Sons, Ltd, UK.
2. Lincoln Taiz, Eduardo Zeiger, Ian M. Møller and Angus Murphy (2015). Plant
Physiology, 6th Edn, Sinauer Associates, Inc.
3. Maria Duca. 2015. Plant Physiology. 1st Edition. Springer International Publishing
AG, Switzerland.
4. Peter Scott. 2008. Physiology and Behaviour of Plants. John Wiley & Sons Inc.USA
5. William G. Hopkins, Norman P. A. Hüner. (2009). Introduction to Plant Physiology,
4th Edition.John Wiley & Sons, Inc. US.
6. Physiologia Plantarum. - www.Ingenta Connect.
7. www.new.phytologist.org.
8. Plant Physiology and Development, Retrieved from: http://6e.plantphys.net
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Molecular
Cell Biology
Credits

Course Objectives
The objective of this course is to familiarize
the students with the cell biology at
molecular level and to understand basic
concepts of cell metabolism, cell growth
and cell division.

Student Learning Outcomes
On completion of this course, students
should be able to acquire basic knowledge
on cell structure and function, transport
in a cell, protein trafficking in the cell,
cell communication, cell division, and
cell death.

2
Unit I

Origin of life,
evolution of cell
and cell diversity
5 lectures
Unit II

Structure and
function of
cell organelles
6 lectures
Unit III

Internal organization
of cell and cellular
functions
7 lectures

Unit IV

Cell division and
cell cycle regulation
6 lectures

Unit V

Cell differentiation &
tissue development
4 lectures

Origin of life, History of cell biology, Evolution of the cell: endosymbiotic theory, tree
of life, General structure and differences between prokaryotic and eukaryotic cell;
Similarities and distinction between plant and animal cells; different kinds of cells in
plant and animal tissues.

Cell wall, cell membrane, structure and composition of biomembranes, Structure
and function of major organelles: Nucleus, Chloroplasts, Mitochondria, Ribosomes,
Lysosomes, Peroxisomes, Endoplasmic reticulum, Microbodies, Golgi apparatus,
Vacuoles, Cyto-skeletal elements.

Membrane transport; Transport of water, ion and biomolecules: Diffusion, osmosis, ion
channels, active transport, ion pumps, mechanism of protein sorting and regulation of
intracellular transport: gated, transmembrane and vesicular transport - endocytosis and
exocytosis; General principles of cell communication: hormones and their receptors,
cell surface receptor, signaling through G-protein coupled receptors, enzyme linked
receptors; signal transduction mechanisms, second messengers, regulation of signaling
pathways, Cell junctions, Cell adhesion, Cell movement; Extracellular matrix.
Cell division and regulation of cell cycle; Mechanisms of cell division, Molecular events
at M phase, mitosis and cytokinesis, Ribosomes in relation to cell growth and division,
Extracellular and intracellular Control of Cell Division; abnormal cell division: cancer
- hall marks of cancer and role of oncogenes and tumour suppressor genes in cancer
development - Programmed cell death (Apoptosis).
Morphogenetic movements and the shaping of the body plan, Cell diversification, cell
memory, cell determination, and the concept of positional values; Differentiated cells and
the maintenance of tissues and organ development; Stem cells: types and applications;
Plant development.
Recommended Textbooks and References:
1. Bruce Alberts et al. (2014). Molecular Biology of Cell, 6th edition. Garland
Science, New York.
2. Lodish H. et al. (2016). Molecular Cell Biology. 8th Edition. W.H. Freeman & Co.
New York.
3. Cooper, G. M., and Hausman, R. E. (2015). The Cell: a Molecular Approach.
Washington: ASM; Sunderland.
4. Concept papers in Nature Reviews, Molecular Cell Biology.
5. Molecular Biology of the Cell - https://www.ncbi.nlm.nih.gov/books/NBK21054/
6. Essentials of Cell Biology, http://web.iitd.ac.in/~amittal/SBL101_Essentials_Cell_
Biology.pdf
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7.
8.

Genetics
and Plant
Breeding
Credits

3

Unit I

Basic genetics and
plant breeding
8 lectures
Unit II

Systems and methods
of breeding
10 lectures

Unit III

Chromosomal
manipulations

Wikibooks – https://upload.wikimedia.org/wikipedia/commons/1/17/Cell_Biology.pdf
Cells: Molecules and Mechanisms - www.axopub.com/Downloads/Cells/cells_
complete.pdf

Course Objectives
The objectives of this course are to:
• Provide a basic introduction to
concepts of Genetics and Plant
Breeding;
• Provide insight into the crop
reproductive biology and strategies
to breed self and cross pollinated
varieties;
• Acquaint the students with the
knowledge on cultivar development,
plant variety protection etc.

Student Learning Outcomes
On completion of the course, students
should be able to:
• Have a deeper insight into the genetic
basis supporting plant breeding,
from the individual gene to the
complete genome;
• Know the aim of the genome analysis
projects of certain model plant species
and the possibilities offered by their
comparison with the genomes of other
species of agronomic interest.

History of Genetics and Plant Breeding (Pre and post Mendelian era), Mendelism,
Centres of Origin-biodiversity and its significance, Chromosomal theory of inheritance;
Multiple alleles, Sex-linkage, Linkage Detection, Linkage estimation by various methods,
recombination and genetic mapping in eukaryotes.
Plant introduction and role of plant genetic resources in plant breeding. Modes of
reproduction: Breeding methods for self-pollinated, cross-pollinated and asexually
reproducing crops; Male sterility and incompatibility; Heterosis and hybrid development;
Breeding methods for self-pollinated: Pure line theory; pure line selection and mass
selection methods cross-pollinated and asexually reproducing crops, Apomixis.
Polyploidy: Structural and Numerical variations of chromosomes and their implications;
Epigenetics Mutation; nature and classification of mutations: spontaneous mutations and
induced mutations, Crop improvement through induced mutagenesis.

5 lectures
Unit IV

Heritability and
gene action

Heritability and genetic advance, genotype-environment interaction, general and specific
combining ability, types of gene actions and implications in plant breeding.

5 lectures
Unit V

Variety: synthesis,
release and protection
6 lectures

Development - testing, release and notification of varieties / hybrids / transgenics /
marker assisted backcross breeding lines, maintenance breeding, Participatory Plant
breeding, Plant breeders’ rights and regulations for plant variety protection and farmers
rights, DUS testing, Quality seeds-types and production.
Practicals
Observation on pollination and reproduction in plants. Study of floral biology. Field
visit and practice of selfing and crossing techniques in field crops. Studies on segregating
generation and maintenance of records. Maintenance of A, B and R line and TGMS lines.
Estimation of heterosis. Induction of polyploidy using colchicines. Studies on different
wild species in crop plants and wide hybridization. Irradiation - dosimetry - half-life
period - procedure for irradiation of seeds and planting materials. Chemical mutagenesis
- molar solution preparation - procedure for chemical mutagenesis of seeds and planting
materials. Germplasm preservation – conservation - records maintainenance. Calculation
of PCV, GCV, heritability, genetic advance. Layout of different yield trials - Observing the
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experimental plots - nucleus and breeder seed production plots. Screening methods in
laboratory and field for biotic and abiotic stresses.
Recommended Textbooks and References:
1. Snustad, D. P. and Simmons M.J. (2015). Principles of Genetics, 7th Ed.
John Wiley & Sons.
2. Blum, A. (1988). Plant Breeding for Stress Environments. CRC Press Inc., USA.
3. Blum, A. (2011). Plant Breeding for Water Limited Environments. Springer
4. Strickberger, M.W. (2015). Genetics. 3rd ed. Pearson.
5. Singh, B.D. (2015). Plant Breeding. Principles and Methods. Kalyani publishers.
6. Allard, R.W. (1981). Principles of Plant Breeding, John Wiley & Sons
7. Klug, W. S., Cummings, M. R., Spencer, C. A., & Palladino, M. A. (2016).
Concepts of Genetics (10th ed.). Pearson.
8. David Allen Sleper, John Milton Poehlman (2006), Breeding Field Crops,
5th Edition, Wiley-Blackwell.
9. Plant Stress. www.plantstress.com
10. A Brief History of Genetics: Defining Experiments in Genetics. Cambridge, MA:
NPG Education, 2010. Retrieved from http://nature.com/scitable/ebooks/a-briefhistory-of-genetics-defining-experiments-16570302
11. Miko, I. & LeJeune, L., eds. Essentials of Genetics. Cambridge, MA: NPG
Education, 2009.Retrieved from http://www.nature.com/scitable/ebooks/essentialsof-genetics-8

Biostatistics,
Experimental
Design and
Data Analysis
Credits

Course Objectives
To provide exposure about methods of
statistical analysis, sampling techniques
and designing agricultural experiments
which are widely used in agricultural
sciences. This course also provides usage of
various statistical packages like MS Excel,
SYSTAT/SPSS and SAS/IRRISTAT for the
analysis of Agricultural Research Data.

Student Learning Outcomes
Students would be able to acquire
knowledge on designing experiments,
collection and analysis of biological
research data.

2
Unit I

Sampling theory and
test of hypothesis
6 lectures
Unit II

Correlation and
regression analysis
5 lectures
Unit III

ANOVA, data
transformation and
mean comparisons
6 lectures

Sampling theory – probability sampling and non-probability sampling methods –
sampling distributions – standard error and its uses; Test of significance – Null and
alternative hypothesis; Types of Errors, Level of significance – t-test – F-test and x2-test.

Correlation, scatter diagram, properties and testing of correlation coefficient; Regression
– simple linear regression – properties and testing of regression coefficient; Multiple
linear regression – fitting and testing of multiple linear regression equation.

Analysis of variance – CRD, RBD and LSD - Data transformation – logarithmic,
angular and square root transformations – mean comparisons – critical difference
(least significant difference) and Duncan’s Multiple Range Test (DMRT) – missing plot
technique in RBD (data with one missing observation) – RBD with multi observations
per cell.
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Unit IV

Factorial experiments
6 lectures
Unit V

Data analysis
7 lectures

Concept of factorial experiments – symmetrical and asymmetrical factorial experiments;
2n factorial experiments; analysis using regular method (RBD); Yates algorithm;
asymmetrical factorial experiment (up to 3 factors); split-plot design, strip plot design.
Descriptive statistics, testing of hypothesis, correlation analysis and regression analysis
using MS Excel – ANOVA, cross tabulation, non parametric tests and time series analysis
using SYSTAT/SPSS – Completely Randomized Design (CRD), Randomized Block
Design (RBD), factorial experiments, split plot design and data transformation using
SAS/IRRISTAT.
Recommended Textbooks and References:
1. Rangaswamy, R. (2009). A Text Book of Agricultural Statistics, New Age
International (P) Ltd.
2. K.P. Dhamu and K. Ramamoorthy. (2007). Statistical Methods, Agrobios (India),
Jodhpur.
3. Kailasam, C. and R. Gangai Selvi. (2010). Applied Statistics, Kalyani Publishers,
Ludhiana.
4. Gupta.S.P. (2005). Statistical Methods, Sultan Chand and Sons, New Delhi.
5. Gupta, S.C. and V.K. Kapoor. (2006). Fundamentals of Mathematical Statistics,
Sultan Chand and Sons, New Delhi.
6. Das, M.N. and C. Narayan Giri. (2007). Design and Analysis of Experiments, New
Age Publishers, New Delhi.
7. Cochran, W.G. and Cox, G.M. (1957). Experimental Design. John Wiley and Sons Inc.
8. Gomez, K.A. and A.A. Gomez. (1993). Statistical Procedures for Agricultural
Research, John Wiley and Sons, New Delhi.
9. Panse, V.G. and Sukhatme P.V. (1967). Statistical Method for Agricultural Workers.
ICAR Publication.
10. Gupta, S.C. and V.K. Kapoor. (2006), Fundamentals of Applied Statistics, Sultan
Chand and Sons, New Delhi.
11. Sharma. K.V.S. (2010). Statistics Made Simple: Do it Yourself on PC, Prentice Hall of
India, New Delhi.
12. Darren George and Paul Mallery, (2007), SPSS for Windows Step by Step – A Simple
Guide and Reference, Pearson Education in South Asia.
13. SYSTAT/SPSS User’s Guide and User’s Manual.
14. SAS/ IRRISTAT User’s Guide and User’s Manual.
15. http://www.statistics.com/resources/glossary/
16. Statistical Methods for Agricultural Research. Retrieved from http://www.iasri.res.
in/ebook/EB_SMAR/index.htm
17. Statistics. www.stats.gla.ac.uk/steps/glossary/index.html
18. Stat Trek. http://www.stattrek.com/
19. Stat-help. http://www.stat-help.com/
20. www.statsci.org/jourlist.html

Laboratory I:
Biochemistry,
Physiology
and Analytical
Techniques

Course Objectives
The objective of this laboratory course
is to introduce students to experiments
in biochemistry. The course is designed
to teach utility of set of experimental
methods in biochemistry in a problem
oriented manner.
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Student Learning Outcomes
On completion of this course, students
should be able to:
• To elaborate concepts of biochemistry
& physiology with easy to run
experiments;
• To familiarize with basic laboratory
instruments and understand the
principle of measurements using those

instruments with experiments in plant
biochemistry and physiology.

Credits

3
Syllabus

Preparation of Buffer and validation of the Henderson-Hasselbach equation.
Estimation of total sugars, starch by anthrone method, amylose.
Estimation of total free amino acids, protein by Lowry’s method / Bradford’s method.
Determination of fatty acid profile by GC.
Enzyme extraction and purification - assay of catalase, peroxidase, polyphenol
oxidase.- Determination of Km value.
6. Separation of isozymes - staining methods.
7. Column chromatographic separation of chlorophyll, lycopene and carotene.
8. Determination of IAA.
9. Extraction of alkaloids, terpenes and phenolics - TLC method of separation and
identification, GC and HPLC separation methods.
10. Estimation of alkaloids, total phenols, tannins.
11. Plant water status by different methods – leaf water potential and relative
water content.
12. Measurement of Leaf area, gas exchange parameters.
13. Estimation of photosynthetic pigments
14. Diagnosis of nutritional disorders.
15. Assessment of drought tolerant capacity - Assay of nitrate reductase activity,
chlorophyll stability index, proline content;
16. Growth analysis: Leaf area index (LAI), Leaf area duration (LAD), Specific leaf
weight (SLW), Specific leaf area (SLA), Relative growth rate (RGR), Net assimilation
rate (NAR), Crop growth rate (CGR) and Harvest index (HI).
1.
2.
3.
4.
5.

Recommended Textbooks and References:
1. Wilson K and Walker J. (2000). Principles and Techniques of Practical Biochemistry,
5th Edition, Cambridge University Press.
2. Holme D and Peck H. (1998). Analytical Biochemistry, 3rd Edition, Longman.

Laboratory II:
Techniques in
Molecular
Biology and
Genetic
Engineering

Course Objectives
The objectives of this course are to
provide students with the experimental
knowledge in molecular biology & genetic
engineering.

Student Learning Outcomes
Students should be able to gain handson experience on gene cloning, protein
expression and purification. This
experience would enable them to begin
a career in industry that engages in
genetic engineering as well as in research
laboratories conducting fundamental
research.

Credits

3
Syllabus

1. Isolation of total DNA from Bacillus subtilis.
2. PCR amplification of scoC gene and analysis by agarose gel electrophoresis
3. Preparation of plasmid, pET-28a from E.coli DH5α and gel analysis.
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4. Restriction digestion of vector (gel analysis) and insert with NcoI and XhoI
5. Plasmid isolation restriction digestion, ligation, and transformation in E.coli DH5α.
confirming recombinant by PCR and RE digestion.
6. Transformation of recombinant plasmid in E.coli BL21 (DE3) strain
7. Induction of ScoC protein with IPTG and analysis on SDS-PAGE
8. Purification of protein on Ni-NTA column and analysis of purification by SDS-PAGE
9. Random Primer labeling of scoC with Dig-11-dUTP
10. Southern hybridization of B. subtilis genome with probe and non-radioactive
detection.
11. Sterilization, disinfection safety and media for growth of various micro-organisms.
12. Growth curve, measure of bacterial population by turbidometry and studying the
effect of temperature, pH, carbon and nitrogen.
13. Production of industrial compounds such as alcohol, beer citric acid, lactic acid
and their recovery.
Recommended Textbooks and References:
1. Sambrook and Green. (2012). Molecular Cloning: a Laboratory Manual
(4th Edition). CSHL Press.

Semester Two

Molecular
Breeding
Credits

3

Unit I

Introduction to
molecular markers
7 lectures

Unit II

Assessment of
genetic diversity and
germplasm analysis
6 lectures

Unit III

Mapping populations
for genome mapping
6 lectures

Course Objectives
This course introduces students to key
principles of molecular breeding. In
addition to this, genetic recombination
as a tool for genetic map construction,
theory and application of DNA markers
for mapping and selection, including pros,
cons and their special characteristics are
discussed.

Student Learning Outcomes
After successful completion of this course,
students are expected to:
• Understand advantages and limitations
of plant breeding selection
programmes;
• Understand role of mode of
reproduction of plants on genetic
composition of crops;
• Analyse genetic segregations in plants.

Genome organization and analysis – Nuclear and organellar genomes, genome size,
sequence composition, C-Value paradox; Sequence complexity in genomes – Unique
and Repeat sequences, Point mutations to polyploidy, transposable elements; Causes of
sequence variations; Types of molecular markers – RFLP, AFLP, SCARs, CAPS, SSRs,
STMS and SNPs; Development of marker resources.
Introduction to geographical diversity, center of origin and diversity of plant species,
gene pools (primary, secondary and tertiary); Germplasm characterization using
morphological and molecular markers; Diversity analysis - Hierarchical and nonhierarchical cluster analysis, Phylogenetic analysis - maximum parsimony, distance
methods, maximum likelihood; algorithms for forming clusters/ dendrograms, clustering
softwares (MEGA, Phylip. NTSYS etc.); Molecular markers in Plant variety protection,
IPR issues, hybrid purity testing, clonal fidelity testing and transgenic testing.
Introduction to genetic mapping; Construction of genetic linkage maps, Linkage
mapping software packages and interfaces; Types of populations - F2 populations,
RILs (recombinant inbred lines), Backcross lines, NILS (Near Isogenic Lines), HIF
(Heterogeneous Inbred Families), AILs (Advanced Intercross Lines), Biparental mapping
vs Multi-parent mapping, NAM (Nested Association mapping), MAGIC (Multi-parent
advanced generation inter-cross).
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Unit IV

Molecular mapping
7 lectures

Unit V

Breeding by design
8 lectures

Unit VI

High throughput
genotyping platforms
5 lectures

Mapping simple and complex traits, QTL detection methods; Bulked Segregant Analysis;
Fine mapping - Map based cloning/ positional cloning for gene discovery; Pseudo-testcross mapping Association mapping – Principles and methods; GWAS (Genome Wide
Association Studies); Navigating from genetic to physical map; Targeting Induced Local
Lesions in Genomes (TILLING), ECOTILLING and its application in crop breeding,
Allele mining, Comparative/Synteny mapping.
Strategies in molecular breeding - Marker Assisted Selection (MAS); Gene/QTL
introgression; MABB (Marker Assisted Back cross breeding) - Foreground and back
ground selection for introgression of QTL by SSR markers; Gene/QTL pyramiding
strategies; MARS, Genomics assisted breeding – MAGIC, Genomic Selection.
Linked markers vs gene based markers; Development of gene based markers – SNPs,
InDels; Advances in SSR genotyping – capillary system and chip based; DARTseq,
SNP genotyping – Real Time PCR based methods, Illumina’s Golden Gate Technology,
Fluidigm; GBS (genotyping by sequencing).
Recommended Textbooks and References:
1. Anolles, G. C. and Gresshoff, P.M., (1997), DNA markers – Protocols, Applications
and Overviews. Wiley – Liss, New York
2. Clark, D. P., (2005), Molecular Biology, Elsevier, USA.
3. Henry R. J., (2005), Plant Genotyping: the DNA Fingerprinting of Plants. CABI,
New Delhi.
4. Patterson, (1998), Molecular Dissection of Complex Traits, CRC Publications,
Washington.
5. Purohit, S. S., (2007), Biotechnology – Fundamentals and Applications, 8th Edition,
Agrobios, India.
6. D.J. Somers, (2009), Plant Genomics – Methods and Protocols, Humana Press,
Business Media.
7. C. Kole, A.G. Abott, (2008), Principles and Practices of Plant Genomics,
Science Publishers.
8. R.K. Varshney, R. Tuberosa, (2008). Genomics Assisted Crop Improvement, Springer.
9. K. Meksem, G Kahl, (2005). The Handbook of Plant Genome Mapping: Genetic and
Physical Mapping, Wiley-Blackwell.
10. H.J. Newbury, (2003). Plant Molecular Breeding, CRC Press.
11. A.F. Griffiths et al, (2000). An Introduction to Genetic Analysis,WH Freeman & Co.
12. K. Weising et al, 1995. DNA Fingerprinting in Fungi and Plants. CRC Press,
Boca Raton.
13. Plant Molecular Breeding - http://base.dnsgb.com.ua/files/book/Agriculture/PlantBreeding/Plant-Molecular-Breeding.pdf
14. Molecular Plant Breeding - http://www.cabi.org/cabebooks/ebook/20103101750
15. Molecular Plant Breeding - http://download.bioon.com.cn/
upload/201105/28152813_8350.pdf
16. Molecular Markers and Marker-Assisted Breeding in Plants -http://cdn.intechopen.
com/pdfs-wm/40178.pdf
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Plant Tissue
Culture and
Genetic Transformation

Course Objectives
To impart theoretical knowledge on
various techniques of plant tissue culture
and plant genetic transformation and their
application in crop improvement.

Student Learning Outcomes
Students should be able to acquire
knowledge on basics of tissue culture
and transgenic technology and their
applications in modern agriculture.

Credits

3
Unit I

Concepts and
techniques in
plant tissue culture
7 lectures

Unit II

In vitro culture
methods and
applications
8 lectures

Unit III

DNA delivery methods
7 lectures

Unit IV

Design of gene
construct and
advanced technologies
8 lectures

Unit V

Application of transgenic technology
10 lectures

Totipotency; Tissue culture media; Plant hormones and morphogenesis; Direct and
indirect organogenesis; Direct and indirect somatic embryogenesis; Applications of plant
tissue culture – Micropropagation of field and ornamental crops; National certification
and Quality management of TC plants; Virus elimination by meristem culture, meristem
tip culture and micrografting; Virus indexing – PCR, ELISA; Nucleic acid hybridization
and electron microscopy; Wide hybridization - embryo culture and embryo rescue
techniques; Ovule, ovary culture and endosperm culture; Artificial seeds.
Androgenesis and gynogenesis - production of androgenic and gynogenic haploids diploidization; Callus culture and in vitro screening for stress tolerance; Large-scale
cell suspension culture - Production of alkaloids and other secondary metabolites
- techniques to enhance secondary metabolite production; Protoplast culture isolation and purification; Protoplast culture; Protoplast fusion; Somatic hybridization
- Production of Somatic hybrids and Cybrids – Applications; Somaclonal and
gametoclonal variations – causes and applications; In vitro germplasm storage and
cryopreservation.
Plant genetic engineering – DNA delivery methods: vector mediated method –
Agrobacterium tumefaciens and direct DNA delivery methods. Agrobacterium mediated
method - Agrobacterium biology; Ti plasmid-based transformation; crown gall and
hairy root disease, Ti and Ri plasmids, T-DNA genes, borders, overdrive, chromosomal
and Ti plasmid virulence genes and their functions, vir gene induction, mechanism of
T-DNA transfer; Ti pasmid vectors, vir helper plasmid, super virulence and monocot
transformation, binary vector; Floral dip transformation; Direct DNA delivery
methods - protoplasts using PEG; electroporation; particle bombardment; Chloroplast
transformation and transient expression by viral vectors.
Factors influencing transgene expression – designing gene constructs - Promoters
and polyA signals; Protein targeting signals; Plant selectable markers; Reporter genes;
Positive selection; Selectable marker elimination; Transgene silencing; Strategies to avoid
transgene silencing; Analysis of transgenic plants – PCR, Southern blot hybridization
analysis, northern blot analysis, reverse transcription PCR; Western blot and ELISA;
Advanced technologies – cis genesis and intragenesis; RNAi technology, genome editing
technology, CRISPR/Cas etc.
Applications of transgenic crop technology - Herbicide resistance; Pest resistance, Bt
toxin, synthetic Bt toxin; Protease inhibitor; and other plant derived insecticidal genes;
nematode resistance; Crop Engineering for disease resistance; genetic improvement
of abiotic stress tolerance, Genetic engineering for male sterility- Barnase-Barstar;
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Delayed fruit ripening; polygalacturanase, ACC synthase, ACC oxidase. Engineering
for nutritional quality - Improved seed storage proteins; Improving and altering the
composition of starch and plant oils; enhancement of micro-nutrients – beta carotene,
vitamin E, iron; Molecular pharming - production of antibodies and pharmaceuticals in
plants; Bio-safety concerns of transgenic plants; Global status of transgenic plants.
Recommended Textbooks and References:
1. Bhojwani and Dantu, (2013). Plant Tissue Culture: an Introductory Text, Springer,
New Delhi.
2. Bhojwani, S.S and Razdan. M.K. (2009). Plant Tissue Culture-Theory and Practice.
Elsevier India Pvt. Ltd.
3. Cassells, A. C and Peter B. Gahan. (2006). Dictionary of Plant Tissue Culture. Food
Products Press, an Imprint of the Haworth Press, Inc., New York-London-Oxford
4. Adrian Slater, Nigel Scott and Mark Fowler. (2008). Plant Biotechnology - the
Genetic Manipulation of Plants. Second Edition. Oxford University Press.
5. Paul Christou and Harry Klee. (2004). Handbook of Plant Biotechnology,
2nd volume set, Wiley publisher.
6. Plant Tissue Culture- https://link.springer.com/book/10.1007%2F978-81-322-1026-9
7. Plant Tissue Culture, Development and Biology - http://www.ebook777.com/planttissue-culture-development-biotechnology/
8. Genetic Transformation - https://link.springer.com/book/10.1007%
2F978-3-662-07424-4
9. Genetic Transformation - http://www.intechopen.com/books/genetic-transformation
10. Introduction to Molecular Biology and Genetic Engineering - http://www.fao.org/
docrep/014/i1905e/i1905e00.pdf.

Molecular
Pathology
and Molecular
Diagnostics
Credits

2

Unit I

Immune system,
immunity and effector
mechanism
7 lectures

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. It also provides the
conceptual framework for the development
of immuno- and molecular diagnostics
and their applications in agricultural,
biomedical and veterinary sciences.

Student Learning Outcomes
On completion of this course, students
should be able to:
• Provide sequential and conceptual
thinking and paradigms of cellular and
molecular basis of immune system and
their applications;
• 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
molecular diagnostic kits for detection
of diseases.

Introduction and history of Immunology. Organs and cells of the immune system and
their roles. Blood and its components. Immunity - Innate immunity and adaptive
immunity, humoral and cell mediated immunity. B cell and T cell receptors. Major
histocompatibility complex (MHC) in human – types, structure and function, antigen
processing and presentation. Complement system - classical, alternative and lectin
pathways, lytic attack complex, role in defense mechanism. Hypersensitivity - allergens
and types of hypersensitivity reactions. Transplantation and tumor immunology.
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Unit II

Antigen, antibodies
and vaccines
6 lectures

Unit III

Tools for molecular
diagnosis
8 lectures

Unit IV

Molecular diagnostic
applications
in agriculture
6 lectures

Antigens - types, properties and immunogenicity. Antibodies - classification of
immunoglobulins, structure and functions. Organization and expression of Ig genes,
antibody diversity. Ag-Ab interactions - affinity, avidity, specificity and cross reactivity.
Precipitation and agglutination reactions. Monoclonal and polyclonal antibodies.
Production of monoclonal antibodies, hybridoma technology, applications of monoclonal
antibodies. Vaccines - principle of vaccination and types of vaccines.
Direct and Indirect Methods for detection of various diseases, PCR, RT-PCR, qRTPCR, Loop mediated isothermal amplification (LAMP), FISH, DNA sequencing
and genotyping, Next generation sequencing, Oligonucleotide-coupled fluorescent
microsphere diagnostic assay, Nucleic acid hybridization based methods of detection
– Southern, Northern and Western, Microarrays based detection, multiplexing etc.,
Immunodiffusion – double and single immune diffusion, ELISA and its types, Radio
immuno assay, chemiluminescent immunoassay, Lateral flow immunoassay strips, Dot
blot immuno assay, Western blotting, immunofluorescence, flow cytometry assays,
Immunoelectron microscopy, Thermography, Fluorescence imaging, hyperspectral
techniques, Biosensors – nanomaterials based, affinity based biosensors – antibody
based, nucleic acid based, Enzymatic electrochemical based biosensors, bacteriophage
based biosensor.
Applications of DNA testing, detection of soil borne and seed borne infections,
transgene detection in seed, planting material and processed food, molecular detection
of impurities and seed admixtures in commercial consignments, use of molecular tools
in detection of diseases in quarantine. Applications of immunological assays in plant
science, Detection of viral, bacterial and fungal diseases and transgenic plants.
Recommended Textbooks and References:
1. Kindt, T. J., Goldsby, R. A., Osborne, B. A., & Kuby, J. (2014). Kuby Immunology.
New York: W.H. Freeman.
2. David Male, Jonathan Brostoff, David Roth and Ivan Roitt. 2013. Immunology,
8th Edition, ISBN: 978-0-323-08058-3, Saunders Publications, USA, 464p.
3. Lydyard P, Whelan A, Fanger, M. 2012. BIOS Instant Notes in Immunology,
3rd Edition, ISBN-10: 0415607531, Garland science Publishers, New York, 327p.
4. Delves, P.J., Martin, S.J., Burton, D.R., Roitt, I.M. 2011. Roitt’s Essential Immunology,
12th Edition, ISBN : 978-1-4051-9683-3, Wiley Blackwell Publications, New York, 560p.
5. Murphy K. 2011. Janeway’s Immunobiology, 6th Edition, ISBN-13: 978-0815342434,
Garland Science Publishers, USA, 888p.
6. Buckingham, L. 2012. Molecular Diagnostics: Fundamentals, Methods and Clinical
Applications. Second edition, FA Davis company, Philadelphia, USA, 576p.
7. Patrinos, G.P. and Ansorge, W.J. 2010. Molecular Diagnostics. 2nd edition.
ISBN: 978-0-12-374537-8, Academic Press, USA, 598p.
8. Coleman, W,J. and Tsongalis. 2006. Molecular Diagnostics. ISBN: 978-1-58829-356-5
(Print) 978-1-59259-928-8 (Online), Humana Press, New Jersey, USA, 567p.
9. Boonham, N., Tomlinson, J,Mumford, R., Fera UK. 2016. Molecular Methods
in Plant Disease Diagnostics. 212p
10. Immunology by Kuby - www.whfreeman.com/kuby/
11. Immunology - http://en.wikipedia.org/wiki/Immunology
12. Immunology - http://en.wikibooks.org/wiki/Immunology
13. Annual Review of Immunology - http://www.annualreviews.org/journal/immunol
14. Immunology Notes - http://www.mednotes.net/notes/immunology/
15. http://www.mi.interhealth.info/
16. http://artandersonmd.com/
17. Lecture Notes, Cellular and Molecular Immunology, MIT - http://ocw.mit.edu/
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courses/health-sciences-and-technology/hst-176-cellular-and-molecularimmunology-fall-2005/lecture-notes/
18. http://www.roitt.com/glossary.asp
19. Biotech Crop Highlights- http://isaaa.org/resources/publications/pocket/22/default.asp

Genomics and
Proteomics

Course Objectives
The overall aim of the course is to
provide introductory knowledge
concerning genomics and proteomics,
and their applications.

Credits

2
Unit I

Genome organization
3 lectures

Unit II

Genome mapping
4 lectures

Unit III

Genome sequencing
3 lectures

Unit IV

Functional genomics
5 lectures

Unit V

Proteomics
5 lectures

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

Brief overview of Prokaryotic and Eukaryotic genome organization, Extra-chromosomal
DNA: bacterial plasmids, mitochondria and chloroplast. Introduction to genome
sequencing, various methods of sequencing (Sanger Dideoxy, Chemical method, Maxam
Gilbert, Pyrosequencing- NGS, SOLID, Illumina, Pacific Bio etc., new developments in
sequencing technologies).
Genetic and physical maps; Methods and techniques used for gene mapping, physical
mapping(BAC libraries etc), cytogenetic techniques, FISH technique in gene mapping,
somatic cell hybridization, radiation hybrid maps, in-situ hybridization, etc. Introduction
to Molecular markers; linkage analysis,
				
Importance of genome sequencing and benefits; Chromosome walking and
characterization of chromosomes; Case studies on genome sequencing projects - human,
microbes, plants and animals genomes. Accessing and retrieving genome project
information from the web; Genome re-sequencing projects – rice 3K and Arabidopsis 1K
genome projects; Mining SNPs; Metagenomics; 16S rRNA typing/sequencing.
			
Forward and reverse genetics: Various genome wide transcriptome analysis methods
for gene expression profiling (Microarrays, SSH libraries, MPSS, SAGE, RNA-Seq etc.)
and functional annotation of genes (over-expression and knock out mutants); Mining
functional genes in the genome, gene ethics; Introduction to Metabolomics and
Lipidomics.
								
Aims, strategies and challenges in proteomics; Proteomics technologies: 2D-PAGE,
Isoelectric focusing, mass spectrometry, MALDI-TOF, yeast 2-hybrid system, Proteome
databases. Protein-protein and protein-DNA interactions; Protein chips and functional
proteomics; Clinical and biomedical applications of proteomics.
Recommended Textbooks and References:
1. Stephen P. Hunt, Rick Livesey. 2009. Functional Genomics: a Practical Approach.
2. TA Brown, Genomes 3, Garland Sciences.
3. Primrose S &Twyman R, (2006), Principles of Gene Manipulation and Genomics,
7th Edition, Blackwell.
4. Christopher A. Cullis. 2005. Plant Genomics and Proteomics. Wiley Publishing.
5. Liebler, Daniel C, (2002), Introduction to Proteomics- Tools for the New Biology,
Humana Press,Totowa, NJ.
6. Campbell AM & Heyer LJ, (2007), Discovering Genomics, Proteomics and
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7.
8.
9.
10.

11.
12.

Microbial
Biotechnology
Credits

2

Unit I

Microbial diversity
6 lectures

Unit II

Microbial growth
kinetics and
physiology
5 lectures
Unit III

Pathogenic microbes
and host resistance
5 lectures

Bioinformatics, 2nd Edition. CSHL Press.
Primrose. S. B. and Twyman. R. (2004). Principles of Genome Analysis and
Genomics.(3rd ed) University of York.
Proteomics and Genomics- http://nptel.ac.in/courses/102103017/
Introduction to Proteomics – Principles and Applications - http://onlinelibrary.wiley.
com/book/10.1002/9780470603871
Introduction to Proteomics, Tools for the New Biology - http://file.zums.ac.ir/
ebook/38Introduction to Proteomics, Tools for the New Biology-Daniel Liebler0896039919-Humana Pres.pdf
Genomics, Proteomics and Bioinformatics - https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC2347366/
Online textbook- Proteomics - https://learner.org/courses/biology/textbook/proteo/
index.html

Course Objectives
The objectives of this course are to
introduce the students to the 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
On completion of this course, students
should be able to:
• Identify the major categories of
microorganisms and analyze their
classification, diversity, and ubiquity;
• Identify and demonstrate the
structural, physiological, and genetic
similarities and differences of the
major categories of microorganisms;
• Identify and demonstrate how to
control microbial growth;
• Demonstrate and evaluate the
interactions between microbes, hosts
and environment.

Classical and modern methods and concepts; Domain and Kingdom concepts in
classification of microorganisms; Criteria for classification; Classification of Bacteria
according to Bergey’s manual; use of DNA and RNA sequencing in classification.
Molecular methods such as Denaturing Gradient Gel Electrophoresis (DGGE),
Temperature Gradient Gel Electrophoresis (TGGE), Amplified rDNA Restriction
Analysis and Terminal Restriction Fragment Length Polymorphism (T-RFLP) in
assessing microbial diversity; 16S rDNA sequencing and Ribosomal Database Project;
Unicellular Eukaryotes and the Extremophiles (with classical example from each group).
Ultrastructure of Archaea (Methanococcus); Eubacteria (E.coli); Unicellular Eukaryotes
(Yeast) and viruses (Bacterial, Plant, Animal and Tumor viruses); Microbial growth:
Batch, fed-batch, continuous kinetics, synchronous growth, yield constants, methods of
growth estimation, stringent response, death of a bacterial cell. Microbial physiology:
Physiological adoption and life style of Prokaryotes.
Host–Pathogen interactions; Microbes infecting humans, veterinary animals and
plants; Pathogenicity islands and their role in bacterial virulence; Introduction, types of
resistance, Genetics of resistance, pyramiding of R genes: Susceptible/resistance response,
recognition/specificity of the pathogen by host, local and systematic biochemical
defences; HR, cellular and molecular basis; Systemic acquired resistance and signal
transduction; PR proteins in defenses, applications of biotechnological methods in plant
disease diagnosis.
21

Unit IV

Microbial ecology
4 lectures

Unit V

Bioprocess and
bioproducts
10 lectures

Role of microorganisms in natural system and artificial system; Influence of Microbes
on the Earth’s Environment and Inhabitants; Ecological impacts of microbes; Symbiosis
(Nitrogen fixation and ruminant symbiosis); Microbes and Nutrient cycles; Microbial
communication system; Quorum sensing.
Basic principles in bioprocess technology; Media Formulation; Sterilization; Thermal
death kinetics; Batch and continuous sterilization systems; Primary and secondary
metabolites; Extracellular enzymes; Biotechnologically important intracellular products;
exopolymers; Bioprocess control and monitoring variables such as temperature,
agitation, pressure, pH, Microbial enzymes various role in industrial process; Microbial
processes-production, optimization, screening, strain improvement, factors affecting
down-stream processing and recovery; Representative examples of ethanol, organic acids,
antibiotics etc.; Enzyme Technology-production, recovery, stability and formulation of
bacterial and fungal enzymes-amylase, protease, penicillin acylase, glucose isomerase;
Immobilised Enzyme and Cell based bio transformations steroids, antibiotics, alkaloids,
enzyme/cell electrodes; Use of genetically-engineered microorganisms in biotechnology;
Bioinsecticides, biofertilizers; Microbial fuel cells; Prebiotics and Probiotics; Vaccines,
Normal microflora of human body. Microbiologically produced food colours and
flavours; Retting of flax. Microbial biofuels-Bioethanol, biohydrogen-fuel additives.
Alternative biofuels-isopropanol and 1-butanol-Efflux pumps to improve biofuel
production.
Recommended Textbooks and References:
1. Pelczar MJ Jr., Chan ECS and KreigNR., (1993), Microbiology, 5th Edition,
Tata McGraw Hill.
2. Maloy SR, Cronan JE Jr., and Freifelder D, (2006), Microbial Genetics, Jones Bartlett
Publishers, Sudbury, Massachusetts.
3. Crueger and A Crueger, (English Ed., TDW Brock), (1990); Biotechnology: a
Textbook of Industrial Microbiology, Sinaeur Associates.
4. G Reed, (1987), Prescott and Dunn’s, Industrial Microbiology, 4th Edition,
CBS Publishers.
5. M.T. Madigan and J.M. Martinko, (2006), Biology of Microorganisms, 11th Edition,
Pearson Prentice Hall, USA.
6. Glazer, A.N and Nikaido, H. Eds. (2007). Microbial biotechnology: Fundamentals of
Applied Microbiology. Cambridge University Press.
7. Microbial Biotechnology - http://www.sfam.org.uk/en/journals/microbialbiotechnology.cfm
8. Microbial Biotechnology: Genetic Engineering - http://nptel.ac.in/
courses/102103013/33
9. Microbial Biotechnology - http://www.wur.nl/en/Expertise-Services/Chair-groups/
Agrotechnology-and-Food-Sciences/Bioprocess-Engineering/Research-themes/
Microbial-Biotechnology.htm
10. Institute of Biomedical and Microbial Biotechnology - http://www.cput.ac.za/
research/centres/ibmb
11. Microbial Biotechnology - https://www.ncbi.nlm.nih.gov/pubmed/10631778
12. http://libgen.org/book/index.php
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Research
Methodology
and Scientific
Communication Skills
Credits

Course Objectives
The objective of this course is to develop
a research orientation among the scholars
and to acquaint them with fundamentals
of research methods. Specifically, the
course aims at introducing the students
to the basic concepts used in research
and methods of approach. It includes
discussions on sampling techniques,
research designs and techniques of
analysis.

2

Unit I

Research objectives
and formulation
7 lectures

Unit II

Research design
and methods
6 lectures

Unit III

Data collection
and analysis
5 lectures
Unit IV

Reporting and
thesis writing
7 lectures

Unit V

Application of
results and ethics
5 lectures

Student Learning Outcomes
On completion of this course, students
should be able to:
• Develop understanding of the basic
framework of research process;
• Develop understanding of various
research designs and techniques;
• Identify various sources of information
for literature review and data
collection;
• Develop understanding of the ethical
dimensions of conducting applied
research;
• Appreciate the components of scholarly
writing and evaluate its quality.

Motivation and objectives – Research methods vs. Methodology; Types of research
– Descriptive vs. Analytical, Applied vs. Fundamental, Quantitative vs. Qualitative,
Conceptual vs. Empirical; Research Formulation – Defining and formulating
the research problem; Selecting the problem; Necessity of defining the problem;
Importance of literature review in defining a problem; Literature review – Primary
and secondary sources – reviews, treatise, monographs-patents – web as a source
– searching the web; Critical literature review; Identifying gap areas from literature
review – Research question - Development of working hypothesis.
Research design – Basic Principles, Need of research design, Features of good research
design; Important concepts relating to research design – Observation and Facts,
Laws and Theories, Prediction and explanation, Induction, Deduction, Development
of Models; Developing a research plan - Exploration, Description, Diagnosis,
Experimentation; determining experimental and sample designs.
Execution of the research - Observation and Collection of data; Methods of data
collection – Sampling Methods- Data Processing and Analysis strategies; Data Analysis
with Statistical Packages - Hypothesis-testing - Generalization and Interpretation;
Maintaining a lab notebook with date-wise entry.
Structure and components of scientific reports - Types of report – Technical
reports and thesis – Significance – Different steps in the preparation – Layout,
structure and Language of typical reports – Illustrations and tables - Bibliography,
referencing and footnotes – software; Oral presentation – Planning – Preparation
– Practice – Making presentation – Use of visual aids - Importance of
effective communication - Concept of effective communication; Setting clear goals for
communication; Determining outcomes and results; Initiating communication; Creating
value in conversation; Barriers to effective communication; Non-verbal communicationInterpreting non-verbal cues; Importance of body language, Power of effective listening;
recognizing cultural differences.
Ethical issues, ethical committees; Commercialization; Intellectual property rights, patent
law Copyright, royalty; Calculations of Impact factor of a journal, citation Index, ISBN &
ISSN; Reproduction of published material; Plagiarism; Citation and acknowledgement
- Reproducibility and accountability.
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Recommended Textbooks and References:
1. Garg, B.L., Karadia, R., Agarwal, F. and Agarwal, U.K., (2002). An Introduction to
Research Methodology, RBSA Publishers.
2. John W Creswell (2006). Designing and Conducting Mixed Method Research.
Sage Publication. (CA) 275 pages.
3. Sinha, S.C. and Dhiman, A.K., (2002). Research Methodology, EssEss Publications.
2 volumes.
4. Trochim, W.M.K., (2005). Research Methods: the Concise Knowledge Base, Atomic
Dog Publishing. 270p.
5. Movie: Naturally Obsessed, The Making of a Scientist. (imdb – tt1470891).
6. Research Methods for Communication Science -http://www.cios.org/readbook/
rmcs/rmcs.htm
7. Scientific Writing for Agricultural Research Scientists-http://www.authoraid.info/
uploads/resources/scientific-writing-for-agricultural-research-scientists-a-trainingresource-manual.pdf
8. Scientific Communication and Research Methodology - http://www.academia.
edu/5318451/Scientific_Communication_and_Research_Methodology

Project
Proposal
Preparation &
Presentation
Credits

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 explain
its importance to their fellow classmates
and teachers.

2

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

Syllabus

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

Course Objectives
The objective of this course is to impart
hands-on-training to the students
on recent advances in genomics
and techniques/tools in molecular
breeding, gene expression profiling and
bioinformatics.

Credits

3
Syllabus

Student Learning Outcomes
Students should be able to acquire
practical knowledge and skills in:
• Diversity analysis and population
structure analysis using molecular
markers;
• Genetic mapping procedures using
bi- and multi-parental populations;
• Gene expression profiling using highthroughput transcriptomic, proteomics
and metabolomics tools;
• Bioinformatics tools for genomics
studies.

1. Principles and Methods involved in nucleic acid separation
2. Designing Primers - Gene specific primers – primers based on conserved regions –
Degenerate primers
3. Gene cloning – ligation and transformation - analysis of recombinant colonies
4. Molecular analysis of transgenic plants
5. RT-PCR – semi-quantitative and quantitative
6. Microarray – data analysis and interpretation
7. 2D PAGE – data analysis and interpretation
8. Metabolomics – GC-MS
9. Genome databases – rice; Retrieving marker information
10. Molecular markers - Germplasm characterization using molecular markers
11. Mapping populations - Linkage map construction - QTL mapping
12. Principle of Association mapping – GWAS
13. Marker Assisted Breeding – MAS; MABB; QTL/Gene Pyramiding.
Recommended Textbooks and References:
1. Brownstein MJ and Khodursky AB. (2003). Methods in Molecular Biology. Vol. 224.
Functional Genomics: Methods and Protocols. Humana Press Inc., Totowa, NJ, USA.
2. Baldi P. (2002). DNA Microarrays and Gene Expression. Cambridge University Press
3. Primrose. S. B. and Twyman. R. (2004). Principles of Genome Analysis and
Genomics. Third edition University of York. 288p.
4. Grotewold E. (2003). Methods in Molecular Biology. Vol. 236. Plant Functional
Genomics: Humana Press Inc., Totowa, NJ, USA.
5. Boopathi MN. (2013). Genetic Mapping and Marker Assisted Selection: Basics,
Practice and Benefits. Springer Publications.
6. Paterson A. (1997). Molecular Dissection of Complex Traits. CRC Press. 336 pages.
7. Training Manual on Application of Cellular, Molecular and Genomics tools in Crop
Improvement, http://cpri.ernet.in/trainings/EBook_TrainingManual.pdf
8. Plant Genomics. Methods and Protocols-https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3064549/
9. Proteins and Proteomics: A Laboratory Manual
https://sjfjrcheaphub.files.wordpress.com/2017/03/proteins-and-proteomics-a.pdf
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Laboratory IV:
Plant Tissue
Culture and
Genetic Transformation

Course Objectives
The objective of this course is to impart
hands-on-training on various techniques
of plant tissue culture and plant genetic
transformation.

Student Learning Outcomes
On completion of this course, students
should be able to acquire practical
knowledge on the techniques involved in
tissue culture and transgenic technology.

Credits

3
Syllabus

1. Preparation of stocks - macronutrients, micronutrients, vitamins and hormones,
filter sterilization of hormones and antibiotics. Preparation of Murashige and
Skoog medium
2. Micro-propagation of plants (rose, banana) by nodal culture and shoot tip culture
3. Embryo culture to overcome incompatibility and anther culture for haploid
production
4. Callus induction in tobacco leaf discs, regeneration of shoots, root induction, role
of hormones in morphogenesis
5. Acclimatization of tissue culture plants and establishment in greenhouse.
6. Isolation of plasmids, construction of transformation vector – restriction digestion,
ligation and bacterial transformation
7. Preparation of micro-projectiles, transformation of rice using a particle gun,
GUS staining
8. Mobilization of binary vector into Agrobacterium tumafaciens through triparental
mating and confirmation of transconjugants
9. Tobacco leaf disc transformation using Agrobacterium, establishment of transgenic
plants, and GUS staining or GFP viewing
10. DNA extraction from transgenic plants, DNA estimation, PCR analysis, Southern
blot analysis to prove presence of foreign DNA sequences
11. RT-PCR to study transgene expression, western blotting to study the accumulation
of transgene-encoded protein.
Recommended Textbooks and References:
1. Reinert J and Yeoman MM. (2012). Plant Cell and Tissue Culture: a Laboratory
Manual. Springer publishers.
2. R. H. Smith. (2013). Plant Tissue Culture: Techniques and Experiments.
Academic Press.
3. Plant Genetic Transformation- a Laboratory Manual http://tisipueq.ru/kezuc.pdf
4. Plant Cell Culture Protocol http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.471.4017&rep=rep1&type=pdf
5. Plant Biotech Principles – Techniques and Applications http://www.gontierlab.eu/
medias/files/1-plant-biotechprinciples-techniques-and-applications1.pdf
6. General Techniques of Plant Tissue Culture- https://www.researchgate.net/
publication/291056431_General_Techniques_of_Plant_Tissue_Culture
7. Plant Tissue Culture Manual - https://link.springer.com/book/10.1007%
2F978-1-4899-3778-0
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Laboratory V:
Techniques in
Cell Biology,
Immunotechnology and
Molecular
Diagnostics

Course Objectives
The objectives of this course are to
provide the knowledge about the
basic microbiological, cytological and
immunological techniques.

Student Learning Outcomes
On completion of this course, students
should be able to acquire basic handson skills of various microscopic,
microbiological, cytological and
immunological techniques.

Credits

3
Syllabus

1. Principles of microscopy and optics, Compound microscopy, Bright field
microscopy. phase contrast microscopy, Fluorescence and confocal microscopy,
Electron microscopy
2. Cell size determination by the use of an ocular and stage micrometer, Hanging drop
technique for demonstrating motility of bacteria
3. Simple, Gram staining and Endospore staining of microorganisms
4. Observation of Mitosis and the Cell Cycle in Onion Root-Tip Cells
5. Histology – Hand-sectioning of stem and leaf, saffranin and fast green staining
6. Microtomy - fixing of tissues, dehydration, wax-embedding, sectioning and staining
7. Selection, Preparation of antigen, Immunization, methods of bleeding, serum
preparation and storage
8. Detection and quantitation of antibodies by single radial immuno diffusion method
(SRID), Double radial immunodiffusion (Ouchterlony’s method)
9. Isolation and purification of IgG from serum or IgY from chicken egg
10. Determination of Antibody titer by ELISA, Dot blot assay, Immunoelectrophoresis
11. Western Blotting
12. PCR and ELISA based detection of plant diseases
13. PCR and ELISA based detection of transgenic plants
14. Immunoassay strip based detection of transgenic plants.
Recommended Textbooks and References:
1. Anil Kumar and Dinesh Pandey. (2014). A Manual on Techniques in Cell Biology.
Panima publishers, New Delhi.
2. Coleman, W,J. and Tsongalis. (2006). Molecular Diagnostics. Humana Press,
New Jersey, USA.
3. Nigam and Ayyagari. (2007). Lab Manual in Biochemistry, Immunology and
Biotechnology. TATA McGraw Hill.
4. Cell Biology Lab Manual - http://www.ihcworld.com/_protocols/lab_protocols/cellbiology-lab-manual-heidcamp.htm
5. Cell Biology Lab Manual - http://www2.hendrix.edu/biology/CellWeb/labmanual/
LabmanTOC.html

27

Semester Three

Stress Biology
Credits

3
Unit I

Stress conception
in plants
4 lectures
Unit II

Abiotic stress
13 lectures

Unit III

Biotic stress
16 lectures

Course Objectives
The objectives of this course are to
familiarize the students about the major
challenges faced by plants during their
day-to-day struggle for survival and
to understand the physiological and
molecular strategies used by plants to deal
with these challenges.

Student Learning Outcomes
On completion of this course, students
should be able to understand the concepts
of biotic and abiotic stress in plants.

General adaptation syndrome in plants; Plant cell as a sensor of environmental changes;
role of cell membranes in signal perception; Ways of signal transduction in cells and
whole plants as a response to external factors.

Abiotic stresses affecting plant productivity – Drought, salinity, water logging,
temperature stresses, light stress and nutrient stress; Drought stress – Effects on plant
growth and development; Components of drought resistance; Physiological, biochemical
and molecular basis of tolerance mechanisms; Strategies to manipulate drought
tolerance – synthesis of proline, glycine betaine, poly amines and sugars; ROS and antioxidants; hormonal metabolism; signaling components; Salinity stress – effects, basis
of cellular and whole plant level tolerance, tolerance mechanisms, utilizing glycophytes
and halophytes in improving salinity tolerance; Water logging stress – effects on plant
growth and metabolism; tolerance mechanisms; Temperature stresses – cold and high
temperature stress; effects; cold tolerance mechanisms and improvement strategies;
alleviating effects of high temperature stress; Light stress – low light, high light and UV
light stress; effects and tolerance mechanisms; Heavy metal stress – Al and Cd stress in
plants, biotech strategies to overcome heavy metal stress; Nutrient stress- effects on plant
growth and genetic manipulation strategies.
Plant- pathogen interaction and disease development, changes in metabolism of cell
wall composition and vascular transport in diseased plants, Reactive oxygen species,
antioxidants, enzymes of defense system; Plant defense response, antimicrobial
molecules, hypersensitive response and cell death, systemic and acquired resistance,
pathogen derived resistance, antipathogenic principles; Plant viruses, host virus
interactions, disease induction, virus movement and host range determination; viroids.
R x Avr gene interaction, defense genes, Signaling pathway related to defense gene
expression, R proteins and genes from pathogens and other sources, coat protein genes,
detoxification genes, RNAi approach, transgenics and disease management, Transgenic
plants for disease resistance. Plant-insect interactions a molecular view, biochemical and
molecular basis of host plant resistance to insect pests, insects in relation to crop plants,
biotypes and geographical variation- isolation and characterization of insect resistance
genes, genes derived from microorganisms-Bacillus thuringiensis crystal protein genes,
genes derived from plants, enzyme inhibitor and lectin genes, genes derived from animal
sources. Marker Assisted Selection for pest management. Nematode resistance genes
- local and systemic induced resistance to the nematode in crop plants, biochemical
and molecular changes in plants, biotechnological approaches for nematode resistance,
weeds, herbicide resistant transgenic crops, glyphosate resistance, phosphinothricin
resistance – resistance to other herbicides.Impact of GM crops on non-target organisms;
tritrophic interactions, molecular mechanisms of development of resistance to
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Bt proteins, resistance management strategies in transgenic crops, ecological impact of
field release of transgenic crops.
Unit IV

Strategies for tolerance
against stress
7 lectures

Interactions between biotic and abiotic stresses; Molecular strategies for imparting
tolerance against biotic and abiotic stresses for improvement of plants / crops by means
of breeding and biotechnological approaches.

Recommended Textbooks and References:
1. Andrew, M.A. and Wood, J. Eds Jenks (2010). Genes for Plant Abiotic Stress.
Wiley-Blackwell Publication.
2. Buchanan, B.B., Gruissem, W. and Jones, R.L. (2015). Biochemistry and Molecular
Biology of Plants. 2nd edition. Am. Soc. Plant Physiologists, Rockville, Maryland.
3. Hirt, H., Shinozaki, K. Hirt, Heribert (2004). Plant Responses to Abiotic Stress.
Springer Berlin Heidelberg Publication.
4. Hopkins, W.G. and Huner, N.P.A. (2004). Introduction to Plant Physiology. John
Wiley & Sons. Khan, N.A. and Singh, Sarvajeet 2008. Abiotic Atress and Plant
Responses. I.K. Publication.
5. Parikh, A., Sopory, S.K. and Bohnert, H.J. (2010). Abiotic Stress Adaptation in Plants:
Physiological, Molecular and Genomic Foundation. Springer Publication.
6. Taiz, L. and Zeiger, E. (2006). Plant Physiology. Sinauer Associates, Inc, Publishers,
Sunderland, Massachusetts, USA.
7. Plant Abiotic Stress - http://fac.ksu.edu.sa/sites/default/files/Plant%20stress(Book).pdf
8. Abiotic Stress in Plants – Mechanism and Adaptations - http://library.umac.mo/
ebooks/b28109600.pdf
9. Abiotic Stress: Molecular Genetics and Genomics - http://journal.frontiersin.org/
researchtopic/1863/abiotic-stress-molecular-genetics-and-genomics
10. Plant Response to Stress - http://e-collection.library.ethz.ch/eserv/eth:6925/
eth-6925-01.pdf

Bioprocess
Engineering &
Technology

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

Credits

3

29

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
the fundamental principles for basic
methods in production technique for
bio-based products;
• Calculate yield and production rates in
a biological production process, and
also interpret data;
• Calculate the need for oxygen and
oxygen transfer;
• Critically analyze any bioprocess from
market point of view;
• Give an account of important
microbial/enzymatic industrial
processes in food and fuel industry.

Unit I

Basic principles
of biochemical
engineering
4 lectures
Unit II

Stoichiometry and
models of microbial
growth

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.

Elemental balance equations; metabolic coupling – ATP and NAD+; yield coefficients;
unstructured models of microbial growth; structured models of microbial growth.

4 lectures
Unit III

Bioreactor design
and analysis
8 lectures

Unit IV

Downstream
processing and
product recovery

Batch and continuous fermenters; modifying batch and continuous reactors: chemostat
with recycle, multistage chemostat systems, fed-batch operations; conventional
fermentation v/s biotransformation; 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.

8 lectures
Unit V

Fermentation
economics
4 lectures
Unit VI

Applications of
enzyme technology
in food processing
4 lectures

Unit VII

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

Isolation of micro-organisms 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.

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. (1997). 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.
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5. El-Mansi, M., & Bryce, C. F. (2007). Fermentation Microbiology and Biotechnology.
Boca Raton: CRC/Taylor & Francis.

Bioinformatics
Credits

2

Unit I

Basics of
bioinformatics
6 lectures
Unit II

Sequence analysis
6 lectures

Unit III

Genetic diversity
6 lectures

Unit IV

Protein structures
6 lectures

Unit V

Drug discovery
6 lectures

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

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

Bioinformatics basics, scope and importance of bioinformatics, Importance of Unix
and Linux systems and its basic commands, Biological databases for DNA and Protein
sequences -PIR, SWISSPROT, genebank, DDBJ, secondary database, structural databases
–PDB, Specialized genomic resources, Microarray database.
DNA sequence analysis, Sequence submission and retrieval system-SEQUIN, BANKit,
SAKURA, Webin, Sequence alignment-, Global and local alignment, pair wise
alignment techniques, multiple sequence alignment; Algorithms – Smith and Waterman,
Needelman and Wunsch. Tools for Sequence alignment- BLAST –BLASTp, BLASTn,
tBLASTn, BLASTx, tBLASTx, PHIBLAST, PSI BLAST, FASTA and its variants.
Multiple sequence, Methods of MSA – Progressive method, Genetic algorithms, Hidden
Markov model, Iterative method, significance of MSA, phylogenetic analysis- Methods
and importance- NJ method, UPGMA, Tools for MSA and Phylogenetic analysisCLUSTAL X, CLUSTAL W, Phylip, Tcoffee , protein function prediction- sequence and
domain based, Primer designing- principles and methods.
Protein secondary structure Prediction- Chousfasman, GOR Method, Protein 3D
Structure Prediction: Coordinate systems-internal, cartesian, Homology Modelingside chain modeling, loop modeling, Ab intio method, threading methods. Evaluation
of models - Structure validation and refinement - Ramachandran plot, Force field
calculations, SAVES.
Structure Based Drug Design- Rationale for computer aided drug designing, Deriving
3D pharmacophore and its applications. Lipinski's Rule, Quantitative Structure Activity
Relationship - compound selection, deriving equation, interpretation, validation and
prediction - Drug design-Types- Structure based, Virtual screening - ligand based,
optimization methods.
Recommended Textbooks and References:
1. Lesk, A. M. (2004). Introduction to Protein Science: Architecture, Function, and
Genomics. Oxford: Oxford University Press
2. Mount, D. W. (2001). Bioinformatics: Sequence and Genome Analysis. Cold Spring
Harbor, NY: Cold Spring Harbor Laboratory Press.
3. Baxevanis, A. D., & Ouellette, B. F. (2001). Bioinformatics: a Practical Guide to the
Analysis of Genes and Proteins. New York: Wiley-Interscience.
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4. Pevsner, J. (2015). Bioinformatics and Functional Genomics. Hoboken,
NJ.: Wiley-Blackwell.
5. Bourne, P. E., & Gu, J. (2009). Structural Bioinformatics. Hoboken, NJ: Wiley-Liss.
6. Bioinformatics - https://arxiv.org/ftp/arxiv/papers/0911/0911.4230.pdf
7. Computational Biology and Applied Bioinformatics - https://www.intechopen.com/
books/computational-biology-and-applied-bioinformatics

Intellectual
Property
Rights,
Biosafety and
Bioethics
Credits

2

Unit I

Introduction to IPR
6 lectures

Unit II

Patenting
6 lectures

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

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;
• 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.
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Unit III

Biosafety
6 lectures

Unit IV

National and
international
regulations
6 lectures

Unit V

Bioethics
6 lectures

Biosafety and Biosecurity - introduction; historical background; introduction to
biological safety cabinets; primary containment for biohazards; biosafety levels; GRAS
organisms, biosafety levels of specific microorganisms; recommended biosafety levels
for infectious agents and infected animals; definition of GMOs & LMOs; principles of
safety assessment of transgenic plants – sequential steps in risk assessment; concepts
of familiarity and substantial equivalence; risk – environmental risk assessment and
food and feed safety assessment; problem formulation – protection goals, compilation
of relevant information, risk characterization and development of analysis plan; risk
assessment of transgenic crops vs cisgenic plants or products derived from RNAi,
genome editing tools.
International regulations – Cartagena protocol, OECD consensus documents and
Codex Alimentarius; Indian regulations – EPA act and rules, guidance documents,
regulatory framework – RCGM, GEAC, IBSC and other regulatory bodies; Draft bill
of Biotechnology Regulatory authority of India - containments – biosafety levels and
category of rDNA experiments; field trails – biosafety research trials – standard operating
procedures - guidelines of state governments; GM labeling – Food Safety and Standards
Authority of India (FSSAI).
Introduction, ethical conflicts in biological sciences - interference with nature,
bioethics in health care - patient confidentiality, informed consent, euthanasia,
artificial reproductive technologies, prenatal diagnosis, genetic screening, gene therapy,
transplantation. Bioethics in research – cloning and stem cell research, Human and
animal experimentation, animal rights/welfare, Agricultural biotechnology - Genetically
engineered food, environmental risk, labeling and public opinion. Sharing benefits and
protecting future generations - Protection of environment and biodiversity – biopiracy.
Recommended Textbooks and References:
1. Ganguli, P. (2001). Intellectual Property Rights: Unleashing the Knowledge Economy.
New Delhi: Tata McGraw-Hill Pub.
2. National IPR Policy, Department of Industrial Policy & Promotion, Ministry of
Commerce, GoI
3. Complete Reference to Intellectual Property Rights Laws. (2007).
Snow White Publication Oct.
4. Kuhse, H. (2010). Bioethics: an Anthology. Malden, MA: Blackwell.
5. Office of the Controller General of Patents, Design & Trademarks; Department of
Industrial Policy & Promotion; Ministry of Commerce & Industry; Government
of India. http://www.ipindia.nic.in/
6. Karen F. Greif and Jon F. Merz, Current Controversies in the Biological Sciences
-Case Studies of Policy Challenges from New Technologies, MIT Press
7. World Trade Organisation. http://www.wto.org
8. World Intellectual Property Organisation. http://www.wipo.int
9. International Union for the Protection of New Varieties of Plants. http://www.upov.int
10. National Portal of India. http://www.archive.india.gov.in
11. National Biodiversity Authority. http://www.nbaindia.org
12. Recombinant DNA Safety Guidelines, 1990 Department of Biotechnology, Ministry
of Science and Technology, Govt. of India. Retrieved from http://www.envfor.nic.in/
divisions/csurv/geac/annex-5.pdf
13. Wolt, J. D., Keese, P., Raybould, A., Fitzpatrick, J. W., Burachik, M., Gray, A., Wu,
F. (2009). Problem Formulation in the Environmental Risk Assessment for Genetically
Modified Plants. Transgenic Research, 19(3), 425-436. doi:10.1007/s11248-009-9321-9
14. Craig, W., Tepfer, M., Degrassi, G., & Ripandelli, D. (2008). An Overview of General
Features of Risk Assessments of Genetically Modified Crops. Euphytica,
164(3), 853- 880. doi:10.1007/s10681-007-9643-8
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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.

Bioentrepreneurship
Credits

2
Unit I

Basics of
bioentrepreneurship
6 lectures

Unit II

Accounting and
finance
6 lectures

Unit III

Business strategy
6 lectures

Unit IV

Marketing
5 lectures

Unit V

Knowledge centre
and R&D
7 lectures

Course Objectives
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.

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.

Importance of entrepreneurship; advantages of being entrepreneur - freedom to
operate; introduction to bio entrepreneurship – biotechnology in a global scale; Scope
in bioentrepreneurship; types of bio-industries – biopharma, bioagri, bioservices and
bioindustrial; innovation – types, out of box thinking; skills for successful entrepreneur
– creativity, leadership, managerial, team building, decision making; opportunities
for bioentrepreneurship- entreprenuership development programs of public and
private agencies (MSME, DBT, BIRAC, Startup & Make in India); patent landscape, IP
protection & commercialization strategies.
Business plan preparation; business feasibility analysis by SWOT, socio-economic costs
benefit analysis; funds/support from Government agencies like MSME/banks and private
agencies like venture capitalists:/angel investors for bioentrepreneurship; business plan
proposal for ‘virtual startup company’; statutory and legal requirements for starting a
company/venture; basics in accounting practices: concepts of balance sheet, profit and
loss statement, double entry bookkeeping; collaborations & partnerships; information
technology for business administration and expansion.
Entry and exit strategy; pricing strategy; negotiations with financers, bankers,
government and law enforcement authorities; dispute resolution skills; external
environment/ changes; avoiding/managing crisis; broader vision–global thinking;
mergers & acquisitions.
Market conditions, segments, prediction of market changes; identifying needs of
customers; Market linkages, branding issues; developing distribution channels franchising; policies, promotion, advertising; branding and market linkages for ‘virtual
startup company’.
Knowledge centres e.g., in universities, innovation centres, research institutions (public
& private) and business incubators; R&D for technology development and upgradation;
assessment of technology development; managing technology transfer; industry visits
to successful bio-enterprises, regulations for transfer of foreign technologies; quality
control; technology transfer agencies; Understanding of regulatory compliances and
procedures (CDSCO, NBA, GLP, GCP, GMP).
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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.

Critical
Analysis of
Landmark
Discoveries

Course Objectives
The objectives of this course are to
familiarize the students with classical
discoveries in life sciences to make
them understand how ground-breaking
discoveries were made without, necessarily,
use of high-end technologies.

Student Learning Outcomes
Students should be able to comprehend
the landmark discoveries in life sciences,
especially biotechnology and their
application in crop improvement.

Credits

2
Syllabus

Methodology for delivering the Course Module: Advances/milestones listed below will
be grouped into major discussion areas. Students may be divided into groups and each
group may be responsible for one major area.
A list of classical papers on landmark discoveries in life science/biotechnology/
molecular biology is suggested for discussion:
Discoveries about the structure and function of biological macromolecules
Identification of DNA as the carrier of genetic information.
Directed synthesis of dinucleotide by Alexander Todd
Phosphodiester oligonucleotide synthesis by Har-Gobind Khorana and colleagues
Central Dogma of Life - Francis Crick - RNA acts as an intermediary between
DNA and protein.
• Mechanism of semiconservative DNA replication - Meselson and Stahl in 1958
• Discovery of DNA polymerase and production of DNA in vitro - Arthur Kornberg
• Confirmation of Central Dogma

Year

•
•
•
•
•

Year

• Identification of genetic codon by Crick - In vitro protein translation by
Marshall Nirenberg
• Development of phosphotriester oligonucleotide synthesis methods by Robert
Letsinger and Colin Reese.
• First nucleic acid sequence (tRNA) and cracking of genetic code by Nirenberg,
Holley, and Khorana, winning a 1968 Nobel Prize.
• Isolation of thermostable DNA polymerase from a hot spring bacterium in
Yellowstone National Park by Thomas Brock

Year

• Recombinant DNA, cloning, and gene synthesis and sequencing.
• Discovery of restriction enzyme and sequence-specific DNA cutting

1950s

1960s

1970s
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and production of recombinant DNA and transgenic organisms.
• Discovery of messenger RNA sequence rearrangement – alternate splicing Roberts
and Sharp shared a 1993 Nobel Prize for this work.
• Edwin Southern – development of DNA blotting technique, which enabled
researchers to identify, locate, and quantitate specific DNA sequences in a sample of
genomic DNA
• Development of efficient DNA sequencing method by Frederick Sanger - first genome
sequence of a DNA-based organism, bacteriophage fX174
Year

• Approval of first recombinant protein drug by FDA (1982): insulin for the treatment
of diabetes, developed by Genentech.
• Invention of PCR by Kary Mullis (1983) and subsequent wave of PCR-based
innovations
• Discovery of Transpososns by Barbara McClintock as genetic tool
• Development of first recombinant chimeric monoclonal antibodies (1984)
as modern therapeutics
• DNA fingerprinting as a forensic tool (1989)

Year

• Arrival of huge volumes of genomic and transcriptomic tools - automated
sequencing and DNA microarray technologies
• Human Genome Project began in 1990
• Invention of DNA microarrays by Pat Brown and colleagues
• Development of bioinformatics
• Prediction of gene function from coding sequences, elucidation of noncoding
DNA structures
• Cloning of Dolly the sheep

Year

• Acceleration of Genome sequencing projects – completion of Drosophila,
Arabidopsis and human genomes.
• Invention of quantitative real-time PCR (qPCR) for the analysis of nucleic acids in
applications such as forensics, food safety testing, and gene expression analysis.
• RNA interference: Biomedical researchers Andrew Fire and Craig Mello publish
a study showing how small RNA molecules influence genetic pathways in C. elegans
worms, opening up a new field of research into RNA interference. RNAi-based
therapies could address a wide variety of illnesses, including AIDS, cancer,
Huntington’s and Alzheimer’s disease.
• Development of NGS technologies – 3K rice and 1K Arabidopsis genome projects
• Genetic mapping – Classical work of Tanksley in Tomato; Case studies in rice and
pulses - mapping and fine mapping of major traits
• GWAS and Association mapping – classical examples
• Advancements in genotyping – SSR/SNP genotyping methods; sequencing
based genotyping
• Mapping using Multi-parental populations (MAGIC, NAM, GBS)
• Genetic engineering in crop plants – Golden rice, Bt crops, herbicide tolerance,
improved quality in crops
• Genome Engineering – Conceptualization and advancements in crop plants

1980s

1990s

after 2000

Seminar
Credits

1

Course Objectives
The objectives of this course are to train
the students to evaluate research papers,
to assess quality of the papers and how the
papers are refereed and published as well
as learn how to get the papers published.
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Student Learning Outcomes
Students should be able to:
• Critically analyse the research papers
from different upcoming topics;
• Understand the weaknesses and
strengths of the paper and what
additional experiments could
have been done to strengthen the

•
•

research study;
Understand the context of the paper
and identify important questions;
Acquire the skills in paper writing and
getting it published.

Syllabus

Each student will need to present one paper during the term. They should select research
papers, which deal with upcoming or most recent scientific findings/breakthrough and
technologies developed.

Syllabus

Every week, each student will be asked to write a short review and evaluations of the
paper presented in the class and then indulge in discussion with flaws of the paper,
important questions and impact of the overall paper. Recent technologies, can be
discussed, where it can be applied.

Student presentations

Class evaluations
and discussions

Laboratory
VI: Bioinformatics and
Biostatistics
Credits

3
Syllabus

Course Objectives
The objective of this course is to impart
hands-on experience on the different areas
underlying bioinformatics approaches
which includes databases, tools and
techniques to perform DNA, protein
sequence and structure analysis. Also
this course provides the usage of various
statistical packages like MS Excel, SYSTAT/
SPSS and SAS/IRRISTAT for the analysis
of Agricultural Research Data.

Student Learning Outcomes
An intensive training on the sequence
and structural analysis tools should
inculcate the needed analytical skills
towards deriving useful inferences from
the analysis of protein and nucleotide
sequences and structures. Further, students
will be able to acquire hands on experience
in designing experiments, collection and
analysis of research data.

1. Nucleic acid sequence databases: DDBJ, GenBank, NCBI
2. Protein Sequence Databases: PIR, UNIPROT
3. Protein Structure Database: PDB, MMDB
4. Specialized genomic resources- ENTREZ – genome, gramene, SRA
5. Sequence Alignment: BLAST variants and FASTA variants
6. Gene prediction: PFAM, GENESCAN, FGENESH, GLIMMER
7. Tools for primer designing – Primer3, Genefisher, FastPCR
8. Multiple Sequence Alignment: Clustal X, Clustal W, MAFFT, MUSCLE
9. Sequence submission and Retrieval System: BANKIT, SEQUIN
10. Phylogenetic Analysis: PHYLIP, Tree finder, MEGA
11. Function annotation – Prosite, ProDOM. Interpro, PRINTS, PFAM
12. Protein Modelling- SWISS Model, Modeller, I TASSER
13. Docking: Auto Dock, Swiss Docking
14. Test of significance – t-test – F-test and2-test – correlation and regression
analysis – ANOVA – data transformation
15. Factorial experiments – split-plot design – strip plot design
16. Statistical analysis using MS Excel, SYSTAT/SPSS, SAS/IRRISTAT.
Recommended Textbooks and References:
1. Mount, D. W. (2001). Bioinformatics: Sequence and Genome Analysis. Cold Spring
Harbor, NY: Cold Spring Harbor Laboratory Press.
2. Baxevanis, A. D., & Ouellette, B. F. (2001). Bioinformatics: A Practical Guide to the
Analysis of Genes and Proteins. New York: Wiley-Interscience.
3. Pevsner, J. (2009). Bioinformatics & Functional Genomics. Wiley- Blackwell, New Jersey.
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4. Janus, M. Bujnicki. (2004). Practical Bioinformatics. Springer.
5. Durbin, R., Eddy .S.R, Krough A and Mitchison, G. (2004). Biological Sequence
Analysis. Cambridge University Press.
6. Sharma. K.V.S. (2010). Statistics Made Simple: Do it Yourself on PC, Prentice Hall
of India, New Delhi.
7. Darren George and Paul Mallery, (2007), SPSS for Windows Step by Step – A Simple
Guide and Reference, Pearson Education in South Asia.
8. SYSTAT/SPSS User’s Guide and User’s Manual.
9. SAS/ IRRISTAT User’s Guide and User’s Manual.
10. www.ncbi.nlm.nih.gov
11. http://www.expasy.org/tools
12. http://www.ebi.ac.uk
13. http://www.med.nyu.edu
14. http://dnalc.org
15. www.nig.ac.jp
16. http://genome.lbl.gov/vista
17. http://davidmlane.com/hyperstat/
18. www.statsoft.com

Laboratory
VII: Stress
Biology
Credits

Course Objectives
The objective of this laboratory course
is to introduce students to experiments
pertaining to biotic and abiotic stresses
in plants. The course is designed to teach
students the different techniques involved
in assaying the biotic and abiotic stresses
in plants in a problem oriented manner.

Student Learning Outcomes
On completion of this course, students
should be able to understand principles
underlying biotic and abiotic stresses and
detection and determination of cellular,
molecular and biochemical changes in
plants due to the stresses.

2
Syllabus

Meristem tip culture for generation of disease free plants
Isolation and Purification of toxins produced by plant pathogens
Bioassay of toxins
Tissue culture techniques to screen resistant cells/calli
Assay of PR proteins – Chitinase/gluconase
Detection of viral/bacterial/fungal diseases by PCR and ELISA
Isolation of Bt proteins from soil samples
Protein profiling of Bt proteins by SDS-PAGE analysis
Bioassay techniques: Leaf disc and Artificial diet based methods for
epidopteran insect pests
10. Study of biochemical changes in crop varieties for insect resistance
11. Impact of transgenic crops on non-target organisms
12. Assay of enzymes in resistant and susceptible tomato/potato genotypes to root
knot/cyst nematodes
13. Evaluation for drought tolerance – screening using PEG; screening for root
system traits;
14. Measurement of stomatal traits; gas exchange parameters and RWC;
15. Estimation of cell membrane stability
16. Evaluation for salinity tolerance – screening using NaCl; salt uptake pattern;
osmotic tolerance
17. High temperature tolerance - temperature induction response test; screening for
1.
2.
3.
4.
5.
6.
7.
8.
9.
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high temperature escape and avoidance traits; Screening for pollen fertility and
spikelet fertility
18. Estimation of ROS enzymes - Catalase, Peroxidase and Superoxide dismutase

Semester Four

Dissertation

Credits (Semester III: 4 Credits;

Semester IV: 20 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

Environmental Biotechnology
Credits

Course Objectives
The course is designed to introduce
students to scientific and technological
aspects related to concept of ecosystem
and its management, environmental
degradation and its effect on living
systems, bioremediation and waste
management.

Student Learning Outcomes
Students should be able to understand use
of basic microbiological, molecular and
analytical methods, which are extensively
used in environmental biotechnology.

2
Unit I

Introduction to
environment
5 lectures

Unit II

Biotechnology for
remediation of
polluted habitats

Concept of ecosystems and ecosystem management, Scope of environmental
biotechnology, Response of microbes, plant and animals to environmental stresses;
Environmental problems - ozone depletion, pesticides, greenhouse effect, water, air and
soil pollution, radioactive pollution, land degradation. Biotechnological tools to monitor
bio treatment efficiency.
Role of environmental biotechnology in management of environmental problems,
Bioremediation, advantages and disadvantages; In-situ and ex-situ bioremediation; slurry
bioremediation; Bioremediation of contaminated ground water and phytoremediation of
soil; microbiology of degradation of xenobiotics.

7 lectures
Unit III

Biotechnology
for waste water
management
7 lectures
Unit IV

Recent advances
in environmental
biotechnology

Sewage and waste water treatment, solid waste management, chemical control of water
pollution, role of microphyte and macrophytes in water treatment; recent approaches to
biological waste water treatment, treatment for waste water from dairy, distillery, tannery,
sugar and antibiotic industries.

Algal bioreactors, bioethanol, biohydrogen; use of biological techniques in controlling
air pollution; Removal of chlorinated hydrocarbons from air. Applications –Nano
biopolymers, bioplastics, biofilms, bioleaching and biosensors.

4 lectures
Unit V

Environmental laws
and regulations

Environmental standards – CPCB – environment impact assessment; stages of EIA –
monitoring and auditing. Environmental laws and acts.

4 lectures

Recommended Textbooks and References:
1. Singh, BKP., (2011). Biotechnological Applications in Environment and Agriculture.
Swendea Publications.
2. Nicholas Cheremisinoff, (2001). Biotechnology for Wastewater Treatment. Prentice
Hall of India.
3. SA Abbasi and E Ramaswami, (1999). Biotechnological Methods of Pollution Control.
Universities Press
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4. Hans-JoachinJordening and Josef Winter, (2005). Environmental Biotechnology,
Concepts and Applications. Winter-VCH.
5. EP Odum and GW Barrett, (2005). Fundamentals of Ecology (5th Edition),
Thomson Books/Cole.
6. Milton Wain Wright, (1999). An Introduction to Environmental Biotechnology,
Kluwer Acad. Publ. Group, Springer.
7. Wang, L.K., Ivanov, V., Tay, J.H and Hung, Y.T. (2010). Environmental Biotechnology.
Springer Publishing
8. Thakur. (2008). Environmental Biotechnology: Basic Concepts and Applications.
IK International publishers, New Delhi

Food
Biotechnology
Credits

2

Unit I

Introduction
5 lectures

Course Objectives
The objectives of this course are to:
• Gain knowledge on the microbes
associated with food spoilage, food
borne illness and rapid detection
of pathogens;
• Gain knowledge to differentiate
food spoilage and fermentation, learn
the process of fermentation to prepare
value added food and microbial
enzymes involved in food industry
and bio-preservation;
• Learn regulatory aspects in food
biotechnology.

Student Learning Outcomes
This course should be to help the
students to:
• Obtain a good understanding of food
biotechnology and become qualified
for a food biotechnologist position in
industry or in government;
• Determine microorganisms and
their products in foods, understand
causes of food spoilage and predict
the microorganisms that can spoil a
given food, when prepared, processed
and stored under given conditions;
• Understand the causes of food-borne
microbial diseases and predict
pathogens that can grow in a given
food, when prepared, processed and
stored under given conditions;
• Predict the necessary measures to
control the spoilage and pathogenic
microorganisms in food;
• Learn milk processing and preparation
of fermented dairy products.

History-Pre Pasteur Era and Post Pasteur Era; Modern Food Biotechnology;
Application of biotechnology in food processing.

Food fermentation

Types of fermented foods; Microbes involved in food fermentation; Beverages produced
using microbes; Food Enzymes- microbial sources for organic acids, amino acids,
microbial polysaccharides, applications; Microalgal Biotechnology.

Unit III

Food borne pathogens; Rapid detection of food borne pathogens using molecular and
serological methods; Food preservation using anti-microbial peptides.

Unit II

7 lectures

Food spoilage
microbes
7 lectures
Unit IV

Dairy biotechnology

Fermented Dairy products; Probiotics and prebiotics; Microbes used as probiotics.

7 lectures
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Unit V

Functional foods
6 lectures

Advances in Biotechnology for the production of functional foods; Regulatory aspects
of food biotechnology; Future strategies for development of biotechnology-enhanced
functional foods for human nutrition.
Recommended Textbooks and References:
1. Debasis B, Lau FC, and Ghosh DK. (2010). Biotechnology in Functional Foods
and Nutraceuticals. CRC press.
2. Jay JM. (2005). Modern Food Microbiology. CBS Publishers, New Delhi.
3. Frazier WC and Westhoff DC. (1995). Food Microbiology. Tata Mcgraw Hill
Publishing Company Limited.
4. Bell C, Neaves P and Williams AP. (2005). Food Microbiology and Laboratory
Practice. Blackwell Publishing, USA.
5. Watson and Preedy. (2015). Probiotics, Prebiotics and Synbiotics. Academic Press.
6. Becker EW. (2004). Microalgae-Microbiology and Biotechnology. Cambridge
University Press.
7. http://www.bubl.ac.uk/link/foodscience.htm
8. https://www.who.int/food safety.html
9. https://www.promed.org
10. https://www.library.ohio.edu/subjects/food.html

Nanobiotechnology
Credits

2

Unit I

Introduction to
nanobiotechnology
5 lectures
Unit II

Nano – films
5 lectures
Unit III

Nano – particles
5 lectures

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

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

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

Nanoparticles for drug delivery, concepts, optimization of nanoparticle properties for
suitability of administration through various routes of delivery, advantages, strategies for
cellular internalization and long circulation, strategies for enhanced permeation through
various anatomical barriers.
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Unit IV

Applications
of nano – particles
5 lectures
Unit V

Nano – materials
5 lectures
Unit VI

Nano – toxicity
5 lectures

Nanoparticles for diagnostics and imaging (theranostics); concepts of smart stimuli
responsive nanoparticles, implications in cancer therapy, nanodevices for biosensor
development.

Nanomaterials for catalysis, development and characterization of nanobiocatalysts,
application of nanoscaffolds in sythesis, applications of nanobiocatalysis in the
production of drugs and drug intermediates.
Introduction to Safety of nanomaterials, Basics of nanotoxicity, Models and assays for
Nanotoxicity assessment; Fate of nanomaterials in different stratas of environment;
Ecotoxicity models and assays; Life Cycle Assessment, containment.
Recommended Textbooks and References:
1. GeroDecher, Joseph B. Schlenoff, (2003); Multilayer Thin Films: Sequential Assembly
of Nanocomposite Materials, Wiley-VCH Verlag GmbH & Co. KGaA
2. David S. Goodsell, (2004); Bionanotechnology: Lessons from Nature; Wiley-Liss
3. Neelina H. Malsch (2005), Biomedical Nanotechnology, CRC Press
4. Greg T. Hermanson, (2013); Bioconjugate Techniques, (3rd Edition); Elsevier
5. Recent review papers in the area of Nanomedicine.

Systems and
Synthetic
Biology

Course Objectives
The objectives of this course are to provide
fundamental understanding of basic
cellular processes, design and implement
new cellular behaviors by applying
mathematical, analytical and engineering
tools for studying biological systems.

Credits

2

Unit I

Electronic engineering- dynamic systems
and control theory
5 lectures
Unit II

Systems biology
and synthetic biology:
basics
5 lectures
Unit III

Synthetic biology:
foundation technologies and standards

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
would 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, characterization
of parts and related policies and ethical
issues.

Fundamentals of engineering: Ordinary differential equation-Vector spaces and dynamic
systems. Control theory- types of controllers, block diagram, Laplace transformation
with examples. Basic electronics-boolean algebras, Logic gates, Truth Table, digital and
analog circuits, circuit design. Error theory – types of error-measurement of errorsminimal square fit.
Systems biology-definitions-mathematical modeling of population dynamics. Omics
platform-Genomics, transcriptomics, proteomics, Interferomics, metabolomics,
Fluxomics. Process calculi to model biological systems and constraints based modeling.
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 Analyzing and Controlling Biological
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5 lectures
Unit IV

DNA re-writing,
devices and circuits
5 lectures
Unit V

Implications and
applications of
synthetic biology

Systems. Simulation tools - stochastic simulators, BioJADE, MATLAB.

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.

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

5 lectures
Unit VI

Risks and ethical,
legal and social issues
5 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; gene-editing; gene-drives.
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. Covert, M.W. (2014). Fundamentals of Systems Biology: from Synthetic Circuits to
Whole Cell Models. CRC Press
5. Konopka, A. K. (2006). Systems Biology: Principles, Methods, and Concepts.
CRC Press.
6. Church, G and Regis, E. (2012). Regenesis: How Synthetic Biology will Reinvent
Nature and Ourselves. Basic Books.
7. Standards for Plant Synthetic Biology - http://onlinelibrary.wiley.com/doi/10.1111/
nph.13532/full
8. Synthetic and Systems Biology for Microbial production of Commodity Chemicals http://www.nature.com/articles/npjsba20169
9. Biotechnology and Synthetic Biology Approaches for Metabolic Engineering of
Bioenergy Crops - https://www.ncbi.nlm.nih.gov/pubmed/27030440

Molecular
Basis of
Host-Pathogen
Interactions

Course Objectives
To understand the concepts of molecular
biology and biotechnology in relation to
host-pest/pathogen interactions.

Credits

2
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Student Learning Outcomes
By the end of this course, students should
be able to:
• Formulate scientific questions about
how plants and pathogens interact to
result in disease or resistance;
• Evaluate experimental approaches for
how to distinguish cause from effect;
• Interpret, evaluate, and discuss
research papers on plant‐microbe
interactions;
• Describe the current hypotheses on
how plants and microbes interact.

Unit I

Molecular basis of
host plant resistance
6 lectures

Unit II

Host plant
resistance and signal
transduction
6 lectures

Unit III

Genetics of disease
resistance
6 lectures

Unit IV

Plant defense
mechanisms
6 lectures

Unit V

Engineering innate
resistance in plants
6 lectures

Introduction to molecular-plant microbe interaction. Molecular basis of host-pathogen
interactions - pathogen virulence, aggressiveness, regulation of infection processes cAMP signaling and MAP kinase pathways-genetics of virulence - pathogenicity genes in
plant pathogens, toxins-mode of action-role of toxins in disease development- cell wall
- and cutin-degrading enzymes, hormones, extracellular polysaccharides - variability in
plant pathogens, mechanisms of variability, physiological races of pathogens.
Host plant resistance - vertical and horizontal resistance, non-host resistance-recognition
system, elicitors - endogenous and exogenous elicitors, general and race-specific elicitors
-receptor sites for elicitor, chemical nature of elicitors – suppressors - signal transduction
- intracellular signal transduction - second messenger systems-calcium ion- protein
kinases – phospholipases - proton pump - ATPases - G-proteins - H2O2- ethylene
- systemic signal transduction – oligogalacturonides - salicylic acid - jasmonic acid ethylene - abscissic acid - signal crosstalk, systemic acquired resistance, signal molecules,
quorum sensing.
Genetics of disease resistance - Gene-for-gene theory, avirulence (avr) genes,
characteristics of avrgene - coded proteins, hrpgenes, protein-for-protein, Resistance
(R) genes of plants, R-gene expression and transcription profiling, mapping and cloning
of resistance genes, structure and classes of resistance genes, genomic organization of
resistance genes.
Host defense mechanisms, morphological and anatomical resistance, phytoanticipins
- phenolics, glucosinolates, cyanogenic glucosides, saponins, steroid alkaloids, dienes,
induced structural and biochemical defences - cell wall modifications-papilla-callose
deposition, HRGP accumulation – lignifications – suberization - phytoalexins, defenserelated proteins, hypersensitive reaction and its mechanisms, reactive oxygen species.
Development of disease resistance in plants using genetic engineering approaches;
fungal resistance-resistance genes, antifungal protein genes-chitinase, glucanase, TLP,
RIP, Thionins, lipid transfer proteins, antimicrobial peptides, expression of phytoalexins,
detoxification genes, peroxidise, polygalacturonase-inhibiting protein, NPR1 protein;
bacterial resistance-lytic peptides, lysozymes, detoxification genes, cloned resistance
genes, plant defense genes; Virus resistance-pathogen-derived resistance- coat protein,
movement protein, replicase, satellite RNA, RNA silencing, antibody-based resistance,
cloned resistance genes, antiviral protein genes - biosafety issues related to GM crops.
Practical:
Isolation and purification of elicitor and toxin from fungal mycelium - Estimation of
total phenols, PAL and PO activities - Estimation of lignin content - Assay of chitinase
and β-1,3- glucanase activities - Western blot analysis of pathogenesis-related proteins
- characterization of defense- related genes. Study of effect of plant derived genes on
insects - bioassay of transgenic plants for insect damage - assay of PR proteins against
nematodes-assay of enzymes in resistant and susceptible tomato genotypes to root
knot nematode-assay of enzymes in resistant and susceptible potato genotypes to
cyst nematode.
Recommended Textbooks and References:
1. Bob B. Buchanan, Wilhelm Gruissem and Russell L. Jones. (2015). Biochemistry
and Molecular Biology of Plants. (2nd Edition). American Society of Plant Biology.
John Wiley & Sons, Ltd, UK.
45

2. Clement, S. L. and Quissenberry, S. S. (1998). Global Plant Genetic Resources for
Insect-Resistant Crops. CRC Press, London.
3. Datta, S.K. and Muthukrishnan, S. (1999). Pathogenesis - Related Proteins in Plants,
CRC Press, Florida, USA.
4. Goodman, R.N., Kiraly, Z. and Wood, K.R. (1986). The Biochemistry and Physiology
of Plant Diseases. University of Missouri Press, Columbia, MO, USA.
5. Gurr, S.J. McPherson, M.J. and Bowles, D.J. (1992). Molecular Plant Pathology: a
Practical Approach. Vol. II. IRL Press, Oxford, England.
6. Punja, Z.K. (2004). Fungal Disease Resistance in Plants – Biochemistry, Molecular
Biology and Genetic Engineering, Food Products Press (Haworth Press), New York.
7. Punja, Z.K., De Boer, S.H., Sanfacon, H. (2008). Biotechnology and Plant Disease
Management, CABI Publishing.
8. Vidhyasekaran, P. (1997). Fungal Pathogenesis in Plants and Crops: Molecular Biology
and Host Defense Mechanisms. Marcel Dekker, New York.
9. Molecular Oral Microbiology - http://www.horizonpress.com/oral2
10. Early Signal Transduction Pathways in Plant Pathogen Interaction - http://www.
sciencedirect.com/science/article/pii/S1360138598012898
11. Molecular Basis of Host—Pathogen Interaction in Septic Shock - http://www.
sciencedirect.com/science/article/pii/S1369527498801422
12. Host-Pathogen Interactions: Genetics, Immunology and Physiology - https://www.
novapublishers.com/catalog/product_info.php?products_id=11304
13. Host-Pathogen Interactions: Genetics, Immunology, and Physiology - www.amazon.
com/Host-Pathogen-Interactions/dp/1608762866
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DBT Supported Teaching Programmes
S.No. Name of University

Contact Details of Course Coordinator

1.

Assam Agricultural University,
Jorhat

Prof. Mahendra Kumar Modi
Deptt. of Agricultural Biotechnology
0376 – 2340095 (O)
9435091017(M)
mkmodi@gmail.com; mkmodi@aau.ac.in

2.

G.B. Pant University of Agriculture
and Technology, Pantnagar

Prof. Anil Kumar
Deptt. of Biochemistry, Molecular Biology &
Genetic Engineering
05944- 233898, 2340101 (O)
09411195450 (M)
ak_gupta2k@rediffmail.com

3.

Indira Gandhi Agricultural
University, Raipur

Prof. S.B. Verulkar
Deptt. of Plant Molecular Biology & Biotechnology
0771–2442069,
09752152034 (M)
satishverulkar@gmail.com

4.

Kerala Agricultural University,
Thrissur

Dr. M.R. Shylaja
Centre for Plant Biotechnology and Molecular Biology
0487-2438577
09446364216 (M)
shylaja.mr@kau.in; cpbmb@kau.in

5.

Orissa University of Agriculture
and Technology, Bhubaneswar

Prof. G.R. Rout
Deptt. of Agricultural Biotechnology
0674–2397755 (O)
09437308014 (M)
headabt_bbsr@rediffmail.com; grrout@rediffmail.com;
abt.ouat@gmail.com

6.

Rajendra Agricultural University,
Samastipur

Dr. Mithilesh Kumar
Faculty of Basic Sciences and Humanities
06274-240272(O)
09431834070
deanfbshpusa@yahoo.co.in; mithileshkumar.eecrau@gmail.com

7.

Tamil Nadu Agricultural University,
Coimbatore

Prof. P. Chandrababu
Centre for Plant Molecular Biology
0422 - 6611262(O)
directorcpmb@tnau.ac.in

8.

University of Agricultural Sciences,
Bangalore

Dr. K. M. Harinikumar
Deptt. of Biotechnology
80-23330153/ 343
094488 32077
harinikm@rediffmail.com

9.

University of Agricultural Sciences,
Dharwad

Dr. Ishwarappa S. Katageri
Deptt. of Plant Biotechnology, College of Agriculture
09448822266
katageriis@uasd.in

10.

Vasantrao Naik Marathwada
Agricultural University, Latur

Dr. R. L. Chavhan
Deptt. of Plant Biotechnology,
College of Agricultural Biotechnology
07588611027
coablatur@rediffmail.com; rlchavhan@gmail.com
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Annexure I
Subject Specific
Subcommittee of
M.Sc. Agricultural
Biotechnology

Chairperson
1. Dr. R Chandra Babu, Professor, Director and Coordinator, Centre for Plant
Molecular Biology and Biotechnology, Tamil Nadu Agricultural University,
Coimbatore
Members
2. Dr. Anil Kumar, Professor and Head, Department of Biotechnology,
GB Pant University, Pantnagar
3. Dr. Ramanjini Gowda, Professor, Department of Plant Biotechnology, University
of Agricultural Sciences, Bangalore
4. Dr. Sabhyata Bhatia, Staff Scientist VI, National Institute of Plant Genome
Research, New Delhi
5. Dr. Kishor Gaikwad, Principal Scientist, National Research Centre on Plant
Biotechnology, New Delhi
6. Dr. Bharat Char, Lead, Biotechnology, Maharashtra Hybrid Seeds Company
Private Limited, Jalna
Member Secretary
7. Ms. Shreya Malik, Deputy Manager, Biotech Consortium India Limited, New Delhi
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Contact Us
For Details,
Contact Us

DEPARTMENT OF BIOTECHNOLOGY

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

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

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

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

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