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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

MESSAGE

The two-pronged objective of this course comprises of giving students a thorough 
understanding of basic science behind the salient biological processes related to 
environmental degradation and protection as well as familiarize them with the 
possible applications leading to biotechnology for protection of environment.  This 
revised syllabus carefully combines fundamental theory and practical aspects.  The 
syllabus provides an overview of the different biological processes so as to equip 
students with an integrated approach to the so-called environmental pollution and 
remediation.  This curriculum hopes to focus the ecosystem services in a rather 
fundamental manner from both the perspectives of science and technology.  Effort 
has been made to impart a working knowledge to support various industries 
which are involved in application, implementation or even in development of 
biotechnological processes for environmental assessment and protection.  I take this 
opportunity to thank the entire Committee for offering the “expert opinion” as well 
as for providing the valuable inputs and timely help.  The overall management and 
facilitation of various tasks was diligently provided by Biotech Consortium India 
Limited and the Committee is appreciative of their efforts.  

Professor Shyam R. Asolekar
Centre for Environmental Science and Engineering
Indian Institute of Technology Bombay

Professor Shyam R. Asolekar
Centre for Environmental Science and Engineering
Indian Institute of Technology Bombay
Powai, Mumbai 400 076
+91 22 2576 7867 (Office)
asolekar@gmail.com



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.Sc. Environmental 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 M.Sc. 
Environmental Biotechnology is given at Annexure-1.

The salient recommendations identified from stakeholder survey were presented to 
the Committee. Several brainstorming discussion sessions were held for achieving the 
desired balance between the foundation courses, recent developments in biotechnology 
and updation needs identified during the stakeholder survey. Core Committee finalized 
broad contours for revising all the course curricula.  The guidelines set by the Core 
Committee were taken up by the subject specific subcommittee of M.Sc. Environmental 
Biotechnology for updating the curriculum. The subject specific subcommittee 
incorporated latest advancements in areas of Environmental 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. Specialized areas such as Environment Engineering, Environment 
Risk Assessment, Ecotoxicology, Treatment Technologies for Water, Wastewater and 
Solid and Hazardous Wastes and Environment Policy and Legislation have been included 
to bridge the gap between environmental sciences and biotechnology. With importance 
of students being able to execute research projects independently, separate credits have 
been allotted for proposal preparation and presentation before initiating dissertation and 
also credits for dissertation have been increased accordingly. 

We hope that model course curriculum shall serve as guidelines for academicians and 
researchers from different parts of the country for adoption in their institutions with 
modifications as per availability of expertise, infrastructure and specific needs.

We wish to put on record our sincere appreciation for constant guidance and 
encouragement received from Dr. K. VijayRaghavan, Secretary, DBT for bringing out 
this publication. We wish to acknowledge whole-hearted support of Core Committee 
and subject specific subcommittees members. Sincere thanks are due to Dr. Manoj Singh 
Rohilla, Scientist- D, DBT, Ms. Shweta for creative design, Mrs. Rita Bhatla, DBT and 
Shri. Dilip Joy, BCIL.
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M.Sc. Environmental Biotechnology

Recommended Electives: 
1. Molecular Diagnostics | 2. Nanobiotechnology | 3. Omics Technologies | 4. Plant Assisted Eco-Rejuvenation 

S.No. Title  Credits
SEMESTER ONE

1 Microbial Biochemistry 3
2 Environmental and Analytical Chemistry 3
3 Cell and Molecular Biology 3
4 Genetic Engineering 3
5 Ecology and Biodiversity 2

6 Biostatistics 2
7 Laboratory I: Microbial Biochemistry and Analytical Techniques 4
8 Laboratory II: Molecular Biology and Genetic Engineering 4
9 Seminar/Journal Club/Assignment 1

                                                                                                                            TOTAL 24

SEMESTER TWO
1 Environmental Engineering 3
2 Environmental Monitoring, Risk and Assessment 3
3 Ecotoxicology and Immunology 3
4 Environmental Policy and Legislation 2
5 Plant Biotechnology 2
6 Bioinformatics 2
7 Laboratory IV: Ecotoxicology and Immunology 4
8 Laboratory V: Bioinformatics and Biostatistics 2
9 Laboratory VI: Plant Biotechnology 2

10 Seminar/Journal Club/Assignment 1
                                                                                                                           TOTAL 24

SEMESTER THREE
1 Water and Wastewater Treatment Technologies 3
2 Treatment Technologies for Solid and Hazardous Wastes 3
3 Health, Safety and  Environmental Management 2
4 Intellectual Property Rights, Biosafety and Bioethics 2
5 Bioentrepreneurship 2
6 Field Studies I: Monitoring of Environmental Parameters 3
7 Field Studies II: Bioremediation and Evaluation of  Sewage/

Wastewater Treatment Plant 
3

8 Project Proposal Preparation and Presentation 2
9 Dissertation 4

                                                                                                                           TOTAL 24

SEMESTER FOUR
1 Dissertation 20
2 Elective 2

                                                                                                                            TOTAL 22

TOTAL CREDITS 94
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Semester One

Microbial 
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 
in microorganisms. The course shall make 
students aware about various microbial 
interactions within context of each topic.

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

3

Types of microorganisms; Classical and modern concepts and methods to study 
microbial diversity; Domain and Kingdom concepts in classification of microorganisms, 
classification of bacteria according to Bergey’s Manual, Molecular methods such 
DGGE, TGGE, ADRA, T-RFLP in assessing microbial diversity, 16S rDNA sequencing 
and Ribosomal database; Metagenomics and Genome sequencing –methods and its 
importance in biotechnology.  

Microbial growth: Ultrastructure of Archaea (Methanococcus), Eubacteria (Escherichia 
coli), unicellular eukaryotes (yeast), and viruses. Microbial growth requirements 
(nutrients, oxygen, temperature, pH, growth factors, etc.), Bacterial groups according 
to growth requirements; Microbial growth:  batch, fed batch, continuous, synchronous, 
growth kinetics, yield constants, methods of growth estimation. Microbial physiology: 
Physiological adoption, Life style of prokaryotes, unicellular eukaryotes and 
extremophiles with suitable example from each group.  

Microbes infecting humans and  animals; host-pathogen interaction; antimicrobial 
compounds and their uses in control of microbial  infections; Vaccines and their 
importance; Plant –Microbe Interaction –rhizosphere, rhizoplane, mycorrhiza, symbiotic 
and asymbiotic nitrogen fixation,  biofertilizers and biopesticides, bioinsecticides, etc.

Miller-Urey experiment, abiotic formation of amino acid oligomers, composition of 
living matter; Water – properties of water, essential role of water for life on earth pH, 
buffer, maintenance of blood pH and pH of gastric juice, pH optima of different enzymes 
(pepsin, trypsin and alkaline phosphatase), ionization and hydrophobicity, emergent 
properties of biomolecules in water, biomolecular hierarchy, macromolecules, molecular 
assemblies; amino acids and protein– structure and functional group properties, peptides 
and covalent structure of proteins, elucidation of primary and higher order structures.

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, enzyme immobilization and
its applications.

Bioenergetics-basic principles; equilibria and concept of free energy; coupled 
interconnecting reactions in metabolism; oxidation of carbon fuels; recurring motifs in 
metabolism; Introduction to GPCR, Inositol/DAG//PKC and Ca++ signaling pathways; 

Unit I 
Microbial diversity 
and systematics
6 lectures

Unit II 
Microbial growth 
and physiology
6 lectures

Unit III 
Microbial interactions 
and infections
6 lectures

Unit IV 
Chemical basis of life
7 lectures

Unit V 
Enzyme catalysis 
and technology
7 lectures

Unit VI 
Bioenergetics
8 lectures
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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; Photosynthesis – chloroplasts and two 
photosystems; proton gradient across thylakoid membrane; Calvin cycle and 
pentose phosphate pathway.

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. 

Environ-
mental and 
Analytical 
Chemistry
Credits

Course Objectives
The aim of course is to provide 
students with basic knowledge of 
common analytical techniques for 
analysis of inorganic ions, natural 
substances, metabolites and toxicants in 
environmental matrices.

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Identify structure from environmental 
       point of view of relevant organic 
       compounds;
•    Account for most common reactions 
       of functional groups;
•    Relate structure of an organic 
       compound to physical properties 
       such as boiling point, solubility 
       and viscosity;
•    Discuss problems around most 
       common types of organic pollutants;
•    Identify and describe steps that are        
       included in a complete analysis as 
       sampling, sample preparation, 
       separation, detection and data 
        evaluation;
•    Account for common sampling 
       techniques for inorganic and organic 
       compounds in soil, water and air.

3

Unit I 
Concept and scope 
of environmental 
chemistry 
7 lectures

Segments of environment; Principles and cyclic pathways in environment; Chemistry 
of air, water, soil and waste water; Chemical composition of air and air pollutants, 
sources, sinks, classification and effects of air pollutants on living and non-living things; 
Chemistry of water: unusual physical properties of water, hydrogen bonding in biological 
systems, unusual solvent properties, changes in water properties by addition of solute, 
pH and buffer, water and water quality parameters, industrial water pollution; Chemistry 
of soil: formation, constituents and properties of soils, composition of types of soil, 
chemical factors affecting the soil quality, adsorption of contaminants in soil; Industrial 
waste; urban waste, chemical and metallic pollutants, radioactive waste, trace heavy 
metals, pesticides, fertilizers, effect of modern agro-technology on quality of soil, process 
of waste water, origin and effect of waste water on aquatic environment.
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Organic chemicals in environment; Aliphatic/aromatic hydrocarbons (hydrocarbon 
decay, environmental effects); Soaps, surfactants (cationic, anionic and non-ionic 
detergents, modified detergents); Pesticides (classification, degradation, analysis, 
pollution due to pesticides); Polymers (microbial decomposition, polymer decay), drugs, 
dyes, oils, grease; Inorganic chemicals in environment; Inorganic gaseous pollutants; 
Particulate matter; Trace level toxic metals; Inorganic pesticides & fertilizers, acids, 
alkalis, salts, complexes.

Sampling of air and water pollutants; Monitoring techniques and methodology, pH, 
Dissolved Oxygen (DO); Chemical Oxygen Demand (COD); Biological Oxygen Demand 
(BOD); TS, TDS, VS, TVS, VSS, MLSS, MLVSS, ASH; Speculation of metals, monitoring 
& analysis of CO, NO2, CO2, SO2; Pesticide residue; Phenols and petrochemicals.

Introduction to hazardous waste; Degradation products of trade waste; Degradation 
of agro based chemicals; Solid waste management and environment; Destruction of 
hazardous substances: acid halides and anhydrides, alkali metals, cyanides and cyanogens 
bromides, chromium, aflatoxins and halogenated compounds; Toxic chemicals in 
environment, Atmospheric toxicants; Toxic heavy metals; Radionuclides; Pesticides and 
pesticide residues; Solvents and other organic chemicals; Petroleum and other related 
compounds; Carcinogens; Assessment of toxicity; Assessment of environmental risks; 
Chemistry of toxic chemicals and hazardous substances in environment.

UV, Visible and Raman Spectroscopy; Theory and application of Circular Dichroism; 
Fluorescence; MS, NMR, PMR, ESR and Plasma Emission spectroscopy.

Chromatography techniques: TLC and paper chromatography; Chromatographic 
methods for macromolecule separation - Gel permeation, Ion exchange, Hydrophobic, 
Reverse-phase and Affinity chromatography; HPLC and FPLC; Criteria of protein 
purity, Instruments used in chemical analysis of environmental samples, Introduction 
to separation techniques; Neutron activation analysis; Atomic Absorption 
Spectroscopy (AAS); Emission flame photometry; Inductively couple plasma emission 
spectroscopy; X-ray; Fluorescence; Non-dispersive IR Spectroscopy (NDIR); UV-
Visible spectrophotometer; High performance liquid chromatography (HPLC); Gas 
chromatography (GC); Electro analytical methods; NMR and Mass Spectroscopy; 
Electrophoretic techniques: Theory and application of Polyacrylamide and Agarose gel 
electrophoresis; Capillary electrophoresis; 2D Electrophoresis; Disc gel electrophoresis; 
Gradient electrophoresis; Pulsed field gel electrophoresis.

Basic principles; Mathematics & theory (RCF, Sedimentation coefficient etc.); 
Types of centrifuge - Microcentrifuge, High speed & Ultracentrifuges; Preparative 
centrifugation; Differential & density gradient centrifugation; Applications (Isolation 
of cell components); Analytical centrifugation; Determination of molecular weight by 
sedimentation velocity & sedimentation equilibrium methods.

Recommended Textbooks and References: 
1.    Kenneth Wark, Cecil F. Warner, Wayne T. Davis, (1997), Air Pollution Origin and its 
        Control Work, 3rd Edition, Prentice Hall.
2.    B. K. Sharma (2014), Environmental Chemistry. Krishan Prakashan 
3.    Mahajan, S.P. (2012), Pollution Control in Process Industries (27th Edition), 
        Tata McGraw-Hill.

Unit II 
Chemistry of organic 
and inorganic chemi-
cals in environment  
6 lectures

Unit III 
Environmental 
monitoring and 
sample analysis  
5 lectures

Unit IV 
Chemistry of degraded 
hazardous substances 
6 lectures

Unit V 
Spectroscopy 
techniques  
5 lectures

Unit VI 
Chromatography 
and electrophoretic 
techniques
7 lectures

Unit VII 
Centrifugation 
5 lectures
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4.    Y. Mido & M. Satake, (2011), Chemicals in the Environment, Discovery 
        Publishing House.
5.    C.S. Rao, (2006), Pollution Control Engineering (2nd Edition), John Wiley & Sons Inc.
6.    S. M. Khopkar, (2015), Environmental Pollution Analysis (2nd Edition), 
        Wiley Eastern.
7.    M Arora, (2001), Environmental Management of Toxic and Hazardous Chemicals. 
        Delhi.fvy Pub House.
8.    D.S. Ramtake and C. A. Moghe, (1988), Manual on Water and Waste Water Analysis, 
        NEERI, Nagpur.
9.    O. D. Tyagi and M. Mehra, (2006), Text book of Environmental Chemistry, 
        Anmol Publications Pvt. Ltd.
10.  Freifelder D., (1982), Physical Biochemistry, Application to Biochemistry and 
         Molecular Biology, (2nd Edition), W.H. Freeman & Company, San Fransisco.
11.  Keith Wilson and John Walker, (2000), Principles and Techniques of Practical 
        Biochemistry, 5th Edition, Cambridge University Press.
12.  D. Holme & H. Peck, Analytical Biochemistry, 3rd Edition, Longman, 1998.
13.  R. Scopes, (1994) Protein Purification - Principles & Practices, 3rd Edition, 
        Springer Verlag.
14.  Selected readings from Methods in Enzymology, Academic Press.
15.  Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: A Practitioner’s 
        Approach, McGraw Hill Education (India) Pvt. Ltd., New Delhi.  
16.  Arceivala, S. J. & Asolekar, S. R. (2015). Wastewater Treatment for Pollution Control 
        and Reuse (3rd Edition), McGraw Hill Education India Pvt. Ltd., New Delhi.

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

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 

Unit I 
Dynamic 
organization of cell 
6 lectures

Unit II 
Chromatin structure 
and dynamics
12 lectures
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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. 

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

3

Unit III 
Cellular signalling, 
transport and 
trafficking
3 lectures

codons, Wobble hypothesis; Iso-accepting tRNA; mechanism of initiation, elongation and 
termination; co- and post-translational modifications, mitochondrial genetic code.

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. 
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. 

Unit IV 
Cellular processes
8 lectures

Unit V 
Manipulating and 
studying cells 
3 lectures

Unit VI 
Genome 
instability and 
cell transformation
8 lectures
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Unit I 
Introduction and 
tools for genetic 
engineering 
6 lectures

Unit II
Different types 
of vectors 
7 lectures

Unit III
Different types of 
PCR techniques 
7 lectures

Unit IV
cDNA analysis
7 lectures

Unit V
Gene silencing 
and genome editing 
technologies
13 lectures

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

Plasmids; Bacteriophages; M13 mp vectors; PUC19 and Bluescript vectors, phagemids; 
Lambda vectors; Insertion and Replacement vectors; Cosmids; Artificial chromosome 
vectors (YACs; BACs); Principles for maximizing gene expression: expression vectors, 
pMal, GST, pET-based vectors; Protein purification: His-tagged/GST-tagged/MBP-tagged 
proteins etc.; Intein-based vectors; Inclusion bodies; methodologies to reduce formation 
of inclusion bodies; mammalian expression and replicating vectors; Baculovirus and 
Pichia vectors system, plant based vectors, Ti and Ri plasmids as vectors, yeast vectors, 
shuttle vectors.

Principles of PCR: primer design; fidelity of thermostable enzymes; DNA polymerases; 
types of PCR – multiplex, nested; reverse-transcription PCR, real time PCR, touchdown 
PCR, hot start PCR, colony PCR, asymmetric PCR, cloning of PCR products; TA 
cloning vectors; proof reading enzymes; PCR based site specific mutagenesis; PCR in 
molecular diagnostics; viral and bacterial detection; sequencing methods; enzymatic 
DNA sequencing; chemical sequencing of DNA; automated DNA sequencing; RNA 
sequencing; chemical synthesis of oligonucleotides; mutation detection: SSCP, 
DGGE, RFLP.

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; DNaseI footprinting; methyl interference assay, chromatin 
immunoprecipitation; protein-protein interactions using yeast two-hybrid system; 
phage display.

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

Recommended Textbooks and References: 
1.    Brown, T. A. (2006). Genomes (3rd ed.). New York: Garland Science Pub
2.    S. Primrose, R. Twyman, B. Old, and G. Bertola (2006), Principles of Gene 
        Manipulation and Genomics, Blackwell Publishing Limited; 7th Edition 
3.    Green, M. R., & Sambrook, J. (2012). Molecular Cloning: a Laboratory Manual. Cold 
        Spring Harbor, NY: Cold Spring Harbor Laboratory Press.
4.    Selected papers from Sientific Journals, particularly Nature & Science.
5.    Technical Literature from Stratagene, Promega, Novagen, New England Biolab etc.
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Unit I 
Ecological principles
6 lectures

Unit II 
Types of ecosystems 
4 lectures

Unit III 
Dynamics of 
ecosystems  
6 lectures

Unit IV 
Biodiversity 
7 lectures

Basic ecological concepts and principles, our environment: geological consideration; 
Atmosphere, hydrosphere, lithosphere; Scope of ecology; Development and evolution 
of ecosystem; Principles and concepts of ecosystem; Structure of ecosystem; Strata of 
an ecosystem; Types of ecosystem; Cybernetics and homeostasis; Biological control of 
chemical environment; Energy transfer in an ecosystem; Food chain, food web; Energy 
budget; Production and decomposition in a system; Ecological efficiencies; Trophic 
structure and energy pyramids; Ecological energetics; Principles pertaining to limiting 
factors; Biogeochemical cycles (N, C, P cycles).

Habitat approach, freshwater ecology; Marine ecology; Estuarine ecosystem, terrestrial 
ecosystem; Natural resources and their conservation.

Biotope-Biocenose interactions (Climate and plants, Soil and living things); Interactions 
among organisms (Types of interactions, Consequences for population dynamics, Man 
in Biocenoses); Man and Ecosystems (Managing land, resources, waste; Global impact of 
human activities; Man as a partner in the Ecosystem).

Biodiversity definition; Historical and geographical causes for diversity; Types of 
diversity; Genetic diversity; Species diversity, ecosystem diversity; Quantifying 
biodiversity; Molecular taxonomy; Maintenance of ecological biodiversity; Biodiversity 
and centers of origins of animals; Biodiversity hot spots in India; Collection and 
conservation of biodiversity; Conservation of animal genetic resources; Methods of 
biodiversity conservation; Gene banks; Cryopreservation; Assessing, analyzing and 
documenting biodiversity; Morphological and molecular characterization of 
biodiversity; Vulnerability and extinction of biodiversity; Introduction to biodiversity 
database: endangered animals, endemism and Red data book; Global biodiversity 
information system.

Recommended Textbooks and References: 
1.    Odum E.P., 2004, Fundamentals of Ecology (5th Edition), Brooks/Cole.
2.    Amann, R.I. Stromley, J. Stahl: Applied and Environmental Microbiology.
3.    M. Dash, S. Dash, (2009), Concepts of Ecology (3rd Edition), McGraw 
        Hill Education.
4.    Varma P.S.; Agarwal V.K. (2000), Environmental Biology (4th Edition), 
        S Chand & Company
5.    B. K. Sharma (2014), Environmental Chemistry, Krishan Prakashan
6.    Peavy H.S. and Rowe D.R. (2013), Environmental Engineering (1st Edition), 
        McGraw Hill Education.

Ecology and 
Biodiversity
Credits

Course Objectives
The objective of this course is to teach 
students:
•    How organisms interact with each 
       other and their environment;
•    How species are distributed 
       throughout the world;
•    Key threats and approaches to 
       conserving biodiversity.

Student Learning Outcomes 
On completion of this course, 
students should be able to:
•    Understand and appreciate major 
       living and non-living components of 
       regional and global environment, 
       and how they interact; identify threats 
       to them; and know how these threats 
       can be mitigated;
•    Understand and appreciate variety of 
       life in India’s natural habitats, and 
       become equipped to study, manage 
       and protect the diversity.

2
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7.    Asthana D.K.; Asthana M, (2002), Environment Problems and Solutions 
        (2nd Edition), S. Chand & Company.
8.    Mahahan S.E (2009), Environmental Chemistry, (9th Edition); CRC Press
9.    Saigo B.W., Canningham W.P., (1995), Environmental Science: A Global Concern 
        (3rd Edition); William C Brown.
10. Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: A Practitioner’s 
       Approach, McGraw Hill Education (India) Pvt. Ltd., New Delhi.  

Types of biological data (ordinal scale, nominal scale, continuous and discrete logical 
systems data), frequency distribution and graphical representations (bar graph, 
histogram, box plot and frequency polygon), cumulative frequency distribution, 
populations, samples, simple random, stratified and systematic sampling.  
     
Measures of Location, Properties of Arithmetic Mean, median, mode, range, Properties 
of the Variance and Standard Deviation, Coefficient of Variation, Grouped Data, Graphic 
Methods, Obtaining Descriptive Statistics on the Computer, Case study.           

                                          
Introduction to probability and laws of probability, Random Events, Events-exhaustive, 
Mutually exclusive and equally likely (with simple exercises), Definition and properties 
of binomial distribution, Poisson distribution and normal distribution.   
        

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

                                                                           
Making assumption, Null and alternate hypothesis, error in hypothesis testing, 
confidence interval, one-tailed and two-tailed testing, decision making. 

Steps in testing statistical significance, selection and computation of test of significance 
and interpretation of results; Sampling distribution of mean and standard error, Large 
sample tests (test for an assumed mean and equality of two population means with 
known S.D.), z-test; Small sample tests (t-test for an assumed mean and equality of 
means of two populations when sample observations are independent); Parametric 
and Non parametric tests (Mann-Whitney test); paired and unpaired t-test, 
chi square test.    

3

Biostatistics
Credits

Course Objectives
The objective of this course is to introduce 
to statistical methods and to understand 
the underlying principles, as well as 
practical guidelines of “how to do it” 
and “how to interpret it” statistical data 
particularly for bio systems.

Student Learning Outcomes 
On completion of this course, 
students should be able to:
•    Understand how to summarise 
       statistical data;
•    Apply appropriate statistical tests 
       based on an understanding of study 
       question, type of study and type 
       of data;
•    Interpret results of statistical tests and        
       application in biological systems.

Unit I
Introduction
5 lectures

Unit II
Descriptive statistics  
5 lectures

Unit III
Probability 
and distribution 
4 lectures

Unit IV
Correlation and 
regression analysis
6 lectures

Unit V
Statistical hypothesis 
testing
4 lectures

Unit VI
Tests of significance 
8 lectures
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Unit VII
Experimental designs
8 lectures

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

Recommended Textbooks and References: 
1.    Jaype Brothers, (2011), Methods in Biostatistics for Medical Students and Research     
        Workers (English), 7th Edition 
2.    Norman T.J. Bailey, (1995), Statistical Methods in Biology, 3rd Edition, Cambridge 
        University Press.
3.    P. N. Arora and P. K. Malhan, (2006), Biostatistics, 2nd Edition, Himalaya 
        Publishing House.
4.    Jerold Zar, Biostatistical Analysis, 4th Edition. Pearson Education.
5.    Biostatistics: A Foundation for Analysis in the Health Sciences, 7th Edition, Wiley.
6.    ML Samuels, JA Witmer (2003) Statistics for the Life Sciences, 3rd edition. 
        Prentice Hall.

Laboratory 
I: Microbial 
Biochemistry 
and Analytical 
Techniques

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

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

Credits

4

Syllabus 1.     Preparing various stock solutions and working solutions that will be needed 
         for the course
2.     Sterilization, disinfection and safety in microbiological laboratory
3.     Preparation of media for cultivation of bacteria
4.     Isolation of bacteria in pure culture by streak plate method
5.     Study of colony and growth characteristics of some common bacteria: 
         Bacillus, E. coli, Staphylococcus, Streptococcus, etc.
6.     Preparation of bacterial smear and Gram’s staining.
7.     Enumeration of bacteria: standard plate count.
8.     Antimicrobial sensitivity test and demonstration of drug resistance
9.     Maintenance of stock cultures: slants, stabs and glycerol stock cultures
10.   Determination of phenol co-efficient of antimicrobial agents
11.   Determination of Minimum Inhibitory Concentration (MIC)
12.   Isolation and identification of bacteria from soil/water samples
13.   To prepare an Acetic-Na Acetate Buffer and validate the Henderson-
         Hasselbach equation
14.   To determine an unknown protein concentration by plotting a standard graph of 
         BSA using UV-Vis Spectrophotometer and validating the Beer- Lambert’s Law
15.   Titration of Amino Acids and separation of aliphatic, aromatic and polar amino 
         acids by thin layer chromatography
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16.   Purification and characterization of an enzyme from a recombinant source (such as 
         Alkaline Phosphatase or Lactate Dehydrogenase)
         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 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 purified protein solution against 60% glycerol as a demonstration 
                  of storage method
17.   Experimental verification that absorption at OD260 is more for denatured DNA 
         as compared to native double stranded DNA.
18.   Identification of an unknown sample as DNA, RNA or protein using available 
         laboratory tools
19.   (Optional Experiments)
20.   Biophysical methods (Circular Dichroism Spectroscopy, Fluorescence 
         Spectroscopy)
21.   Determination of mass of small molecules and fragmentation patterns by 
         Mass Spectrometry.

Recommended Textbooks and References: 
1.    Cappuccino, J. G., & Welsh, C. (2016). Microbiology: a Laboratory Manual. 
        Benjamin-Cummings Publishing Company. 
2.    Collins, C. H., Lyne, P. M., Grange, J. M., & Falkinham III, J. (2004). Collins and 
        Lyne’s Microbiological Methods (8th ed.). Arnolds. 
3.    Tille, P. M., & Forbes, B. A., Bailey & Scott’s Diagnostic Microbiology.

Laboratory II: 
Molecular 
Biology and 
Genetic 
Engineering 

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

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

Credits

4

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
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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 and analysis by agarose gel electrophoresis
9.     Vector and Insert Ligation
10.   Preparation of competent cells
11.   Transformation of E.coli with standard plasmids, Calculation of 
          transformation efficiency
12.   Confirmation of the insert by Colony PCR and Restriction mapping
13.   Expression of recombinant protein, concept of soluble proteins and inclusion 
          body formation in E.coli,  SDS-PAGE analysis
14.   Purification of His-Tagged protein on Ni-NTA columns
         a)     Random Primer labeling 
         b)     Southern hybridization.

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

Wastewater – collection, characteristics, treatment methods for domestic and industrial 
wastewater, disposal and management; sanitation; environmental impact assessment; 
thermal and marine pollution; common effluent treatment plants, pollution control.  

Microbial growth rates; substrate specificities; biochemical interactions; treatment 
kinetics; food/microorganism ratio; oxygen and nutrient requirements; theory of 
aeration; oxygen transfer; types of aerators; substrate removal efficiency; removal of 
nitrogen and phosphorus; treatment methods including activated sludge, extended 
aeration, sequencing batch reactors, trickling filters, rotating bio-disc systems, 
nitrification-denitrification systems.  

General perspective – substrate specificities, biochemical interactions, environmental 
factors;  Anaerobic process design parameters - volumetric organic loading rate, 
hydraulic and solid retention time, temperature, waste characters; Anaerobic reactor 
configuration- suspended growth anaerobic reactors ( conventional, anaerobic contact, 
covered anaerobic lagoons), fixed film anaerobic reactors ( fixed bed, fluidized bed, 
hybrid) upflow anaerobic sludge blanket; typical arrangements, design approach, design 
parameters, nutrient removal, gas recovery, post-treatment methods; Sludge treatment 

3

Environmental 
Engineering 
Credits

Course Objectives
The objective of this course is to build 
a solid foundation in mathematics and 
sciences along with technical skills needed 
to analyse and design environmental 
engineering systems.

Student Learning Outcomes 
On completion of this course, students 
should know how to stay updated in 
environmental science and technologies 
by applying information resources and 
industrial contacts.

Unit I
Introduction to 
environmental 
engineering
8 lectures

Unit II
Principles of aerobic 
treatment processes
8 lectures

Unit III
Principles of anaerobic 
and advanced 
treatment processes
10 lectures
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-sludge thickeners; sludge drying beds; biotreatment; Composting of biodegradable 
MSW; vermicomposting; biomethanation; mechanical composting of MSW; Filtration; 
removal of oil and grease; flotation technology; softening; activated carbon adsorption; 
Ion exchange; advanced oxidation processes; disinfection; membrane processes.

Mechanically aerated lagoons - types, design of facultative, aerobic flow-through, dual-
powered and extended aeration lagoons; algal ponds – types, typical flow sheets, algal 
growth dynamics, nitrogen and phosphorus removal, advanced integrated pond system; 
Hyacinth ponds; duckweed ponds; sewage-fed fish ponds; natural wetlands; constructed 
wetlands (reed beds), design and aspects of municipal and industrial wastewater 
irrigation system.  

Recommended Textbooks and References: 
1.    Arceivala, S. J. & Asolekar, S. R. (2015). Wastewater Treatment for Pollution Control 
        and Reuse (3rd Edition, 11th Reprint), McGraw Hill Education India Pvt. Ltd., 
        New Delhi. (Chapters 1, 2, 4 to 13)
2.    Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: a Practitioner’s 
        Approach, McGraw Hill Education (India) Pvt. Ltd., New Delhi. (Chapter 7) 
3.    Malina, J. F. and Pohland, F. K.(Eds)  (1992) Design of Anaerobic Processes for the 
        Treatment of Industrial and Municipal Wastes.  Technomic Publishing 
        Company, USA.
4.    A. D. Patwardhan (2010). Industrial Wastewater Treatment, PHI Learning Pvt Ltd, 
        New Delhi, 2010.  
5.    A. D. Patwardhan (2013). Industrial Solid Wastes, TERI, New Delhi, 2013.
6.    Tchobanoglous G. and F. L. Burton. (1991). Wastewater Engineering, Treatment, 
        Disposal and Reuse. 3rd Ed., Metcalf and Eddy (Eds). Tata McGraw Hill 
        Publishing Co. Ltd. New  Delhi
7.    Metcalf and Eddy (Eds). Disposal and Reuse. 3rd Ed., Tata McGraw Hill 
        Publishing Co. Ltd. New Delhi
8.    Christopher Forster, (2003), Wastewater Treatment and Technology. Thomas 
        Telford Publishing, London, UK. 

Unit IV
Principles of natural 
treatment processes
8 lectures

Concept of environmental pollution: Baseline data for basic resources (air, water and 
soil); Origin of pollution; Source apportionment and receptor of pollution; Classification 
and nature of Pollutants (natural disaster and anthropogenic activities); Greenhouse 
gases and global warming; Impacts of environmental pollution at local, regional and 

3

Environmental 
Monitoring, 
Risk and 
Assessment  
Credits

Course Objectives
The objectives of this course are to present 
general procedures, methods, theories 
and some techniques in monitoring 
programmes for different environments. 
Students will learn basic environment 
assessment procedures.

Student Learning Outcomes 
On completion of this course, 
students should be able to:
•    Understand basic principles of 
       environmental monitoring;
•    Identify the pros and cons of 
       various approaches to monitoring 
       environment;
•    Be aware of common bio-indicators 
       and how they are used;
•    Understand concepts in effective study 
       design and apply them to a monitoring 
       question of concern;
•    Improve ethical conduct whilst 
       undertaking field research.

Unit I
Environmental 
pollution
6 lectures
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global level; Bioindicator, keystone species, endangered species, behavioural stress 
responses, Life-history and higher level responses; Air pollution: Concept of air 
pollution; Major air pollutants and their sources; Suspended particulate matter (different 
sizes, their relevance to human health and equipment use for monitoring); Biomass 
burning, Formation of fog and photochemical smog, Meteorological aspects of air 
pollution; exhaust gases, (Oxides of nitrogen and sulphur);  Air pollution standards; 
Indoor and outdoor air pollution; Vehicular air pollution; Air pollution episodes 
and disasters; Effects of air pollution on human health, animals, plants, material and 
climate; acid rain; Monitoring of air pollution; Control on release of smoke; Gaseous 
contaminants and odour; VOC monitoring; Control equipment for air pollution.

Sources of noise; measurement of noise; religious festivals and noise; standards of 
noise; effects of noise on plants, animals and human beings; Control of noise at source; 
Industrial noise control; Prevention of public noise; Community noise control; Radiation 
pollution: Electromagnetic waves monitoring and hazards; Types and possible hazards of 
radioactive substances; Measurement of radiation intensity; Effects of radioactive waste 
pollution on environment and impact of radiation on life; Monitoring and control of 
radiation pollution.

Importance of soil; major soil types; physicochemical characterization of soil, causes of 
soil salinity; methods for soil remediation, microbial assisted phytoremediation; Different 
causes of agricultural soil degradation and pollution; Mining and soil pollution; Soil 
pollution and air quality; Control of soil pollution.

Principles of remote sensing, its applications in environmental monitoring; Concept of 
Remote sensing; EMR & its interaction with matter; Aerial Photography: Types, Camera, 
Elements of photo interpretation (Aerial Photography/image recognition); Sensors & 
platforms; IRS satellites & their sensors; Application of remote sensing in environmental 
studies; Concept of GIS; Types of geographical data; Data structure; Vector and Raster 
data: their advantages and disadvantages; Input, verification, storage and output of 
geographical data; Importance of Geographical Information System in environmental 
studies.

Environmental quality assessment and monitoring: Overview of environmental quality; 
Methods of assessment of environmental quality; Short term studies/surveys; Rapid 
assessment; Continuous short and long term monitoring; Cumulative Impact Assessment 
(CIA), Preparing Greenhouse Emission Assessment, Preparing Risk Assessments 
and Accident Analyses, Social Impact Assessment (SIA) and Environmental Justice; 
Environmental Impact Assessment (EIA): Need of EIA; Scope and objectives; Resource 
status and waste management; Types of environmental impacts; Steps involved in 
conducting the EIA Studies; Impact prediction and measurement; Environmental Impact 
Assessment techniques-Ad-hoc method, checklist method, overlay mapping method, 
network method, simulation and modelling technique, matrix method, and system 
diagram technique; Merits and Demerits of EIA studies.

Environmental law and civil liabilities; Legislation on Environmental Assessment; State 
and pollution control regulatory structure; Quality control and accreditation for EIA 
studies; Role of EIA in town/city planning.

Recommended Textbooks and References: 
1.    G. Bruce Wiersma (2004); Environmental Monitoring; by CRC Press  
2.    S. Glassstone, D. Van Nastrand, (2014), Source Book on Atomic Energy, 

Unit II
Noise pollution 
5 lectures

Unit III
Soil pollution
4 lectures

Unit IV
Remote sensing 
and geographical
information system 
(GIS)
6 lectures

Unit V
Environmental 
assessment
7 lectures

Unit VI
Policies and regulation
4 lectures
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        3rd Edition, Germany.
3.    M. Eisendbud, (1997), Environmental Radioactivity, (4th Edition), Academic Press
4.    E.D.Enger, B.E. Smith, (2008), Environmental Science- a Study of Inter Relationships,  
        (11th Edition), WCB Publication.
5.    Peter Wathern; (2013), Environmental Impact Assessment: Theory and Practice, 
        Taylor and Francis.
6.    Asolekar, S. R. & Gopichandran, R. (2005). Preventive Environmental Management 
       – an Indian Perspective, Foundation Books Pvt. Ltd., New Delhi (the Indian 
       associate of Cambridge University Press, UK).  
7    Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: A Practitioner’s 
       Approach, McGraw Hill Education (India) Pvt. Ltd., New Delhi.  
8.    Arceivala, S. J. & Asolekar, S. R. (2015). Wastewater Treatment for Pollution Control 
       and Reuse (3rd Edition), McGraw Hill Education India Pvt. Ltd., New Delhi.

Components of innate and acquired immunity; phagocytosis; complement and 
inflammatory responses; pathogen recognition receptors (PRR) and pathogen associated 
molecular pattern (PAMP); innate immune response; mucosal immunity; antigens - 
immunogens, haptens; Major Histocompatibility Complex - MHC genes, MHC and 
immune responsiveness and disease susceptibility.

Immunoglobulins - basic structure, classes & subclasses of immunoglobulins, antigenic 
determinants; multigene organization of immunoglobulin genes; B-cell receptor; 
Immunoglobulin superfamily; principles of cell signaling; basis of self & non-self 
discrimination; kinetics of immune response, memory; B cell maturation, activation 
and differentiation; generation of antibody diversity; T-cell maturation, activation and 
differentiation and T-cell receptors; functional T Cell subsets; cell-mediated immune 
responses, ADCC; cytokines-properties, receptors and therapeutic uses; antigen 
processing and presentation- endogenous antigens, exogenous antigens, non-peptide 
bacterial antigens and super-antigens; cell-cell co-operation, Hapten-carrier system.

Precipitation, agglutination and complement mediated immune reactions; advanced 
immunological techniques - RIA, ELISA, Western blotting, ELISPOT assay, 
immunofluorescence, flow cytometry and immunoelectron microscopy; surface plasmon 

3

Ecotoxicology 
and 
Immunology
Credits

Course Objectives
The objectives of this course are to make 
students learn about structural features of 
components of immune system as well as 
their function. Also, this course introduces 
scope, concepts, and methods of study of 
ecotoxicology.

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Describe basic mechanisms, 
       distinctions and functional interplay 
       of innate and adaptive immunity;
•    Define cellular/molecular pathways 
       of  humoral/cell-mediated 
       adaptive responses;
•    Define basic mechanisms that regulate 
       immune responses and maintain 
       tolerance;
•    Define critical terms and concepts in 
       ecotoxicology;
•    Describe and evaluate biological, 
       ecological and chemical factors 
       affecting toxicity testing.

Unit I
Immunology: 
fundamental concepts 
and anatomy of the 
immune system  
4 lectures

Unit II
Immune responses 
generated by B and 
T lymphocytes 
6 lectures

Unit III
Antigen-antibody 
interactions
6 lectures
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resonance, biosenor assays for assessing ligand –receptor interaction, CMI techniques- 
lymphoproliferation assay, mixed lymphocyte reaction.

Definition; classification of toxicants in environment; Basic principles of toxicology, 
Factors affecting toxicity; Mutagenesis; Teratogenesis; Carcinogens; Hallucinogens; 
Phytotoxins and animal toxins; Toxic response of different body system like respiratory, 
gastro-intestinal tract, liver, kidney, immune system and reproductive system; Toxicants 
types; Absorption and distribution of toxicants in animal body; Bio-transformation of 
toxicants; Antidotes treatment and detoxification of toxicants; Bio-accumulation; 
Toxicity evaluation using various tests for genomic (comet assay), plants (seed 
germination, growth of plemule and radical), aquatic animals (fish) and soil parameters 
for soil fertility.

Toxicology of gaseous pollutants; Toxic metals in environment; Toxicity of pesticides; 
solvents, ionizing radiations; Soil toxicology.

Recommended Textbooks and References: 
1.    Kindt, T. J., Goldsby, R. A., Osborne, B. A., & Kuby, J. (2006). Kuby Immunology. 
        New York: W.H. Freeman. 
2.    Brostoff, J., Seaddin, J. K., Male, D., & Roitt, I. M. (2002). Clinical Immunology. 
        London: Gower Medical Pub. 
3.    C.H. Walker, R.M. Sibly, S.P. Hopkin, D.B. Peakall, (2012), Principles of 
        Ecotoxicology (4th Edition); CRC Press.

Unit IV
Introduction to 
ecotoxicology 
7 lectures

Unit V
Effects of toxicity 
on environment
8 lectures

Definition of “environmental pollution”; case studies on local, regional and global 
environmental pollution; short-term and long-term implications of air pollution, water 
pollution and contamination of soils and food; significant threats to public health; natural 
processes and disasters impacting ecology and environment on local and regional scale 
including volcanic eruption, earthquake, landslide, flood, drought, tsunami, tornado, 
forest fire; threat to ecology and environment on global scale including ozone hole, global 
climate change; global warming, extinction of species, loss of biodiversity, deforestation, 
marine pollution; threat to ecology and environment from manmade sources and actions 
including municipality, industry, agriculture, power generation, war, population, illegal 
hunting and animal trade; genetically modified organisms, crops and bio-

2

Environmen-
tal Policy and 
Legislation
Credits

Course Objectives
The broad objectives of this course 
are to make students:
•    Knowledgeable in environmental 
       regulation;
•    Understand how these policies 
       affect our daily interaction with 
       environment;
•    View issues of policy through critical 
       and geographic viewpoint often 
       adopted by scientists and academics.

Student Learning Outcomes 
Upon successful completion of this course, 
students should be able to:
•    Identify and articulate scope, 
       interconnections, and multiple roles 
       of environmental policy across 
       different scales and sectors (local, 
       state, national, international and 
       corporate policy);
•    Critically reflect on theories and 
       methods that inform environmental 
       policy-making, implementation, and 
       evaluation and how they shape 
       different policy approaches and 
       outcomes.

Unit I
Introduction to 
environmental 
pollution and 
systems approach
7 lectures
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products; Meaning of important terminologies including environment, ecology, science, 
technology, engineering, pollution (pollutant, polluter), contamination (contaminant), 
abatement, treatment, prevention, public health, toxicity, hazard, accident, disaster, 
standards, regulation, law, act, notification, Gazette of India, policy, international 
treaty, international convention, international protocol, environmental governance, 
environmental jurisprudence; sustainable development; Constitutional Provisions for 
Environmental Protection: Historical background of constitutional provisions; substance 
and significance of the Constitution of India; Article 14, 15, 19, 21, 32, 39, 47, Article 
48(A), 49, 51A(g) as fundamental duties of citizen and directive principles of state policy, 
Article 243, 243(G) and (W); Art. 246, 248 and other articles related to environment; writ 
provisions for protection of environment.  

Principles and framework for environmental governance in India; National 
Environmental Policy (2006); National Forest Policy (Draft 2016); National Energy Policy 
(2005); National Biotechnology Development Strategy (2015-2020); Auto Fuel Policy 
(2003); Indian environmental laws: Statutory provisions in IPC and CrPC; common 
law remedies for environmental safeguard; aim, scope and objectives, major provisions 
and important amendment’s to : Sec. 12 of Mining Act, 1952; Wildlife (Protection) Act, 
1972; Water (Prevention and Control of Pollution) Act, 1974; Forest (conservation) Act, 
1980; Air (Prevention and Control of Pollution) Act, 1981; Environment (Protection) 
Act, 1986; environment-related provisions in Public Liability Insurance Act, 1991; 
Biodiversity (Protection) Act, 2002; National Green Tribunals Act, 2010.  

Solid waste management rules, 2016; Plastic waste (management and handling) Rules, 
2016; Hazardous and other wastes (management and transboundary movement) 
Rules, 2016; E-Waste (management) Rules, 2016; Construction and demolition waste 
management Rules, 2016; Bio-medical waste management Rules, 2016; Need of CRZ 
rules for regulating the activities in coastal zone, 2011; Environmental administration: 
The Supreme Court of India; State High Courts; National Green Tribunals; concept and 
need of public interest litigation; Natural Biodiversity Board; CPCB; SPCBs; Authorities 
for protection of trees and forests; accreditation of analytical laboratories for analysis 
of environmental samples; accreditation of transporters of wastes; environmental taxes, 
cess, levies and duties.  

International institutions: United Nations Organisation (UNO); United Nations 
Environment Programme (UNEP); United Nations Development Programme (UNDP); 
International Labour Organisation (ILO); International Maritime Organization (IMO); 
international NGOs for global action; International initiatives: Concept of international 
agreement and treaty; interdependence of degradation of ecology and environment with 
poverty, gender inequity, imbalance of development, lack of education and public health; 
protection and improvement of ecology and environment as the drivers for promoting 
peace, prosperity and justice in the world; Detailed discussion on: Stockholm Conference 
(1972); Rio Conference (UNCED)(1992); Johanesburg Conference (WSSD in 2002); 
Agenda 21; Millennium Development Goals (2000); Sustainable Development Goals 
(2015); GAAT; CITES; Biodiversity Convention; IPCC; Kyoto Protocol and subsequent 
progress up to COP in Paris; habitat-related international initiatives; Montreal Protocol; 
Basel Convention: Market-based initiatives for Protection of Ecology and Environment: 
Clean development mechanism; carbon credits; global monitoring fund; international 
trade and environmental taxes, cess, levies and duties.  

Recommended Textbooks and References: 
1.    Web page of Ministry of Environment, Forest and Climate Change, Govt. of India.

Unit II
National policies/
laws for protection 
of environment
6 lectures

Unit III
Indian environmental 
governance and 
regulations
5 lectures

Unit IV
International institu-
tions/ initiatives for 
protection of ecology 
and environment
6 lectures
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2.    Web page of Central Pollution Control Board, Delhi.
3.    Web page of United Nations Environment Programme (UNEP).
4.    Web page of United Nations (UN).
5.    Constitution of India (referred articles from Part-III, Part-IV and Part-IV-A)
6.    Asolekar, S. R. & Gopichandran, R. (2005). Preventive Environmental Management 
        – an Indian Perspective, Foundation Books Pvt. Ltd., New Delhi.

Plant  tissue  culture-  history;  totipotency  of  plant  cells;  Principles  for  aseptic  
culture techniques, culture media, plant growth regulators. Plant regeneration: somatic 
embryogenesis, importance of haploid production through pollen culture and triploid 
production through endosperm culture in crop improvement; in vitro pollination; 
wide hybridization; somatic cell hybridization (hybrids and cybrids); embryo culture; 
Synthetic seeds and their importance; Methods of gene transfer- Agrobacterium mediated 
gene transfer and electroporation.

Plant biotechnology for enhancing cold and heat stress tolerance; secondary effects 
of abiotic stress – production of ROS; genes involved in scavenging of ROS; Plant 
biotechnology in enhancing drought and salt stress tolerance; Plant biotechnology 
for enhancing resistance against fungal pathogens; anti-microbial proteins; Plant 
biotechnology to enhance viral resistance- pathogen derived resistance; coat protein, 
antisense, SiRNA and ribozyme approaches to enhance resistance for extending shelf life 
of fruits and flowers (ACC synthase gene and polygalacturonase).

Plant biotechnology in improving fruit ripening and enhancing photosynthesis; Golden 
rice- nutritionally improved rice through biotechnology; transgenic sweet potato; 
Modification of taste and appearance- sweetness, starch and preventing discoloration; 
Bioplastics- biodegradable plastic from plants through biotechnological intervention.

Recommended Textbooks and References: 
1.    Bhojwani, S. S. (1990). Plant Tissue Culture: Applications and Limitations, 
        Elsevier, Amsterdam.
2.    Brown, T. A (2007). Genomes. BIOS Scientific Publishers Ltd.
3.    Clark, D. P (2005). Molecular Biology: Understanding the Genetic Revolution. 
        Academic press.
4.    Malacinski, G. M (2006). Essentials of Molecular Biology. 4th edition. 
        Narosa Publishing House. 
5.    Primrose, S. B and Twyman, R. M (2007). Principles of Gene Manipulation and 
        Genomics. Blackwell Publishing, Oxford, UK.
6.    Singh, B. D. (2007). Biotechnology: Expanding Horizons. Kalyani Publishers.
7.    Slater, A., Scott, N and Fowler, M (2003). Plant Biotechnology: the Genetic 
        Manipulation of Plants. Oxford University Press.

2

Plant 
Biotechnology 
Credits

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

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

Unit I
Plant tissue 
culture and plant 
transformation 
techniques
6 lectures

Unit II
Plant biotechnology 
for abiotic and biotic 
stress resistance
6 lectures

Unit III
Plant biotechnology 
for improving crop 
yield and quality 
4 lectures
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8.    Bernard R. Glick, Jack J. Pasternak, Cheryl L. Pattten. (2010). Molecular 
        Biotechnology: Principles and Applications of Recombinant DNA. 
         4th Ed. ASM press. 
9.    H. S. Chawla. (2013). Introduction to Plant Biotechnology. Science Publishers.
10.  Reed BM, Engelmann F, Dulloo ME, Engels JMM. (2004). Technical Guidelines for 
         the Management of Field and in vitro Germplasm Collections. IPGRI Handbooks
         for genebanks No. 7. International Plant Genetic Resources Institute, Rome, Italy.
11.  Reed BM, Paynter C, Bartlett B. (2002). Shipping Procedures for Plant Tissue 
         Cultures. USDA-ARS NCGR.
12.  Ruane J, Sonnino A. (2006). The Role of Biotechnology in Exploring and Protecting 
         Agricultural Genetic Resources. Food and Agriculture Organization of the United 
         Nations, Rome.
13.  Razdan, M.K. (1993). An Introduction to Plant Tissue Culture, Oxford and IBH.
14.  Singh, J. S., Singh, S. P. and Gupta, S. R. (2006). Ecology, Environment and Resource 
         Conservation, Anamaya Publishers, New Delhi.
15.  Wadehra, B.L. (2000). Law Relating to Patents, Trade Marks, Copyright Designs & 
         Geographical Indications, Universal Law Publishing.
16.  Williamson, M.  (1996). Biological Invasion, Chapman and Hall, London.
17.  Winnaker, E.L. (1987). From Genes to Clones: Introduction to Gene Technology. 
         VCH, Germany.
18.  Judd, W. S and. Campbell, C. S, Kellogg, E. A Stevens, F.and. Donoghue, M. J. 
         (2007). Plant Systematics: A Phylogenetic Approach. Sinauer Associates, Inc, USA
19.  Karp, A., Isaac, P. G and Ingram, D. S. (1998). Molecular Tools for Screening 
         Biodiversity. Chapman and Hall, Madras

2

Bioinformatics 
Credits

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

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

Unit I
Biological databases
4 lectures

Unit II
Sequence alignment 
and database searching
4 lectures

Introduction, Primary & Secondary database, Sequence file formats, Introduction to 
structures, Protein Data Bank (PDb), Molecular Modelling Database (MMDb), Structure 
file formats, Visualizing structural information, Database of structure viewers, Collection 
of sequences, sequence annotation, sequence description.           
          
Evolutionary basis of sequence alignment, Optimal alignment methods, Substitution 
scores & gap a, Statistical significance of alignments, Database similarity searching, 
FASTA, BLAST, Low complexity regions, Repetitive elements, Multiple Sequence 
Alignment: Progressive alignment methods, Motifs and patterns, Clustral, Muscle; 
Scoring matrices, Distance matrices. 
  
Alignment, tree building and tree evaluation, Comparison and application of Unweighted 
Pair Group Method with Arithmetic Mean (UPGMA), Neighbour Joining (NJ), Maximum 
Parsimony (MP), Maximum Likelihood (ML) methods, Bootstrapping, Jackknife; Software 
for Phylogenetic analysis. DNA barcoding: Methods tools and databases for barcoding 
across all species, Applications and limitations of barcoding, Consortium for Barcode of 
Life (CBOL) recommendations, Barcode of Life Database (BOLD).  

Unit III
Phylogenetic analysis
4 lectures
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Unit IV
Structural biology
4 lectures

Unit V
Classification and 
comparison of 
3D structures
4 lectures

Unit VI
Applications in 
drug design
4 lectures

Unit VII
Analysis of 
microarray data
4 lectures

Unit VIII
Biological algorithms
2 lectures

Unit IX
Systems biology
3 lectures

3-D structure visualization and simulation, Basic concepts in molecular modeling: 
different types of computer representations of molecules; External coordinates and 
Internal Coordinates, Molecular Mechanics, Force fields etc. Secondary structure 
elucidation using Peptide bond, phi, psi and chi torsion angles, Ramachandran map, 
anatomy of proteins – Hierarchical organization of protein structure –like CATH (class, 
architecture, topology, homology), SCOP (Structural Classification of Proteins), FSSP 
(families of structurally similar proteins). 

DNA & RNA secondary and tertiary structures, t-RNA tertiary structure; Protein 
Secondary structure prediction: Algorithms viz. Chou Fasman, GOR methods, Tertiary 
Structure prediction: Fundamentals of the methods for 3D structure prediction 
(sequence similarity/identity of target proteins of known structure, fundamental 
principles of protein folding etc.) Homology/comparative modeling, fold recognition, 
threading approaches, and ab initio structure prediction methods; CASP (Critical 
Assessment of protein Structure Prediction); Computational design of promoters, 
proteins & enzymes.    

Chemical databases like NCI/PUBCHEM; Fundamentals of Receptor-ligand interactions; 
Structure-based drug design: Identification and Analysis of Binding sites and virtual 
screening; Ligand based drug design: Structure Activity Relationship – QSARs & 
Pharmacophore; in silico predictions of drug activity and ADMET.  

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

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

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

Course Objectives
The objectives of this laboratory course 
are to develop an understanding about 
practical aspects of components of 
immune system as well as their function. 
This course will also give a general 
overview of assessment of Environmental 
toxicology.

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Evaluate usefulness of immunology in 
       different pharmaceutical companies;
•    Identify proper research lab working in 
       area of their own interest;
•    Evaluate biological, ecological and 
       chemical factors affecting toxicity 
       testing.Credits

4

1.     Evaluation of genetic damage caused by toxicants using Comet assay 
         (Exposure to root cells of Allium cepa).
2.     Effect of toxicants/metabolites on seed germination and growth 
         (Plumule and radical).
3.     Determination of LC 50 of toxicants using aquatic animals (Fish, molluscs). 
         Effect on gill structure, and architectural distortions, lamellar curling and 
         blood congestion.
4.     Effect of toxicants on microbial growth (zone of growth inhibition).
5.     Effect on plan growth: chlorophyll a, b and caretonoids content in plants growing in 
         normal conditions and in presence of recalcitrant/toxic chemicals.
6.     Estimation of soil parameters viz. Electric conductivity (mS), Organic carbon (%), 
         Nitrogen (mg/kg), Phosphrous (mg/kg), Potassium (mg/kg). Effect on soil 
         parameters when effluent is used for watering crop.
7.     Toxicity impact assessment of wetland/CETP/contaminated site.

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

Syllabus
Ecotoxicology

Syllabus
Immunology

Laboratory IV: 
Bioinformat-
ics and Biosta-
tistics

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

Student Learning Outcomes 
On completion of this course, students 
should be able to:
•    Describe contents and properties 
       of important bioinformatics databases, 
       perform text- and sequence-based 
       searches and analyse and discuss the 
       results in light of molecular biological 
       knowledge;
•    Explain major steps in pairwise and 
       multiple sequence alignment, 
       explain its principles and execute 

Credits

2
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1.     Using NCBI and Uniprot web resources.
2.     Introduction and use of various genome databases.
3.     Sequence information resource: Using NCBI, EMBL, Genbank, Entrez, 
         Swissprot/ TrEMBL, UniProt.
4.     Similarity searches using tools like BLAST and interpretation of results.
5.     Multiple sequence alignment using ClustalW. 
6.     Phylogenetic analysis of protein and nucleotide sequences.
7.     Use of gene prediction methods (GRAIL, Genscan, Glimmer).
8.     Using RNA structure prediction tools.
9.     Use of various primer designing and restriction site prediction tools. 
10.   Use of different protein structure prediction databases (PDB, SCOP, CATH).
11.   Construction and study of protein structures using Deepview/PyMol.
12.   Homology modelling of proteins.
13.   Use of tools for mutation and analysis of the energy minimization of 
         protein structures.
14.   Use of miRNA prediction, designing and target prediction tools.
15.   Use of Statistical packages like SPSS (Statistical Package for the Social Sciences)/
         SAS (Statistical Analysis System) & Maple
16.   MATLAB (Matrix Laboratory)
17.   Performing various statistical analysis like T-test, ANOVA, Regression, Chi-square, 
         PLS (Partial Least Squares) and PCA (Principle Component Analysis).

1.     Prepare culture media with various supplements for plant tissue culture.
2.     Prepare explants of Valleriana wallichii for inoculation under aseptic conditions.
3.     Attempt in vitro andro- and gynogenesis in plants (Datura stramonium).
4.     Isolate plant protoplast by enzymatic and mechanical methods and attempt fusion 
         by PEG (available material).
5.     Culture Agrobacterium tumefaciens and attempt transformation of any 
         dicot species.
6.     Generate an RAPD and ISSR profile of Eremurus persicus and Valleriana wallichii.
7.     Prepare karyotypes and study the morphology of somatic chromosomes of Allium 
         cepa, A. sativum, A. tuberosum and compare them on basis of karyotypes.
8.     Pollen mother cell meiosis and recombination index of select species (one 
         achiasmate, and the other chiasmate) and correlate with generation of variation.

Syllabus

Syllabus

       pairwise sequence alignment by 
       dynamic programming;
•    Predict secondary and tertiary 
       structures of protein sequences;
•    Perform and analyse various statistical 
       tools available to analyse data.

Laboratory V: 
Plant 
Biotechnology

Course Objectives
The objectives of this course are to provide 
students with experimental knowledge of 
plant biotechnology.

Student Learning Outcomes 
Students should be able to gain hands-on 
experience on micro-propagation, tissue 
culture, gene cloning, protein expression 
and purification. 

Credits

2
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9.     Undertake plant genomic DNA isolation by CTAB method and its quantitation by 
         visual as well as spectrophotometeric methods.
10.   Perform PCR amplification of ‘n’ number of genotypes of a species for studying 
         genetic variation among individuals of a species using random primers.
11.   Study genetic fingerprinting  profiles of plants and calculate polymorphic 
         information content.

Semester Three

Quality of source water for supply and distribution system; Microbiology of drinking 
water treatment; Home treatment devices and water quality; Pathogenic organisms in 
drinking water; Methods and monitoring of drinking water.

Principal forms of water pollutants and their sources; Pollution of stream, lakes and 
phenomenon of eutrophication; Water pollution monitoring and water quality standards; 
Ocean pollution – oil pollution; Ground water pollution and its control; Water pollution 
prevention; Biological treatment: stabilization pond, aerated lagoon, activated sludge 
process, trickling filter anaerobic treatment.

Overview of standards of water in relation to public health Methods of water sampling 
for pollution analysis ; Biological methods; Detection methods for DO, BOD, Pathogen 
monitoring by heterotrophic plate count; Multiple tube method; Membrane filtration 
methods; Other emerging techniques such as enzyme detection, hybridization, PCR, 
Gene probe technology etc.; Strategies for controlling pathogen transfer; Chemical 
methods- Detection methods for COD, pH, alkalinity, TSS, TDS, Total organic 
carbon, oil, grease etc.; Biosensors of pollution Biosensors - types and applications in 
environmental pollution detection and monitoring.

Sewage and waste water treatment systems; Primary, secondary and tertiary treatments; 
Measurement of treatment efficiencies; Biological treatments - aerobic vs. anaerobic 
treatments; Environmental pollution control- Bioremediation, Bioaugmentation and 
Biostimulation; Biofilms in treatment of waste water; Biofilm development and biofilm 
Kinetics; Aerobic Biofilms; Bioreactors for waste water treatments; Reactor types and 
design; Reactors in series; Development and optimization of membrane bioreactor 
process for use in sanitary and industrial sewage treatment.

3

Water and 
Wastewater 
Treatment 
Technologies  
Credits

Course Objectives
The objectives of this course are to teach 
basic principles and characteristics of 
biochemical technology in environmental 
studies particularly water and wastewater 
treatment technologies. Biochemical 
technology in water and wastewater 
treatment engineering is essential in field 
of water treatment. 

Student Learning Outcomes 
On completion of this course, students 
should be able to learn-
•    Basic principles and characteristics 
       of biochemical technology in water 
       and wastewater treatment;
•    Composition of structures and 
       operation characteristics;
•    Technological advancements in water 
       and wastewater treatment technology.

Unit I
Drinking water: 
treatment and 
technologies
5 lectures

Unit II
Concept in water 
resource pollution and 
wastewater treatment
6 lectures

Unit III
Water pollution 
monitoring
7 lectures

Unit IV
Effluent treatment 
systems
8 lectures
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Advance oxidation technologies; High rate transpiration system (HRTS); Plant assisted 
wastewater treatment; Physicochemical characteristics and treatment strategies for 
effluent generated by distillery and fermentation industry; Fertilizers and pesticide 
manufacturing industries; Dyes and dye intermediate producing industries and textile 
industries; Paper and pulp industries; Tanneries; Pharmaceuticals; Thermal power plants; 
Food and dairy industries; Iron and steel industries; Organic solvents; Chlorinated 
minerals and inorganic chemical industries and petrochemicals; Biotechnological 
application of hazardous waste management of water; Use of microbial systems; 
Phytoremediation: Waste water treatment using aquatic plants; Root zone treatment; 
Development of new biocatalysts to be applied in waste water biotechnology; Zero-
discharge option.

Water resource assessment and management; Water security planning; water 
conservation in urban planning (groundwater recharge and water harvesting); grey water 
recycle; water-shed development.

Recommended Textbooks and References:
1.    Gordon A. McFeters, (2013), Drinking Water Microbiology: Progress and Recent 
         Developments, Springer.
2.    Christon J. Hurst, Ronald L. Crawford, Guy R. Knudsen, Michael J. McInerney, 
         (2001); Manual of Environmental Microbiology, (2nd edition), ASM Press. 
3.    Bruce Rittman, Perry L. McCarty, (2000), Environmental Biotechnology: 
         Principles and Applications, (2nd Edition), McGraw-Hill.
4.    Foin T.C, (1976), Ecological Systems and the Environment, Houghton Miffin
5.    D.L. Wise (1988), Biotreatment Systems, Volume II; CRC Press.
6.    Mizrahi; Wezel (2011), Advances in Biotechnological Process, Volume 6; 
         Alan R. Liss
7.    Raina M. Maier, Ian L. Pepper, Charles P. Gerba, (2000); Environmental 
         Microbiology, Academic Press,.
8.    Martin Alexander, (1999) Biodegradation and Bioremediation, (2nd Edition), 
         Academic Press.
9.    Gabriel Bitton (1999), Wastewater Microbiology, (2nd Edition). Wiley-Liss.
10.   Asolekar, S. R. & Gopichandran, R. (2005). Preventive Environmental Management 
         – an Indian Perspective, Foundation Books Pvt. Ltd., New Delhi (the Indian
          associate of Cambridge University Press, UK).  
11.   Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: a Practitioner’s 
         Approach, Tata McGraw Hill Education (India) Pvt. Ltd., New Delhi.  
12.   Arceivala, S. J. & Asolekar, S. R. (2015). Wastewater Treatment for Pollution Control 
         and Reuse (3rd Edition), Tata McGraw Hill Education India Pvt. Ltd., New Delhi.

Unit V
Removal of pollution
7 lectures

Unit VI
Water as resource
3 lectures

3

Treatment 
Technologies 
for Solid and 
Hazardous 
Wastes 
Credits

Course Objectives
The objective of this course is to provide 
sound background in all aspects related to 
management, technologies and treatment 
systems of solid and hazardous wastes.

Student Learning Outcomes 
On completion of this course, 
students should be able to:
•    Understand implications of 
       production, resource management, 
       and environmental impact of solid 
       waste management;
•    Understand how components of solid 
       waste management infrastructure 
       systems can minimise these effects;
•    Be aware of significance of recycling, 
       reuse, and reclamation of solid wastes.
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Non-hazardous solid waste; Domestic solid waste; Agricultural solid waste; Municipal 
solid waste; Major sources of solid wastes; Effects of solid waste generation on quality of 
air, water and public health; Technical approach for solid waste management; Disposal of 
organic waste; Recovery and recycling of metallic waste and plastic waste. 

Basic aspects of solid waste management; Current practices in India; Aerobic and 
anaerobic treatments of solid wastes; Composting; Vermiculture; Biogas generation; 
Comparison of aerobic and anaerobic methods.

Overview of biomedical wastes; Types of biomedical wastes; Hazards caused by 
biomedical wastes; Treatment strategies for biomedical wastes.

Overview of hazardous waste management; Prevention and reduction of hazardous 
waste, Inventory management;  Recovery; Internal due diligence audit; hazardous 
material and waste handling and storage; Treatment of hazardous wastes; Origin, sources 
and treatment strategies for polychlorinated biphenyls, pesticides, toxic pollutants, 
polymers, Textile chemical residues etc., stabilisation of hazardous waste through 
landfill; incineration and pyrolysis; Heavy metal and oil spill bioremediation. Sources 
of heavy metal pollution; Microbial interactions with inorganic pollutants - Microbial 
metal resistance; Microbial transformation; Accumulation and concentration of metals; 
Biosorption - Biotechnology and heavy metal pollution; Oil field microbiology; Improved 
oil recovery; Biotechnology and oil spills; Hydrocarbon degradation.

Resource recycle and utilization; Need for management of waste as resources; Role of 
environmental biotechnology in management of resources; Reclamation of wasteland; 
Biomass production; Biogas and biofuel production; Development of environmentally 
friendly processes such as integrated waste management; Biodegradation: Factors 
affecting process of biodegradation; Methods in determining biodegradability; 
Contaminant availability for biodegradation; Xenobiotics: Persistence and 
biomagnification of xenobiotic molecules; Microbial interactions with xenobiotics; 
Phase I and Phase II reactions; Cyt P 450 mediated reactions; Use of microbes (bacteria 
and fungi) and plants in biodegradation and Biotransformation; Bioremediation: 
Biotransformation and Biodegradation; Bioremediation; in situ and ex situ 
bioremediation; Constraints and priorities of bioremediation; Evaluating Bioremediation; 
Bioremediation of VOCs.

Recommended Textbooks and References:
1.    Bruce Rittman, Perry L. McCarty, (2000), Environmental Biotechnology: Principles 
         and Applications, 2nd edition, McGraw-Hill.
2.    Milton Wainwright, (1999), An Introduction to Environmental Biotechnology, 
         Kluwer Academic Publishers, Boston. Hardbound.
3.    K.G. Mukerji, B.P. Chamola, Rajeev K. Upadhyay, (1999), Biotechnological 
         Approaches in Biocontrol of Plant Pathogens, Kluwer Academic/Plenum Publishers.
4.    Martin Alexander, Biodegradation and Bioremediation, (1999), 2nd edition, 
         Academic Press.
5.    M.N.V. Prasad, Kazimierz Strzalka, (2002), Physiology and Biochemistry 
         of Metal Toxicity and Tolerance in Plants, Kluwer Academic Publishers, 
         Dordrecht Hardbound.
6.    Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: a Practitioner’s 

Unit I
Solid waste 
management
6 lectures

Unit II
Municipal solid 
waste management
6 lectures

Unit III
Biomedical waste 
management
6 lectures

Unit IV
Hazardous waste 
management
8 lectures

Unit V
Biotechnology for 
management of 
resources 
8 lectures
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         Approach, McGraw Hill Education (India) Pvt. Ltd., New Delhi.  
7.    Arceivala, S. J. & Asolekar, S. R. (2015). Wastewater Treatment for Pollution Control 
         and Reuse (3rd Edition), McGraw Hill Education India Pvt. Ltd., New Delhi.

Environmental system; relationship of ecological, economic and social systems; 
corporate and international charters and protocols; role of chemical dynamics in aquatic 
systems; case studies; engineering tools for assessment and design for environment and 
sustainability.  

Environmental auditing; environment risk assessment; environmental impact 
assessment, life cycle assessment; eco-labelling of products; performance indicators; 
environmental management systems particularly ISO 14000 series.  

Pollution prevention and waste minimization; cleaner production; greener chemistry 
and cleaner technologies – green redox technologies, catalysts and bio catalysts; greener 
choices – eco-friendly solvents, reactants, bio-fuels and fuel cells; recycle and reuse of 
wastewater; sustainable and intelligent consumption; extended producer responsibility, 
eco-industrial development; industrial ecology.

Integrated policy for production and consumption; capacity building as an integral part 
of corporate action; evaluation of eco-efficiency and opportunities for improvement; 
sustainability ratings as a driver; worldwide initiatives; Indian initiatives; capacity 
building framework for India; nexus between trade and environment.  

Recommended Textbooks and References:
1.    Asolekar, S. R. & Gopichandran, R. (2005). Preventive Environmental Management 
        – an Indian Perspective, Foundation Books Pvt. Ltd., New Delhi (the Indian 
        associate of Cambridge University Press, UK).  
2.    Arceivala, S. J. & Asolekar, S. R. (2012). Environmental Studies: a Practitioner’s 
        Approach, McGraw Hill Education (India) Pvt. Ltd., New Delhi.  

2

Health, 
Safety and 
Environmental 
Management
Credits

Course Objectives
This multidisciplinary course shall 
provide students with information 
on risk and safety management and 
occupational injury, disease prevention 
and environmental protection.

Student Learning Outcomes 
At the end of the course, students
should be able to :
•    Identify key hazards in workplace;
•    Identify importance of health and 
       safety rules;
•    Design safe practices and procedures;
•    Implement best-in-class standards in 
       health and safety management.

Unit I
System analysis 
5 lectures

Unit II
Environmental 
management tools
5 lectures

Unit III
Environmental 
management 
initiatives
5 lectures

Unit IV
Capacity building
5 lectures
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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.

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.

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 

Unit I
Introduction to IPR 
7 lectures

Unit II
Patenting 
5 lectures

Unit III
Biosafety 
5 lectures
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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  
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.

Unit IV
National and 
international 
regulations 
5 lectures

Unit V
Bioethics  
5 lectures
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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. 
3.    Onetti, A., & Zucchella, A. Business Modeling for Life Science and Biotech Companies: 
         Creating Value and Competitive Advantage with the Milestone Bridge. Routledge. 

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  
8 lectures

Unit II 
Bio markets: 
business strategy 
and marketing 
8 lectures

Unit III 
Finance and 
accounting 
8 lectures

Unit IV
Technology 
management
8 lectures
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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.

3

Field Studies I: 
Monitoring of 
Environmen-
tal Parameters 
Credits

Course Objectives
This course is designed to give the students 
hands-on experience regarding monitoring 
of environmental parameters as part of 
field studies.

Student Learning Outcomes 
On completion of this course, students 
should be able to identify and appreciate 
the parameters for assessing environment. 

Three representative samples of different environmental ecosystems and their analysis: 
physico-chemical  characteristics  such  as pH, conductivity, TDS, DO, BOD, COD, 
CO2, alkalinity, nutrients, chlorides, hardness, settlability of solids, zooplankton and 
phytoplanktons and their biodiversity  index analysis and contaminated soil analysis.

Syllabus

3

Field Studies 
II: Bioreme-
diation and 
Evaluation of 
Sewage/Waste-
water Treat-
ment Plant
Credits

Course Objectives
This course is designed to give hands-on 
experience on sewage/water treatment and 
bioremediation as part of field studies.

Student Learning Outcomes 
At the end of this course, students should 
be able to come up with new ways for 
remediation of biological resources both 
biotic and abiotic in nature.

1.     Study of biodiversity of microorganisms
2.     Microbial degradation of textile dyes/pesticides/hydrocarbons and oils
3.     Assay of enzymes involved in biotransformation
4.     Effect of heavy metals on microbial growth
5.     Analysis of metals
6.     Effluent treatment plant (ETP): Primary, chemical and biological treatment
7.     Bioreactors/Phytoreactors.

Syllabus
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Syllabus
Poster Presentation

Syllabus
Oral Presentation

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.

Credits

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

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
its importance to their fellow classmates 
and teachers.

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

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
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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
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.

Syllabus
Planning & 
performing 
experiments

•    Competence in research design 
       and planning.
•    Capability to create, analyse and 
       critically evaluate different technical 
       solutions.
•    Ability to conduct research 
       independently.
•    Ability to perform analytical 
       techniques/experimental methods.
•    Project management skills.
•    Report writing skills.
•    Problem solving skills.
•    Communication and interpersonal 
       skills.

Syllabus
Thesis writing

Recommended
Electives

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.

2

Genomics and 
Proteomics 
Credits

Course Objectives
The objectives of this course are to provide 
introductory knowledge concerning 
genomics & proteomics and their 
applications.

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

Unit I
Basics of genomics 
and proteomics  
3 lectures

Unit II
Genome mapping 
4 lectures
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Unit IV
Comparative genomics  
5 lectures

Unit V
Proteomics 
5 lectures

Unit VI
Functional Genomics 
and Proteomics 
8 lectures

Human Genome Project, genome sequencing projects for microbes, plants and animals, 
accessing and retrieving genome project information from web.

       
Identification and classification of organisms using molecular markers- 16S rRNA 
typing/sequencing, SNPs; use of genomes to understand evolution of eukaryotes, track 
emerging diseases and design new drugs; determining gene location in genome sequence.

Aims, strategies and challenges in proteomics; proteomics technologies: 2D-PAGE, 
isoelectric focusing, mass spectrometry, MALDI-TOF, yeast 2-hybrid system, proteome 
databases.

Transcriptome analysis for identification and functional annotation of gene, Contig 
assembly, chromosome walking and characterization of chromosomes, mining functional 
genes in genome, gene function- forward and reverse genetics, gene ethics; protein-
protein and protein-DNA interactions; protein chips and functional proteomics; clinical 
and biomedical applications of proteomics; introduction to metabolomics, lipidomics, 
metagenomics and systems biology.

Recommended Textbooks and References:
1.     Primrose, S. B., Twyman, R. M., Primrose, S. B., & Primrose, S. B. (2006). 
         Principles of Gene Manipulation and Genomics. Malden, MA: Blackwell Pub. 
2.     Liebler, D. C. (2002). Introduction to Proteomics: Tools for the New Biology. 
         Totowa, NJ: Humana Press. 
3.     Campbell, A. M., & Heyer, L. J. (2003). Discovering Genomics, Proteomics, and 
         Bioinformatics. San Francisco: Benjamin Cummings. 

Historical perspective of clinical diagnosis and molecular diagnostics; Nucleic acid based 
diagnosis: Extraction of Nucleic acids: sample collection, methods of extraction from 
various diagnostic materials, assessment of quality, storage: Nucleic acid hybridization: 
Blotting Techniques and their interpretations: Southern and Northern Blotting 
methods and applications in clinical diagnosis: Polymerase Chain Reaction: Principle, 
components, optimization and analysis of PCR products: PCR based methods for 
mutation detection and gene expression: real Time PCR, ARMS, QF-PCR, OLA and 
primer Extension: Electrophoresis: PAGE and Capillary Electrophoresis: Application of 
electrophoresis I DNA Diagnosis-SSCP, heteroduplex analysis, denaturing gradient gel, 
detection of mismatched nucleotides /RNA-DNA duplexes; RFLP and DNA sequencing 
in the clinical diagnostics.

2

Molecular 
Diagnostics 
Credits

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

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

Unit I
Basic molecular 
diagnostics 
5 lectures

Unit III
Genome sequencing 
projects  
3 lectures
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Unit II
Advanced techniques 
in molecular diagnosis
5 lectures

Unit III
Cytogenetic techniques
5 lectures

Testing DNA variation for Disease association: SNPs; Methods of typing : Traditional 
approaches (PCR-Sequencing ), Microchips (Affymetrix) and Taqman : Microarray in 
analysis of gene expression; DNA microarray platforms: cDNA analysis, oligonucleotide 
arrays: Introduction to SAGE, CGH, array CGH and SNP arrays: Analysis of DNA 
methylation :  Methylation in health and disease; Principle and inheritance; DNA 
methylation in pathology and cancer: PCR based methods in detection of methylation; 
Bisulfite modification and methylation specific PCR and Restriction analysis; real 
Time PCR methodologies (MethyLight), Profiling and arrays: Primer Designing for 
MSPs; Application of DNA methylation in disease diagnosis: cancer (malignancies)and 
imprinting disorders.

Flow Cytometry and LCM: Principle; Clinical applications: enumeration of peripheral; 
blood cells in HIV infection and Immunophenotype Characterization in various blood 
disorders; Laser Capture Microdissection and separation of normal and aberrant 
cells: application and perspective in molecular diagnostics; Molecular Cytogenetic: 
Chromosomal abnormalities and indications of chromosomal evolution; Fluorescence 
in situ Hybridization; General procedures of FISH, M-FISH, SKY and CGH; Clinical 
applications of FISH: Correlation with the pathobiology of disease, disease prognosis 
and monitoring, correlation with molecular data; protein based molecular diagnostics: 
Immunoproteomics and detection methods based on Antigen-Antibody interactions; 
ELISA; western Blotting and Far Western Blotting applications and perspectives; 
Immunohistochemistry and Immunocytochemistry: Methods and interpretations: 
application in tumour diagnosis and infectious diseases; correlation with molecular data.

Quality assessment, pre-analytic, analytic and post analytic phases; Verification 
of Molecular Assays: Standards and Standardization of Molecular Diagnostics; 
Laboratory development of molecular diagnostics : Implementation, validation, 
verifications(analytical and clinical), quality control and quality assurance of the testing 
process; Examples of molecular diagnostics of some common genetic and non-genetic 
diseases (Trinucleotide Repeats: Fragile X syndrome, DMD, Endocrine disorders-
Diabetes mellitus, Cystic Fibrosis, Chronic Myeloid Leukemia, Human HIV-1.

HLA Typing: HLA/MHC genetic; Molecular methods of HLA typing; PCR –Sequence 
specific Primers; Sequence Specific Oligonucleotide probe Hybridization, Forensic 
Diagnosis: DNA typing : Overview; Techniques for human identification; Evidence 
collection and sample preparation; PCR amplification of STR loci: Electrophoresis and 
data analysis: Molecular Diagnosis and Genetic Counselling :Clinical genetic services; 
Uses of genetic testing; components of genetic counselling process; Genetic Counselling 
and Genetic testing; Ethical, social and legal issues related to molecular genetic testing; 
Informed consent for clinical testing and research; Confidentiality and Discrimination; 
Gene patenting.

Recommended Textbooks and References:
1.     WB. Coleman and GJ.Tsongalis, (2006) Molecular Diagnosis for the Clinical 
         Laboratories, 2nd Edition, Human Press.
2.     Iankowski and Polak, (1996) Clinical Gene Analysis and Manipulation: Tools, 
         Techniques and Trouble Shooting, 1st Edition, Cambridge University press.
3.     Francesco Falciani. (2007), Microarray Technology through Applications, 
         Taylor & Francis.
4.     Darby & Hewiston, (2006). In Situ Hybridization Protocols, (3rd edition), 
         Human press.
5.     Sharpe & Carter, (2006). Genetic Testing, Care, Consent & Liability, Wiley-Liss.

Unit IV
Quality assurance in 
molecular diagnostics
4 lectures

Unit V
Immunogenetic 
techniques and 
genetic counselling
5 lectures

36



Unit I
Introduction to 
nanobiotechnology 
6 lectures

Nanobiotech-
nology 
Credits

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

2

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

Introduction to Nanobiotechnology; Concepts, historical perspective; Different formats 
of nanomaterials and applications with example for specific cases; Cellular Nanostruc-
tures; Nanopores; Biomolecular motors; Bio-inspired Nanostructures, Synthesis and 
characterization of different nanomaterials.

Thin films; Colloidal nanostructures; Self Assembly, Nanovesicles; Nanospheres; Nano-
capsules and their characterisation.

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

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

Nanomaterials for catalysis, development and characterization of nanobiocatalysts, appli-
cation of nanoscaffolds in sythesis, applications of nanobiocatalysis in the production of 
drugs and drug intermediates.

Introduction to Safety of nanomaterials, Basics of nanotoxicity, Models and assays for 
Nanotoxicity assessment; Fate of nanomaterials in different stratas of environment; Eco-
toxicity models and assays; Life cycle assessment, containment.

Recommended Textbooks and References:
1.     GeroDecher, Joseph B. Schlenoff, (2003); Multilayer Thin Films: Sequential    
         Assembly of Nanocomposite Materials, Wiley-VCH Verlag GmbH & Co. KGaA
2.     David S. Goodsell, (2004); Bionanotechnology: Lessons from Nature, Wiley-Liss
3.     Neelina H. Malsch, Biomedical Nanotechnology, CRC Press 
4.     Greg T. Hermanson, (2013); Bioconjugate Techniques, (3rd Edition); Elsevier 
5.     Recent review papers in the area of Nanomedicine.

Unit II
Nano - films
5 lectures

Unit III
Nano - particles  
6 lectures

Unit IV
Applications of 
nano - particles  
5 lectures

Unit V
Nano - materials
6 lectures

Unit VI
Nano - toxicity 
5 lectures

6.     Jochen Decker, Molecular Diagnosis of Infectious Diseases, Human press.
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History of plant biotechnology, concept of totipotency, heterogeneity, cyto-
differentiation, preparation of explant; Incubation systems: culture room, green house 
and shade house, advantages and limitations of each system; Tissue culture media: 
introduction, composition, sterilization; Role of macro and micro nutrients in plant 
growth and effects of their deficiency; Plant hormones: types, role in plant development 
& mechanism of action; Plant physiology and its significance in agriculture.
 
Initiation, maintenance and importance of callus culture, suspension culture and single 
cell culture, types and applications of single cell culture, organ culture, protoplast 
culture and its applications, isolation and types of protoplasts fusion, seed dormancy 
and germination, somatic embryogenesis: its types and applications, encapsulation 
and production of synthetic seeds, development of somatic hybrids to overcome 
incompatibility barriers. 

Anther culture and production of haploid plants and homozygous lines, embryo culture 
and embryo rescue, pollen, ovary culture and their applications, germplasm preservation; 
Micropropagation: principle, vegetative regeneration by-shoot tip, meristem, axillary 
and adventitious shoot initiation, organogenesis and production of pathogen free plants, 
hardening of tissue culture plants, industrial applications of micropropagation technique.

Contributions of Beijerinck and Winogradsky-Role of microbes in carbon and nitrogen 
cycles-Influence of Rhizosphere on soil microorganism-various types of nitrogen fixing 
microorgranism-Production of bacterial biofertilizers: Rhizobium, Azospirillum, 
Phosphobacteria etc.- Fungal biofertilizers; Ecto- and Endomychorizae- Azolla and BGA- 
Method of application for different biofertilizers, biopesticides. 

Introduction of foreign gene into plants, basics of tumor formation, hairy root culture 
and its uses, features of Ti & Ri plasmid, mechanism of DNA transfer, role of virulence 
gene, use of reporter gene, multiple gene transfers, vector less or direct DNA transfer, 
particle bombardment, electroporation, microinjection, chloroplast transformation; 
Applications of plant transformation for enhancing resistance to pests, productivity 
& performance, nutritional value, modification of ornamental plants, bioengineered 
food, edible vaccines, plantibodies, biopharming; Phytoremediation: Plants used in 
remediation of lands contaminated with metals, organics, and recalcitrant; Plant-plant 
and plant-microbe consortium for synergistic effect in remediation.

Recommended Textbooks and References:
1.     Razdan, M. K, An Introduction to Plant Tissue Culture, 2nd edition Science 
         Publishers, USA.
2.     Bhojwani, S. S. and M. K. Razdan (1996). Plant Tissue Culture: Theory and  Practice, 
         Elsevier Pub.

Unit I
Introduction to 
plant biotechnology 
6 lectures

Unit I
Cell and
tissue culture
6 lectures

Plant Assisted 
Eco-Rejuvena-
tion
Credits

Course Objectives
The objective of this course is to familiarize 
students with several plant-based 
mechanisms which can be used to promote 
rejuvenation of surrounding environment.

3

Student Learning Outcomes 
Students should be able to acquire 
knowledge and understanding of 
fundamentals for dealing with plant 
biotechnology assisted methods for 
promoting rejuvenation of surrounding 
environment.

Unit III
Micropropagation 
5 lectures

Unit IV
Agricultural 
microbiology
7  lectures

Unit V
Transgenic 
techniques in plant 
biotechnology
8  lectures
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3.     Chrispeels, M. J. (2002). Plant Tissue Culture: Genetical Aspects. Jones and Bortlett          
         Publishers, International.
4.     Chopra V. L. et al (1999). Applied Plant Biotechnology. Science Publishers Inc.
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Deptt. of Biochemistry
0231-2690571, 2609152 (O)
9822840094 (M)
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Chairperson
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         Indian Institute of Technology, Bombay
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2.     Dr. S. Felix, Professor and Dean, Fisheries College and Research Institute,
         Tamil Nadu Fisheries University, Chennai
3.     Dr. S. P. Govindwar, Professor, Department of Biochemistry, Shivaji 
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4.     Dr. Hemant Purohit, Chief Scientist, National Environmental Engineering 
         Research Institute, Nagpur
5.     Dr. Sanjeev C. Ghadi, Professor, Department of Biotechnology, Goa University, Goa
6.     Dr. Dilip R. Ranade, Consultant, Microbial Culture Collection, National Centre 
         for Cell Science, Pune
7.     Dr. Lidita Khandeparker, Senior Scientist, National Institute of Oceanography, Goa

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

Subject Specific 
Subcommittee of
M.Sc. Environmental
Biotechnology

40



DEPARTMENT OF BIOTECHNOLOGY
Block 2, 7th Floor, CGO Complex, Lodhi Road, 
New Delhi-110003
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BIOTECH CONSORTIUM INDIA LIMITED
5th Floor, Anuvrat Bhawan
210, Deen Dayal Upadhay Marg
New Delhi -110002

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

MS. SHREYA MALIK
Deputy Manager
shreya@biotech.co.in 

For Details,
Contact Us

Contact Us

41



Notes

42



Universities/ Institutes offering  M.Sc./ M.Tech teaching 
programmes in biotechnology in India with DBT support 
As on Ma y, 2017

M.Sc. GENERAL BI OTECHNOLOG YM .Sc. AGRICULTURAL BIO TECHNOLOG Y

M.Sc. MEDICAL BI OTECHNOLOG YM.V.Sc. ANIMAL BIO TECHNOLOG Y

M.Sc. MARINE BIO TECHNOLOGY M.Sc. MOLECULAR & HUMAN GENETICS  

M.Sc. INDUSTRIAL BI OTECHNOLOGY 

M.TECH. BIO TECHNOLOGY  

M.Sc. NEUROSCIENCE

M.TECH. FOOD BIO TECHNOLOG Y

M.Sc. ENVIRONMEN TAL BIOTECHNOLOG Y

M.TECH. PHARMACEUTICAL BI OTECHNOLOG Y

M.Sc. BIORESOURCE BIO TECHNOLOG Y

SRINAGAR
RAJAURI

JAMMU

ALIGARH

LUCKNOW
ALLAHABADKANPUR

CHENNAI

BANASTHALI

HYDERABAD

GULBARGA

COIMBATORE
ANNAMALAI

TIRUPATI

MYSORE

PUDUCHERRY
CALICUT

BARODA

PUNE

KOLHAPUR

GOA

KOCHI

INDORE
ANAND

GARHWAL

ROORKEE

SHIMLA

TEZPUR
SHILLONG

PALAMPUR

RAIPUR

DHARWAD

BANGALORE

THRISSUR

PARBHMUMBAI ANI

PANTNAGAR

CHANDIGARH
MOHALI

HISAR

DELHI

GURGAON

GWALIOR SAMASTIPUR

AMRITSAR

SILIGURI

SHANTINIKETAN
KOLKATAKHARAGPUR

BHUBANESWAR

VARANASI

JORHAT

43




