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Message

(Dr. Harsh Vardhan)

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
Minister for Science & Technology 
and Earth Sciences



Message

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-a-
vis 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
Minister of State for Science & Technology and 
Earth Sciences

(Shri Y. S. Chowdary)



Message

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
Secretary
Department of Biotechnology

(K. VijayRaghavan)



Message
Dr. P. Borah
Department of Animal Biotechnology
Assam Agricultural University

MESSAGE

Rapid technological advancements in the recent time and development of new nucleic acid based 
molecular tools have made a great impact on research and development in all areas of biological sciences. 
As a multidisciplinary area of research, biotechnology has also undergone a rapid change in the recent 
past. With the introduction of novel technologies in animal production and healthcare, the area of 
animal biotechnology has brought to the fore the potential application of these tools and techniques for 
improving productivity of livestock to ensure food security to the burgeoning population. 

Keeping in view the evolving face of biotechnological applications in the recent time, it is very essential to 
review the academic curricula in biotechnology so as to acquaint the students to the latest advancements 
in their field of study. It is with this objective that the current exercise of revising the course curricula 
of DBT-supported Biotechnology programmes was initiated. In the process of revision of the Animal 
Biotechnology curriculum, in one hand, it has been our attempt to include all the foundation courses 
relevant to the multidisciplinary area of biotechnology, while on the other, special attention has also 
been paid to incorporate the latest developments in the specialized area of Animal Biotechnology 
including application of the emerging tools for biotechnological intervention in animal production and 
healthcare which include the modern tools for genome editing, embryo manipulation and reproductive 
biotechnology, modern drug and vaccine delivery systems, etc. to name a few. A few new courses like 
Research Methodology and Scientific Communication Skills, Critical Analysis of Landmark Discoveries, 
Bioentrepreneurship, and Intellectual Property Rights, Biosafety and Bioethics have also been introduced 
with a view to make the students more industry ready for ensuring better employability. The elective 
courses have been divided into three groups so that a student may opt for any two elective courses from a 
single group and can develop additional skill in a particular area of animal biotechnology.

I gratefully acknowledge the active participation and suggestions from all the learned members of the 
Animal Biotechnology Sub-committee during the process of revision. I also thank the Chairman and 
the members of the Core Committee for their suggestions and support. Special appreciations are due to 
Ms. Shreya Malik and her team from BCIL, New Delhi for their proactive role and efficient coordination 
throughout the entire process of revision

(P. Borah)

Phone: 0361-2334990, Mobile: 09435116191, email: borahp@vetbifguwahati.ernet.in website: www.vetbifguwahati.ernet.in

Khanapara, Guwahati-781 022



Preface
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, academia-
industry 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. 

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.VSc. Animal 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. 

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.

Background

About the Course 
Curriculum Revision 
Exercise

Methodology
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Strategic Approach

Course Curriculum 
Revision

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. 

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 Animal 
Biotechnology is given at Annexure-1.

The salient recommendations identified from stakeholder survey were presented to 
the Committee. Several brainstorming discussion sessions were held for achieving the 
desired balance between the foundation courses, recent developments in biotechnology 
and updation needs identified during the stakeholder survey. Core Committee 
finalized broad contours for revising all the course curricula. The guidelines set by 
the Core Committee were taken up by the subject specific subcommittee of M.V.Sc. 
Animal Biotechnology for updating the curriculum. The subject specific subcommittee 
incorporated latest advancements in areas of Animal 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.

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. Applications of biotechnological interventions for 
animal production and healthcare including Genome Editing, Embryo Manipulation, 
Reproductive Biotechnology, Modern Drug and Vaccine Delivery Systems, etc. to name 
a few have been included. 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.V.Sc. Animal Biotechnology

Recommended Electives: 
(Elective-I and Elective-II should preferably be selected from the same group)
Group A:
1. Quantitative & Population Genetics | 2. Advanced Methods in Animal Breeding | 3.Evolutionary Genetics 
Group B:
4. Microbial Biotechnology | 5. Molecular Forensics | 6. Advanced Techniques in Microbiology
Group C:
7. Food Biotechnology | 8. Prebiotics, Probiotics and Feed Biotechnology | 9. Environmental Biotechnology

S.No. Title  Credits
SEMESTER ONE

1 Biochemistry 3
2 Cell and Molecular Biology 3
3 Animal Cell Culture Technology 3
4 Infection and Immunity 3
5 Vaccine Biotechnology 3

6 Genetic Engineering 3
7 Applied Biostatistics 2
8 Laboratory I: Techniques in Molecular Biology and Genetic Engineering 3
9 Elective: I 2

                                                                                                                            TOTAL 25

SEMESTER TWO
1 Reproductive Biotechnology 3
2 Genomics and Proteomics 3
3 Molecular Diagnostics 3
4 Introduction to Bioinformatics 3
5 Bioprocess Engineering and Technology 3
6 Research Methodology and Scientific Communication Skills 2
7 Critical Analysis of Landmark Discoveries 2
8 Project Proposal Preparation and Presentation 2
9 Seminar/Journal Club 2

10 Elective: II 2
                                                                                                                           TOTAL 25

SEMESTER THREE
1 Bioentrepreneurship 2
2 Intellectual Property Rights, Biosafety and Bioethics 2
3 Dissertation 20

                                                                                                                           TOTAL 24

SEMESTER FOUR
1 Dissertation 20

                                                                                                                            TOTAL 20

TOTAL CREDITS 94
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Semester One

Unit I 
Protein structure
5 lectures

Unit II 
Enzyme kinetics
4 lectures

Unit III 
Glycobiology
2 lectures

Unit IV
Structure and 
functions of 
DNA and RNA
3 lectures

Unit V
Bio-energetics 
14 lectures

Biochemistry
Credits

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

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

3

Chemical basis of life: composition of living matter; Water – properties of water, essential 
role of water for life on earth, pH, buffer, pH optima of different enzymes (pepsin, 
trypsin and alkaline phosphatase), ionization and hydrophobicity, emergent properties of 
biomolecules in water, biomolecular hierarchy, macromolecules, molecular assemblies; 
Structure-function relationships: amino acids – structure and functional group 
properties, peptides and covalent structure of proteins, elucidation of primary and higher 
order structures, Ramachandran plot, evolution of protein structure, protein degradation 
and introduction to molecular pathways controlling protein degradation, structure-
function relationships in model proteins like ribonuclease A, myoglobin, hemoglobin, 
chymotrypsin etc.; Protein folding: Anfinsen’s Dogma, Levinthal paradox, cooperativity 
in protein folding, free energy landscape of protein folding and pathways of protein 
folding, molten globule state, chaperons, and diseases associated with protein folding, 

introduction to molecular dynamic simulation.    

Enzyme catalysis – general principles of catalysis; quantitation of enzyme activity and 
efficiency; enzyme characterization and Michaelis-Menten kinetics; relevance of enzymes 
in metabolic regulation, activation, inhibition and covalent modification; single substrate 
enzymes; concept of catalytic antibodies; catalytic strategies with specific examples of 
proteases, carbonic anhydrases, restriction enzymes and nucleoside monophosphate 
kinase; regulatory strategies with specific example of hemoglobin; isozymes; role of 
covalent modification in enzymatic activity; zymogens.

Sugars - mono, di, and polysaccharides with specific reference to glycogen, amylose
 and cellulose, glycosylation of other biomolecules - glycoproteins and glycolipids; lipids - 
structure and properties of important members of storage and membrane 
lipids; lipoproteins.

Self-assembly of lipids, micelle, biomembrane organization - sidedness and function; 
membrane bound proteins - structure, properties and function; transport phenomena; 
nucleosides, nucleotides, nucleic acids - structure, a historical perspective leading up to 
the proposition of DNA double helical structure; difference in RNA and DNA structure 
and their importance in evolution of DNA as the genetic material.   

      
Bioenergetics-basic principles; equilibria and concept of free energy; coupled 
interconnecting reactions in metabolism; oxidation of carbon fuels; recurring motifs 
in metabolism; Introduction to GPCR, glycolysis and gluconeogenesis; reciprocal 
regulations and non-carbohydrate sources of glucose; Citric acid cycle, entry to citric acid 
cycle, citric acid cycle as a source of biosynthetic precursors; Oxidative phosphorylation; 
importance of electron transfer in oxidative phosphorylation; F1-F0 ATP Synthase; 
shuttles across mitochondria; regulation of oxidative phosphorylation; pentose 
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phosphate pathway; glycogen metabolism, reciprocal control of glycogen synthesis and 
breakdown, roles of epinephrine, glucagon and insulin in glycogen metabolism; Fatty 
acid metabolism; protein turnover and amino acid catabolism; nucleotide biosynthesis; 
biosynthesis of membrane lipids and sterols with specific emphasis on cholesterol 
metabolism and mevalonate pathway; logic and integration of central metabolism; entry/ 
exit of various biomolecules from central pathways; principles of metabolic regulation; 
steps for regulation.

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

Recommended Textbooks and References:
1.    Stryer, L. (2015). Biochemistry. (8th ed.).New York: Freeman. 
2.    Lehninger, A. L. (2012). Principles of Biochemistry (6th ed.). New York, NY: Worth. 
3.    Voet, D., & Voet, J. G. (2016). Biochemistry (5th ed.). Hoboken, NJ: J. Wiley & Sons. 
4.    Dobson, C. M. (2003). Protein Folding and Misfolding. Nature, 
        426(6968), 884-890. doi:10.1038/nature02261.
5.    Richards, F. M. (1991). The Protein Folding Problem. Scientific American, 
        264(1), 54-63. doi:10.1038/scientificamerican0191-54.  

Cell & Mole-
cular Biology
Credits

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

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

3
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Universal features of cells; cell chemistry and biosynthesis: chemical organization of 
cells; internal organization of the cell - cell membranes: structure of cell membranes 
and concepts related to compartmentalization in eukaryotic cells; intracellular 
organelles: endoplasmic reticulum and Golgi apparatus, lysosomes and peroxisomes, 
ribosomes, cellular cytoskeleton, mitochondria, chloroplasts and cell energetics; nuclear 
compartment: nucleus, nucleolus and chromosomes.

Chromatin organization - histone and DNA interactome: structure and assembly 
of eukaryotic and prokaryotic DNA polymerases, DNA-replication, repair and 
recombination; chromatin control: gene transcription and silencing by chromatin-
Writers,-Readers and –Erasers; Transcriptional control: Structure and assembly of 
eukaryotic and prokaryotic RNA Polymerases, promoters and enhancers, transcription 
factors as activators and repressors, trancriptional initiation, elongation and termination; 
post-transcriptional control: splicing and addition of cap and tail, mRNA flow through 
nuclear envelope into cytoplasm, breakdown of selective and specific mRNAs through 
interference by small non-coding RNAs (miRNAs and siRNAs), protein translation 
machinery, ribosomes-composition and assembly; universal genetic codes, degeneracy 
of codons, Wobble hypothesis; Iso-accepting tRNA; mechanism of initiation, elongation 
and termination; co- and post-translational modifications, mitochondrial genetic code 
translation product cleavage, modification and activation.

Unit I 
Dynamic 
organization of cell 
6 lectures

Unit II 
Chromatin structure 
and dynamics
12 lectures

Unit III 
Cellular signalling, 
transport and 
trafficking
3 lectures

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

Cell cycle and its regulation; cell division: mitosis, meiosis and cytokinesis; cell 
differentiation: stem cells, their differentiation into different cell types and organization 
into specialized tissues; cell-ECM and cell-cell interactions; cell receptors and trans-
membrane signalling; cell motility and migration; cell death: different modes of cell death 
and their regulation.

Isolation of cells and basics of cell culture; observing cells under a microscope, different 
types of microscopy; analyzing and manipulating DNA, RNA and proteins.

Mutations, proto-oncogenes, oncogenes and tumour suppressor genes, physical, chemical 
and biological mutagens; types of mutations; intra-genic and inter-genic suppression; 
transpositions- transposable genetic elements in prokaryotes and eukaryotes, role of 
transposons in genome; viral and cellular oncogenes; tumor suppressor genes; structure, 
function and mechanism of action; activation and suppression of tumor suppressor 
genes; oncogenes as transcriptional activators.

Recommended Textbooks and References: 
1.    Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K., & Walter, P. (2002). 
        Molecular Biology of the Cell. New York: Garland Science. 
2.    Lodish, H. F. (2000). Molecular Cell Biology. New York: W.H. Freeman. 
3.    Krebs, J. E., Lewin, B., Kilpatrick, S. T., & Goldstein, E. S. (2014). Lewin's Genes XI. 
        Burlington, MA: Jones & Bartlett Learning. 
4.    Cooper, G. M., & Hausman, R. E. (2009). The Cell: a Molecular Approach. 
        Washington: ASM; Sunderland. 

Unit IV 
Cellular processes
12 lectures

Unit V 
Manipulating and 
studying cells 
3 lectures

Unit VI 
Genome 
instability and 
cell transformation
8 lectures
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Planning, construction and services; Layout; Sterile handling area; Incubation; Hot 
room; Air circulation; Service bench; Laminar flow; Sterilizer; Incubator; CO2 incubator; 
Refrigerators and freezers; Centrifuge; Inverted stage microscope; Magnetic stirrer; 
Liquid nitrogen freezers; Slow cooling system for cell freezing; Water bath; Autoclaves 
and hot air oven; Pipette washers; Water purification system; Fluid handling systems 
and other equipments; Washing, packing and sterilization of different materials used in 
animal cell culture; Aseptic concepts; Maintenance of sterility; Cell culture vessels.

Types of cell culture media; Ingredients of media; Physiochemical properties; CO2 and 
bicarbonates; Buffers; Oxygen; Osmolarity; Temperature; Surface tension and foaming; 
Balance salt solutions; Antibiotics, growth supplements; Foetal bovine serum; Serum 
free media; Trypsin solution; Selection of medium and serum; Conditioned media; 
Other cell culture reagents; Preparation and sterilization of cell culture media, serum 
and other reagents.

History of animal cell culture; Different tissue culture techniques; Types of primary 
culture; Chicken embryo fibroblast culture; Chicken liver and kidney culture; Secondary 
culture; Trypsinization; Cell separation; Continuous cell lines; Suspension culture; Organ 
culture; Behaviour of cells in culture conditions: division, growth pattern, metabolism of 
estimation of cell number; Development of cell lines; Characterization and maintenance 
of cell lines, stem cells; Cryopreservation; Common cell culture contaminants.

Cell cloning and selection; Transfection and transformation of cells; Commercial scale 
production of animal cells, stem cells and their application; Application of animal cell 
culture for in vitro testing of drugs; Testing of toxicity of environmental pollutants in cell 
culture; Application of cell culture technology in production of human and animal viral 
vaccines and pharmaceutical proteins.

Cell culture reactors; Scale-up in suspension; Scale and complexity; Mixing and aeration; 
Rotating chambers; Perfused suspension cultures; Fluidized bed reactors for suspension 
culture; Scale-up in monolayers; Multisurface propagators; Multiarray disks, spirals and 
tubes; Roller culture; Microcarriers; Perfused monolayer cultures; Membrane perfusion; 
Hollow fibre perfusion; Matrix perfusion; Microencapsulation; Growth monitoring.

5.    Hardin, J., Bertoni, G., Kleinsmith, L. J., & Becker, W. M. (2012). Becker's World of 
        the Cell. Boston: Benjamin Cummings. 
6.    Watson, J. D. (1987). Molecular Biology of the Gene (7th ed.). Menlo Park, CA: 
        Benjamin/Cummings. 

Animal 
Cell Culture 
Technology
Credits

Course Objectives
The objectives of this course is to educate 
students about the fundamental concepts 
of animal cell system, bioprocess tech-
nology using eukaryotic system and their 
related applications, thus preparing them 
to meet the challenges of the new and 
emerging areas of biotechnology industry.

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

3

Unit I 
Cell culture 
laboratory design 
and equipments
5 lectures

Unit II 
Media and reagents
5 lectures

Unit III 
Different types 
of cell cultures
6 lectures

Unit IV 
Applications
6 lectures

Unit V 
Scale-up
5 lectures
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Infection and 
Immunity
Credits

Course Objectives
The objectives of this course are to impart 
knowledge about host-parasite interactions 
and immune-biology of infectious diseases 
of domestic animals.

Student Learning Outcomes 
On completion of this course, 
students should be able to:
•    Gain in-depth knowledge of 
       infection biology;
•    Gain information of immune 
       mechanisms against infectious agents;
•    Understand skills in measuring 
       immunity against infectious agents 
       in vitro and in vivo;
•    Get sensitized to ‘One-Health’ concept 
       of infectious disease management.

3

Unit I 
Infectious agents and 
infection biology
9 lectures

Unit II 
Host Immunity
9 lectures

Unit III 
Immunological 
approaches to preven-
tion and control of 
infectious diseases
9 lectures

Practicals:
1.    Packing and sterilization of glass and plastic wares for cell culture.
2.    Preparation of reagents and media for cell culture.
3.    Primary culture technique for chicken embryo fibroblast.
4.    Secondary culture of chicken embryo fibroblast.
5.    Cultivation of continuous cell lines.
6.    Quantification of cells by trypan blue exclusion dye.
7.    Isolation of lymphocytes and cultivation of lymphocytes
8.    Study of effect of toxic chemicals on cultured mammalian cells
9.    Study of effect of virus on mammalian cells.
10.  Suspension culture technique
11.  Cryopreservation of primary cell cultures and cell lines.

Recommended Textbooks and References:
1.    Freshney, (2005), Culture of Animal Cells, 5th Edition, Wiley-Liss.
2.    Ed. John R.W. Masters, (2000), Animal Cell Culture - Practical Approach, 
        3rd Edition, Oxford University Press.
3.    Ed. Martin Clynes, (1998), Animal Cell Culture Techniques. Springer

Origin and conceptual history of infection and immunity; Nature and categories of 
infectious agents; Host- parasite-environment interactions; Pathogenicity and virulence 
determinants of infectious agents; Omics and systems biology approaches to host-
pathogen interactions.

Common themes of barrier defenses, innate and adaptive immune mechanisms against 
infectious diseases in domestic animals; Immune escape/subversion by pathogens and 
immune-mediated pathology; Immunobiology of major viral, bacterial and fungal 
diseases of animals.

Immune interventions of infectious diseases; Preventive immunization with traditional 
and modern vaccines against infectious diseases of domestic animals; Immune 
correlates of protection against infectious disease; Pathogenesis-informed approaches to 
therapeutics and vaccines against infectious diseases.

 
Practicals:
1.    Demonstration of innate immune responses in vitro in infected animal models:
        a)    Phagocytosis by neutrophils and macrophages
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        b) Complement activation by lectin and alternate pathways
        c) LPS-mediated TLR4 activation of macrophages
2.    Demonstration of humoral immune responses in animals exposed to infection:
        a) Antibody levels in serum, milk and other fluids by ELISA
3.    Demonstration of cellular immune responses in animals exposed to infection:
        a) Delayed Type Hypersensitivity in laboratory animal models
        b) Th1 and Th2 cytokines by sandwich ELISA
        c) CTLs by granzyme B ELISPOT assay
4.    Laboratory animal immunization to demonstrate primary and secondary immune     
       response curves
5.    Toxin neutralization by antitoxin in vitro
6.    Pathogen challenge of vaccinated laboratory animals.

Recommended Textbooks and References:
1.    Scott McVey, D et al. (2013). Veterinary Microbiology, 3rd Edition. Wiley-Blackwell 
       (John Wiley & Sons Inc.), Iowa, USA.
2.    Markey, BK et al. (2013). Clinical Veterinary Microbiology, 2nd Edition. Mosby 
       Elsevier Ltd., New York.
3.    Tizard, I. (2013). Veterinary Immunology, 9th edition. Saunders
4.    Quinn, PJ. et al. (2011). Veterinary Microbiology and Microbial Disease, 
       2nd edition. Wiley-Blackwell.
5.    Maclachlan, NJ and Dubovi, EJ. (2011). Fenner's Veterinary Virology, 4th edition. 
       Elsevier Inc.
6.    Pier, GB et al. (2004). Immunology, Infection and Immunity. ASM Press.
7.    Murphy, FA (2015). The Foundations of Medical and Veterinary Virology: 
       Discoverers and Discoveries, Inventors and Inventions, Developers and 
        Technologies.

Vaccine 
Biotechnology
Credits

Course Objectives
The course is intended to provide an 
overview and current developments in 
different aspects of vaccine biotechnology.

Student Learning Outcomes 
On completion of this course, students 
should be able to gain knowledge about
•    Conventional and new generation 
       vaccines;
•    Adjuvants, immunomodulators and 
       modern vaccine delivery systems.

3

Unit I 
History & evolution 
of vaccines
5 lectures

Unit II 
Classification 
of vaccines
11 lectures

Unit III 
Vaccine delivery 
8 lectures

History and evolution of vaccines; Overview of vaccine immunology: how vaccines 
work; Human vs veterinary vaccines.

      
Types of vaccines: Conventional vaccines; Live, attenuated and killed vaccines; New 
generation vaccines; Subunit vaccines; Synthetic peptide vaccines; Anti-idiotype vaccines; 
Recombinant DNA vaccines; Deleted mutant vaccines; Reassortment vaccines; Marker 
vaccines; DNA vaccines; Edible vaccines, Virus like particles, Core like particles, Design 
of Microneedles Formulations for Vaccine Delivery.

Adjuvants: Conventional and New generation vaccine adjuvants; Carriers; Haptens; 
Vaccine delivery using nanoparticles; Non-specific immunostimulators; low molecular 
weight immuno-modulators, Micro-fractional delivery of powdered vaccines into the 
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Genetic 
Engineering
Credits

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

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

3

Unit I 
Introduction and 
tools for genetic
engineering
6 lectures

Unit II 
Different types 
of vectors 
7 lectures

skin, methodology for production of epitope-loaded protein microspheres for adjuvant-
free vaccination.
      
Standardization of vaccines; Safety, sterility and potency testing.

Practicals:
1.    Propagation of bacterial/viral cultures for antigen preparation
2.    Attenuation and inactivation methods
3.    Preparation of adjuvants
4.    Preparation of live or killed vaccine
5.    Immunization of animals, bleeding and testing antibody response by serological     
        methods like ELISA/Western blot.

Recommended Textbooks and References:
1.    Levine MM, Kaper JB, Rappuoli R, Liu MA, Good MF. (2004). New Generation     
        Vaccines. 3rd Ed. Informa Healthcare.
2.    Garcon N, Stern P, Cunningham T and Stanberry L (2011). Understanding Modern 
        Vaccines – Perspectives in Vaccinology. Elsevier. 2011; Vol 1 Issue 1.
3.    Stanley A. Plotkin, Walter A. Orenstein, Paul A. Offit (5th Edition). Vaccines

Unit IV
Safety of vaccines 
2 lectures

Impact of genetic engineering in modern society; general requirements for performing a 
genetic engineering experiment; restriction endonucleases and methylases; DNA ligase, 
Klenow enzyme, T4 DNA polymerase, polynucleotide kinase, alkaline phosphatase; 
cohesive and blunt end ligation; linkers; adaptors; homopolymeric tailing; labelling 
of DNA: nick translation, random priming, radioactive and non-radioactive probes, 
hybridization techniques: northern, southern, south-western and far-western and colony 
hybridization, fluorescence in situ hybridization.

Plasmids; Bacteriophages; M13 mp vectors; PUC19 and Bluescript vectors, hagemids; 
Lambda vectors; Insertion and Replacement vectors; Cosmids; Artificial chromosome 
vectors (YACs; BACs); Principles for maximizing gene expression expression vectors; 
pMal; GST; pET-based vectors; Protein purification; His-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.

10



Unit III 
Different types of 
PCR techniques 
7 lectures

Unit IV
cDNA analysis
7 lectures

Unit V
Gene silencing 
and genome editing 
technologies
13 lectures

Principles of PCR: primer design; fidelity of thermostable enzymes; DNA polymerases; 
types of PCR – multiplex, nested; reverse-transcription PCR, real time PCR, touchdown 
PCR, hot start PCR, colony PCR, asymmetric PCR, cloning of PCR products; 
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 – 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. 

Gene silencing techniques; introduction to siRNA; siRNA technology; Micro RNA; 
construction of siRNA vectors; principle and application of gene silencing; gene 
knockouts and gene therapy; creation of transgenic plants; debate over GM crops; 
introduction to methods of genetic manipulation in different model systems e.g. fruit flies 
(Drosophila), worms (C. elegans), frogs (Xenopus), fish (zebra fish) and chick; Transgenics 
- gene replacement; gene targeting; creation of transgenic and knock-out mice; disease 
model; introduction to genome editing by CRISPR-CAS with specific emphasis on 
Chinese and American clinical trials.

Recommended Textbooks and References:
1.    Old, R. W., Primrose, S. B., & Twyman, R. M. (2001). Principles of Gene 
        Manipulation: an Introduction to Genetic Engineering. Oxford: Blackwell 
        Scientific Publications. 
2.    Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual. 
        Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press. 
3.    Brown, T. A. (2006). Genomes (3rd ed.). New York: Garland Science Pub.
4.    Selected papers from scientific journals, particularly Nature & Science.
5.    Technical Literature from Stratagene, Promega, Novagen, New England Biolab etc.

Applied 
Biostatistics
Credits

Course Objectives
The objective of this course is to introduce 
the students to biostatistical methods and 
to understand the underlying principles, 
as well as practical guidelines of “how to 
do it” and “how to interpret it” as the role 
they can play in decision making for public 
health majors.

Student Learning Outcomes 
By the end of this course students 
should be able to:
•    Understand how to summarise data;
•    Apply appropriate statistical tests based 
      on an understanding of the study 
      question, type of study and type of data;
•    Interpret the results of statistical tests.

2

Unit I 
Probability and 
variance
5 lectures

Fundamental concepts in applied probability; Exploratory data analysis and statistical 
inference; Probability and analysis of one and two way samples; discrete and continuous 
probability models; Expectation and variance; Central limit theorem; Inference; 
Hypothesis; Critical region and error probabilities; Tests for proportion; Equality 
of proportions; equality of means of normal populations (variance known, variance 
unknown); Chi-square test for independence; P-value of the statistic; Confidence limits; 
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Introduction to one way and two-way analysis of variance; Data transformations.

Correlation, Covariance, calculation of covariance and correlation, Correlation 
coefficient from ungrouped data, Pearson’s Rank Correlation Coefficient, scatter and dot 
diagram, General Concepts of regression, Fitting Regression Lines, regression coefficient, 
properties of Regression Coefficients; Standard error of estimate.   

                                                                          
Introduction to study designs: Longitudinal, cross-sectional, retrospective and 
prospective study,  Principles of experimental designs, Randomized block, and Simple 
factorial designs, Analysis of variance (ANOVA) and its use in the analysis of RBD, 
introduction to meta-analysis and systematic reviews, ethics in statistics. 

  
Goals of a Microarray experiment; Normalization of Miroarray data; Detecting 
differential gene expression; Principle component analysis; Clustering of microarray data.

Recommended Textbooks and References:
1.    Wayne W. Daniel, (2004), Biostatistics: A Foundation for Analysis in the Health 
        Sciences, (8th Edition), Wiley.
2.    Prem S. Mann, (2006), Introductory Statistics, 6th Edition, Wiley.
3.    John A. Rice, (2006), Mathematical Statistics and Data Analysis, (3rd Edition), 
        John A. Rice, Duxbury Press.

Unit II 
Correlation and 
regression analysis
5 lectures

Unit III 
Experimental 
designs
8 lectures

Unit IV
Data normalization
4 lectures

Laboratory I: 
Techniques 
in Molecular 
Biology and 
Genetic 
Engineering

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

Student Learning Outcomes 
Students should be able to gain hands-
on experience on gene cloning, protein 
expression and purification. This 
experience would enable them to begin a 
career in industry.

Credits

3

Syllabus 1.    Concept of lac-operon:
         a)    lactose induction of β-galactosidase.
         b)    Glucose Repression.
         c)    Diauxic growth curve of E. coli.
2.    UV mutagenesis to isolate amino acid auxotroph.
3.    Phage titre with λ phage/M13.
4.    Genetic Transfer-Conjugation, gene mapping.
5.    Plasmid DNA isolation and DNA quantitation. 
6.    Restriction Enzyme digestion of plasmid DNA. 
7.    Agarose gel electrophoresis. 
8.    Polymerase Chain reaction.
9.    DNA Ligation.
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10.    Preparation of competent cells.
11.    Transformation of E.coli with standard plasmids, Calculation of transformation 
         efficiency.
12.    Confirmation of the insert, Miniprep of recombinant plasmid DNA, 
         Restriction mapping.
13.    Purification of His-Tagged protein on Ni-NTA columns.

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

Semester Two

History, importance of assisted reproductive biotechnology in man and animal, introduc-
tion to embryo biotechnology, endocrine therapeutics.

    
Biotechnological approaches to reproduction, methodology of super ovulation, Oestrus 
Synchronization and Timed Artificial Insemination, In vitro maturation; Fertilization 
and culture of embryos; embryo splitting, embryo sexing by different methods and 
their limitations; Genetics and Epigenetic alterations involved in Assisted Reproductive 
Technologies (ARTs), preparation of sperm for IVF; Multiple Ovulation and Embryo 
Transfer; Open Nucleus Breeding System; Rate of Genetic Improvement using AI, 
MOET, ONBS; Ultrasound guided Ovum pickup; Embryo transfer in large and small 
ruminants. Laparoscopic and Laparoscope guided ET.
       
Different methods of gene transfer and their limitations, Pronuclear micro-injection 
of DNA, Production of transgenic livestock by nuclear transfer and its application, 
regulatory issues.

    
Cloning of domestic animals, Somatic Cell Nuclear Transfer (Conventional & HMC); 
Conservation of endangered species; Isolation and Characterization of embryonic 
stem cells; Different applications of embryonic stem cells; Methods in semen freezing 
and evaluation of sperm fertilizing ability; Cryopreservation of sperm and embryos; 
International trade of semen and embryos; Sperm and Embryo sexing; Disease 
transmission through semen and embryos; International standards.

Reproductive 
Biotechnology
Credits

Course Objectives
The objectives of this course are to 
acquaint the students to the recent 
advances in animal reproductive 
technologies used for manipulation and 
exploitation of reproductive potential 
of livestock for faster multiplication of 
superior germplasm.

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Gain knowledge about recent advances 
       in animal reproduction;
•    Acquire practical exposure to       
       application of reproductive
       biotechniques and technologies 
       in livestock.3

Unit I 
History and 
introduction to 
reproductive 
biotechnology   
4 lectures

Unit II 
Assisted 
reproductive
technologies  
12 lectures

Unit III 
Transgenesis 
4 lectures

Unit IV
Cloning, 
stem cells and 
cryopreservation  
10 lectures
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Practicals: 
1.    Synchronization and superovulation protocols
2.    Collection of embryos using non-surgical procedures
3.    Transferring embryos using non- surgical procedures
4.    Embryo freezing protocols
5.    Oocyte collection and evaluation from slaughterhouse ovaries
6.    In vitro fertilization protocols
7.    Micromanipulation of early embryos.

Recommended Textbooks and References:
1.    Ball PJH & Peter AR. (2004). Reproduction in Cattle. Blackwell.
2.    Gordon I. (2003). Laboratory Production of Cattle Embryos. CABI.
3.    Gordon I. (2005). Reproductive Techniques in Farm Animals. CABI.

Brief overview of Prokaryotic and Eukaryotic genome organization, Extra-chromosomal 
DNA: bacterial plasmids, mitochondria and chloroplast.

   
Genetic and physical maps;  Markers for genetic mapping; Methods and techniques used 
for gene mapping, physical mapping, linkage analysis, cytogenetic techniques, FISH 
technique in gene mapping, somatic cell hybridization, radiation hybrid maps, in-situ 
hybridization, comparative gene mapping.
     
Human Genome Project, Genome Sequencing Projects for Microbes, plants and animals, 
Accessing and retrieving genome project information from the web.

    
Identification and classification of organisms using molecular markers- 16S rRNA 
typing/sequencing, SNPs. Use of genomes to understand the evolution of eukaryotes, to 
track emerging diseases and to design new drugs; Determining gene location in genome 
sequence.
        
Aims, strategies and challenges in proteomics; Proteomics technologies: 2D-PAGE, 
Isoelectric focusing, mass spectrometry, MALDI-TOF, yeast 2-hybrid system, Proteome 
databases.
    
Transcriptome analysis for identification and functional annotation of gene, Contig 
assembly, Chromosome walking and characterization of chromosomes, Mining 
functional genes in the genome, Gene function- forward and reverse genetics, gene 
ethics; Protein-protein and protein-DNA interactions; Protein chips and functional 

Genomics and 
Proteomics 
Credits

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

Student Learning Outcomes 
Through this course, 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.

3

Unit I 
Basics of genomics 
and proteomics  
2 lectures

Unit II 
Genome mapping 
4 lectures

Unit III 
Genome 
sequencing projects 
3 lectures

Unit IV 
Comparative 
genomics 
3 lectures

Unit V 
Proteomics  
4 lectures

Unit VI 
Functional genomics 
and proteomics 
6 lectures
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proteomics; Clinical and biomedical applications of proteomics; Introduction to 
Metabolomics and Lipidomics, Metagenomics and Systems Biology.

Practicals:
1.    Microscopic study of prokaryotic and eukaryotic genome; karyotyping. 
2.    Nucleic acid hybridization and FISH technique.
3.    Sequence analysis and editing by bioinformatics tools.
4.    Study of single nucleotide polymorphism in important genes by PCR-RFLP. 
5.    Practical approach of contig assembly, chromosome walking, gene mining in 
        genome, forward and reverse genetics, gene chips.
6.    Mass spectrometry, 2D-PAGE, isoelectric focusing, MALDI-TOF.
7.    Retrieval of information from online protein sequence, structure and 
        proteome databases.

Recommended Textbooks and References:
1.    Primrose S & Twyman R, (2006), Principles of Gene Manipulation and Genomics,     
        7th Edition, Blackwell
2.    Liebler, Daniel C, (2002), Introduction to Proteomics- Tools for the New Biology, 
        Humana Press, Totowa, NJ.
3.    Campbell AM & Heyer LJ, (2007), Discovering Genomics, Proteomics and 
        Bioinformatics, 2nd Edition. CSHL Press

Importance and historical perspective of development of molecular diagnostics; Advan-
tages of using molecular diagnostics over conventional techniques, Concept of develop-
ment of group-specific and strain-specific nucleic acid based diagnostics.

Southern and Northern hybridization, dot/slot blot, colony blot, fluorescent in-situ 
hybridization (FISH), Principle of development of pathogen-specific DNA probes, 
Restriction endonuclease analysis for identification of pathogens; Principles of 
development of bacterial, viral and parasitic pathogen specific nucleic acid probes; 
Southern and Northern hybridization assays for diagnosis of animal and poultry diseases.

PCR and its variants, Real time PCR, reverse transcription PCR, application of PCR 
for diagnosis of infectious diseases; Alternative methods of DNA amplification: loop-
mediated isothermal amplification, transcription mediated amplification, ligase chain 
reaction; Application of PCR for diagnosis of infectious diseases of cattle, buffalo, sheep, 
goats, dogs, equines, swine and poultry; Nucleic acid sequence based diagnostics; 
Microarray technology: types and applications; biosensors and their applications.

Molecular 
Diagnostics 
Credits

Course Objectives
The overall aim of the course is to provide 
theoretical knowledge and practical 
skills on molecular techniques used for 
diagnosis of diseases in animals and 
their applications.

Student Learning Outcomes 
At the end of the course, students 
should be able to demonstrate adequate 
knowledge and skill on common 
molecular diagnostic techniques and 
their applications for diagnosis of animal 
diseases.

3

Unit I 
Introduction 
2 lectures

Unit II 
Hybridization 
techniques  
4 lectures

Unit III 
Nucleic acid 
amplification 
techniques  
8 lectures
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Introduction 
to Bioinfor-
matics
Credits

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 
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.

3

Unit I 
Introduction 
4 lectures

Unit IV
Molecular epidemi-
ological methods for 
microbial typing 
4 lectures

Unit V
Technologies
for specific 
applications 
4 lectures

Molecular epidemiological methods for typing of common viral and bacterial pathogens; 
RAPD, RFLP, PFGE & pulsotyping, rep-PCR, ribotyping.

   
Molecular diagnostics for detection of tumors; Molecular diagnostics for animal 
forensics; Detection of meat adulteration; DNA based methods for identification of 
animal species; DNA biosensor chips for GMO detection.

Practicals:
1.    Collection of clinical and environmental samples from animal and poultry farms 
       for molecular detection of pathogens.
2.    Isolation of bacterial pathogens from the samples.
3.    Extraction of nucleic acids from bacteria and clinical specimens.
4.    Restriction digestion and analysis by agarose gel electrophoresis.
5.    Development of animal pathogen-specific nucleic acid probes.
6.    Southern blotting for detection of pathogens.
7.    PCR for detection of pathogens in blood and other animal tissues.
8.    RT-PCR for detection of RNA viruses
9.    Real time PCR for detection of pathogens in semen and other animal tissues.
10.  DNA fingerprinting for identification of animal species.
11.  PCR-based detection of potential pathogens in food (milk, eggs, meat,  
       vegetables and fruits).
12.  Molecular typing of specific bacterial and viral pathogens using nucleic acid 
       based methods.

Recommended Textbooks and References:
1.    Decker J & Reischl. U, (2004). Molecular Diagnosis of Infectious Diseases, 
       2nd Edition, Humana Press.
2.    Elles R & Mountford R. (2004). Molecular Diagnosis of Genetic Diseases. 
       Humana Press. 
3.    Rao JR, Fleming CC & Moore JE. (2006). Molecular Diagnostics. 
       Horizon Bioscience.

Bioinformatics basics: Computers in biology and medicine; Importance of Unix and 
Linux systems and its basic commands; Database concepts; Protein and nucleic acid 
databases; Structural databases; databases and search tools: biological background for 
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sequence analysis; Identification of protein sequence from DNA sequence; searching 
of databases for similar sequences; NCBI; publicly available tools; resources at EBI; 
resources on the web; database mining tools.

DNA sequence analysis: gene bank sequence database; submitting DNA sequences 
to databases and database searching; sequence alignment; pairwise alignment 
techniques; motif discovery and gene prediction; local structural variants of DNA, 
their relevance in molecular level processes, and their identification; assembly of data 
from genome sequencing.

Multiple sequence analysis; multiple sequence alignment; flexible sequence similarity 
searching with the FASTA3 program package; use of CLUSTAL W and CLUSTAL X for 
multiple sequence alignment; submitting DNA protein sequence to databases: where and 
how to submit, SEQUIN, genome centres; submitting aligned set of sequences, updates
and internet resources; methods of phylogenetic analysis.

Protein modelling: introduction; force field methods; energy, buried and exposed 
residues; side chains and neighbours; fixed regions; hydrogen bonds; mapping properties 
onto surfaces; fitting monomers; RMS fit of conformers; assigning secondary structures; 
sequence alignment- methods, evaluation, scoring; protein completion: backbone 
construction and side chain addition; small peptide methodology; software accessibility; 
building peptides; protein displays; substructure manipulations, annealing.

Protein structure prediction: protein folding and model generation; secondary structure 
prediction; analyzing secondary structures; homology modelling: potential applications, 
description, methodology, homologous sequence identification; align structures, align 
model sequence; construction of variable and conserved regions; threading techniques; 
topology fingerprint approach for prediction; evaluation of alternate models;, sequence 
based methods of structure prediction, prediction using inverse folding, fold prediction; 
significance analysis, scoring techniques, sequence-sequence scoring; protein function 
prediction; elements of in-silico drug design; Virtual library: Searching Medline, 
PubMed, current content, science citation index and current awareness services, 
electronic journals, grants and funding information.

Practicals:
1.    Sequence retrieval from NCBI, EMBL, Genbank, Swissprot/ TrEMBL, UniProt and 
        other web resources.
2.    Similarity searching using BLAST and interpretation of results.
3.    Multiple sequence alignment using ClustalW/Clustal X. 
4.    Phylogenetic analysis of protein and nucleotide sequences using 
        MEGA/PAUP/Phylip.
5.    Use of gene prediction methods (GRAIL, Genscan, Glimmer).
6.    Using RNA structure prediction tools.
7.    Primer designing and restriction mapping using online/offline tools. 
8.    Protein Structure Visualization using RASMOL/UCSF Chimera
9.    Protein Tertiary structure prediction by homology modeling using Swiss Model 
        workspace/Modeller
10.  Use of miRNA prediction, designing and target prediction tools.

Recommended Textbooks and References:
1.    Lesk, A. M. (2002). Introduction to Bioinformatics. Oxford: Oxford University Press. 
2.    Mount, D. W. (2001). Bioinformatics: Sequence and Genome Analysis. Cold Spring 
        Harbor, NY: Cold Spring Harbor Laboratory Press. 

Unit II 
Basic DNA sequence 
analysis  
4 lectures

Unit III 
Advanced DNA 
sequence analysis 
4 lectures

Unit IV 
Protein modelling
5 lectures

Unit V 
Structure prediction
6 lectures

17



3.    Baxevanis, A. D., & Ouellette, B. F. (2001). Bioinformatics: a Practical Guide to the        
        Analysis of Genes and Proteins. New York: Wiley-Interscience. 
4.    Pevsner, J. (2015). Bioinformatics and Functional Genomics. Hoboken, NJ.: 
        Wiley-Blackwell. 
5.    Bourne, P. E., & Gu, J. (2009). Structural Bioinformatics. Hoboken, NJ: Wiley-Liss. 
6.    Lesk, A. M. (2004). Introduction to Protein Science: Architecture, Function, and 
       Genomics. Oxford: Oxford University Press. 

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.

Batch and continuous fermenters; modifying batch and continuous reactors: chemostat 
with recycle, multistage chemostat systems, fed-batch operations; conventional 
fermentation v/s biotransformations; immobilized cell systems; large scale animal and 
plant cell cultivation; fermentation economics; upstream processing: media formulation 
and optimization; sterilization; aeration, agitation and heat transfer in bioprocess; scale 
up and scale down; measurement and control of bioprocess parameters.
 

Bioprocess 
Engineering & 
Technology
Credits

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. 

Student Learning Outcomes 
Students should be able to: 
•    Appreciate relevance of micro- 
       organisms 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 in a bioproduction 
       process;
•    Critically analyze any bioprocess from 
       an economics/market point of view;
•    Give an account of important 
       microbial/enzymatic industrial 
       processes in food and fuel industry. 

3

Unit I 
Basic principles 
of biochemical 
engineering  
4 lectures

Unit II
Stoichiometry and 
models of microbial 
growth 
3 lectures

Unit III
Bioreactor design 
and analysis
6 lectures
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Unit IV
Downstream 
processing and 
product recovery
6 lectures

Unit V
Fermentation 
economics 
3 lectures

Unit VI
Applications of 
enzyme technology in 
food processing
3 lectures

Unit VII
Applications of 
microbial technology 
in food process 
operations and 
production, biofuels 
and biorefinery
3 lectures

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.

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; 
inter esterified 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.

Practicals:
1)     Basic Microbiology techniques
         a)     Scale up from frozen vial to agar plate to shake flask culture.
         b)     Instrumentation: microplate reader, spectrophotometer, microscopy.
         c)     Isolation of microorganisms from soil samples.
2)     Experimental set-up
         a)     Assembly of bioreactor and sterilization.
         b)     Growth kinetics.
         c)     Substrate and product inhibitions.
         d)     Measurement of residual substrates.
3)     Data Analysis
         a)     Introduction to Metabolic Flux Analysis (MFA).
4)     Fermentation
         a)     Batch. 
         b)     Fed-batch.
         c)     Continuous.
5)     Unit operations
       a)     Microfiltrations: Separation of cells from broth.
         b)     Bioseparations: Various chromatographies and extractions.
6)     Bioanalytics
         a)     Analytical techniques like HPLC, FPLC, GC, GC-MS etc. for measurement 
                  of amounts of products/substrates.

Recommended Textbooks and References:
1.     Shuler, M. L., & Kargi, F. (2002). Bioprocess Engineering: Basic Concepts. Upper 
         Saddle River, NJ: Prentice Hall. 
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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. 
5.     El-Mansi, M., & Bryce, C. F. (2007). Fermentation Microbiology and Biotechnology. 
         Boca Raton: CRC/Taylor & Francis. 
6.     Stanbury, P. F., & Whitaker, A. (1984). Principles of Fermentation Technology. 
         Oxford: Pergamon Press. 

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

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

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

Technical writing skills - types of reports; layout of a formal report; scientific writing 
skills -  importance of communicating science; problems while writing a scientific 
document; plagiarism, software for plagiarism; scientific publication writing: elements 

Research 
Methodology 
and Scientific 
Communica-
tion Skills
Credits

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

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

2

Unit I 
History of science 
and science 
methodologies  
8 lectures

Unit II 
Preparation for
research 
3 lectures

Unit III 
Process of 
communication 
3 lectures

Unit IV 
Scientific 
communication 
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of a scientific paper including abstract, introduction, materials & methods, results, 
discussion, references; drafting titles and framing abstracts; publishing scientific papers - 
peer review process and problems, recent developments such as open access and non-
blind review; plagiarism; characteristics of effective technical communication; scientific 
presentations; ethical issues; scientific misconduct.

Recommended Textbooks and References:
1.     Valiela, I. (2001). Doing Science: Design, Analysis, and Communication of Scientific 
         Research. Oxford: Oxford University Press. 
2.     On Being a Scientist: a Guide to Responsible Conduct in Research. (2009).           
         Washington, D.C.: National Academies Press. 
3.     Gopen, G. D., & Smith, J. A. The Science of Scientific Writing. American Scientist, 
         78(Nov-Dec 1990), 550-558. 
4.     Mohan, K., & Singh, N. P. (2010). Speaking English Effectively. Delhi: 
         Macmillan India.
5.     Movie: Naturally Obsessed, The Making of a Scientist.

9 lectures

How does the Course Module work? A list of 16 landmark papers is given below. 
Students may be divided into groups of 2 or more and each group may be assigned one 
selected paper. Each week there may be a 2 hour presentation cum discussion for each of 
the papers. At the end of the semester each student will be asked to write a mini-review 
(2-3 pages long) on any of the sixteen papers, other than the one he/she presented/
discussed.
 

A list of sixteen landmark papers and some suggested reference materials:
1.     Molecular Biology
a)    Molecular structure of nucleic acids; a structure for deoxyribose nucleic acid
        Watson JD and Crick FH; Nature. 1953 Apr 25;171(4356):737-8
         Note: In this one page paper Watson and Crick first described the structure 
        of DNA double helix
        Study help - Watson_Crick_Nature_1953_annotated
b)     Messelson and Stahl experiment demonstrating semi-conservative replication 
         of DNA
        Meselson M and Stahl FW.; Proc Natl Acad Sci U S A. 1958 Jul 15;44(7):671-82
        Note: The experiment demonstrating semi-conservative mode of DNA replication is 
        referred to as  "the most beautiful experiment in biology"
c)     In vivo alteration of telomere sequences and senescence caused by mutated         
        Tetrahymena telomerase RNAs
        Guo-Liang Yu, John D. Bradley, Laura D. Attardi & Elizabeth H. Blackburn; 
        Nature 344, 126-132, 1990

Critical 
Analysis of 
Landmark 
Discoveries
Credits

Course Objectives
The objectives of this course are to 
familiarize the students with classic 
literature to make them appreciate how 
ground-breaking discoveries were 
made without, necessarily using 
high-end technologies. 

Student Learning Outcomes 
Students should be able to get trained in 
the exercise of hypothesis building and 
methods of addressing the hypothesis with 
readily available technology.

2

Syllabus 
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         Note: This paper demonstrates that the telomerase contains the template for   
         telomere synthesis
2.     Animal Cloning 
a)    Edwards JL, Schrick FN, McCracken MD, van Amstel SR, Hopkins FM, Welborn 
         MG, Davies CJ. Cloning adult farm animals: a review of the possibilities and 
         problems associated with somatic cell nuclear transfer. American Journal of          
         Reproductive Immunology 2003; 50:113-123, Blackwell Munksgaard, 2003
b)    Bin Wang, Jiangfeng Zhou. Specific genetic modifications of domestic animals by 
         gene targeting and animal cloning. Reproductive Biology and Endocrinology 2003; 
         1:103, Biomed Central, 2003.
c)    Atsuo Ogura, Kimiko Inoue, Teruhiko Wakayama. Recent advancements in cloning 
         by somatic cell nuclear transfer. Philosophical Transactions of The Royal Society B 
         2013; 368: 20110329
d)    Mizutani, E., Torikai, K., Wakayama, S., Nagatomo, H., Ohinata, Y., Kishigami, S., 
         & Wakayama, T. (2016). Generation of cloned mice and nuclear transfer embryonic 
         stem cell lines from urine-derived cells. Scientific Reports, 6, 23808. http://dx.doi.
         org/10.1038/srep23808
e)    Rudenko, L., Matheson, J., & Sundlof, S. (2007). Animal cloning and the FDA—the 
         risk assessment paradigm under public scrutiny. Nature Biotechnology, 
         25(1), 39-43. http://dx.doi.org/10.1038/nbt0107-39
f)      Smith, L. C., Bordignon, V., Babkine, M., Fecteau, G., & Keefer, C. (2000). Benefits 
         and problems with cloning animals. The Canadian Veterinary Journal, 
         41(12), 919–924
3.     Genomic Selection
a)    Goddard, M. & Hayes, B. (2007). Genomic selection. Journal Of Animal Breeding 
         And Genetics, 124(6), 323-330. http://dx.doi.org/10.1111/j.1439-0388.2007.00702.x
b)     Meuwissen, T., Hayes, B., & Goddard, M. (2013). Accelerating Improvement of 
         Livestock with Genomic Selection. Annual Review Of Animal Biosciences, 
         1(1), 221-237. http://dx.doi.org/10.1146/annurev-animal-031412-103705
4.     Hybridoma Technology
a)    Samoilovich, S., Dugan, C., & Macario, A. (1987). Hybridoma technology: new 
         developments of practical interest. Journal Of Immunological Methods, 
         101(2), 153-170. http://dx.doi.org/10.1016/0022-1759(87)90147-5
5.     Induced Pluripotent Stem Cells
a)    Trounson, A. & DeWitt, N. (2016). Pluripotent stem cells progressing to the 
         clinic. Nature Reviews Molecular Cell Biology, 17(3), 194-200.
         http://dx.doi.org/10.1038/nrm.2016.10
b)    Stadtfeld, M. & Hochedlinger, K. (2010). Induced pluripotency: history, 
         mechanisms, and applications. Genes & Development, 24(20), 2239-2263. 
         http://dx.doi.org/10.1101/gad.1963910.
c)    Yamanaka, S. (2012). Induced Pluripotent Stem Cells: Past, Present, and Future. 
         Cell Stem Cell, 10(6), 678-684. http://dx.doi.org/10.1016/j.stem.2012.05.005
6.     Modification of Milk
a)    Simons, J., McClenaghan, M., & Clark, A. (1987). Alteration of the quality 
         of milk by expression of sheep β-lactoglobulin in transgenic mice. Nature, 
         328(6130), 530-532. http://dx.doi.org/10.1038/328530a0

Project Propos-
al Preparation 
& Presentation

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

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 
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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.

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.

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.

Syllabus
Project Proposal 
Preparation

Syllabus

Syllabus
Poster Presentation

Syllabus
Oral Presentation

       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.

its importance to their fellow classmates 
and teachers.

Credits

Credits

2

2

Student presentations: 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.
Class evaluations and discussions:  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.

Seminar/
Journal Club

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.

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.
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Introduction and scope in Bio-entrepreneurship, Types of bio-industries and competitive 
dynamics between the sub-industries of the bio-sector (e.g. pharmaceuticals vs. Industrial 
biotech), Strategy and operations of bio-sector firms: Factors shaping opportunities 
for innovation and entrepreneurship in bio-sectors, and the business implications of 
those opportunities, Alternatives faced by emerging bio-firms and the relevant tools 
for strategic decision, Entrepreneurship development programs of public and private 
agencies (MSME, DBT, BIRAC, Make In India), strategic dimensions of patenting & 
commercialization strategies.

Negotiating the road from lab to the market (strategies and processes of negotiation 
with financers, government and regulatory authorities), Pricing strategy, Challenges 
in marketing in bio business (market conditions & segments; developing distribution 
channels, the nature, analysis and management of customer needs), Basic contract 
principles, different types of agreement and contract terms typically found in joint 
venture and development agreements, Dispute resolution skills.

Business plan preparation including statutory and legal requirements, Business feasibility 
study, financial management issues of procurement of capital and management of costs, 
Collaborations & partnership, Information technology.

Technology – assessment, development & upgradation, Managing technology transfer, 
Quality control & transfer of foreign technologies, Knowledge centers and Technology 
transfer agencies, Understanding of regulatory compliances and procedures (CDSCO, 
NBA, GCP, GLA, GMP).

Recommended Textbooks and References:
1.     Adams, D. J., & Sparrow, J. C. (2008). Enterprise for Life Scientists: Developing 
         Innovation and Entrepreneurship in the Biosciences. Bloxham: Scion. 
2.     Shimasaki, C. D. (2014). Biotechnology Entrepreneurship: Starting, Managing, and       
         Leading  Biotech Companies. Amsterdam: Elsevier. Academic Press is an imprint of Elsevier. 

Semester Three

Bioentrepre-
neurship
Credits

Course Objectives
Research and business belong together 
and both are needed. In a rapidly 
developing life science industry, there 
is an urgent need for people who 
combine business knowledge with the 
understanding of science & technology. 
Bio-entrepreneurship, an interdisciplinary 
course, revolves around the central theme 
of how to manage and develop life science 
companies and projects. The objectives 
of this course are to teach students 
about concepts of entrepreneurship 
including identifying a winning business 
opportunity, gathering funding and 
launching a business, growing and 
nurturing the organization and harvesting 
the rewards.

Student Learning Outcomes 
Students should be able to gain 
entrepreneurial skills, understand 
the various operations involved in 
venture creation, identify scope for 
entrepreneurship in biosciences and 
utilize the schemes promoted through 
knowledge centres and various agencies. 
The knowledge pertaining to management 
should also help students to be able to 
build up a strong network within the 
industry.   

2

Unit I 
Innovation and 
entrepreneurship 
in bio-business  
6 lectures

Unit II 
Bio markets: 
business strategy 
and marketing 
6 lectures

Unit III 
Finance and 
accounting 
6 lectures

Unit IV
Technology 
management
6 lectures
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3.     Onetti, A., & Zucchella, A. Business Modeling for Life Science and Biotech 
         Companies: Creating Value and Competitive Advantage with the Milestone Bridge. 
         Routledge. 
4.     Jordan, J. F. (2014). Innovation, Commercialization, and Start-Ups in Life Sciences. 
         London: CRC Press. 
5.     Desai, V. (2009). The Dynamics of Entrepreneurial Development and Management. 
         New Delhi: Himalaya Pub. House. 

Intellectual 
Property 
Rights, 
Biosafety and 
Bioethics 
Credits

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 biotechnolo-
       gy and regulation of such products;
•    To become familiar with ethical issues 
       in biological research. 

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.

2

Introduction to intellectual property; types of IP: patents, trademarks, copyright & 
related rights, industrial design, traditional knowledge, geographical indications, 
protection of new GMOs; International framework for the protection of IP; IP as a factor 
in R&D; IPs of relevance to biotechnology and few case studies; introduction to history of 
GATT, WTO, WIPO and TRIPS; plant variety protection and farmers rights act; concept 
of ‘prior art’: invention in context of “prior art”; patent databases - country-wise patent 
searches (USPTO, EPO, India); analysis and report formation.; Review of Government of 
India’s “National Intellectual Property Rights Policy”.

Basics of patents: types of patents; Indian Patent Act 1970; recent amendments; WIPO 
Treaties; Budapest Treaty; Patent Cooperation Treaty (PCT) and implications; procedure 
for filing a PCT application; role of a Country Patent Office; filing of a patent application; 
precautions before patenting-disclosure/non-disclosure - patent application- forms 
and guidelines including those of National Bio-diversity Authority (NBA) and other 
regulatory bodies, fee structure, time frames; types of patent applications: provisional 
and complete specifications; PCT and conventional patent applications; international 
patenting-requirement, procedures and costs; financial assistance for patenting-
introduction 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.

Unit I
Introduction to IPR 
7 lectures

Unit II
Patenting 
5 lectures

25



Unit III
Biosafety 
5 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  

Unit IV
National and 
international 
regulations 
5 lectures

Unit V
Bioethics  
5 lectures
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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.

Semester Four

Dissertation 
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.

Credits

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

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. 

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 

Syllabus
Planning & 
performing 
experiments

Syllabus
Thesis writing

27



(Group A)
Quantitative 
& Population 
Genetics 

Course Objectives

This course provides a comprehensive un-
derstanding of the basic concepts of pop-
ulation genetics, leading up to important 
aspects linking to evolution. The student 
is expected to gain a fuller appreciation of 
genetic determinants that impact popula-
tion level biological diversity in the context 
of evolution.

Student Learning Outcomes 

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

Credits

2

Recommended 
Electives

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.

Individual vs population; Genetic Structure of population; Hardy Weinberg law; 
Approach to equilibrium under different situations: single autosomal locus with two 
alleles, single sex-linked locus, and two pairs of autosomal linked and unlinked loci; 
Factors affecting changes in gene and genotypic frequencies and their effect on genetic 
structure of animal populations; Linkage disequilibrium.

Small population: random genetic drift, effective population size, pedigreed populations, 
regular inbreeding systems, Coefficient of inbreeding, Coefficient of relationship.

Quantitative genetics- Qualitative vs Quantitative and threshold traits, Population mean, 
Genotypic value, Breeding value, Dominance deviation, epistatic interaction, Variance 
and its partitioning.

Biometric relations between relatives, Genetic and phenotypic parameters-their 
methods of estimation, uses.

Practicals:

1.    Problems relating to gene and genotypic frequencies under different conditions
2.    Estimation of inbreeding coefficient, Coefficient of relationship
3.    Estimation of effective population size
4.    Computation of quantitative genetic effects values and means.
5.    Estimation of variance components
6.    Computation of heritability and repeatability
7.    Computation of genetic, environmental and phenotypic correlations.

Unit I
Population genetics
5 lectures

Unit II
Population size
2 lectures

Unit III
Quantitative 
Genetics
4 lectures

Unit IV
Population 
estimation
3 lectures
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Recommended Textbooks and References:
1.    Crow JF and Kimura M. (1970). An Introduction to Population Genetics. 
        Theory. Harper & Row.
2.    Falconer DS and Mackay TFC, (1996). An Introduction to Quantitative Genetics. 
        Longman.
3.    Jain JP. (1982). Statistical Techniques in Quantitative Genetics. Tata McGrawHill.
4.    Pirchner F. (1981). Population Genetics in Animal Breeding. S. Chand. 
5.    Lynch, Michael and Walsh Bruce (1998). Genetics and Analysis of Quantitative Traits.  
        Sinauer Associates, Inc. Publishers, Sunderland, Massachusetts, USA.

Type of selection and their genetic consequences; Response to selection, its prediction 
and improvement of response to selection; Basis of selection, Accuracy and efficiency 
of different bases of selection; Combined selection; Correlated characters, correlated 
response to selection and efficiency of indirect selection; Selection of several traits.

Prediction of breeding value using different criteria, Sire evaluation, Conventional 
and Genomic breeding.

Evaluation of short term and long term selection experiments viz., bidirectional selection 
and asymmetry of response, selection plateau and limit.

Genetic aspects and consequences of various mating systems; Application of various 
mating systems in animal improvement, Heterosis; Selection for general and specific 
combining ability.

Genetic polymorphism and its application in genetic improvement, Quantitative Trait 
Loci (QTL), Marker Assisted Selection, Genomic Selection- basic concept and its 
application in animal breeding

Practicals:
1.    Prediction of direct and correlated response to different basis of selection
2.    Estimation MPPA
3.    Computation of breeding values using different sources of information for
       female and male selection

(Group A)
Advanced 
Methods 
in Animal 
Breeding 

Course Objectives
This course is designed to give the students 
a basic knowledge of principles of genetics, 
types of matings, animal selection, hybrid 
vigor, pedigree, animal reproductive 
systems, and principles of artificial 
insemination and pregnancy testing.

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Apply quantitative genetics theories 
      and molecular genetics in animal 
      breeding; 
•    Use the most important statistical 
       methods;
•    Use the information in designing 
       evolutionary research and breeding 
       programmes.Credits

2

Unit I
Selection
3 lectures

Unit II
Breeding
2 lectures

Unit III
Evaluation 
of selection
3 lectures

Unit IV
Genetics in mating
3 lectures

Unit V
Quantitative genetics 
in mating
3 lectures
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(Group A)
Evolutionary 
Genetics 

Course Objectives
This course will focus on the fundamental 
principles used in population genetics to 
analyze genetic data and to understand a 
variety of evolutionary processes.

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Gain in-depth knowledge of 
       evolutionary genetics;
•    Identify major unanswered questions 
       in evolutionary genetics.

Credits

2

Unit I
Classical genetics
1 lectures

Unit II
Genome Evolution
3 lectures

Unit III
Epigenetics 
2 lectures

Unit V
Genetic evolution
3 lectures

Unit IV
Reproductive 
evolution
1 lecture

Unit VI
Molecular evolution
2 lectures

4.    Computation of realized heritability 
5.    Selection index: Computation, Accuracy and response in component traits.
6.    Estimation of heterosis. Estimation of GCA and SCA
7.    Sire evaluation.

Recommended textbooks and References:
1.    Falconer DS and Mackay TFC. (1996). An Introduction to Quantitative Genetics. 
        Longman.
2.    Jain JP. (1982). Statistical Techniques in Quantitative Genetics. Tata McGrawHill.
3.    Pirchner F. (1981). Population Genetics in Animal Breeding. S. Chand. 
4.    Lynch, Michael and Walsh Bruce (1998). Genetics and Analysis of Quantitative 
         Traits. Sinauer Associates, Inc. Publishers, Sunderland, Massachusetts, USA.

Classical theory of abiogenesis with introduction to Urey-Miller experiment; RNA world 
hypotheses, Fixation of Genetic Material, Function Molecule – Protein, Darwinian, 
Lamarckian and Mendelian theory introduction.

Evolution of genomes – Modes of evolution, Genome size and C-value paradox, Gene 
organization in genomes, (how has the genome expanded from the primitive organisms 
– presence of non-coding DNA, heterochromatin, B-Chromosomes, and repetitive 
sequences throughout the evolutionary history) synteny and the Isochore theory, Frozen 
accidents in Genome evolution, Evolution of Chromosomes, Viruses, Mitochondria, 
Plasmids, Endosymbiont theory.

Genetic and epigenetic consequences of polyploidy, Hybrid sterility-reproductive 
isolation, Polyploidy and speciation, Coevolution.

Evolutionary advantage of sex, Reproduction and Fitness, Phenotypic Plasticity, 
Mate Selection.
 

Evolution of genes – anatomy of genes, mechanisms of evolution of new genes, origins of 
intron – early or late, gene families, pseudogenes, orphan genes, Horizontal and lateral 
transfer; Evolution of polygenic traits; Heritability.

Molecular Evolution – Modes of variation introduction, Neutrality and direction of 
mutation, Permissive and Disruptive evolution, selective sweeps and hitchhiking, 
background selection, signatures of natural selection and Mc Donald Kreitman test.
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Artificial selection and experimental evolution.

Practicals:
1.    Concepts in Evolutionary Biology – Classification and Comparison, Cladistics and 
        Systematics, Quantifying characters, Distance measurement and Tree Building, Tree 
        Support and Substitution Models, Limitations of Computation Phylogenetics, 
        MEGA Software.
2.    Evolution of Characters against selection pressure in Lymnaea stagnalis, Perionyx 
        ceylanesis or Zebrafish/Drosophila. 
3.    Frequentist and Bayesian Inference, Phylodynamics.

Recommended Textbooks and References:
1.    J. Maynard Smith and E. Szathmary, (1995), The Major Transitions in Evolution, 
        Oxford University Press.
2.    Ryan Gregory, (2005), The Evolution of the Genome, Elsevier.
3.    T.A. Brown, (1999), Genomes, BIOS Scientific Publishers, Oxford.
4.    Introduction to Genetics and Evolution, Duke University, Coursera.
5.    Koonin EV, Novozhilov AS. Origin and Evolution of the Genetic Code: the Universal 
        Enigma. IUBMB Life. 2009; 61(2):99-111. doi:10.1002/iub.146.
6.    Coyne, JA (2009) Why Evolution is True. Oxford University Press.

Unit VII
Application
1 lecture

History and introduction to microbial biotechnology, Importance of microbial 
biotechnology in animal sciences, new technologies to study microbial genomics and 
proteomics

   
Metagenomics and its applications, Metagenomics in animal gastro intestinal ecosystems, 
Methods of studying microbial diversity and microbiome of production animals, 
Prospects of biome engineering in enhancing animal health and production.

   
Infectomics and Eco-infectomics for the study interaction between host, pathogen and 
environment, Production of recombinant bacterial and viral vaccines against important 
animal diseases, Bacterial ghost platform for vaccines, Recombinant purified protein 
vaccines.

(Group B)
Microbial 
Biotechnology

Course Objectives
The objectives of this course are to 
acquaint the students to recent trends 
in microbial biotechnology used for 
manipulation of microbes and microbial 
genomes for production of biotherapeutic 
agents, comprehension of microbiome 
of domestic animals for enhancing their 
health and production and understanding 
the host-pathogen relationship through 
infectomics.

Credits

2

Unit I
History & introduction 
of microbial 
biotechnology 
3 lectures

Unit II
Gut microbe 
metagenomics of 
production animals 
4 lectures

Unit III
Host-pathogen 
interaction and 
production of 
vaccines 
5 lectures

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Gain knowledge about recent advances 
       in microbial biotechnologies;
•    Acquire practical exposure to 
       recombinant DNA technologies in 
       microbes to enhance animal health 
       and production.
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(Group B)
Molecular 
Forensics

Course Objectives
The objectives of this course are to gain 
understanding of the applications of DNA 
based techniques in animal forensics.

Credits

2

Unit I
Introduction 
2 lectures

Unit II
DNA-based 
techniques 
5 lectures

Unit III
Protein-based 
techniques
4 lectures

Unit IV
Applications
2 lectures

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Define the molecular techniques used 
       in forensic science;
•    Comprehend the importance of ethical 
       issues in forensic biology.

Production of recombinant therapeutic proteins and hormones in microbial systems, 
Use of recombinant microbes as biotherapeutic agents

Practicals: 
1.     Collection and examination of goat ruminal fluid.
2.     Extraction of DNA from ruminal fluid and cloning and sequencing of 16S rDNA 
         for taxonomic identification of microbes.
3.     Production of bacterial ghost for vaccines.
4.     Cloning and expression of a therapeutic/vaccine/hormonal protein in E. coli.

Recommended Textbooks and References:
1.     Glazer AN, Nikaido H. 2007. Microbial Biotechnology: Fundamentals of Applied 
         Microbiology. Cambridge University Press
2.     Lin YK, Microbial Biotechnology: Principles and Applications. 3rd Ed. World Scientific

Unit IV
Production of 
biotherapeutic agents 
2 lectures

General history of forensic science, introduction to DNA forensics, scope and application 
of DNA forensics in animals and human criminal investigations in variety of situations. 

Isolation methods and techniques such as DNA fingerprinting, PCR, nucleic acid 
hybridization, restriction endo-nuclease analysis and sequencing, Individual Animal 
Identification using DNA fingerprinting, Real Time PCR, Multiplex PCR for adulterated 
or mixed samples, DNA sequence based identification & analysis.

Protein detection methods, immunological techniques including ELISA, 
immunoelectrophoresis and immunofluorescence, mass spectroscopy, biosensors, nano-
based methods.

Animal species identification in religious disputes, adulteration of meat, theft of farm 
animals and pets etc., advantages, disadvantages and limitations of DNA forensics.

Practicals:
1.    Collection of material for forensic analysis
2.    Dispatch of material for forensic investigations
3.    Storage and processing of forensic material
4.    Preparation of different bio-reagents for animal forensic laboratory
5.    Isolation and extraction of nucleic acid from tissue & blood samples
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6.    Isolation and extraction of nucleic acid from wild animal scat, hair follicles
7.    Isolation of nucleic acid from reminiscent samples like skin, meat, milk, hair and 
        cooked and putrefied tissues 
8.    Detection of adulteration in meat by PCR and nucleic acid hybridization assay
9.    Confirmation of species by DNA sequencing
10.  Study of immunological techniques viz. immunoelectrophoresis, immunofluorence 
        and ELISA
11.  Audiovisual based approaches of biosensors, spectroscopy and nanotechnology in 
        forensic science.

Recommended Textbooks and References:
1.    D Bailey, (2016), Practical Veterinary Forensics, UK 
2.    Lincoln PJ & Thomson J. (1998). Forensic DNA Profiling Protocols. Humana Press. 
3.    Rudin N & Inman K. (2002). An Introduction to Forensic DNA Analysis. 2nd Ed. 
        CRC Press.

Preparation of different media for bacterial culture; isolation and identification of some 
important bacteria (Escherichia coli, Salmonella, Pasteurella, Clostridium, Staphylococcus, 
Streptococcus, etc.); antimicrobial sensitivity test by Kirby–Bauer method and 
determination of MIC; maintenance and preservation of bacteria by slant/stab culture, 
glycerinated broth culture and freeze drying; Identification of bacteria by 16S rRNA 
amplification and sequencing; molecular typing of bacteria by plasmid profiling, PFGE, 
rep-PCR and ribotyping.

Cryopreservation and reconstitution of preserved cell lines; Preparation of primary 
chicken embryo fibroblast cell culture, Live and dead cell count using trypan blue; 
Isolation and propagation of animal viruses in cell culture; Storage of animal viruses by 
freeze drying and ultra-freezing. Molecular characterization of important animal viruses 
like FMD virus, CSF virus, Rotavirus, etc.

Recommended Textbooks and References
1.    Cappuccino. J.G. and Welsh, C.T., (2016), Microbiology- a Laboratory Manual. 
       Benjamin- Cummings Publishing Company.
2.    Patricia Tille, (2013), Bailey & Scott's Diagnostic Microbiology, Kindle edition.
3.    Mahy BWJ & Kangaro HO. (1996). Virology Methods Manual. Academic Press.
4.    Quinn PJ, Carter ME, Markey B & Carter GR. (1994). Clinical Veterinary 
       Microbiology. Wolfe Publ.

(Group B)
Advanced 
Techniques in 
Microbiology

Course Objectives
This course is intended to provide practical 
skills to students on advanced techniques 
in microbiology.

Credits

2

Unit I
Bacteriological 
techniques 
16 lectures

Unit II
Virological 
techniques
10 lectures

Student Learning Outcomes 
On completion of this course, student 
should be able to:
•    Isolate, characterize and identify 
       common bacterial and viral pathogens;
•    Understand molecular characterization 
       of important bacterial and viral 
       pathogens of animals;
•    Preserve bacterial cultures and animal 
       viruses.
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(Group C)
Food 
Biotechnology

Course Objectives
The objectives of this course are to 
acquaint the students to recent advances in 
biotechnologies in foods to produce new 
products with desirable characteristics. 
These include characteristics such as 
disease and drought-resistant plants, 
leaner meat and enhanced flavor and 
nutritional quality of foods. 

Credits

2

Unit I
History & 
introduction to 
food biotechnology  
3 lectures

Unit II
Methods in food 
technologies  
3 lectures

Unit III
Biotechnological 
method in food 
processing  
5 lectures

Unit IV
Food safety 
& security   
3 lectures

Student Learning Outcomes 
On completion of this course, students 
should have gained knowledge about 
recent advances in biotechnologies related 
to food technology.

Introduction, History and scope of food Biotechnology, development and prospects of 
biotechnology in animal products, ancient and traditional food processing techniques; 
Biochemical and metabolic pathways of biological systems used in food production.

Role of biotechnology in productivity of livestock, Modern biotechnological methods 
and processes in animal product development, chemical and physical factors required 
for growing microbial cultures in nutritive substrate; Meat species identification, Quality 
control, Screening products for contaminants. 
  
Use of biotechnology in production of food additives, use of biotechnological tools 
for the processing and preservation and foods of animal origin, use of biotechnology 
improved enzymes in food processing industry, Basic principles of the industrial use 
of bio-reactions for production of biomass-upstream and downstream processing-
application of micro-organisms as starter cultures in meat industry, microbial production 
of food ingredients; Biosensors and novel tools and their application in food science.

Consumer concerns about risks and values, biotechnology & food safety, Ethical issues 
concerning GM foods; testing for GMOs; current guidelines for the production, release 
and movement of GMOs; Future and applications of food biotechnology in India.

Practicals:
1.    Isolation of food borne bacteria (Campylobater, Salmonella, Yersinia, E. coli) from 
        various food sources using differential media.
2.    Confirmation of food borne isolates by biotechnological tools.
3.    Isolation and characterization of food borne viruses (rotavirus, hepatitis virus, polio 
        virus, enterovirus) using biotechnological tools.

Recommended Textbooks and References
1.    Potter, Norman. M. Food Science, 5 th Ed. Springer US
2.    Manay, S.; Shadaksharaswami, M., (2004). Foods: Facts and Principles, 4 th Ed. 
        New Age Publishers.
3.    B. Srilakshmi., (2002) Food Science, New Age Publishers.
4.    Meyer, (2004). Food Chemistry. New Age
5.    Deman JM. (1990) Principles of Food Chemistry. 2 nd Ed. Van Nostrand Reinhold, NY 
6.    Ramaswamy H and Marcott M. Food Processing Principles and Applications. CRC Press
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Introduction, history, scope of probiotics, Probiotics and Feed Biotechnology, normal 
micro flora of GI tract; Introduction to feed processing and preservation, microbial 
bioconversion of lignin and cellulose rich feeds, factors affecting delignification; Role 
of microbes in rumen fermentation in ruminant animals; Methane gas production 
manipulation by biotechnology tools.

 
Methods for analysis of intestinal micro flora, microorganisms and proteins used in 
probiotics, Mechanism of action of prebiotics and probiotics, immune response to 
probiotics, anti-mutagenic and anti-tumour activities of lactic acid bacteria, probiotics 
and immune system, lactic acid bacteria as live vaccines; Genetic modification of 
intestinal lactobacilli and bifidobacteria, recombinant probiotics; Genetic manipulation 
of organisms to enhance bioconversion ability, manipulation of rumen fermentation by 
selective removal of protozoa and fungi.
        
Methods of feed processing - physical, chemical and biological effect of processing 
on nutritional quality and utilization; Diversity of organisms involved, fermentation 
techniques, large scale bioconversion of substrates, pretreatment of feeds, chemical 
vs. microbial treatment of feeds, anti-nutritional factors present in feeds, microbial 
detoxification of aflatoxins, mimosine and other anti-metabolites present. Role 
of probiotics and prebiotics in inducing gut immunity.    
 
Application of probiotics for humans, farm animals and poultry, probiotics and intestinal 
infections, lactose intolerance, probiotics regulatory issues; Symbiotics, traditional 
probiotic products, probiotics-industrial perspective, contradictions, precautions and 
adverse reactions; Effect of feed additives like antibiotics, methane inhibitors, genetic 
manipulation of rumen micro flora to improve feed utilization, single cell protein as 
animal feed. Health hazards due to residual pesticides in feeds.

Practicals:
1.    Isolation of rumen microflora and their characterization by molecular tools
2.    Isolation of microbes from fermented foods and molecular characterization
3.    Study of antioxidant properties of different foods and food additives.

Recommended Textbooks and References:
1.    Ana Paula do Carmo and Koen Venema Eds. (2015). Probiotics and Prebiotics: 
        Current Research and Future Trends, Caister Academic Press.
2.    Asa Ljungh and T. Wadstrom, Eds.  (2009). Lactobacillus Molecular Biology: from 

(Group C)
Prebiotics, 
Probiotics
and Feed 
Biotechnology 

Course Objectives
This course will give a brief understanding 
of various methods and applications 
involved in processing of prebiotics, 
probiotics and feed. It will also give a 
general outline of various safety norms 
that should be taken care of.

Credits

2

Unit I
Introduction 
to prebiotics, 
probiotics and
feed biotechnology     
3 lectures

Unit II
Methods 
in prebiotics, 
probiotics and feed 
biotechnology      
5 lectures

Unit III
Feed processing 
and technology    
3 lectures

Unit IV
Applications and 
safety concerns  
3 lectures

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Have basic understanding of the 
       biotechnology involved in prebiotics, 
       probiotics and feed;
•    Apply this knowledge for 
       future research.

35



(Group C)
Environmental 
Biotechnology

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

2

Unit I
Introduction   
5 lectures

Unit II
Bioremediation 
8 lectures

Unit III
Waste water 
treatment
8 lectures

Unit IV
Air pollution control
4 lectures

Student Learning Outcomes 
On completion of this course, students 
should be able to use basic microbiological, 
molecular and analytical methods in 
environmental biotechnology.

       Genomics to Probiotics, Caister Academic Press.
3.    Gerald W. Tannock, Caister, (2005). Probiotics and Prebiotics: Scientific Aspects 
       Ed. Academic Press.
4.    Huffnagle GB and Wernick S (2007). The Probiotics Revolution: the Definitive 
       Guide to Safe, Natural Health, Bantam Books. 
5.    Kalidas S, Paliyath G, Pometto A and Levin RE. (2004). Functional Foods and 
        Biotechnology, CRC Press. 
6.    Perdigon G and Fuller R. (2000). Probiotics: Immunomodulation by the Gut 
       Microflora and Probiotics, Springer. 

Concept of ecosystems and ecosystem management, Response of microbes, plant and 
animals to environmental stresses; Environmental problems - ozone depletion, pesticides, 
green house effect, water, air and soil pollution, radioactive pollution, land degradation.

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 metals; microbiology of degradation of xenobiotics.

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 of waste water from dairy, distillery, tannery, 
sugar and antibiotic industries.

Biofuels and biological control of air pollution, plant-derived fuels, biogas, landfill 
gas, bioethanol, biohydrogen; use of biological techniques in controlling air pollution; 
Removal of chlorinated hydrocarbons from air. 

Recommended Textbooks and References:
1.    P Nicholas Cheremisinoff. (2001), Biotechnology for Wastewater Treatment. Prentice 
        Hall of India. 
2.    SA Abbasi and E Ramaswami, (1999). Biotechnological Methods of Pollution 
        Control. Universities Press
3.    Hans-Joachin Jordening and Josef Winter, (2005). Environmental Biotechnology, 
        Concepts and Applications. Winter-VCH. 
4.    EP Odum and GW Barrett, (2005), Fundamentals of Ecology (5th Edition) Thomson 
        Books/Cole.
5.    Milton Wain Wright, (1999). An Introduction to Environmental Biotechnology, 
        Kluwer Acad Publ. Group, Springer.
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College of Veterinary Science
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borahp@rediffmail.com

2. G.B. Pant University of Agriculture 
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Deptt. of Biochemistry, Molecular Biology 
& Genetic Engineering
05944- 233898
09411195450
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Hisar

Prof. Trilok Nanda
Deptt. of Animal Biotechnology
01662-256130
nandatrilok1@gmail.com
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Chairperson
1.     Dr. Probodh Borah, Professor and Head of Department, Department of Animal 
         Biotechnology, Assam Agricultural University, Guwahati
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2.     Dr. Satish Kumar, Scientist and Group Leader, Centre for Cellular and Molecular 
         Biology, Hyderabad
3.     Dr. Riaz Shah, Professor and Head, Division of Biotechnology, Sher-e-Kashmir 
         University, Srinagar
4.     Dr. Minakshi Prasad, Sr. Scientist and Head, Department of Animal Biotechnology, 
         Lala Lajpat Rai University, Hisar
5.     Dr. Ramneek Verma, Professor and Director, School of Animal Biotechnology, 
         Guru Angad Dev University, Ludhiana

Member Secretary
6.     Ms. Shreya Malik, Deputy Manager, Biotech Consortium India Limited, New Delhi

Subject Specific 
Subcommittee 
of M.V.Sc.  Animal
Biotechnology
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