Course Structure of U.G. Botany Honours

Semester |Course Course Name Credit [Total
marks
AECC-I 4 100
C-1 (Theory) Microbiology andPhycology 4 75
C-1 (Practical) Microbiology andPhycology 2 25
C-2 (Theory) Biomolecules and CellBiology 4 75
Semester-1 |C-2 (Practical) Biomolecules and CellBiology 2 25
Biodiversity (Microbes,Algae, Fungi &
GE -1A (Theory) |Archegoniate) 4 75
GE -1A(Practical) Biodiversity (Microbes,Algae, Fungi & 2 25
/Archegoniate)
AECC-II 4 100
C-3 (Theory) Mycology and Phytopathology 4 75
C-3 (Practical) Mycology and Phytopathology 2 25
Semester-11 |C-4 (Theory) /Archegoniate 4 75
C-4 (Practical)  |Archegoniate 2 25
GE -2A (Theory) [Plant Physiology & Metabolism 4 75
GE -2A(Practical) Plant Physiology & Metabolism 2 25
C-5 (Theory) Anatomy of Angiosperms 4 75
C-5 (Practical)  |Anatomy of Angiosperms 2 25
C-6 (Theory) Economic Botany 4 75
C-6 (Practical)  [Economic Botany 2 25
Semester-111/C-7 (Theory) Genetics 4 75
C-7 (Practical)  |Genetics 2 25
SEC-1 4 100
GE -1B (Theory) [Plant Ecology & Taxonomy 4 75
GE -1B (Practical) Plant Ecology & Taxonomy 2 25
C-8 (Theory) Molecular Biology 4 75
C-8 (Practical) Molecular Biology 2 25
Semester-1V C-9 (Theory) Plant Ecology & Phytogeography 4 75
C-9 (Practical)  |Plant Ecology & Phytogeography 2 25
C-10 (Theory) Plant Systematics 4 75
C-10 (Practical) |Plant Systematics 2 25
SEC Il 4 100
Plant Anatomy,Embryology &
GE-2B (Theory) [Biotechnology 4 75
Plant Anatomy,Embryology &
GE-2B(Practical) Biotechnology 2 25
C-11 (Theory) Reproductive Biology of Angiosperms 4 75
C-11 (Practical) |Reproductive Biology ofAngiosperms 2 25
C-12 (Theory) Plant Physiology 4 75
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HONOURS PAPERS:

Core course — 14 papers

Discipline Specific Elective — 4 papers
Generic Elective for non-Botany students — 4 papers. In case University offers 2 subjects as GE, then

papers 1 and 2 will be the GE paper. The students have the option of taking any two.

C-12 (Practical) |Plant Physiology 2 25
s v DSE - 1 (Theory) |Analytical Techniques inPlants Sciences 4 75
emester- DSE -1 Analytical Techniques inPlants Sciences 2 25
(Practical)
DSE - 2 (Theory) Natural ResourceManagement 4 75
DSE -2 Natural Resource Management 2 25
(Practical)
C-13 (Theory) Plant Metabolism 4 75
C-13 (Practical) Plant Metabolism 2 25
C-14 (Theory) Plant Biotechnology 4 75
C-14 (Practical) [Plant Biotechnology 2 25
Semester-VIDSE - 3 (Theory) Horticulture Practices &Post Harvest 4 75
Technology
DSE-3 (Practical) [Horticulture Practices & Post Harvest 2 25
Technology
DSE — 4 Project
work Project Work 6 100
Total| 148 2600
BOTANY

Marks per paper — Mid-term: 15 marks, End term: 60 marks (Theory) + 25 marks (Practical), Total — 100

marks
Credit per paper — 6

Teaching hours per paper — 40 hours (theory) + 10 hours (practical)

Value Added and Add On Course (Optional), Total Course duration- 30 hours

Semester | Course | Course Title Marks
Value Added Course (Optional)
Any Semester VA- | Protein Separation Techniques 50
Any Semester VA-II Microbes And Environment 50
Any Semester VA Il Biodiversity And Conservation 50
Add On Course (Optional)
Any Semester AO-I Statistics In Biology 50
Any Semester AO-II Secondary Metabolites of Plants 50
Any Semester AO-III Development Of Transgenic Plants 50




Core Paper |

MICROBIOLOGY AND PHYCOLOGY

Objectives:

1. To introduce the amazing group of microorganisms which are intricately associated with human and
other living organisms.

2.  To learn the discovery, nature and multiplication of virus particles.

3. To know the characteristics, growth and physiology of bacteria and their role in agriculture, health
and industry.

4.  To learn the general characteristics and ecological distribution of bacteria, algae and cyanobacteria
and their immense importance to the mankind.

5.  To have knowledge about the habitats, distribution and diversity of algae in the soil, freshwater and
marine environments.

Outcomes:

On completion of the course

1.  The students would be able to understand the diverse nature of microbes and their interaction with
other organisms.

2. The students certainly get the opportunities to learn the basics of the nature and impact of viruses.

3. The students shall be able to understand the potential of various microbes and the approaches to use
them for human welfare.

4.  The students would be able to identify the important microbes including bacteria, cyanobacteria,
and algae available in local environments and understand their beneficial roles.

5.  The students shall learn about the immense potential the algal resources and understand the methods
of cultivation and use of algae.

Unit-1

Introduction to microbial world, microbial nutrition, growth and metabolism. Viruses: Discovery,

physicochemical and biological characteristics; classification (Baltimore), general structure with special

reference to viroids and prions; replication (general account), DNA virus (T-phage), lytic and lysogenic

cycle; RNA virus (TMV). Economic importance of viruses with reference to vaccine production, role in

research, medicine and diagnostics, as causal organisms of plant diseases.

Unit-I11

(i) Bacteria: - Discovery, general characteristics, types- archaebacteria, eubacteria, wall-less forms
(mycoplasma and spheroplasts), cell structure, nutritional types, reproduction-vegetative, asexual
and recombination (conjugation, transformation and transduction). Economic importance of
bacteria with reference to their role in agriculture and industry (fermentation and medicine).

(i) Cyanobacteria:- Ecology and occurrence, cell structure, heterocyst, reproduction, economic
importance; role in biotechnology. Morphology and life-cycle of Nostoc. General characteristics of
prochlorophyceae, Evolutionary significance of Prochloron.

Unit-I11
(i) Algae:- General characteristics; Ecology and distribution; range of thallus organization; Cell
structure and components; cell wall, pigment system, reserve food (of only groups represented in
the syllabus), flagella and methods of reproduction, classification; criteria, system of Fritsch, and
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evolutionary classification of Lee (only upto groups); Role of algae in the environment, agriculture,
biotechnology and industry.

(i) Chlorophyta:- General characteristics, occurrence, range of thallus organization, cell structure and
reproduction. Morphology and life-cycles of Chlamydomonas, Volvox, Oedogonium and
Coleochaete.

Unit-1V

(i) Charophyta:- General characteristics; occurrence, morphology, cell structure and life-cycle of
Chara; evolutionary significance.

(i) Xanthophyta:- General characteristics; Occurrence, morphology and life- cycle of Vaucheria.

(iii) Phaeophyta:-Characteristics, occurrence, cell structure and reproduction.Morphology and life-
cycles of Ectocarpus and Fucus.

(iv) Rhodophyta:-General characteristics, occurrence, cell structure and reproduction. Morphology
and life-cycle of Polysiphonia.

PRACTICAL
Microbiology
(i) Electron micrographs/Models of viruses —T-Phage and TMV, Line drawings/Photographs of Lytic
and Lysogenic Cycle.
(if) Types of Bacteria to be observed from temporary/permanent slides/photographs.
(iif)Examination of bacteria from bacterial culture by Gram’s staining method.
(iv)Electron micrographs of bacteria, binary fission, endospore, conjugation, rootNodule (live materials
and photographs).
Phycology
Study of vegetative and reproductive structures of Nostoc, Chlamydomonas (electron micrographs),
Volvox, Oedogonium, Coleochaete, Chara, Vaucheria, Ectocarpus, Fucus and Polysiphonia,
Procholoron, Diatoms through, temporary preparations and permanent slides.

Text Books:

1. Singh, V., Pandey, P.C., and Jain, D.K. (2017). Microbiology and Phycology,Rastogi Publication,
Meerut.

Reference Books:

1.  Lee, R.E. (2008). Phycology, Cambridge University Press, Cambridge. 4™ edition.

2. Prescott, L.M., Harley J.P., Klein D. A. (2010). Microbiology, McGraw-Hill, India.8™ edition.

3. Kumar, H.D. (1999). Introductory Phycology. Affiliated East-West Press, Delhi.

4. Campbell, N.A., Reece J.B., Urry L.A., Cain M.L., Wasserman S.A. Minorsky P.V., Jackson R.B.
(2008). Biology, Pearson Benjamin Cummings, USA. 8" edition.

5. Pelczar, M.J., Chan, E.C.S., Krieg, N.R. (2011) Microbiology, 8" edition, TataMcGraw-Hill Co,
New Delhi.

6.  Willey, Sherwood and Christopher. Laboratory exercises in Microbiology. McGraw-Hill, India. 9"
edition.

7. Vasistha B.R. (2017) Botany for Degree student, Algae, S. Chand Publication, NewDelhi.

8.  Mishra B. K. (2018) Microbiology and Phycology, Kalyani Publishers, New Delhi.



Core Paper Il
BIOMOLECULES AND CELL BIOLOGY

Objectives:

1.

To know about the chemical bonds and energetic of cellular processes and the role of enzymes in
cellular reactions.

2. To understand the basic components of prokaryotic and eukaryotic cells and the role of various
macromolecules in the cells.

3. To have an understanding on nucleic acids as the genetic material,

4.  To learn the basic mechanism of replication of nucleic acids

5. Understand how cells undergo mitosis & meiosis

Outcomes:

On completion of the course

1.
2.

Students will understand the importance of energy for cellular processes.

Students will understand the structures and purposes of basic components of prokaryotic and
eukaryotic cells, especially macromolecules, membranes, and organelles.

Students will understand how these cellular components are used to generate and utilize energy in
cells.

Students will apply their knowledge of cell biology to selected examples of changes or losses in cell
function. These can include responses to environmental or physiological changes.

Students will understand the cellular components underlying mitotic and meiotic cell division.

Unit-1

(i)

(i)

(iii)

Biomolecules and Bioenergetics: Types and significance of chemical bonds; Structure and
properties of water; pH and buffers. Laws of thermodynamics, concept of free energy, endergonic
and exergonic reactions, coupled reactions, redox reactions.

Enzymes: Structure of enzyme: holoenzyme, apoenzyme, cofactors, coenzymes and prosthetic
group; Classification of enzymes; Features of active site, substrate specificity, properties of
enzymes, mechanism of action (activation energy, lock and key hypothesis, induced - fit theory),
Michaelis — Menten equation, enzyme inhibition and factors affecting enzyme activity.
Carbohydrates: Nomenclature, classification, structure and function of Monosaccharides,
Disaccharides, Oligosaccharides and polysaccharides

Unit-I1

(i)
(i)

(iii)

Lipids: Definition and major classes of storage and structural lipids. Fatty acid structure and
functions. Essential fatty acids. Triacyl glycerol structure, functions andproperties.

Proteins: Structure and classification of amino acids; Peptide bonds; Levels of protein structure-
primary, secondary, tertiary and quaternary; Isoelectric point; Protein denaturation and biological
roles of proteins.

Nucleic acids: Structure of nitrogenous bases; Structure and function of nucleotides; Types of
nucleic acids; Structure of A, B, Z types of DNA,; Types of RNA; Structure of tRNA.

Unit 111

(i)

The Cell: Cell as a unit of structure and function; Characteristics of prokaryotic and eukaryotic
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(i)

(iii)

cells; Origin of eukaryotic cell (Endosymbiotic theory).

Cell wall and plasma membrane: Chemistry, structure and function of Plant Cell Wall.Overview of
membrane function; fluid mosaic model; Chemical composition of membranes; Membrane
transport — Passive, active and facilitated transport, endocytosis and exocytosis.

Cell organelles: Nucleus; Structure-nuclear envelope, nuclear pore complex, nuclear lamina, molecular
organization of chromatin; nucleolus.

Unit-1V

(i)
(i)

Cytoskeleton: Role and structure of microtubules, microfilaments and intermediary filament.
Chloroplast, mitochondria and peroxisomes: Structural organization; Function; Semiautonomous
nature of mitochondria and chloroplast. Endoplasmic Reticulum, Golgi Apparatus, Lysosomes.

(iii) Cell division: Eukaryotic cell cycle, different stages of mitosis and meiosis. Cell cycle, Regulation

of cell cycle.
PRACTICAL

(i) Qualitative tests for carbohydrates, reducing sugars, non-reducing sugars, lipids and proteins.

(i) Study of plant cell structure with the help of epidermal peel mount of Onion/Rhoeo

(iii) Demonstration of the phenomenon of protoplasmic streaming in Hydrilla leaf. (iv)Counting the
cells per unit volume with the help of hemocytometer. (Yeast/pollen grains).

(v) Study the phenomenon of plasmolysis and deplasmolysis.

(vi) Study of different stages of mitosis and meiosis using aceto carmine and aceto orcine method
from Onion root tip and bud respectively.

Text Books:

1. Rastogi, V. B. (2016). Introductory Cytology, Kedar Nath & Ram Nath, Meerut

2. Gupta, P. K. (2017). Biomolecules and Cell Biology, Rastogi Publication, Meerut.

Reference Books:

1.
2.

Sahoo, K. (2017) Biomolecules and Cell Biology, Kalyani Publishers, New Delhi.

Tymoczko, J.L., Berg, J.M. and Stryer, L. (2012) Biochemistry: A short course, 2nded., W.H.
Freeman

Nelson, D.L. and Cox, M.M. (2008) Lehninger Principles of Biochemistry, 5th Edition, W.H.
Freeman and Company.

Cooper, G.M. and Hausman, R.E. 2009 The Cell: A Molecular Approach. 5th edition.ASM Press &
Sunderland, Washington, D.C.; Sinauer Associates, MA.

Becker, W.M., Kleinsmith, L.J., Hardin. J. and Bertoni, G. P. 2009 The World of the Cell. 7"
edition. Pearson Benjamin Cummings Publishing, San Francisco



Core Paper Il
MYCOLOGY AND PHYTOPATHOLOGY

Objectives:

1.  To learn classification and diversity of fungi and their nutritional requirements.

2. To learn the life cycle and ecology of some important genera of fungi and their pathogenicity.
3. Tounderstand the beneficial fungal interactions.

4.  To learn about edible fungi and their role in human nutrition.

5. To learn the beneficial application of fungi in agriculture and medicine.

6.  To know the phytopathological processes and the method of their prevention and control.

Outcomes:
On completion of the course the students shall be able to

1
2
3.
4
5

Have an idea on the vast fungal diversity in nature and method of their identification and culture.
Know the life cycle of commonly occurring fungal genera and the disease caused by them.

Have knowledge on the types of fungal associations and their importance.

Have knowledge and skill on the application of fungi and fungal biomolecules in human welfare.
Have skill to understand the host - parasite relationship and its role in establishment of viral, fungal
and bacterial diseases in plants.

Understand the causes and conditions for commonly occurring plant diseases and the methods of
their control.

Unit-1

(i)
(i)

Introduction to true fungi: Definition, General characteristics; Affinities with plants and animals;
Thallus organization; Cell wall composition; Nutrition; Classification.

Zygomycota: General characteristics; Ecology; Thallus organization; Life cycle with reference to
Rhizopus.

(iii) Ascomycota: General characteristics (asexual and sexual fruiting bodies); Ecology; Life cycle,

Heterokaryosis and parasexuality; life cycle and classification with reference to Saccharomyces,
Aspergillus, Penicillium, and Neurospora.

(iv) Basidiomycota: General characteristics; Ecology and Classification; Life cycle of Puccinia and

Agaricus.

Unit-11

Allied Fungi: General characteristics; Status of Slime molds, Classification; Occurrence; Types of
plasmodia; Types of fruiting bodies.

Oomycota: General characteristic; Ecology; Life cycle and classification with reference to
Phytophthora, and Albugo.

Symbiotic associations: Lichen — Occurrence; General characteristics; Growth forms and range of
thallus organization; Nature of associations of algal and fungal partners; Reproduction. Mycorrhiza-
Ectomycorrhiza, Endomycorrhiza and their significance. Economic importance of Lichens.

Unit-111

Applied Mycology: Role of fungi in biotechnology, Mushroom cultivation, Application of fungi in food
industry (Flavor & texture, Fermentation, Baking, Organic acids, Enzymes, Mycoproteins); Secondary
metabolites (Pharmaceutical preparations); Agriculture (Biofertilizers); Mycotoxins; Biological control
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(Mycofungicides, Mycoherbicides, Mycoinsecticides, Myconematicides); Medical mycology.

Unit-1vV

Phytopathology: Terms and concepts; General symptoms; Geographical distribution of diseases;
etiology; symptomology; Host- Pathogen relationships; disease cycle and environmental relation;
prevention and control of plant diseases, and role of quarantine. Bacterial diseases — Citrus canker and
angular leaf spot disease of Cotton. Viral diseases — Tobacco Mosaic, Vein Clearing. Fungal diseases —
Early blight of potato, Loose and covered smut.

PRACTICAL

(1) Introduction to the world of fungi (Unicellular, coenocytic/ septate mycelium,ascocarps &
basidiocarps).

(i) Rhizopus: study of asexual stage from temporary mounts and sexual structuresthrough
permanent slides.

(iii) Aspergillus, Penicillium and Saccharomyces: study of asexual stage fromtemporary mounts. Study
of Sexual stage from permanent slides/photographs.

(iv) Puccnia : Study of different stages from temporary mounts and permanent slides.

(v) Agaricus: Specimens of button stage and full-grown mushroom; sectioning of gills of Agaricus,
and fairy rings are to be shown.

(vi) Albugo: Study of symptoms of plants infected with Albugo; asexual phase study through section/
temporary mounts and sexual structures through permanent slides.

(vii) Phytopathology: Herbarium specimens of bacterial diseases; Citrus Canker; Viral diseases: Mosaic
disease of ladies’ finger, papaya, cucurbits, moong, black gram, Fungal diseases: Blast of rice,
Tikka disease of ground nut, powdery mildew of locally available plants and White rust of
crucifers.

Text Books:

1.  Mishra, B. K. (2017), Mycology and Phytopathology, Kalynai Publishers, NewDelhi.

Reference Books:

1.  Sharma, P. D. (2017). Mycology and Phytopathology Rastogi Publication, Meerut.

Agrios, G.N. (1997) Plant Pathology, 4" edition, Academic Press, U.K.

3. Alexopoulos, C.J., Mims, C.W., Blackwell, M. (1996). Introductory Mycology, JohnWiley &Sons

(Asia) Singapore. 4" edition.
4.  Webster, J. and Weber, R. (2007). Introduction to Fungi, Cambridge University Press,Cambridge.

N

3" edition.

5.  Sethi, LK. and Walia, S.K. (2011). Text book of Fungi and Their Allies, MacmillanPublishers
India Ltd.

6. Mehrotra, R. S. (2011). Plant Pathology. Tata Mc Graw-Hill Publishing CompanyLimited,
New Delhi



Core Paper IV
ARCHEGONIATAE
Objectives:
1.  To know the principles, hypotheses and process of adaptation of plants to land habitat.
2. To learn about the origin classification, and characteristics of bryophytes through some
representative genera.
3. To learn about the origin and distribution of vascular plants and stages of evolution of conducting
tissues.
4.  To study the morphology, and characteristics of pteridophytes through some representative genera.
To learn the characteristics, classification and importance of the gymnosperms.
6.  To have a general knowledge on the fossils and fossilization processes.

o

Outcomes:
On completions of the course the students shall
1.  Able to understand the mechanism of the evolution of the higher plants and their adaptation to land

habit.

2. Knowledge on the diversity of archegoniates and their and their pattern of habitat specific
distribution.

3. Knowledge on the characteristics of bryophytes and skill to differentiate the genera on the basis of
their morphology and anatomy.

4.  Ability to identify the members of pteridophytes and knowledge on their characteristic features.

5. Understand the unique features and distribution of gymnosperms.

6.  Capacity to analyze various types of fossils on the basis of their characters.

Unit-1

(i) Introduction: Unifying features of archegoniates; Transition to land habit; Alternation of
generations. General characteristics; Origin of land plants and Adaptations to land habit;

(i) Bryophytes: Origin and Classification; Range of thallus organization. Classification (up to family).
Structure, Reproduction and evolutionary trends in Riccia, Marchantia, Anthoceros and Funaria
(developmental stages not included). Ecological and economic importance of bryophytes.

Unit-11

Pteridophytes: General characteristics, classification. Classification (up to family), morphology, anatomy

and reproduction of Psilotum, Selaginella, Equisetum, Pteris and Marsilea. Apogamy, and apospory,

heterospory and seed habit, telome theory, stellar evolution and economic importance.

Unit-111

Gymnosperms: General characteristics, classification (up to family), morphology, anatomy and

reproduction of Cycas, Pinus, Ginkgo and Gnetum. (Developmental details not to be included).

Ecological and economic importance.

Unit-1V

Palaeobotany: Geological time scale, fossils and fossilization process. Morphology, anatomy and

affinities of Rhynia, Calamites, Lepidodendron, Lyginopteris, Cycadeoidea and Williamsonnia.
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PRACTICAL

(1)  Morphology, anatomy and reproductive structures of Riccia, Marchantia, Anthoceros,Funaria.

(i)  Psilotum- Study of specimen, transverse section of synangium (permanent slide).

(iii) Selaginella- Morphology, whole mount of leaf with ligule, transverse section of stem, whole mount
of strobilus, whole mount of microsporophyll and megasporophyll (temporary slides), longitudinal
section of strobilus (permanent slide).

(iv) Equisetum- Morphology, transverse section of internode, longitudinal section of strobilus,
transverse section of strobilus, whole mount of sporangiophore, whole mount of spores (wet and
dry) (temporary slide), transverse section of rhizome (permanent slide).

(v) Study of temporary preparations and permanent slides of Marsilea.

(vi) Pteris- Morphology, transverse section of rachis, vertical section of sporophyll, whole mount of
sporangium, whole mount of spores (temporary slides), transverse section of rhizome, whole mount
of prothallus with sex organs and young sporophyte (permanent slide).

(vii) Cycas- Morphology (coralloid roots, bulbil, leaf), whole mount of microsporophyll and megaspore,
T.S root, leaflet, rachis

(viii) Pinus- Morphology (long and dwarf shoots, whole mount of dwarf shoot, maleand female cones),
T.S. Needle, stem, L.S. male cone, whole mount of microsporophyll, whole mount of Microspores
(temporary slides), L.S. of female cone.

(ix) Gnetum- Morphology (stem, male & female cones), transverse section of stem, vertical section of
ovule (permanent slide).

(x) Study of some fossil slides / photographs as per theory.

Text Books:
1. Vasistha, B. R. (2017) Botany for Degree student, Bryophyta, S. Chand Publication, NewDelhi.
2. Singh, V., Pandey, P.C. and Jain, D.K. (2017). Archegoniate, Rastogi Publication,Meerut.

Reference Books:

1.  Acharya, B.S. (2017), Archegoniate, Kalyani Publishers, New Delhi.

2. Vashistha, P.C., Sinha, A.K., Kumar, A. (2010). Pteridophyta. S. Chand. New Delhi,India.

3. Bhatnagar, S.P. & Moitra, A. (1996). Gymnosperms. New Age International (P) Ltd
Publishers, New Delhi, India.

4. Raven, P.H., Johnson, G.B., Losos, J.B., Singer, S.R. (2005). Biology. Tata McGraw Hill,
Delhi.
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Core Paper V

ANATOMY OF ANGIOSPERMS
Objectives:
This paper emphasizes on the internal structure of plants and plant parts. The objectives are
1.  To explain the tissues and tissue systems in plants.
2. To explain the organization of shoot and root apices.
3. To educate the students on the activity of meristems for primary and secondary growth of plants
4.  To explain about various types of woods in plants and their developmental pattern.

Outcomes:

After the completion of the course the students shall have

1.  The ability to examine the internal anatomy of plant systems and organs.

2. Develop a critical understanding of the evolution of the concept of organization of shoot and root
apex.

3. Analyze the composition of different parts of plants and their relationships.

4.  Evaluate the adaptive and protective morphological systems of plants.

Unit-I

(1) Introduction and scope of Plant Anatomy: Applications in systematics, forensics and
pharmacognosy.

(i) Tissues: Classification of tissues; Simple and complex tissues (no phylogeny); cyto- differentiation
of tracheary elements and sieve elements; Pits and plasmodesmata; Cell wall ingrowths and
transfer cells, adcrustation and incrustation, Ergastic substances.

Unit-11

(1) Stem: Organization of shoot apex (Apical cell theory, Histogen theory, Tunica Corpus theory,
continuing meristematic residue, cyto-histological zonation); Types of vascular bundles; Anatomy
of dicot and monocot stem. Vascular Cambium: Structure, function and seasonal activity of
cambium; secondary growth in stem(normal and anomalous). Root Stem transition.

(i) Leaf: Anatomy of dicot and monocot leaf, Kranz anatomy.

Unit-111

(1) Root: Organization of root apex (Apical cell theory, Histogen theory, Korper-Kappe theory);
Quiescent center; Root cap; Anatomy of dicot and monocot root; Endodermis, exodermis and
origin of lateral root. Secondary growth in roots.

(i) Wood: Axially and radially oriented elements; Types of rays and axial parenchyma; Cyclic aspects
and reaction wood; Sapwood and heartwood; Ring and diffuse porous wood; Early and late wood,
tyloses; Dendrochronology.

(iii) Periderm: Development and composition of periderm, rhytidome and lenticels.

Unit -1V

(i) Adaptive and Protective Systems Epidermal tissue system, cuticle, epicuticular waxes, trichomes
(uni-and multicellular, glandular and non-glandular: two examples of each), stomata
(classification); Anatomical adaptations of xerophytes and hydrophytes.

(if)  Secretory System: Hydathodes, cavities, lithocysts and laticifers.
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(iii) Mechanical tissue system.

PRACTICAL
1.  Study of distribution and types of parenchyma, collenchyma and sclerenchyma, Xylem: Tracheary
elements-tracheids, vessel elements; thickenings; perforation plates; xylem fibres, Phloem: Sieve
tubes-sieve plates; companion cells; phloem fibres.
Wood: ring porous; diffuse porous; tyloses; heart- and sapwood.
Epidermal system: cell types, stomata types; trichomes: non-glandular and glandular.
Root: monocot, dicot, secondary growth.
Stem: monocot, dicot - primary and secondary growth (normal and anomalous); periderm; lenticels.
Leaf: isobilateral, dorsiventral, C4 leaves (Kranz anatomy).
Ecological anatomy.

No ok~ wd

Text Books:
1. Singh, V., Pandey, P.C. and Jain, D.K. (2017). Anatomy of Angiosperms, RastogiPublication,
Meerut.

Reference Books:

1.  Eames, AJ. and Mc Daniels, L.H., (1953). An introduction to plant anatomy, Tata McGrow Hills,
New Delhi

Esau, K. (1977). Anatomy of Seed Plants. John Wiley & Sons, Inc., Delhi.

Tayal, M. S. (2012) Plant Anatomy Rajpal and Sons, New Delhi

Mishra, B. K. (2017). Anatomy of Angiosperms, Kalyani Publishers, New Delhi.

Pandey, B. P. (2017) Plant Anatomy, S. Chand Publication, New Delhi.

a s wn
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Core Paper VI
ECONOMIC BOTANY
Objectives:
1. To give a comprehensive idea about economic botany and its importance in human welfare.
2. To know the origin, introduction, domestication and evolution of new crops / varieties of crop
plants.
3. To create awareness about importance of germplasm diversity.

4.  To provide knowledge on general account, cultivation, propagation and uses of common crops.

5.  To educate the students about the processing and uses of beverages, drug yielding plants and cash
crops.

Outcomes:

After completion of the course the students shall

1. Have an understanding on the fundamental concepts of Economic Botany and its application in
human welfare.

2.  Be able to know the origin and evolution of crops and the importance of wild relatives in crop
improvement

3. Develop a basic knowledge on germplasm and the basics for their conservation.

Be aware about the cultivation practices for important crops.

5. Have an understanding of plants as a source of food, beverages, spices, and materials.

&

Unit-I

(i) Origin of Cultivated Plants: Concept of Centers of Origin, their importance with reference to
Vavilov’s work. Examples of major plant introductions; Crop domestication and loss of genetic
diversity; evolution of new crops/varieties, importance of germplasm diversity.

(if) Cereals: Cultivation and brief account of Wheat, Rice and millets.

(iii) Legumes: General account, importance to man and ecosystem.

(iv) Sugars & Starches: Morphology, cultivation and processing of sugarcane, products and by-
products of sugarcane industry. Potato — morphology, cultivation, propagation & uses.

Unit-11

(i) Spices: Listing of important spices, their family and part used, economic importance with special
reference to fennel, saffron, clove and black pepper Beverages: Tea, Coffee (morphology,
processing & uses)

(it) Drug-yielding plants: Therapeutic and habit-forming drugs with special reference to Cinchona,
Digitalis, Papaver and Cannabis.

(iii) Tobacco: Tobacco (Morphology, processing, uses and health hazards)

Unit-111

(i) Oils & Fats: General description, classification, extraction, their uses and health implications
groundnut, coconut, linseed and Brassica (Botanical name, family & uses)

(i) Essential Oils: General account, extraction methods, comparison with fatty oils & their uses.

Unit-1V

()  Natural Rubber: Para-rubber: tapping, processing and uses.

(i) Timber plants: General account with special reference to teak and pine. Fibers: Classification based
on the origin of fibers, Cotton and Jute (morphology, extraction and uses).
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PRACTICAL

(1) Cereals: Rice (habit sketch, study of paddy and grain, starch grains).

(i) Legumes: Soya bean/moong bean/black gram, Groundnut, (habit, fruit, seed structure, micro-
chemical tests).

(iii) Sugars & Starches: Sugarcane (habit sketch; cane juice- micro-chemical tests), Potato (habit sketch,
tuber morphology, T.S. tuber to show localization of starch grains, starch grains, micro-chemical
tests).

(iv) Spice and Beverages: clove, black pepper, Tea (plant specimen, tea leaves), Coffee(plant specimen,
beans).

(v) Oils & Fats: Groundnut, Mustard—plant specimen, seeds; tests for fats incrushed seeds.

(vi) Drug-yielding plants: Specimens of Digitalis, Papaver and Cannabis.

(vii) Woods: Tectona, Pinus/Sal: Specimen, Section of young stem.

(viii) Fiber-yielding plants: Cotton (specimen, whole mount of seed to show lint andfuzz; whole mount of
fiber and test for cellulose), Jute (specimen, transverse section of stem, test for lignin on transverse
section of stem and fiber).

Text Books:

1. B. P. Pandey, (2017) Economic Botany. S. Chand Publication, New Delhi.

Reference Books:

1.  Kochhar, S.L. (2012). Economic Botany in Tropics, MacMillan & Co. New Delhi,India.

2. Samba Murty, A.V.S.S. and Subrahmanyam, N.S. (2011). Text Book of ModernEconomic
Botany, CBS Publishers and Distributors, New Delhi.

3. Hill, Albert F. Economic Botany, Tata Mc Grow Hill Publishing Company, Ltd. NewDelhi.

4. Wickens, G.E. (2001). Economic Botany: Principles & Practices. Kluwer AcademicPublishers,
The Netherlands.

5. Singh, V., Pandey, P.C. and Jain, D.K. (2017). Economic Botany, RastogiPublication, Meerut.

6. Baruah, B. (2017). Economic Botany, Kalyani Publishers, New Delhi.
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Core Paper VII
GENETICS

Objectives:
1. To know general organization, possible function, and frequency of genes and non-gene DNA
sequences in a typical eukaryotic genome.
Practical methodology for applying Mendelian laws (heavily reliant on problem solving).
Extensions of Mendelian genetics, including different forms of allelic relationships.
To know different types of mutations, affect genes and the corresponding mRNAs and proteins.
Inheritance of linked genes, including recombination mapping, and the physical basis of these rules
(chromosomal behaviour during meiosis)

ok~ own

Outcomes:

On completion of the course the students shall

1.  Learn the basic principles of inheritance at the molecular, cellular and organismal levels.

2. Understand the mechanism of inheritance and its relationship with the expression of morphological
traits.

3. understand the relationships between molecule/cell level phenomena (“modern” genetics) and
organism-level patterns of heredity (“classical” genetics)

4. Know about the variations by polyploidy, chromosomal aberration and gene mutations.

5. test and deepen their mastery of genetics by applying this knowledge in a variety of problem-
solving situations.

Unit-1

(i) Mendelian genetics and its extension Mendelism: History; Principles of inheritance; Chromosome
theory of inheritance; Autosomes and sex chromosomes; Incomplete dominance and codominance;
Multiple alleles, Lethal alleles, Interaction of genes, Pleiotropy, Recessive and Dominant traits,
Polygenic inheritance.

(if) Extrachromosomal Inheritance: Chloroplast mutation: Variegation in Four o’clock plant;
Mitochondrial mutations in yeast; cytoplasmic male sterility; Maternal effects- shell coiling in snail;
Infective heredity- Kappa particles in Paramecium.

Unit-11

Linkage, crossing over and chromosome mapping: Linkage and crossing over- Cytological basis of

crossing over; Recombination frequency, two factor and three factor crosses; Interference and

coincidence; Numerical based on gene mapping; Sex Linkage.

Unit-111

(1) Variation in chromosome number and structure: Deletion, Duplication, Inversion, Translocation,
Position effect, Euploidy and Aneuploidy

(i) Gene mutations: Types of mutations; Molecular basis of Mutations; Mutagens - physical and
chemical (Base analogs, deaminating, alkylating and intercalating agents); Detection of mutations:
CIB method. Role of Transposons in mutation. DNA repair mechanisms.

Unit-1V
()  Fine structure of gene: Classical vs. molecular concepts of gene; Cis-Transcomplementation test
for functional allelism; Structure of Phage T4, rll Locus.
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(i)  Population and Evolutionary Genetics: Gene pool, Allele frequencies, Genotype frequencies,

Hardy-Weinberg Law, role of natural selection, mutation, genetic drift. Genetic variation and
Speciation.

PRACTICAL

1. Analysis of allelic and genotypic frequencies.

2. Mendel’s laws through seed ratios. Laboratory exercises in probability and chi-squareanalysis.

3. Chromosome mapping using test cross data.

4.  Pedigree analysis for dominant and recessive autosomal and sex-linked traits.

5. Incomplete dominance and gene interaction through seed ratios (9:7, 9:6:1, 13:3,15:1, 12:3:1,
9:3:4).

6. Blood Typing: ABO groups & Rh factor.

7. Chromosome anomaly: Translocation Ring, Laggards and Inversion Bridge, break etc. (through
photographs).

Text Books:

1. Singh B. D. (2017). Fundamental of Genetics, Kalyani Publishers, New Delhi.

2.  GuptaP. K. (2017). Genetics, Rastogi Publication, Meerut.

Reference Books:

1.

Gardner, E.J., Simmons, M.J., Snustad, D.P. (1991). Principles of Genetics, JonnWiley & Sons,
India. 8th edition.

Sinnot, E.W., Dunn, L.C. and Dobzhansky, T. (1985) Principles of Genetics, TataMc Grow Hill,
New Delhi

Klug, W.S., Cummings, M.R., Spencer, C.A. (2012). Concepts of Genetics. BenjaminCummings,
U.S.A. 10th edition.

Griffiths, A.J.F., Wessler, S.R., Carroll, S.B., Doebley, J. (2010). Introduction toGenetic Analysis.
W.H. Freeman and Co., U.S.A. 10th edition.

Strickberger, M.W. Genetics, Pearson Publishers, 3rd Edition

Rastogi V. B. (2017). Genetics, Kedar Nath & Ram Nath, Meerut
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Core Paper VIII

MOLECULAR BIOLOGY
Objectives:
To understand the Historical perspective of DNA and DNA as the carrier of genetic information.
To learn the Organization and structure of DNA and RNA in pro-and eu-karyotes.
To understand the structure and function organellar and nuclear genomes.
To understand the General principles of replication and the relationship with genetic code.
To study about Processing and modification of RNA in prokaryotes and eukaryotes for translation.

ok~ ownE

Outcomes:

On completion of the course the students shall

1. Be able to describe Organization and structure and replication of DNA and RNA.

2. Have theoretical and practical knowledge the prokaryotic and eukaryotic nucleic acids.

3. Have a clear understanding on the structure and function of organellar genome.

4. Understand the processes of bidirectional, semi-conservative and semi discontinuous mode of
replication and the importance of the genetic code.

5. Have ability to understand the mechanism of translation in prokaryotes and eukaryotes.

Unit- |

Nucleic acids: Carriers of genetic information: Historical perspective; DNA as the carrier of genetic

information (Griffith’s, Hershey & Chase, Avery, McLeod & McCarty), Types of genetic material,

denaturation and renaturation, cot curves. Organization of DNA and structure of RNA- Prokaryotes,

Viruses, Eukaryotes, Fraenkel-Conrat’s experiment. Organelle DNA - mitochondria and chloroplast

DNA. The Nucleosome -Chromatin structure- Euchromatin, Heterochromatin- Constitutive and

Facultative heterochromatin.

Unit-11

(i)  The replication of DNA: Chemistry of DNA synthesis (Kornberg’s discovery); General principles —
bidirectional, semi-conservative and semi discontinuous replication, RNA priming; Various models
of DNA replication, including rolling circle, 6 (theta) mode of replication, replication of linear ds-
DNA, replication of the 5" end of linear chromosome; Enzymes involved in DNA replication.

(i) Central dogma and genetic code: Key experiments establishing-The Central Dogma (Adaptor
hypothesis and discovery of mRNA template), Genetic code (deciphering & salient features)

(iii) Processing and modification of RNA: Split genes-concept of introns and exons, removal of introns,
spliceosome machinery, splicing pathways, group | & group Il intron splicing, alternative splicing
eukaryotic mRNA processing (5’ cap, 3’ polyA tail); Ribozymes, exon shuffling; RNA editing and
MRNA transport.

Unit-111

Mechanism of Transcription: Transcription in prokaryotes and eukaryotes;

Regulation of transcription in prokaryotes and eukaryotes: Principles of transcriptional regulation;

Prokaryotes: Operon concept- Regulation of lactose metabolism and tryptophan synthesis in E. coli.

Eukaryotes: transcription factors, heat shock proteins, steroids and peptide hormones; Gene silencing

Unit-1vV

Translation (Prokaryotes and eukaryotes): Ribosome structure and assembly; Charging of tRNA,

aminoacyl tRNA synthetases; Various steps in protein synthesis, proteins involved in initiation,

elongation and termination of polypeptides; Fidelity of translation; Inhibitors of protein synthesis; post-
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translational modifications of proteins.

o~ E

PRACTICAL
Preparation of LB medium and raising E. coli.
Isolation of genomic DNA from suitable plant material.
RNA estimation by orcinol method.
DNA estimation by diphenylamine reagent/UV Spectrophotometry.
Photographsestablishing nucleic acid as genetic material (Messelson and Stahl’s, Avery et al,
Griffith’s, Hershey & Chase’s and Fraenkel & Conrat’s experiments)
Study of Barr body from buccal smear preparation.

Text Books:

1.

Gupta P. K. (2017). Molecular Biology, Rastogi Publication, Meerut.

Reference Books:

1.

Watson, J.D., Baker, T.A., Bell, S.P., Gann, A., Levine, M., Losick, R. (2007). Molecular Biology
of the Gene, Pearson Benjamin Cummings, CSHL Press, New York, U.S.A. 6th edition.

Snustad, D.P. and Simmons, M.J. (2010). Principles of Genetics. John Wiley and Sons Inc., U.S.A.
5th edition.

Klug, W.S., Cummings, M.R., Spencer, C.A. (2009). Concepts of Genetics. Benjamin Cummings.
U.S.A. 9th edition.

Sheeler, P. and Bianchi, D.E. (2009) Molecular Biology of the Cell, Willey Publisher, New Delhi
Griffiths, A.J.F., Wessler, S.R., Carroll, S.B., Doebley, J. (2010). Introduction to Genetic
Analysis. W.H. Freeman and Co., U.S.A. 10th edition.

Alberts, B. et al. 2014. Molecular Biology of the cell Garland Science. 6 Edition

Power, C. B. (2017) Cell Biology, Himalaya Publishing House, New Delhi

Sahu, A.C. (2017). Essentials of Molecular Biology, Kalynai Publishers, NewDelhi.
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Core Paper IX
PLANT ECOLOGY & PHYTOGEOGRAPHY

Objectives:
1.  To learn the interaction of biotic components with non-living components of an ecosystem.

2. To introduce to various natural ecosystems and how the interaction among different biotic and
abiotic factors influencing the stability and diversity of an ecosystem.

3. To study the physical, biological and chemical characteristics of factors influencing population.

4.  To know the experimental approach to determine the physical, chemical and organic matters of soil.

5. To introduce the students to the characteristics and dynamism of population ecology.

Outcomes:

On completion of the course the students shall

1. Have ability to understand the ecological functioning of ecosystems and would certainly help
students to maintain the local ecosystems.

2.  Have information on species’ geographical range and how the size and life history influenced by the
various components of ecosystems.

3. Anunderstanding of the factors that influence patterns of abundance and distribution in populations.

Have knowledge on the process of soil formation and approaches to study the nature of soils.

5. Have skill to evaluate the dynamics of change of population characteristics.

&

Unit-1
(i) Introduction Concept of ecology, Autoecology, Synecology, system ecology, Levelsof organization.
Inter-relationships between the living world and the environment, the components of environment,
concept of hydrosphere and lithosphere and dynamism, homeostasis.
(i) Light, temperature, wind and fire: Variations; adaptations of plants to their variation.

Unit-11

(i)  Soil: Formation; Composition; Physical; Chemical and Biological components; Soilprofile; Role of
climate in soil development.

(i) Water: Importance: States of water in the environment; Atmospheric moisture; Precipitation types
(rain, fog, snow, hail, dew); Hydrological Cycle; Water in soil;Water table.

Unit-111

Biotic interactions and Population ecology: Characteristics and Dynamics.

Plant communities: Concept of ecological amplitude; Habitat and niche; Characters: analytical and
synthetic; Ecotone and edge effect; Dynamics: succession — processes, types; climax concepts.

Unit-1V
(i) Ecosystems: Structure; Processes; Trophic organization; Food chains and Food webs; Ecological
pyramids.

(if) Functional aspects of ecosystem: Principles and models of energy flow; Production and
productivity; Ecological efficiencies; Biogeochemical cycles; Cycling of Carbon, Nitrogen and
Phosphorus.

(iii) Phytogeography: Principles; Continental drift; Theory of tolerance; Endemism; Phytogeographical
division of India; Vegetation of Odisha.
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PRACTICAL

1.  Determination of pH of various soil and water samples (pH meter, universalindicator/Lovibond
comparator and pH paper)

2. Analysis for carbonates, chlorides, nitrates, sulphates, organic matter and base deficiency from
two soil samples by rapid field tests.

3. Determination of dissolved oxygen of water samples from polluted and unpolluted sources.

4.  Study of morphological adaptations of hydrophytes, xerophytes, halophiles (two each).

5.  Determination of minimal quadrat size for the study of herbaceous vegetation inthe college
campus, by species area curve method (species to be listed).

6.  Quantitative analysis of herbaceous vegetation for frequency, density and abundancein the college
campus.

7.  Field visit to familiarize students with ecology of different sites.

Text Books:

1.  Sharma, P.D. (2017). Fundamentals of Ecology. Rastogi Publications, Meerut, India.

Reference Books:

N o g s

Odum, E.P. (2005). Fundamentals of ecology. Cengage Learning India Pvt. Ltd., NewDelhi.
5tedition.

Singh, J.S., Singh, S.P., Gupta, S. (2006). Ecology Environment and ResourceConservation.
Anamaya Publications, New Delhi, India.

Wilkinson, D.M. (2007). Fundamental Processes in Ecology: An Earth SystemsApproach. Oxford
University Press. U.S.A.

Kormondy, E.J. (1996). Concepts of ecology. PHI Learning Pvt. Ltd., Delhi, India.4th edition.
Santra, S. C. (2015) Environmental Science. New Central Book Agency (P) Ltd.Kolkata.

Das M. C. and Das S. P. (2009). Fundamental of Ecology. Tata MGrow Hill, NewDelhi.

Shukla R.S. and Chandel P.S. (2016). A Text Book of Plant Ecology. S Chand Publication, New
Delhi.
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Core Paper X
PLANT SYSTEMATICS

Objectives:

1.

A comprehensive presentation of the rules, regulations and codes of governing principles of the
International Code of Nomenclature of Algae, Fungi and Plants (ICN)

2.  To provide knowledge on basic concepts of plant nomenclature and the tools used for naming the
taxa.

3. To impart knowledge on the traditional and advanced systems of classification of lower and higher
plants.

4.  To acquaint the students with the modern approaches for developing systematic relationships in the
plant kingdom.

5.  To enlighten the students about the phylogeny and the methods for building phylogeny among taxa
of various angiosperms.

6. To educate the students on the specific taxonomic characteristics of some angiosperm families and
the method to make morphological studies of plant materials.

Outcomes:

After the completion of the course the students are expected to have

1.  Knowledge on various levels of taxonomic hierarchy and the relationships among various
hierarchical levels with respect to their similarities and variations of characters.

2. The skill to use various taxonomic literature, Flora and herbaria, keys of both physical and digital
types for plant identification and floristic studies.

3. Critical thinking on the ancient, traditional and modern classification systems and evaluation of
their applicability in taxonomic placement of taxa.

4.  Knowledge on the evolution of the concepts in classifying plants and weighing the potential of
various tools.

5. Ability to build the phylogeny among various taxa of different levels of hierarchy and identifying
the apomorphy and plesiomorphy.

6. Critical observations of the morphology of plant materials for taxonomic description and
identification to the family, genus and species level.

Unit |

Plant identification, Classification, Nomenclature; Biosystematics. Identification: Field inventory;
Functions of Herbarium; Important herbaria and botanical gardens of the worldand India; Virtual
herbarium; E-flora; Documentation: Flora, Monographs, Journals; Keys: Single access and Multi-access

Unit-11

Taxonomic hierarchy: Concept of taxa (family, genus, species); Categories and taxonomic hierarchy;
Species concept (taxonomic, biological, evolutionary).

Botanical nomenclature: Principles and rules (ICN); Ranks and names; Typification, author citation, valid
publication, rejection of names, principle of priority and its limitations; Names of hybrids.

Unit-111

(i)

Systematics- an interdisciplinary science: Evidence from palynology, cytology, phytochemistry and
molecular data.

(i) Systems of classification: Major contributions of Theophrastus, Bauhin, Tournefort, Linnaeus,
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Adanson, de Candolle, Bessey, Hutchinson, Takhtajan and Cronquist; Classification systems of
Bentham and Hooker (up to series) and Hutchinson (up to series); Brief reference of Angiosperm
Phylogeny Group (APG I1II) classification.
Unit-1V
Phylogeny of Angiosperms: Terms and concepts (primitive and advanced, homology and analogy,
parallelism and convergence, monophyly, Paraphyly, polyphyly and clades). Origin& evolution of
angiosperms; co- evolution of angiosperms and animals; methods of illustrating evolutionary relationship
(phylogenetic tree, cladogram).
Families of Angiosperms: Descriptive studies of Magnoliaceae, Rosaceae, Rubiacae, Poaceae,
Orchidaceae, Musaceae, Acanthaceae, Apocynaceae, Asclepiadaceae, Lamiaceae.

PRACTICAL

(i) Study of vegetative and floral characters of available materials of the families included in theory
syllabus (Description, V.S. flower, section of ovary, floral diagram/s, floral formula/e and
systematic position according to Bentham & Hooker’s system of classification).

(it)  Field visit, plant collection and herbarium preparation and submission. Mounting of properly dried
and pressed specimen of at least fifteen wild plants with herbarium label (to be submitted in the
record book)

Text Books:
1. Sharma O. P. (2009) Plant Taxonomy, Tata Mc Grow Hill, New Delhi

Reference Books:

1.  Singh, G. (2012). Plant Systematics: Theory and Practice. Oxford & IBH Pvt. Ltd., New
Delhi.3rdedition.

Jeffrey, C. (1982). An Introduction to Plant Taxonomy. Cambridge University Press,Cambridge.
Judd, W.S., Campbell, C.S., Kellogg, E.A., Stevens, P.F. (2002). Plant Systematics-APhylogenetic
Approach. Sinauer Associates Inc., U.S.A. 2nd edition.

Saxena, H. O. and Brahman, M. The Flora of Orissa, CSIR Publication.

Bose T. K. (2009). Trees of the World, Regional Plant Resource Centre,Bhubaneswar, Odisha, India
Radford, A.E. (1986). Fundamentals of Plant Systematics. Harper and Row, NewYork.

Hanes, H. H. (2009). Botany of Bihar and Orissa,

Mohanty, C. R. (2017). Text Book of Plant Systematics, Kalynai Publisher, NewDelhi.
Subrahmainayam, M. S. (2011) Modern Plant Taxonomy, Vikash Publishing House,New Delhi

10. Pandey, B. P., (2017). Taxonomy of Angiosperm. S. Chand Publication.

w
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Core Paper XI
REPRODUCTIVE BIOLOGY OF ANGIOSPERMS

Objectives:
1. To give a comprehensive idea about economic botany and its importance in human welfare.

2.  To know the origin, introduction, domestication and evolution of new crops / varieties of crop
plants.

3. To create awareness about importance of germplasm diversity.

4.  To provide knowledge on general account, cultivation, propagation and uses of common crops and
processing of the materials.

5. To know the extraction and uses of different oils as well as essential oils.

Outcomes:

After completion of the course the students shall

1. Have an understanding on the fundamental concepts of Economic Botany.

2.  Develop a basic knowledge on the evolution of crops/varieties.

3. be aware about the importance of germplasm diversity and learn the methods for their conservation.

4.  Increase appreciation of diversity of plants and plant products used in everyday life of human and
the methods for their enhanced production.

5. Have an understanding of plants as a source of food, beverages, spices, and materials.

Unit-I

(i) Introduction: History and scope.

(i) Anther: Anther wall: Structure and functions, micro-sporogenesis, callose deposition and its
significance.

(iii) Pollen biology: Micro-gametogenesis; Pollen wall structure, MGU (male germ unit) structure, NPC
system; Palynology and scope (a brief account); Pollen wall proteins; Pollen viability, storage and
germination; Abnormal features: Pseudomonads,polyads, massulae, pollinia.

Unit-11

Ovule: Structure; Types; Special structures—endothelium, obturator, aril, caruncle and hypostase; Female

gametophyte— mega-sporogenesis and mega-gametogenesis; Types and ultrastructure of different mature

embryo sacs (Details of Polygonum type), Developmental pattern of mono-, bi- and tetrasporic embryo
sacs.

Unit-111

(i) Pollination and fertilization: Pollination types and significance; adaptations;structure of stigma
and style; path of pollen tube in pistil; double fertilization.

(if)  Self-incompatibility: Basic concepts; Methods to overcome self- incompatibility:mixed pollination,
bud pollination, stub pollination; Intraovarian and in vitro pollination; Modification of stigma
surface.

Unit-1V

(1)  Endosperm: development, structure and functions

(i) Embryo: Types of embryogeny; General pattern of development of dicot and monocot embryo;
Suspensor: structure and functions; Embryo- endosperm relationship; Nutrition of embryo; Embryo
development in Paeonia.

(iii) Seed: Structure, importance and dispersal mechanisms

(iv) Polyembryony and apomixes: Introduction; Classification; Causes and applications.
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(i)

(iii)

(iv)

(v)
(vi)

PRACTICAL
Anther: Wall and its ontogeny; Tapetum (amoeboid and glandular); MMC, spore tetrads,
uninucleate, bicelled and dehisced anther stages throughslides/micrographs, male germ unit (MGU)
through photographs and schematic representation.
Pollen grains: Fresh and acetolyzed showing ornamentation and aperture, psuedomonads, polyads,
pollinia (slides/photographs, fresh material), ultrastructure of pollen wall (micrograph); Pollen
viability: Tetrazolium test, Germination: Calculation of percentage germination in different media
using hanging drop method.
Ovule: Types-anatropous, orthotropous, amphitropous/ campylotropous, circinotropous, unitegmic,
bitegmic; Tenuinucellate and crassinucellate; Specialstructures: Endothelium, obturator, hypostase,
caruncle and aril (permanent slides/specimens/photographs). Female gametophyte through
permanent slides/ photographs: Types, ultrastructure of mature egg apparatus.
Embryogenesis: Study of development of dicot embryo through permanent slides/photographs;
dissection of developing seeds for embryos at various developmental stages; Study of suspensor
through electron micrographs.
Tracing the path of pollen tube.
Study of haustorial endosperm.

Text Books:

1.

Singh, V., Pandey, P.C, and Jain, D.K. (2017). Reproductive Biology of Angiosperms,Rastogi
Publications, Meerut

Reference Books:

1.
2.

&

Maheswari, P. (2009). Embryology of Angiosperms.

Shivanna, K.R. (2003). Pollen Biology and Biotechnology. Oxford and IBHPublishing Co. Pvt. Ltd.
Delhi.

Raghavan, V. (2000). Developmental Biology of Flowering plants, Springer,Netherlands.

Johri, B.M. 1 (1984). Embryology of Angiosperms, Springer-Verlag, Netherlands.

Bhojwani, S.S. and Bhatnagar, S.P. (2011). The Embryology of Angiosperms, VikasPublishing
House. Delhi. 5th edition.

Mishra, B. K. (2017). Reproductive Biology of Angiosperms, Kalyani Publishers,New Delhi.
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Core Paper XII

PLANT PHYSIOLOGY
Objectives:
This paper aims to educates students
about the mechanism and physio-chemical activities.
on nutrient uptake and translocation to different plant parts,
On the nature and physiological roles of various plant hormones on plant growth and development.
On the physiological requirements on plant morphogenesis and flowering
On the role of light responsive pigments in plant morphogenesis.

o~ E

Outcomes:

On completion of the course the students will be able to understand and learn

1.  the governing principles behind the various physiological life processes in plants.

2. about various uptake and transport mechanisms (water and solutes) in plants and the factors
governing these processes.

3.  the role of various plant hormones, signaling compounds, and stress responses.

4.  The skills to manipulate the plant hormones in plants for desired morphological and physiological
responses.

5. The climatic and physiological requirements for molecular signaling of plants for growth,
differentiation, maturity.

Unit - |

Plant water relationship: Water Potential and its components, plasmolysis and imbibition, water
absorption by roots, aquaporins, pathway of water movement, symplast, apoplast, trans-membrane
pathways, root pressure, guttation. Ascent of sap—cohesion-tension theory. Transpiration and factors
affecting transpiration, anti- transpirants, mechanism of stomatal movement. Translocation in the
phloem: Experimental evidence in support of phloem as the siteof sugar translocation. Pressure—Flow
Model; Phloem loading and unloading; Source-sink relationship.

Unit-11

()  Mineral nutrition: Essential and beneficial elements, macro and micronutrients, methods of study
and use of nutrient solutions, criteria for essentiality, mineral deficiency symptoms, roles of
essential elements, chelating agents.

(if) Nutrient Uptake: Soil as a nutrient reservoir, transport of ions across cell membrane, passive
absorption, electrochemical gradient, facilitated diffusion, active absorption, role of ATP, carrier
systems, proton ATPase pump and ion flux, uniport, co-transport,symport, and antiport.

Unit-111
Plant growth regulators: Discovery, chemical nature (basic structure), bioassay and physiological roles of
Auxin, Gibberellins, Cytokinin, Abscisic acid, Ethylene.Brassinosteroids and Jasmonic acid.

Unit-1vV
(i) Physiology of flowering: Photoperiodism, flowering stimulus, florigen concept, vernalization, seed
dormancy. Senescence: Types and causes.
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(i)  Phytochrome: Discovery, chemical nature, role of phytochrome in photo- morphogenesis, low

owphpE

o

© oo N

10.

energy responses (LER) and high irradiance responses (HIR), mode of action.
PRACTICAL

Determination of osmotic potential of plant cell sap by plasmolytic method.

Determination of water potential of given tissue (potato tuber) by weight method.

Study of the effect of wind velocity and light on the rate of transpiration in excisedtwig/leaf.
Calculation of stomatal index and stomatal frequency from the two surfaces of leaves of a
mesophyte and xerophyte.

To calculate the area of an open stoma and percentage of leaf area open throughstomata in a
mesophyte and xerophyte (both surfaces).

To study the phenomenon of seed germination (effect of light).

To study the induction of amylase activity in germinating barley grains

To demonstrate suction due to transpiration.

Measurement of relation between transpiration and transpiring surface.

Measurement of cuticular resistance to transpiration.

Text Books:

1.

Sinha, R. K. (2015). Modern Plant Physiology, Narosa Publishing House, New Delhi.

Reference Books:

1.

N o ok

Hopkins, W.G. and Huner, A. (2008). Introduction to Plant Physiology. John Wileyand Sons.
U.S.A. 4th edition.

Taiz, L., Zeiger, E., M@ller, I.M. and Murphy, A (2015). Plant Physiology andDevelopment.
Sinauer Associates Inc. USA. 6th edition.

Bajracharya D. (1999). Experiments in Plant Physiology-A Laboratory Manual.Narosa
Publishing House, New Delhi.

Salisbury, F. B. and Ross, C. W. Plant Physiology Wadsworth PublishingCompany, California
Sahoo, A. C. (2018). Outlines of Plant Physiology Kalyani Publishers, New Delhi.

Srivastava, N. K. (2017). Plant Physiology, Rastogi Publications, Meerut.

Pandey and Sinha (2011). Plant Physiology, Vikash Publishing House, New Delhi
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Core Paper XIlI1

PLANT METABOLISM
Objectives:
to learn the anabolic and catabolic cellular processes and their regulations.
to understand the mechanism of signal transduction in plants and the major signaling pathways.
to learn the photochemical and biochemical mechanisms for photosynthetic carbon fixation.
to learn the mechanism of carbon oxidation and ATP synthesis.
to understand the pathways of synthesis and oxidation and of lipids and fatty acids.
To understand the physiological and biochemical mechanism of nitrogen assimilation.

ok wdpE

Outcomes:

On completion of the course the students shall

1. Be able to understand the importance of biochemical pathways and their regulatory mechanisms.
2. Have understanding of the signaling pathways and signal reception and delivery mechanisms.

3. Have an understanding of various carbon fixation pathways and their evolutionary significance.
4.  Have proper level of knowledge on carbon oxidation and energy synthesis.

5.  Know the processes of lipid metabolism and its importance in the germinating seeds.

6. Be able to understand the nitrogen assimilation pathways.

Unit - |

(i) Concept of metabolism: Introduction, anabolic and catabolic pathways, regulation of metabolism,
role of regulatory enzymes (allosteric, covalent modulation and Isozymes).

(i)  Mechanisms of signal transduction: Calcium, phospholipids, cGMP, NO.

Unit-11

Carbon assimilation: Historical background, photosynthetic pigments, role of photosynthetic pigments,

Red drop and Emerson Enhancement Effect, antenna molecules and reaction centres, photochemical

reactions, photosynthetic electron transport, PSI, PSII, Q cycle, Cs, C4 pathways; Crassulacean acid

metabolism; Factors affecting CO. reduction. Photorespiration.

Unit-111

(i) Carbon Oxidation: Glycolysis, fate of pyruvate, regulation of glycolysis, oxidative pentose
phosphate pathway, oxidative decarboxylation of pyruvate, regulation of PDH, NADH shuttle;
TCA cycle, amphibolic role, anaplerotic reactions, regulation of the cycle, mitochondrial electron
transport, oxidative phosphorylation, cyanide- resistant respiration, factors affecting respiration.

(i) ATP-Synthesis: Mechanism of ATP synthesis, substrate level phosphorylation, chemiosmotic
mechanism (oxidative and photo- phosphorylation), ATP synthase, Boyers conformational model,
Racker’s experiment, Jagendorf’s experiment; role of uncouplers.

Unit-1V

(1) Lipid metabolism: Synthesis and breakdown of triglycerides, B-oxidation, glyoxylate cycle, gluco-
neogenesis and its role in mobilization of lipids during seed germination, a oxidation.

(i) Nitrogen metabolism: Nitrate assimilation, free living and symbiotic biological nitrogen fixation
(examples of legumes and non-legumes); Nitrification, Physiology and biochemistry of nitrogen
fixation; Ammonia assimilation and trans-amination.

PRACTICAL
28



N GRWDdNRE

Isolation and quantification of photosynthetic pigments.
Experimental demonstration of Hill’s reaction.

To study the effect of light intensity on the rate of photosynthesis.
Effect of carbon dioxide on the rate of photosynthesis.

To compare the rate of respiration in different parts of a plant.
Demonstration of absorption spectrum of photosynthetic pigments.
Assay of the enzyme Catalase.

Photoreduction of dye by isolated chloroplasts.

Text Books:

1.

Gupta, S, K. (2017). Plant Metabolism, Rastogi Publication, Meerut.

Reference Books:

1.

Hopkins, W.G. and Huner, A. (2008). Introduction to Plant Physiology. John Wileyand Sons.
U.S.A. 4th edition.

Taiz, L., Zeiger, E., M@ller, 1.M. and Murphy, A (2015). Plant Physiology andDevelopment.
Sinauer Associates Inc. USA. 6th edition.

Harborne, J.B. (1973). Phytochemical Methods. John Wiley & Sons. New York.

Sahoo, A. C. (2018). Outlines of Plant Metabolism, Kalyani Publishers, NewDelhi.
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Core Paper XIV
PLANT BIOTECHNOLOGY

Objectives:
1. To have a basic idea on principles and methods of Plant Tissue culture and in vitro tissue

differentiation.
2. To study about Somatic embryogenesis; Embryo culture and embryo rescue
3. To have theoretical and practical knowledge on Protoplast isolation, fusion, culture and Selection
of hybrid cells for regeneration of hybrid plants.
4. To study about Recombinant DNA technology and its application.
5. To study various techniques of gene transfer and its application in plant improvement.
Outcomes:
On completion of the course the students shall
1. Have knowledge the about methods of Plant Tissue culture and its application.
2. Be able to describe the Somatic embryogenesis; Embryo culture and embryo rescue
3. Have skill to isolate plant Protoplast and differentiate the normal and hybrid protoplasts
4. Have knowledge the Gene Construct; construction of genomic and cDNA libraries, screening
DNA libraries
5. Gain knowledge on methods for developing transgenic plants and application of transgenics for
human welfare.

Unit -1

Plant Tissue Culture: Historical perspective; Aseptic tissue culture techniques, Composition of media;
Nutrient and hormone requirements (role of vitamins and hormones). Totipotency; Organogenesis;
Embryogenesis (somatic and zygotic); Protoplast isolation, culture and fusion; Tissue culture
applications (micropropagation, androgenesis, virus elimination, secondary metabolite production,
haploids, triploids and hybrids; Cryopreservation; Germplasm Conservation).

Unit-11

Recombinant DNA technology-1: Restriction Endonucleases (History, Types I-1V, biological role and
application); Restriction Mapping (Linear and Circular); Cloning Vectors: Prokaryotic (pUC 18 and
pUC19, pBR322, Ti plasmid, BAC); Lambda phage, M13 phagemid, Cosmid, Shuttle vector; Eukaryotic
Vectors (YAC and briefly PAC, MAC, HAC). Gene Cloning (Recombinant DNA, Bacterial
Transformation and selection of recombinant clones, PCR-mediated gene cloning).

Unit-111

Recombinant DNA technology-1l: Gene Construct; construction of genomic and cDNA libraries,
screening DNA libraries to obtain gene of interest by genetic selection; complementation, colony
hybridization; Probes-oligonucleotide, heterologous, Methods of gene transfer- Agrobacterium-mediated,
Direct gene transfer by Electroporation, Microinjection, Microprojectile bombardment; Selection of
transgenics— selectable marker and reporter genes (Luciferase, GUS, GFP).

Unit-1vV

Applications of Biotechnology: Pest resistant (Bt-cotton); herbicide resistant plants (Round Up Ready
soybean); Transgenic crops with improved quality traits (Flavr Savr tomato, Golden rice); Improved
horticultural varieties (Moondust carnations); Role of transgenics in bioremediation (Superbug); edible
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vaccines; Industrial enzymes (Protease, Lipase); Genetically Engineered Products-Human Growth
Hormone; Humulin; Biosafety concerns.

ok wn

PRACTICAL

(a) Preparation of tissue culture (MS) medium.

(b) Demonstration of in vitro sterilization and inoculation methods using leaf andnodal explants of
tobacco, Datura, Brassica etc.

Study of another culture through photographs.

Preparation of artificial seeds.

Study of Bt cotton through photographs.

Isolation of plasmid DNA.

Gel electrophoresis (demonstration).

Text Books:

1.

Chawla, H. S. (2010). Introduction to Plant Biotechnology. Oxford & IBHPublishing Co. Pvt. Ltd.,
New Delhi.

Reference Books:

1.

o1

Bhojwani, S.S. and Razdan, M.K., (1996). Plant Tissue Culture: Theory andPractice. Elsevier
Science Amsterdam. The Netherlands.

Glick, B.R., Pasternak, J.J. (2003). Molecular Biotechnology- Principles andApplications of
recombinant DNA. ASM Press, Washington.

Stewart, C.N. Jr. (2008). Plant Biotechnology & Genetics: Principles, Techniquesand Applications.
John Wiley & Sons Inc. U.S.A.

Singh, B. D. (2018). Plant Biotechnology Kalynai Publishers, New Delhi.

Gupta, P. K. (2017). Plant Biotechnology, Rastogi Publication, Meerut.

Dubey, R. C. (2017). Advanced Biotechnology, S, Chand Publication, New Delhi
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Discipline Specific Elective Paper-I
ANALYTICAL TECNIQUES IN PLANT SCIENCES
Objectives:

1. To learn the principles and operations of microscopes of various complexity and their application in
biological studies.

2. To learn the techniques of centrifugation for separation of biological samples.

3. To learn the methods of radioisotopes measurement in and their importance in study of biological
materials and processes.

4.  To understand and the principles and applications of spectrophotometry and to understand the basic
structural design of a standard instrument.

5. To learn about various chromatographic techniques in separation of plant extracts.

To acquaint the students with the advanced methods for characterization of biomolecules

7. To learn the procedures in processing the data and methods for data comparison.

o

Outcomes:

After the completion of the course the students are expected to have

1. Proper understanding of the microscopy and knowledge to analyze plant samples using electron
microscopy and flow Cytometer.

2.  Separation of biomolecules and cell organelle and appropriate application of the knowledge of
centrifugation for the same.

3. Basic knowledge on the use of radioisotopes for analysis of biological samples.

4.  Extraction and qualitative and quantitative analysis of extracts as well as the assay mixtutes using
spectrophotometer.

5.  skillful application of chromatographic techniques for separation of amino acids, pigments and
biomolecules.

6.  Proper method for characterizing protein and nucleic acids and skill on handling electrophoresis
equipment for preparation of gels.

7. Methods for compilation, presentation, and analysis of biological data and selection of appropriate
statistical method for comparison of data.

Unit-1

Imaging and related techniques: Principles of microscopy; Light microscopy; Fluorescence microscopy;
Flow cytometry (FACS); Transmission and Scanning electron microscopy — sample preparation for
electron microscopy, cryofixation, negative staining, shadow casting,freeze fracture, freeze etching.

Unit-11

Cell fractionation: Centrifugation: Differential and density gradient centrifugation,

Sucrose density gradient, CsClogradient, analytical centrifugation, ultracentrifugation.Radioisotopes: Use
in biological research, auto-radiography, pulse chase experiment.

Spectrophotometry: Principle and its application in biological research.

Unit-111

Chromatography: Principle; Paper chromatography; Column chromatography, TLC, GLC, HPLC, lon-

exchange chromatography; Molecular sieve chromatography; Affinity chromatography. Characterization
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of proteins and nucleic acids: Mass spectrometry; X-ray diffraction; X-ray crystallography;
Characterization of proteins and nucleic acids; Electrophoresis: AGE, PAGE, SDS-PAGE

Unit-1vV

Biostatistics: Statistics, data, population, samples, variables, parameters; Representation of Data: Tabular,
Graphical; Measures of frequency and central tendency: Arithmetic mean, mode, median; Measures of
dispersion: Range, mean deviation, variance, standard deviation; Chi-square test for goodness of fit. Test
of significance: comparison of large, small and pairedsamples (T-Test) and correlation.

PRACTICAL

Study of different microscopic techniques for chromosome study
Study of PCR Demonstration.

To separate pigments by paper chromatography.

To separate phytochemicals by thin layer chromatography.

To estimate protein through Lowry’s methods.

To separate proteins using PAGE.

To separate DNA (marker) using AGE.

Spectrometric estimation of total sugar by Anthrone method.
Chi-square analysis of mendelian ratio.

T-Test.

©oNoe kR WNRE
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Text Books:
1. Patil, C. S. (2017). Advanced Analytical Techniques, ABE Books, New Delhi.

Reference Books:

1. Plummer, D.T. (1996). An Introduction to Practical Biochemistry. Tata McGraw-Hill Publishing
Co. Ltd. New Delhi. 3rd edition.

2. Ruzin, S.E. (1999). Plant Micro technique and Microscopy, Oxford UniversityPress, New York.
US.A.

3. Ausubel, F., Brent, R., Kingston, R. E., Moore, D.D., Seidman, J.G., Smith, J.A., Struhl, K. (1995).
Short Protocols in Molecular Biology. John Wiley & Sons. 3rdedition.

4.  Zar, J.H. (2012). Biostatistical Analysis. Pearson Publication. U.S.A. 4th edition.

5. Aneja, K. R. (2014). Laboratory manual of microbiology and biotechnology,Medtech, New Delhi
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Discipline Specific Elective Paper-11
NATURAL RESOURCE MANAGEMENT

Objectives:

1.  Tointroduce the types of natural resources and the concept of sustainable development.

2. Tounderstand the status of biological diversity and their management.

3. To know the contemporary tools such as EIA and GIS for assessment and conservation of natural
resources.

4.  To know about the non-conventional energy resources and their application.

5. To learn the concept of resource accounting for better natural resource management.

Outcomes:

After the completion of the course the students shall

1. Be able to understand importance of each component of natural resources and try to use the
available resources judiciously.

2.  Know about different biological conventions and treaties emphasizing the conservation of
biological diversities.

3. Clearly understand the importance of sustainable use of natural resources and procedures for their
assessment.

4.  Have skill to use renewable energy sources for the betterment of the human civilization and actively
participate in popularization of the methods of energy and resource conservation.

5.  Know the national and international efforts for management and accounting of natural resources.

Unit-I

(i)  Natural resources: Definition and types.

(i) Sustainable utilization: Concept, approaches (economic, ecological and socio-cultural).

(iii) Land: Utilization (agricultural, horticultural, silvicultural); Soil degradation andmanagement.

(iv) Water: Fresh water (rivers, lakes, groundwater, water harvesting technology, rainwater storage
and utilization.

Unit-11

Biological Resources: Biodiversity-definition and types; Significance; Threats; Managementstrategies;
Bioprospecting; IPR; CBD; National Biodiversity Action Plan).

Forests: Definition, Cover and its significance (with special reference to India); Major and minor
forest products; Depletion; Management.

Unit-111

(i) Energy: Renewable and non-renewable sources of energy-solar, wind, tidal, geothermal and
bioenergy resources.

(i) Contemporary practices in resource management: EIA, GIS, Participatory Resource Appraisal,
Ecological Footprint with emphasis on carbon footprint.

Unit-1V

Resource Accounting; Waste management. National and international efforts in resourcemanagement and

conservation

PRACTICAL
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Estimation of solid waste generated by a domestic system (biodegradable and non-biodegradable)
and its impact on land degradation.

Collections of data on forest cover of specific area.

Measurement of dominance of woody species by DBH (diameter at breast height)method.

Calculation and analysis of ecological footprint.
v.  Ecological modeling.
vi.  Estimation of soil moisture content and soil texture.
vii. Estimation of soil porosity
viii. Estimation of soil water-holding capacity.
iXx. Estimation of soil organic matter and soil carbon
Text Books:
1.  Pandey, B. W. 2005. Natural Resource Management. Mittal Publication, New Delhi

Reference Books:

1.
2.

Vasudevan, N. (2006). Essentials of Environmental Science. Narosa Publishing House,New Delhi.
Singh, J. S., Singh, S.P. and Gupta, S. (2006). Ecology, Environment and ResourceConservation.
Anamaya Publications, New Delhi.

Rogers, P.P., Jalal, K.F. and Boyd, J.A. (2008). An Introduction to SustainableDevelopment.
Prentice Hall of India Private Limited, New Delhi.
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Discipline Specific Elective Paper-I11
HORTICULTURAL PRACTICES AND POST-HARVEST TECHNOLOGY

Objectives:

1.

To introduce the concept, scope and importance of Horticulture for ecology, economic and
aesthetics.

2. To understand the techniques for identification and requirements of horticulture crops.

3. To learn the methods of on field and post-harvest pest control in horticultural crops.

4.  To learn the micro-propagation and conservation of important horticultural crops and the
approaches thereof.

5. Tounderstand the issues of IPR and various non-governmental initiatives in horticultural crop
management.

Outcomes:

After the completion of the course the students are expected to have

1.

An understanding on the importance of crop diversification and the contribution of horticulture to
nutritional security and economic growth of the country.

Ability to classify ornamental, vegetable, fruit and floricultural import plants and their agroclimatic
requirements.

Skill to identify the pests, pathogens and method of their control in horticultural crop by
environment friendly approaches.

Skills on various modern methods of plant propagation and improvement of horticultural crops.
Knowledge to understand the IPR issues and the government and non-governmental initiatives at
various complexities for conservation, popularization and improvement of horticulture.

Unit-1

(i)

(i)

Introduction: Scope and importance, Branches of horticulture; Role in rural economy and
employment generation; Importance in food and nutritional security; Urban horticulture and
ecotourism.

Ornamental plants: Types, classification (annuals, perennials, climbers and trees); Identification and
salient features of some ornamental plants [rose, marigold, gladiolus, carnations, orchids, poppies,
gerberas, tuberose, sages, cacti and succulents (Opuntia, Agave and spurges)]

Unit-11

(i)
(i)

(iii)

Fruit and vegetable crops: Production, origin and distribution; Description of plants and their
economic products; Management and marketing of vegetable and fruit crops.

Horticultural techniques: Application of manure, fertilizers, nutrients and PGRs; Weed control;
Biofertilizers, biopesticides; Irrigation methods (drip irrigation, surfaceirrigation, furrow and border
irrigation); Hydroponics; Propagation Methods: asexual (grafting, cutting, layering, budding),
sexual (seed propagation), Scope and limitations.

Landscaping and garden design: Planning and layout (parks and avenues); gardening traditions -
Ancient Indian, European, Mughal and Japanese Gardens; Urban forestry; policies and practices.

Unit-111

(i)

Post-harvest technology: Importance of post-harvest technology in horticultural crops;Evaluation of
quality traits; Harvesting and handling of fruits, vegetables and cut flowers; Principles, methods of
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preservation and processing; Methods of minimizing loses during storage and transportation;

(i) Disease control and management: Field and post-harvest diseases; lIdentification of deficiency
symptoms; remedial measures and nutritional management practices; Crop sanitation; IPM
strategies (genetic, biological and chemical methods for pest control); Quarantine practices;

Unit-1V

Horticultural crops - conservation and management: Documentation and conservation ofgermplasm; Role

of micropropagation and tissue culture techniques; Varieties and cultivars of various horticultural crops;

IPR issues; National, international and professional societies and sources of information on horticulture.

PRACTICAL
I Identification and description of salient features of ornamental plants included inthe syllabus.
ii. Horticultural techniques (Drip irrigation, surface irrigation, furrow and borderirrigation).
iii. Study of practice of asexual propagation methods (grafting, cutting, layering,budding)

iv. Planning and layout of parks and avenues

V. Handing of harvested fruits, vegetables and cut flowers
Vi. Methods of fruit preservation

vii.  Basic tissue cultures technique

Text Books:

1.  Peter, K. V. (2009). Basics of Horticulture, Kalyani Publishers, New Delhi.

Reference Books:

1. Singh, D. & Manivannan, S. (2009). Genetic Resources of Horticultural Crops. Ridhilnternational,
Delhi, India.

2. Swaminathan, M.S. and Kochhar, S.L. (2007). Groves of Beauty and Plenty: An Atlas of Major
Flowering Trees in India. Macmillan Publishers, India.

3. NIIR Board (2005). Cultivation of Fruits, Vegetables and Floriculture. NationalInstitute of
Industrial Research Board, Delhi.

4.  Kader, A.A. (2002). Post-Harvest Technology of Horticultural Crops. UCANRPublications, USA.

Capon, B. (2010). Botany for Gardeners. 3rd Edition. Timber Press, Portland, Oregon.

6. Pandey, P. H. (2007). Principles and Practices of Post Harvest Technology, KalyaniPublishers,
New Delhi.

o1
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Discipline Specific Elective Paper-1V
INDUSTRIAL AND ENVIRONMENTAL MICROBIOLOGY

Objectives:
1. To introduce the practical knowledge on isolation of microorganisms from soil, air and water and

their application.

2. To impart knowledge on the relationship between environmental quality and the microorganisms.

3. To learn to the basic concept on designing of bioreactors for microbial culture and their role in
bioprocesses for value added products.

4. To understand the mechanism of microbial enzymes immobilization techniques used in
bioprocesses engineering.

Outcomes:

On completion of the course the students shall be

1. Have skill to isolate, identify and culture the microbes isolated from various sources.

2.  Have ability to draws idea of using the potential application of microbes for environmental quality
assessment and remediation.

3.  able to think and draw ideas in designing the bioreactor of their interest for industrial application.

4. Have knowledge on various biochemical application of microbes for production of value added
products.

Unit-I

(i)  Scope of microbes in industry and environment: Bioreactors/Fermenters andfermentation processes:
Solid-state and liquid-state (stationary and submerged) fermentations; Batch and continuous
fermentations. Components of a typical bioreactor, Types of bioreactors- laboratory.

(i) Microbial production of industrial products: Microorganisms involved, media, fermentation
conditions, downstream processing and uses; Filtration, centrifugation, cell disruption, solvent
extraction, precipitation and ultrafiltration, lyophilization, spray drying.

Unit-11

Microbial enzymes of industrial interest and enzyme immobilization: Microorganisms for industrial

applications and hands on screening microorganisms for casein hydrolysis; starch hydrolysis; cellulose

hydrolysis. Methods of immobilization, advantages and applications of immobilization, large scale
applications of immobilized enzymes (glucose isomerase and penicillin acylase).

Unit-111

Microbes and quality of environment: Distribution of microbes in air; Isolation of microorganisms from

soil, air and water.

Microbial flora of water: Water pollution, role of microbes in sewage and domestic waste water treatment

systems. Determination of BOD, COD, TDS and TOC of water samples; Microorganisms as indicators of

water quality.

Unit-1V

Microbes in agriculture and remediation of contaminated soils: Biological fixation; Mycorrhizae;

Bioremediation of contaminated soils. Isolation of root nodulating bacteria, arbuscular mycorrhizal

colonization in plant roots.

PRACTICAL

1. Principles and functioning of instruments in microbiology laboratory

2. Hands on sterilization techniques and preparation of culture media
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3. Screening microorganisms for industrial use.

4. Mycorrhiza, arbuscular mycorrhizal colonization in plant roots.
5. Determination of BOD, COD, TDS and TOC of water samples.
6.  Microorganisms as indicators of water quality

Text Books:

1. P.D. Sharma. (2017) Environmental Microbiology. Rastogi Publications, Meerut.

Suggested Readings

1. Pelzar, M.J. Jr., Chen E.C. S., Krieg, N.R. (2010). Microbiology: Anapplication based
approach. Tata McGraw Hill Education Pvt. Ltd., Delhi.

2. Tortora, G.J., Funke, B.R., Case. C.L. (2007). Microbiology. PearsonBenjamin Cummings,
San Francisco, U.S.A. 9th edition.

3. Pradipta K. Mohapatra (2008). Text Book of Environmental Microbiology, 1.K. International
Publishing House, New Delhi

4. A. K. Rath (2018). Industrial and Environmental Microbiology, KalyaniPublishers, New Delhi.

OR
Discipline Specific Elective Paper-1V DISSERTATION / PROJECT WORK

Identification Reviewof |Methodology| Findings Analysis | Viva-Voce Total
of problem  |Literature

10 10 10 25 25 20 100

** = Students who score more than >60% in aggregate are eligible for project work
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Generic Elective Paper I A
BIODIVERSITY (MICROBES, ALGAE, FUNGI AND ARCHEGONIATES)

Objectives:

1.  To learn about the diversity, pathogenicity and importance of viruses.

2. To know about the characteristics and importance of bacteria.

3. To have a general understanding on the morphological diversity and ecological distribution of algae
and fungi.

4.  To learn about the general features of bryophytes and pteridophytes.

5.  To learn about the characteristics of gymnosperms and the ecological distribution of gymnosperm
vegetation.

Outcomes:

On completion of the course the students shall

1.

2.
3.
4

Have knowledge on viruses and the viral replication cycles.

Be able to understand the physiology of and application of bacteria for human welfare.

Knowledge on various types of algae and fungi as well as their distribution in nature.

Be able to understand the characteristics and uniqueness of lower plants (bryophytes and
pteridophytes).

Knowledge on the gymnosperm flora and their importance to the nature.

Unit-I

Microbes: Viruses — Discovery, general structure, replication (general account), DNA virus (T-phage);
Lytic and lysogenic cycle, RNA virus (TMV); Economic importance; Bacteria — Discovery, General
characteristics and cell structure; Reproduction — vegetative, asexual and recombination (conjugation,
transformation and transduction); Economic importance.

Unit-11

(i)

(i)

Algae: General characteristics; Ecology and distribution; Range of thallus organization and
reproduction; Morphology and life- cycles of the following: Chlamydomonas, Oedogonium, Nostoc
and Fucus, Vaucheria, Polysiphonia, Economic importance of algae.

Fungi: Introduction- General characteristics, ecology and significance, range of thallus
organization, cell wall composition, nutrition, reproduction and classification; TrueFungi- General
characteristics, ecology and significance, life cycle of Rhizopus (Zygomycota) Penicillium
(Ascomycota), Puccnia, Agaricus Basidiomycota); Symbiotic Associations-Lichens.

Unit-111

(i)

(i)

Bryophytes: General characteristics, adaptations to land habit, Classification, Range of thallus
organization, Classification (up to family), morphology, anatomy and reproduction of Marchantia
and Funaria (Developmental details not to be included).

Pteridophytes: General characteristics, classification, early land plants (Rhynia). Classification (up
to family), morphology, anatomy and reproduction of Selaginella, Equisetum and Pteris
(Developmental details not to be included). Heterospory and seed habit, stellar evolution.
Ecological and economical importance of Pteridophytes.

Unit-1V

Gymnosperms: General characteristics, classification. Classification (up to family), morphology,
anatomy and reproduction of Cycas, Pinus and Gnetum. (Developmental details not to be included).
Ecological and economical importance.
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PRACTICAL

1. Gram staining

2. Study of vegetative and reproductive structures of Nostoc, Chlamydomonas, Oedogonium,
Vaucheria, Fucus and Polysiphonia through temporary preparations and permanent slides.

3. Rhizopus and Penicillium: Asexual stage from temporary ounts and sexual structures through
permanent slides.

4.  Puccinia and Agaricus: Specimens of button stage and full grown mushroom; Sectioning of gills of
Agaricus.

5. Marchantia and Funaria- morphology of thallus, w.m. rhizoids and scales, v.s. thallus through
gemma cup, w.m. gemmae (all temporary slides), v.s. antheridiophore, archegoniophore, I.s.
sporophyte (all permanent slides).

6.  Selaginella- morphology, w.m. leaf with ligule, t.s. stem, w.m. strobilus, w.m.microsporophyll and
megasporophyll (temporary slides), I.s. strobilus(permanent slide).

7.  Equisetum- morphology, t.s. internode, l.s. strobilus, t.s. strobilus, w.m. sporangiophore, w.m.
spores (wet and dry)(temporary slides); t.s rhizome (permanent slide).

8.  Cycas- morphology (coralloid roots, bulbil, leaf), t.s. coralloid root, t.s. rachis, v.s. leaflet, v.s.
microsporophyll, w.m. spores (temporary slides), |.s. ovule, t.s. root (permanent slide).

9.  Pinus- morphology (long and dwarf shoots, w.m. dwarf shoot, male and female), w.m.dwarf shoot,
t.s. needle, t.s. stem, , l.s./t.s. male cone, w.m. microsporophyll, w.m. microspores (temporary
slides), I.s. female cone, t.I.s. & r.l.s. stem (permanent slide).

Text Books:

1.  Mitra, J.N., Mitra, D. and Choudhury, S.K. Studies in Botany Volume 1. MoulikPublisher, Kolkata.

Ninth Revised Edition

Reference Books:

1.

10.

Kumar, H.D. (1999). Introductory Phycology. Affiliated East-West. Press Pvt. Ltd.Delhi.2nd
edition.

Tortora, G.J., Funke, B.R., Case, C.L. (2010). Microbiology: An Introduction, PearsonBenjamin
Cummings, U.S.A. 10th edition.

Sethi, I.K. and Walia, S.K. (2011). Text book of Fungi & Their Allies, Mac MillanPublishers Pvt.
Ltd., Delhi.

Alexopoulos, C.J., Mims, C.W., Blackwell, M. (1996). Introductory Mycology, JohnWiley and
Sons (Asia), Singapore. 4th edition.

Raven, P.H., Johnson, G.B., Losos, J.B., Singer, S.R., (2005). Biology. Tata McGrawHill, Delhi,
India.

Vashishta, P.C., Sinha, A.K., Kumar, A., (2010). Pteridophyta, S. Chand. Delhi, India.
Bhatnagar, S.P. and Moitra, A. (1996). Gymnosperms. New Age International (P) LtdPublishers,
New Delhi, India.

Parihar, N.S. (1991). An introduction to Embryophyta. VVol. I. Bryophyta. Central BookDepot,
Allahabad.

Pandey, B. P. (2017), Botany for degree studies (as per CBCS). S. Chand

Acharya, B. S. and Mishra, B. K. (2018). Plant Biodiversity, Kalyani Publishers,New Delhi.
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Generic Elective Paper 1A
PLANT PHYSIOLOGY AND METABOLISM

Objectives:

To learn the physiological processes of plants and the environmental factors regulating such
processes.

2. To know about the nutrient requirements of plants and mechanism of nutrient uptake and
translocation.

3. Tounderstand the carbon assimilation processes in plants.

4.  To learn about characteristics and mechanism of enzyme catalysis.

5. To learn about the properties and physiological roles of plant hormones.

Outcomes:

On completion of the course the students shall

1.

&

Have knowledge on the vital physiological processes of plants and their importance in plant growth
and Survival.

Understand the nutrient uptake and translocation in plants under various environmental and nutrient
regimes.

Have a clear understanding on the processes of and Photosynthesis and organic carbon oxidation.
Be able to know the metabolic pathways of cells and their regulation by enzymes.

Have an idea about the physiological roles of various plant hormones and knowledge on the
application of hormones on Plant growth and development.

Unit-1

(i)
(i)

(iii)

Plant-water relations: Importance of water, water potential and its components; Transpiration and its
significance; Factors affecting transpiration; Root pressure and guttation.

Mineral nutrition: Essential elements, macro and micronutrients; Criteria of essentiality of
elements; Role of essential elements; Transport of ions across cell membrane, active and passive
transport, carriers, channels and pumps.

Translocation in phloem.: Composition of phloem sap, girdling experiment; Pressure flow model;
Phloem loading and unloading

Unit-11

(i)

(i)

Photosynthesis: Photosynthetic Pigments (Chl a, b, xanthophylls, carotene); Photosystem | and I,
reaction center, antenna molecules; Electron transport and mechanism of ATP synthesis; Cz, Cs and
CAM pathways of carbon fixation.

Respiration: Glycolysis, anaerobic respiration, TCA cycle; Oxidative Phosphorylation.

Unit-111

(i)
(i)

Enzymes: Structure and properties; Mechanism of enzyme catalysis and enzyme inhibition.
Nitrogen metabolism: Biological nitrogen fixation; Nitrate and ammonia assimilation.
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Unit-1vV

(1) Plant growth regulators: Discovery and physiological roles of auxins, gibberellins, cytokinins,
ABA, ethylene.

(i) Plant response to light and temperature: Photoperiodism (SDP, LDP, Day neutral plants);
Phytochrome (discovery and structure), red and far-red light responses on photomorphogenesis;
Vernalization.

PRACTICAL

=

Determination of osmotic potential of plant cell sap by plasmolytic method.

To study the effect of two environmental factors (light and wind) on transpiration byexcised

twig.

Calculation of stomatal index and stomatal frequency of a mesophyte and a xerophyte.

Demonstration of Hill reaction.

Demonstrate the activity of catalase and study the effect of pH and enzyme concentration.

To study the effect of light intensity and bicarbonate concentration on Oz evolution in

photosynthesis.

7. Comparison of the rate of respiration in any two parts of a plant.

Text Books:

1.  A.C. Sahu (2018). Plant Physiology and Metabolism. Kalyani Publishers, New Delhi.

Reference Books:

1. Taiz, L., Zeiger, E., M@ller, 1.M. and Murphy, A (2015). Plant Physiology andDevelopment.
Sinauer Associates Inc. USA. 6th edition.

2. Hopkins, W.G., Huner, N.P., (2009). Introduction to Plant Physiology. John Wiley &Sons, U.S.A.
4th Edition.

3. Bajracharya, D., (1999). Experiments in Plant Physiology- A Laboratory Manual.Narosa
Publishing House, New Delhi.

4. H.S. Srivatava. Plant Physiology, Rastogi Publications, New Delhi

N
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Generic Elective Paper 1(B)
PLANT ECOLOGY AND TAXONOMY

Objectives:

1. To educate the students about the ecology and environment and the ecological factors regulating
ecosystems.

2. To impart Knowledge on structure and the successional changes of plant communities.

3. To know the basics of plant nomenclature and the use of tools for plant identification.

4. To learn the basic principles of classification of angiosperm and their application and correct
placement of a taxon in the taxonomic hierarchy.

5. To know the morphology and taxonomic description of different families of monocots and dicots.

Outcomes:
After the completion of the course the students are expected to have

1.  The knowledge about various ecological factors and their influence on the ecosystems.

2.  Practical knowledge and skill to analyze various ecosystem characteristics and estimation of
phytosociology of a community.

3. Detailed information on the principles and rules of ICN for correct identification and nomenclature
of plants.

4. Knowledge on various types of classifications of flowering plants and their use for compilation of
flora, keys as well as taxonomic arrangement in herbaria.

5.  Skill to taxonomically analyze various plant samples and to identify the plant samples to species
level.

Unit |

(i) Ecological factors: Soil: Origin, formation, composition, soil profile. Water: States of water in the
environment, precipitation types. Light and temperature: Variation Optimal and limiting factors;
Shelford law of tolerance. Adaptation of hydrophytes and xerophytes

(i)  Plant communities: Characters; Ecotone and edge effect; Succession; Processes and types

Unit-11

(i) Ecosystem: Structure; Biotic and abiotic components, energy flow trophic organization; Food
chains and food webs, Ecological pyramids production and productivity; Biogeochemical cycling;
Cycling of carbon, nitrogen and Phosphorous

(i) Phytogeography: Principal biogeographical zones, Endemism.

Unit-111

(1) Introduction to plant taxonomy: Identification, Classification, Nomenclature.

(i) ldentification: Functions of Herbarium, important herbaria and botanical gardens of the world and
India; Documentation: Flora, Keys: single access and multi-access

Unit-1V

(i) Taxonomic hierarchy: Ranks, categories and taxonomic groups
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(i)

(iii)

Botanical nomenclature: Principles and rules (ICN); ranks and names; binominal system,
typification, author citation, valid publication, rejection of names, principle of priority and its
limitations.

Classification: Types of classification-artificial, natural and phylogenetic. Bentham and Hooker
(upto series), Hutchinson (upto series).

(iv) Taxonomic description of the families: Malvaceae, Fabaceae, Asteraceae and Poaceae,

Apocynaceae, Lamiaceae and Musaceae.
PRACTICAL

1.  Study of instruments used to measure microclimatic variables: Soil thermometer, maximum and
minimum thermometer, anemometer, psychrometer/hygrometer, raingauge and lux meter.

2.  Determination of pH, and analysis of two soil samples for carbonates, chlorides,nitrates, sulphates,
organic matter and base deficiency by rapid field test.

3. Comparison of bulk density, porosity and rate of infiltration of water in soil of threehabitats.

4. () Study of morphological adaptations of hydrophytes and xerophytes (four each). (b)Study of
biotic interactions of the following: Stem parasite (Cuscuta), Root parasite

5. (Orobanche), Epiphytes, Predation (Insectivorous plants)

6.  Determination of minimal quadrat size for the study of herbaceous vegetation in thecollege campus
by species area curve method. (species to be listed)

7. Quantitative analysis of herbaceous vegetation in the college campus for frequencyand comparison
with Raunkiaer’s frequency distribution law .

8.  Study of vegetative and floral characters of the families as in theory syllabus (Description, V.S.
flower, section of ovary, floral diagram/s, floral formula/e andsystematic position according to
Bentham & Hooker’s system of classification).

9.  Mounting of properly dried and pressed specimen of any ten wild plant’s withherbarium label (to be
submitted in the record book).

Text Books:

1.  Sharma, P.D. (2017). Fundamentals of Ecology. Rastogi Publications, Meerut, India.

Reference Books:

1.

2.
3.
4

o o

Kormondy, E.J. (1996). Concepts of Ecology. Prentice Hall, U.S.A. 4th edition.

Sharma, P.D. (2010) Ecology and Environment. Rastogi Publications, Meerut, India. 8"edition.
Simpson, M.G. (2006). Plant Systematics. Elsevier Academic Press, San Diego, CA,U.S.A.

Singh, G. (2012). Plant Systematics: Theory and Practice. Oxford & IBH Pvt. Ltd., NewDelhi. 3rd
edition.

Sahu, A. C. (2017). Plant Ecology and Phytogeography, Kalyani Publishers, New Delhi.

Das, M. C. and Das, S. P. (2009). Fundamental of Ecology. Tata MGrow Hill, NewDelhi.

Shukla, R.S. and Chandel, P.S. (2016). A text book of Plant Ecology. S ChandPublication, New
Delhi

Mohanty, C. R. (2017). Text Book of Plant Systematics, Kalynai Publisher, New Delhi.
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Generic Elective Paper 11(B)
PLANT ANATOMY AND EMBRYOLOGY

Objectives:
1.  To know the diversity of tissues and cells in plants.

2. To know the development of different tissues from the embryo.

3. To study the apical organization and differentiation of the dermal and internal tissues of shoot and
root

4.  To understand the process and requirements for pollination and fertilization.

5. To know the process of development of embryo and endosperms.

Outcomes:

On completion of the course the students shall

1. Be able differentiate tissues and conceptualize the integrated organismal structure and function.

2. Understand the differentiation of tissues from embryo during seed germination.

3. Have an understanding of the differentiation of vascular, cortical and dermal tissues from the apical
meristems.

4. Have knowledge of pollination and how to overcome the incompatibility barrier.

5. A Dbroad understanding of the embryo and endosperms and their interrelationships.

Unit-I
(i)  Meristematic and permanent tissues : Root and shoot apical meristems; Simple and complex tissues
(i)  Organs: Anatomy of dicot and monocot root stem and leaf.

Unit-11

(i) Secondary Growth: Vascular cambium — structure and function, seasonal activity. Secondary
growth in and stem, Wood (heartwood and sapwood)

(i) Adaptive and protective systems: Epidermis, cuticle, stomata; General account of adaptations in
xerophytes and hydrophytes.

Unit-111

(i)  Structural organization of flower: Structure of anther and pollen; Structure and types of ovules;
Types of embryo sacs, organization and ultrastructure of mature embryo sac.

(if)  Pollination and fertilization: Pollination mechanisms and adaptations; Doublefertilization;

Unit-1V

(i) Endosperm: Endosperm types, structure and functions.

(i) Embryo: Dicot and monocot embryo; Structure and development, Embryoendosperm relationship.
(iii) Seed-structure and development, appendages and dispersal mechanisms.

PRACTICAL
1. Study of meristems through permanent slides and photographs.
2. Tissues (parenchyma, collenchyma and sclerenchyma); Macerated xylary elements,Phloem
(Permanent slides, photographs)
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3. Stem: Monocot: Zea mays; Dicot: Helianthus; Secondary: Helianthus (only Permanentslides).

4. Root: Monocot: Zea mays; Dicot: Helianthus; Secondary: Helianthus (only Permanentslides).

5.  Leaf: Dicot and Monocot leaf (only Permanent slides).

6.  Adaptive anatomy: Xerophyte (Nerium leaf); Hydrophyte (Hydrilla stem).

7. Structure of anther (young and mature), tapetum (amoeboid and secretory) (Permanentslides).

8. Types of ovules: anatropous,  orthotropous, circinotropous, amphitropous/
campylotropous.

Text Books:

1. Singh, Pandey and Jain (2017). Anatomy of Angiosperms, Rastogi Publication, Meerut.

Reference Books:

1.  Bhojwani, S.S. & Bhatnagar, S.P. (2011). Embryology of Angiosperms. VikasPublication House
Pvt. Ltd. New Delhi. 5" edition.

2. Mauseth, J.D. (1988). Plant Anatomy. The Benjamin/Cummings Publisher, USA.

3. C.R. Mohanty (2018). Plant Anatomy and Embryology. Kalyani Publishers, NewDelhi.
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OPTIONAL FOR SECC Il PAPER
Skill Enhancement Course (SECC Il Option 1)
BIO-FERTILIZERS

Objectives:

1. To understand the methods of isolation, propagation, and application of different bacterial, fungal
and algal biofertilizers.

2. To learn the characteristics of strains of importance for use as biofertilizers and the methods of their
cultivation, processing and application.

3. To inculcate the knowledge for understanding the concept and procedure of organic farming for
sustainable agroecosystem.

4. To learn the processing and recycling methods of biodegradable organic wastes of diverse origin
and their integration with biofertilizers.

5. To learn the techniques and application of composting, vermin-composting and reuse of complex
organic maters and method of their agricultural application.

Outcomes:

After the completion of the course the students are expected to have

1.  Knowledge of biofertilizers belonging to different microbial groups and their association with crop
plants.

2. Skill on isolation, culture, mass propagation and harvesting, processing, storage and marketing of
various types of biofertilizers.

3.  Detailed understanding on the techniques and benefits of organic farming following green manuring
and organic manure application.

4.  Knowledge on the nutritional advantage of the application of biofertilizers and the field doses of
various biofertilizers for nitrogen and phosphorus nutrition.

5. Skill to properly compost the organic wastes of various complexity and use of the compost on crop
field for enhanced yield.

Unit-I

General account about the microbes used as biofertilizer— Rhizobium — isolation, identification, mass
multiplication, carrier-based inoculants, Actinorrhizal symbiosis. Azospirillum: isolation and mass
multiplication, Azotobacter: classification, characteristics — crop response to Azotobacter inoculums,
maintenance and mass multiplication.

Unit-11

Cyanobacteria (blue green algae), Azolla and Anabaena azollae association, nitrogen fixation, factors
affecting growth, blue green algae and Azolla in rice cultivation.

Unit-111

Mycorrhizal association, types of mycorrhizal association, taxonomy, occurrence and distribution,
phosphorus nutrition, growth and yield — colonization of VAM - isolation andinoculum production of
VAM, and its influence on growth and yield of crop plants.

Unit-1vV
Organic farming — Green manuring and organic fertilizers, Recycling of biodegradable municipal,
48



agricultural and Industrial wastes — bio compost making methods, types andmethod of vermicomposting
— field Application.

Text Books:
1. Mahendra Rai, (2006). Hand book of Microbial Bio-fertilizers. CRC Press.

Reference Books:

Dubey, R.C., 2005 A Text book of Biotechnology S. Chand & Co, New Delhi.

Kumaresan, V. 2005, Biotechnology, Saras Publications, New Delhi.

John Jothi Prakash, E. 2004. Outlines of Plant Biotechnology. Emkay Publication,New Delhi.
Sathe, T.V. 2004 Vermiculture and Organic Farming. Daya publishers.

Subha Rao, N.S. 2000, Soil Microbiology, Oxford & IBH Publishers, New -Delhi.

Vayas, S.C, Vayas, S. and Modi, H.A. 1998 Bio-fertilizers and organic. Farming AktaPrakashan,
Nadiad

7. Pravin Chandra Dwivedi. (2008). Biofertilizers. Pointer Publishers.

o g wh e
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Skill Enhancement Course (SECC Il Option 1)
NURSERY AND GARDENING
Objectives:
1.  Togive a general concept on the nursery techniques and requirements.
2. Toimpart knowledge on seeds and seed technology.
3. To learn about the methods of propagation of plants in the nurseries and infrastructural
requirements.
4.  Togive a general knowledge on the gardening techniques at different scales.
5.  Toimpact knowledge on modern methods of gardening with respect to the application of computer

technology.

6.  To learn the techniques of raising seedlings of common horticulturally and agriculturally important
plants.

1.

Outcomes:

On completion of the course the students shall

Have knowledge on plants and planting methods.

Be able to understand the process for storing seeds and plant propagules.

Skills on various methods of propagation and requirements of production of propagules.

Able to understand the type of gardens and methods to develop a garden.

Have knowledge on garden management and disease control.

Have ability to cultivate commonly used vegetable crops and understand the method of cultivation.

2 (O B (2 I [

Unit- |

Nursery: definition, objectives and scope and building up of infrastructure for nursery, planning and
seasonal activities - Planting - direct seeding and transplants.

Seed: Structure and types - Seed dormancy; causes and methods of breaking dormancy - Seed storage:
Seed banks, factors affecting seed viability, genetic erosion — Seed production technology - seed
testing and certification.

Unit-11

Vegetative propagation: air-layering, cutting, selection of cutting, collecting season, treatmentof cutting,
rooting medium and planting of cuttings - Hardening of plants — green house - mistchamber, shed root,
shade house and glass house.

Unit-111

Gardening: definition, objectives and scope - different types of gardening — landscape and home
gardening - parks and its components - plant materials and design — computer applications in landscaping
- Gardening operations: soil laying, manuring, watering, management of pests and diseases and
harvesting.

Unit-1Vv

Sowing/raising of seeds and seedlings - Transplanting of seedlings - Study of cultivation of different
vegetables: cabbage, brinjal, lady’s finger, onion, garlic, tomatoes, and carrots - Storage and marketing
procedures.
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Text Books:

1.  Saidaiah Pidigam, Sindhuja S., Geetha Amarapalli. (2018) Text Book of Nursery,Gardening and
Floriculture, Kalyani Publishers, New Delhi.

Reference Books:

Bose T.K. & Mukherjee, D., 1972, Gardening in India, Oxford & IBH Publishing Co.,New Delhi.

Sandhu, M.K., 1989, Plant Propagation, Wile Eastern Ltd., Bangalore, Madras.

Kumar, N., 1997, Introduction to Horticulture, Rajalakshmi Publications, Nagercoil.

Edmond Musser & Andres, Fundamentals of Horticulture, McGraw Hill Book Co., NewDelhi.

Agrawal, P.K. 1993, Hand Book of Seed Technology, Dept. of Agriculture andCooperation,

National - Seed Corporation Ltd., New Delhi.

6. Janick Jules. 1979. Horticultural Science. (3rd Ed.), W.H. Freeman and Co., SanFrancisco, USA.

ok N E
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Skill Enhancement Course (SECC Il Option I11)
ETHNOBOTANY

Objectives:

1. To educate the students about the concept and importance of ethnobotany as an interdisciplinary
science.

2. To learn about the tribals / ethnic groups of India, their life style and their role in conservation of
medicinal plants.

3. To acquire basic knowledge about key medicinal plants used in ethnobotany.

4.  To understand the legal aspect of ethnobotany.

Outcome:

After the completion of the course the students are expected to

1.  Conceptualize the importance of ethnobotany as an interdisciplinary science.

2. Understand various methodology of ethnobotany studies and traditional practices for conservation
of knowledge and plants.

3. Have an understanding about the taxonomic and medicinal importance of widely used medicinal
plants.

4.  Understand the legal aspect associated with ethnobotany, biopiracy and Intellectual Property Rights
to protect the interest in tribals.

Unit-I

(1) Introduction, concept, scope and objectives; Ethnobotany as an interdisciplinary science. The
relevance of ethnobotany in the present context; Major and minor ethnic groups or Tribals of India,
and their life styles. Plants used by the tribals: a) Food plants b) intoxicants and beverages c) Resins
and oils and miscellaneous uses.

(i) Methodology of Ethnobotanical studies a) Field work b) Herbarium ¢) AncientLiterature d)
Archaeological findings e) temples and sacred places.

Unit-11

Role of ethnobotany in modern Medicine Medico-ethnobotanical sources in India; Significance of the
following plants in ethno botanical practices (along with their habitat and morphology) a) Azadiracta
indica b) Ocimum sanctum c) Vitex negundo d) Gloriosa superba e) Tribulus terrestris f) Pongamia
pinnata g) Cassia auriculata h) Indigofera tinctoria. Role of ethnobotany in modern medicine with
special example Rauvolfia sepentina, Trichopus zeylanicus, Artemisia, Withania.

Unit-111
Role of ethnic groups in conservation of plant genetic resources. Endangered taxa and forestmanagement
(participatory forest management).

Unit-1vV

Ethnobotany and legal aspects Ethnobotany as a tool to protect interests of ethnic groups. Sharing of
wealth concept with few examples from India. Biopiracy, Intellectual Property Rights and Traditional
Knowledge.
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Text Books:
1. Faulks, P.J. 1958.An introduction to Ethnobotany, Moredale pub. Ltd

Reference Books:

1.

2.
3.
4

o o

S.K. Jain, Manual of Ethnobotany, Scientific Publishers, Jodhpur, 1995.

S.K. Jain (ed.) Glimpses of Indian. Ethnobotny, Oxford and I B H, New Delhi — 1981

Lone et al, Palaeo ethnobotany

S.K. Jain (ed.) 1989. Methods and approaches in Ethnobotany. Society ofEthnobotanists, Lucknow,

India.

S.K. Jain, 1990. Contributions of Indian ethnobotny. Scientific publishers, Jodhpur.

Colton C.M. 1997. Ethnobotany — Principles and applications. John Wiley and sons —Chichester
Rama Ro, N and A.N. Henry (1996). The Ethnobotany of Eastern Ghats in AndhraPradesh, India.

Botanical Survey of India. Howrah.

Rajiv K. Sinha — Ethnobotany The Renaissance of Traditional Herbal Medicine — INA -SHREE

Publishers, Jaipur-1996

Rath, A. K. and Mishra, S. R. (2017). Ethnobotany, Kalyani Publishers, New Delhi.
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Skill Enhancement Course (SECC Il Option 1V)
MUSHROM CULTIVATION

Objectives:
1. To study about types, nutritional and medicinal value of edible mushrooms and the toxicity of

Poisonous Mushrooms.
2. To learn the Cultivation Technology of edible mushrooms and its regulating factors.
To know about short-term and long-term storage of mushrooms and their products.
4.  To understand the Cost benefit ratio - Marketing in India and abroad.

w

Outcomes:

On completion of the course the students shall

1. Have knowledge about the importance for integrating mushroom as an alternate nutritive food.
Mushrooms.

2. Have knowledge and skills for Cultivation of edible mushrooms.

3. Know about the edible mushrooms available in India and their processing and storage methods.

4. Have an understanding about the Low-cost cultivation Technology of edible mushrooms and
adoption of mushroom cultivation as a profitable entrepreneurship.

Unit-I

Introduction, history. Nutritional and medicinal value of edible mushrooms; Poisonous mushrooms.
Types of edible mushrooms available in India - Volvariella volvacea, Pleurotus citrinopileatus, Agaricus
bisporus. Cultivation Technology: Infrastructure: substrates (locally available) Polythene bag, vessels,
Inoculation hook, inoculation loop, low-cost stove, sieves, culture rack, mushroom unit (Thatched house)
water sprayer, tray, small polythene bag.

Unit-11

Pure culture: Medium, sterilization, preparation of spawn, multiplication. Mushroom bed preparation -
paddy straw, sugarcane trash, maize straw, banana leaves. Factors affecting the mushroom bed
preparation - Low-cost technology, Composting technology in mushroom production.

Unit-111

Storage and nutrition: Short-term storage (Refrigeration — up to 24 hours) Long term Storage (canning,
pickles, papads), drying, storage in salt solutions. Nutrition - Proteins - amino acids, mineral elements
nutrition - Carbohydrates, Crude fiber content - Vitamins.

Unit-1V
Food Preparation: Types of foods prepared from mushroom. Research Centers-National level and
Regional level. Cost benefit ratio - Marketing in India and abroad, Export Value.

Text Books:
1. B.C.Sumanand V. P. Sharma. (2007). Mushroom Cultivation in India. DayaPublishing House,
New Delhi.
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Reference Books:

1. Marimuthu, T. Krishnamoorthy, A.S. Sivaprakasam, K. and Jayarajan. R (1991)Oyster Mushrooms,
Department of Plant Pathology, Tamil Nadu Agricultural University, Coimbatore.

2. Swaminathan, M. (1990) Food and Nutrition. Bappco, The Bangalore Printing and Publishing Co.
Ltd., No. 88, Mysore Road, Bangalore - 560018.

3. Tewari, Pankaj Kapoor, S.C., (1988). Mushroom cultivation, Mittal Publications,Delhi.

Nita Bahl (1984-1988) Hand book of Mushroomes, Il Edition, Vol. | & Vol. II.

5. Anon. (2010). The Cultivation of Mushrooms - An Outline of Mushroom Culture, Read Book
Design, New Delhi

&
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VALUE ADDED COURSES
(OPTIONAL)
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PROTEIN SEPARATION TECHNIQUES (VA -I)
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:

1.  tounderstand the complexity in separation methods in proteins from biological samples.

2. to understand different methods employed by researchers in protein separation, purification and
characterization.

3. tounderstand regarding different instruments used in the process.

Outcomes:

On completion of the course the students shall have

1. anidea for performing experiments and separating proteins from biological samples.
2.  ability to choose suitable experimental strategies when analyzing protein experiments.
3. anexposure to equipment used in protein research.

UNIT-I

Chromatography: Fundamental terms and Concepts, History of protein chromatography, Biophysical
properties of peptides and proteins, Stationary vs mobile phase, Chromatographic procedure and
Chromatography Techniques, Types of Chromatography - Size Exclusion Chromatography, lon-
Exchange Chromatography, Reversed Phase Chromatography, HPLC and Coupled instrumentation.

UNIT-1I

Electrophoresis: Historical development, Principle and behaviour of proteins in electrophoresis,
Equipment and Sample preparation, Disc-and SDS-PAGE electrophoresis. Iso-Electric focusing and 2D
electrophoresis: working principle and instrumentation. DIGE; Electroblotting-Blot systems, blot
membranes and transfer buffers.

UNIT-111

Mass Spectrometry: Historical development, Instrumentation, Types of lonisation methods - MALDI-MS
and ESI-MS. Types of Mass Analysers - TOF, Quadrapole, Orbital, Types of lon detectors and
fragmentation techniques. Determination of mass and identification, detection and structural elucidation.
Fundamentals of LC-MS and LC-MS/MS.

Books:

1.  Wilson, K., Hofmann, A., Walker, J. M., & Clokie, S. (Eds.). (2018). Wilson and Walker's
principles and techniques of biochemistry and molecular biology. Cambridge University Press.

2. Janson, Jan-Christer, ed. Protein purification: principles, high resolution methods, and applications.
Vol. 151. John Wiley & Sons, 2012.

3. Bisen, Prakash Singh, and Anjana Sharma. Introduction to instrumentation in life sciences. Crc
Press, 2012.
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MICROBES AND ENVIRONMENT (VA-I11)
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives :

1. To introduce the students to the types of solid waste and their management using different
microbiological approaches.

2. To introduce the students to the fundamental concepts of pesticide degradation and roles of different
enzymes in pesticide transformation.

3. To introduce certain microbial bioprocess techniques with immense application in industries for
value added products.

4. To introduce the students to the concept of producing bioenergy by using microbial resources.

Outcomes:

1. The paper provides information on certain microbiological methods for the management of solid
waste and detoxification of heavy metals.

2. Student would learn about different pathways for biodegradation of xenobiotic pollutants using
microbes.

3. Student would learn about different microbial techniques used for the application of important
microbes for industrial application.

4. Student would learn about roles of different microbes for the preparation of biogas and bioethanol as
non-conventional energy sources.

UNIT-1 Waste Management and Microbial remediation

Solid Waste management: Sources and types of solid waste, Methods of solid waste disposal (composting
and sanitary landfill). Principles and degradation of common pesticides, organic (hydrocarbons, oil spills)
and inorganic (metals) matter, biosurfactants. Degradation of xenobiotics, mineral recovery, removal of
heavy metals from aqueous effluents.

UNIT- Il Microbes in Biotransformations

Microbial based transformation of steroids and sterols. Bio-catalytic processes and their industrial
applications: Production of high fructose syrup and production of cocoa butter substitute. Microbial
product purification: filtration, ion exchange & affinity chromatography techniques Immobilization
methods and their application: Whole cell immobilization.

UNIT- 11 Microbes for Bio-energy and Environment
Bio-ethanol and bio-diesel production: commercial production from lingo-cellulosic waste and algal
biomass, Biogas production: Methane and hydrogen production using microbial culture.

SUGGESTED READING

1.  Gupta PK (2009) Elements of Biotechnology 2nd Edition, Rastogi Publications.

2. Tortora GJ, Funke BR and Case CL (2008). Microbiology: An Introduction. 9th edition. Pearson
Education.

3. Madigan MT, Martinko JM, Dunlap PV and Clark DP (2014). Brock Biology of Microorganisms.
14th edition. Pearson International Edition.

4.  Wiley JM, Sherwood LM and Woolverton CJ (2013) Prescott’s Microbiology. 9th Edition. McGraw
Hill International.
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BIODIVERSITY AND CONSERVATION (VA-II1I)
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives

To gain in depth knowledge on biodiversity of the planet earth.

To understand the status, value and causes of biodiversity loss.

To know the fundamentals and scientific principles of conservation.

To know the environmental importance of biodiversity.

To gain knowledge about practical issues with conservation and various projects involved.

ko E

Outcomes:

On completion of the course the students shall

1.  Understand the international and national status of biodiversity and the associated concerns
Know the importance of biodiversity and causes of diversity loss.

2. Have ability to make planning for protection and conservation of biodiversity.

3. Understand the ecological, social, and economic impacts of diversity loss,

4.  Understand the management principles and tools that are used to conserve diversity.

UNIT-I

Biodiversity: Definition, Importance, Types and Levels of biodiversity. Measurement of biodiversity-
species richness and abundances, diversity indices-Shannon’s, Simpson’s Biodiversity and various
ecosystem services, Biodiversity as bio resources-use and values of biodiversity as sources of food,
fodder, timber, medicinal and ornamental plants. National Biodiversity Authority, community
biodiversity registers.

UNIT-1I

Threats to and loss of biodiversity: Causes: habitat loss, invasive species, industrialization, population
growth, pollution, climate change, overharvesting/ overexploitation (including poaching), Consequences
of biodiversity loss. Conservation strategies: In situ and ex situ conservation, mega diversity countries,
biodiversity hot spots, UNESCO Biosphere reserves, National parks and Wildlife sanctuaries, Botanical
gardens, Seed bank Role of tissue culture in conservation.

UNIT-111

Overview of Conservation efforts: IUCN Protected areas and functions; IUCN conservation categories of
threats, Red Data Books. UNEP-World Conservation Monitoring Centre (WCMC), CITES. Wild life
conservation projects: Crocodile Conservation, Project Tiger, GOI-UNDP Sea Turtle project.

BOOKS:
1. Gaston, K.J (2004). Biodiversity: An Introduction, Atlantic Publishers Distributors, India 2™
edition.

2. Maiti, P.K and Maiti, P (2011). Biodiversity: Perception, Peril and Preservation, PHI Learning,
India, 1% edition.

3. Primack, R.B (2014). Essentials of Conservation Biology, Sinauer Associates, Oxford University
Press. USA, 6™ edition.

4. Dubey K. (2011) Biodiversity Threats to Conservation, S.K. Publishing Company.
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ADD ON COURSES (OPTIONAL)
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STATISTICS IN BIOLOGY(AO-I)
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:
1.  To learn the appropriate statistical measurement for analysis of biological data.

2. To study the application of modern statistical methods for intra sample and inter sample
comparison.

3. To learn the development of program sheet for calculation of t, F and Chi2 values.

4.  To learn the application of MS-Excel for statistical comparison.

5. To learn the trend analysis and prediction of the relationship among variables.

Outcomes:

On completion of the course the students shall

1.  Understand the requirement of the measurement of dispersion in processing of biological data and
for determining the data homogeneity.

2. Understand the scope and application of LSD, DMRT for inter sample comparison.

3. Shall be able to prepare program for t, F, Chi2 and dispersion using computer.

4.  Develop the skill for use of MS-Excel for statistical calculation and data interpretation.
5. Develop the knowledge to understand the relationship between variables.

UNIT-I

Measurement of dispersion of small and large samples, Intrasample variation, Least significant difference
test; LSD values for comparison of means; Duncan's multiple range test (DMRT); standardized range for
DMRT; Program sheet of LSD and DMRT using MS-Excel. Application of LSD and DMRT in analysis
of dispersion in biological samples.

UNIT-I1I

Comparison between means; Paired and unpaired t-test; Analysis of variance-one factor and two factor
analysis of variance (ANOVA), factorial design and estimation. Factorial analysis sheet using MS-Excel;
Biological applications of t-test and ANOVA.

UNIT-111

Trend analysis and fitting predictions, dependent and independent variables; Regression analysis;
Estimation of the slope and residual errors. Correlation coefficients, simple linear and nonlinear
regression and correlation; quadratic equations for determining non-linear relationships; Two factor and
three factor multiple correlations. Trend analysis using MS-Excel. Applications of fitting predictions in
biological data analysis.

BOOKS:
1. Introductory Practical Biostatistics-B.N. Mishra and M.K. Mishra, Naya Prakash, Kolkatta

2. Biostatistical Analysis-J.H. Zav, Pearson Education, Singapore.
3.  Statistical Procedure for Agricultural Research-K.A. Gomez and A.A. Gomez, Wiley Interscience

61



SECONDARY METABOLITES OF PLANTS (AO-I1)
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:
1.  To know the pathways of secondary metabolites production.

2. To study the different tissue culture protocols for secondary metabolite production.
3. To compare the types of secondary metabolites using different techniques.

Outcomes:

On completion of the course the students shall

1.  Understand the secondary biosynthetic pathways and have knowledge for manipulation of the rate
of synthesis

2.  Have knowledge on the in vitro methods of secondary metabolite production.

3. Have ability to identify the most efficient and cost effective method for secondary production.

UNIT-I

Plant derived chemicals: Primary metabolites and secondary metabolites, origin, types, structure and function;
Morphological and chemical differentiation; secondary metabolites as a source of defense to biotic and abiotic
stresses. Industrial applications

Unit-11

Methods for secondary metabolite production: Plant cell, tissue & organ culture; Shoot culture, Root culture
Callus culture, Cell suspension culture, Somaclonal variations and Hairy root culture using Agrobacterium
rhizogenes. Protocol for in vitro axillary and adventitious shoot cultures, Protocol for in vitro callus and cell
suspension cultures etc.

Methods to enhance the production of secondary metabolites: Metabolic engineering, Precursor feeding,
Biotransformation and Mass multiplication using bioreactor.

Unit-111

Different methods for extraction of secondary metabolites: Multi-elemental analysis by EDXRF and EPIXE
techniques, qualitative phytochemical and antimicrobial analysis, quantification by TLC, HPLC, HPTLC and
identification by NMR. Institutes involved in this work (IMMT, IOP & NISER Bhubaneswar, CIMAP / CDRI,
Lucknow etc.)

BOOKS:

1.  Plant Biotechnology: K.G. Ramawat; S. Chand & Company Ltd., New Delhi-110 055

2. Plant Tissue Culture (Protocols in Plant Biotechnology): M.C. Gayatri and R. Kavyashree; Narosa
Publishing House Pvt. Ltd., New Delhi-110 002

3. Plant Tissue Culture: S. Kumar, S. Mishra and A.P. Mishra; Scientific Publishers (India), Jodhpur-342001

4. Introduction to Genetic Engineering of Crop Plants (Aims & Achievements): A. Rashid; I.K. International
publishing house Pvt. Ltd., New Delhi-110007
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DEVELOPMENT OF TRANSGENIC PLANTS (AO-II1I)
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:
1. To study about gene and different vectors
2. To learn about the Agrobacterium-mediated Methods of gene transfer
3. To study about various other way of gene transfer
4. To know about Selection of transgenics and Confirmation of transgenic plant
5. To understand about Transgenic crops tolerating biotic and abiotic stress

Outcomes:
On completion of the course the students shall

1. Have knowledge about the different vectors to clone the genes

2. Have clear understanding of Agrobacterium-mediated Methods of gene transfer

3. Have ability to understand diverse methods of gene transfer and selection of appropriate method.

4. Gain knowledge about how to Select transgenics plant and confirm the presence of the trait of
interest.

5. Be able to describe various types of Transgenic crops tolerating biotic and abiotic stress

UNIT-I

Cloning of gene plant expression vector and construction of gene Construct. Agrobacterium-mediated
Methods of gene transfer and by other way of gene transfer by Electroporation, Microinjection,
Microprojectile bombardment etc. Selection of transgenics— selectable marker and reporter genes
(Luciferase, GUS, GFP). Confirmation of transgenic plant by PCR and Southern Blotting etc.

UNIT-1I

Transgenic crops with improved Biotic stress resistance (Insect/ Pest resistant: Bt-cotton; herbicide
resistant plants: RoundUp Ready soybean; Fungus and virus resistance etc.), Abiotic stress tolerance
(Salinity, Drought, Heat, submergence), Role of transgenics in bioremediation.

UNIT-I1

Transgenic crops with improved nutritional traits (Golden rice, Tearless Onion, Flavr Savr tomato, Purple
tomato with high anthocyanin pigment, mushroom with high protein), Edible Vaccine (Corn based edible
Vaccine), Human Growth Hormone (Humulin), Biosafety regulations.

BOOKS:

1. Chawla, H. S. (2010). Introduction to Plant Biotechnology. Oxford & IBH Publishing Co. Pvt.
Ltd., New Delhi.

2. Singh, B. D. (2018). Plant Biotechnology Kalynai Publishers, New Delhi.

3. Gupta, P. K. (2017). Plant Biotechnology, Rastogi Publication, Meerut.

4. Dubey, R. C. (2017). Advanced Biotechnology, S, Chand Publication, New Delhi
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CAPACITY BUILDING OF FACULTY
Following modules have been proposed for training of faculties:

o Isolation and quantification of nucleic acids following spectrophotometricand gel
electrophoresis techniques

o Techniques of Chromatography
¢ Micrometry and Hemocytometry
o Tissue Culture Techniques

* PCR techniques

o Chromosome techniques
The above module may be of 3-4 weeks duration with 30 participants.

LIST OF EQUIPMENTS

Sl. No. |List of Equipment’s Quantity
01  |Dissecting Microscope (Indian Make) 2 no.
02  |Compound Microscope (Indian Make) with 2 no.

photographic attachment
03  (Ocular and Stage Micrometer (Indian Make) 1 no.
04 UV Spectrophotometer (Indian Make) 1 no.
05 |Cold Centrifuge (Indian Make) 1 no.
06  |[Refrigerator (Indian Make) 1 no.
07  |Soil Thermometer (Indian Make) 1 no.
08  |Anemometer (Indian Make) 1 no.
09  |Psychrometer (Indian Make) 1 no.
10  |Rain gauge (Indian Make) 1 no.
11  pH meter (Indian Make) 1 no.
12 |Herbarium Press (Indian Make) 1 set
13 |Hot air Oven (Indian Make) 1 no.
14 [Electronic Balance (Indian Make) 1no.
15  (Gel Electrophoresis (Indian Make) Vertical and 1 no.
submarine
16.  |Power Pack for electrophoresis 1 no.
17  Blood Testing Kit (Indian Make) 1 no.
18  |Laminar Flow (Indian Make) 1 no.
19  |BOD Incubator (Indian Make) 1 no.
20  |Autoclave (Indian Make) 1 no.
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SUMMARY OF THE COURSES OFFERED IN DIFFERENT SEMESTER

. Maximum
Paper No Course title marks/Credits
1%t Semester
Paper 1.1.1 Microbiology 50/4
Paper 1.1.2 Genetics 50/4
Paper 1.1.3 Biochemistry 50/4
Paper 1.14 Plant Physiology 50/4
Paper 1.1.5 Practical relating to theory papers 100/8
2" Semester
Paper 1.2.1 Plant Diversity 50/4
Paper 1.2.2 Cell Biology 50/4
Paper 1.2.3 Molecular Biology & Genetic Engineering 50/4
Paper 1.2.4 Instrumentation & Analytical Techniques 50/4
Paper 1.2.5 Practical relating to theory papers 100/8
31 Semester
Paper 2.3.1 Ecology 50/4
Paper 2.3.2 Conservation Biology 50/4
Paper 2.3.3 Taxonomy & Plant Pathology 50/4
Paper 2.3.4 Plant Development & Tissue Culture 50/4
Paper 2.3.5 Practical relating to theory papers 100/8
4% Semester
Elective (A) Environmental Biology
Paper 2.4.1 Environment Toxicology and Waste Treatment 100/8
Paper 2.4.2 Waste Water and Modelling 100/8
Paper 2.4.3 Project on Elective Paper 100/8
Elective (B) Industrial Microbiology
Paper 2.4.1 Microbial technique, Microbial Physiology and Growth 100/8
Paper 2.4.2 Bioprocess Engineering & Technology 100/8
Paper 2.4.3 Project on Elective Paper 100/8
Elective (C) Plant Biotechnology
Paper 2.4.1 Tissue culture, Production and Utilization of Transgenic Plants 100/8
Paper 2.4.2 Techniques in Plant Biotechnology & IPR 100/8
Paper 2.4.3 Project on Elective Paper 100/8
Elective (D) Plant Biochemistry
Paper 2.4.1 Amino Acids, Nucleic Acids, Databases and Enzyme Kinetics 100/8
Paper 2.4.2 Metabolism and Plant Growth Regulators 100/8
Paper 2.4.3 Project on Elective Paper 100/8




Value Added and Add On Course (Optional), Total Course duration- 30 hours

Semester Course | Course Title | Marks
Value Added Course (Optional)

Any Semester VA- 01 | Chlorophyll Fluorescence Analysis 50

Any Semester VA-02 | Hydroponics For  Soilless  Organic | 50

Cultivation Of Plants

Any Semester VA-03 | Hairy Root Culture As A Source Of | 50
Secondary Metabolites

Add On Course (Optional)

Any Semester AO-01 | Computational Bioinformatics 50
Any Semester AO0O-02 | Plant Tissue Culture 50
Any Semester AO-03 | Basics Of Microbiology 50







SEMESTER |
PAPER 1.1.1: MICROBIOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives

To learn the classification, diversity, growth and application of microorganisms.

To study the general features of Archaea, Eubacteria, and viruses.

To learn to the mechanisms of genetic recombination in bacteria and replication of viruses.
To learn about the microbial toxins and their health impacts.

To study the transmission and pathogenicity of different microbes.
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Outcomes:

On completion of the course the students shall

Have a general idea on the microbial world and their importance to the mankind.

Learn about different pathogenic microbes and their pathogenicity.

A detailed knowledge about the viruses and viral diseases.

Have knowledge on physiology and metabolisms of diverse microorganisms and their application.
Be able to identify the toxins and toxin producing microbes.
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UNIT —I

History and development of microbiology, Whittakar’s five kingdom concept, Carl Woese's 3 domain
classification, rRNA sequencing study, General features of Bergy's manual for classification of
microbes, Isolation, culture and maintenance of microorganisms, Microbial growth, continuous culture
(chemostat), Factors influencing growth of microbes, Role of microbes in agriculture and industry.

UNIT -11

General features of Archaea, Structure, Nutrition and Reproduction of Eubacteria, Genetic
recombination in bacteria (Transformation, Conjugation and Transduction), General features and
pathogenecity of mycoplasma, Rickttsia and Spirochaetes.

Cyanobacteria: Cell structure and reproduction. Heterocysts: Structure, development and function

UNIT-1I

Virus: General characteristics and classification of viruses, nature, morphology and chemistry of virus,
transmission of virus, virus-vector relationship, replication of Bacteriophage

Plant virus- TMV, structure, transmission, pathogenicity and replication

Animal viruses - HIV, structure, transmission, pathogenicity and replication

Treatment and prevention by anti-virals and vaccine

Viroids and Prions.

UNIT -1V
Microbial toxins: types, mode of actions and pathogenicity.
Bacterial toxins: Endo and exotoxins



Fungal toxins: toxins of Aspergillus, Penicillium, Fusarium and Alternaria

Algal toxins: cyanotoxins and dinotoxins
Chemotherapeutic agents: antibiotics and their mode of action; bacterial drugs (Penicillin,

fluoroquinolones, tetracycline and aminoglycosides)



PAPER 1.1.2: GENETICS
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:
1. To know general organization, possible function, and frequency of genes and non-gene DNA

sequences in a typical eukaryotic genome.

2. To know the principles and application of Mendelian laws (heavily reliant on problem solving).

3. To understand the extensions of Mendelian genetics, including different forms of allelic
relationships.

4.  To know the types of mutations and their expression in genes and the corresponding mRNAs and
proteins.

5. Inheritance of linked genes and recombination mapping.

Outcomes:

On completion of the course the students shall

1.  understand organization, and function, of genes in a cell.

2.  Have detail knowledge on the principles of inheritance at the molecular, cellular and organismal
levels.

3. Have an understanding on the relationships between molecule/cell level phenomena (“modern”
genetics) and organism-level patterns of heredity (“classical” genetics)

4. Test and deepen their mastery of genetics by applying the knowledge of mutation in varietal
development.

5. Understand the basis and application of inheritance of linked genes

UNIT-I

Mendel’s experiments and laws of inheritance, gene interaction with epistasis or modified mendelian
dihybrid ratios: masking gene action, supplementary gene action, duplicate gene action, complementary
gene action

Multiple alleles in human (ABO blood group); eye colour in Drosophila, self incompatibility in plants;
Polygenic inheritance, pleiotrophy

Maternal effects and cytoplasmic inheritance, mitochondrial & chloroplast genome

UNIT-I1

Sex chromosomes, Chromosomal sex determination: XX-XY, XX-XO and ZZ-ZW systems,
Compound sex chromosome,

Meiotic behavior of chromosomes: Primary & Secondary non-disjunction, Genic balance theory of sex
determination, Sex determination in humans and Drosophila with special reference to SRY and sex
lethal genes.

Sex linkage: Sex linked genes in man, sex chromosome disorders in man, Sex influenced dominance by
sex-linked gene expression.

Sex determination in plants with special reference to Melandrium.
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UNIT-111

Linkage groups: Complete and incomplete linkage

Crossing over: Relationship between genetic and cytological crossing over, Relationship between
crossing over and chaisma formation, molecular mechanism of crossing over

Detection of linkage & Linkage maps: Test cross, test for linkage on the basis of F» generation, LOD
score, gene mapping, three-point test cross in Drosophila, construction of linkage maps, identification
of particular linkage groups with specific chromosome, physical distance and map distance

Interference and coincidence

Mitotic Recombination, Recombination within gene

Unit-1V

Chromosomal aberrations: Structural and numerical alterations/ variation in chromosomes

Mutation: Spontaneous and induced mutations, physical and chemical mutagens

Meiotic behavior of deletion, duplication, inversion and translocation. Euploids and aneuploids-
classification, origin, induction, role of polyploidy in evolution and practical significance in crop
improvement

Population genetics: Hardy-Weinberg’s Law, genetics of quantitative traits in population.



PAPER 1.1.3: BIOCHEMISTRY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

To learn the structure and biosynthesis of amino acids and proteins.

To have an idea on the diversity of carbohydrates and their metabolism in cells.

To understand the enzymes and their mechanism of catalysis.

To know about the importance of inhibitors and regulation for function of enzymes.

. To know about the structural variation of lipids and their importance in cellular energetics.

Outcomes:

On completion of the course the students shall

1.  Understand the biological importance of amino acids and proteins.

2. Know about various carbohydrates and their role in cellular morphology and biochemistry.

3. Understand the kinetics of enzymatic action and have skill to determine the velocity of enzyme
catalyzed reactions.

4. Understand the mechanism of action of representative enzymes and determine the role of
catalytic amino acids.

5. Know about the coenzymes and vitamins, lipids and their cellular functions.
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UNIT-I

Amino acids: Classification and properties, Acid-base properties, The Peptide bond, ionization
behavior of peptides, biologically active peptides.

Levels of protein structure, Determination of primary structure of protein. Three dimensional structure
of proteins (Secondary, tertiary and quaternary structures, structural patterns: motifs and domains),
Ramchandran Plot

UNIT - 11

Carbohydrates: Classification, configuration and conformation of monosaccharides, sugar derivatives,
important disaccharides. Structural and storage polysaccharides, glucosaminoglycans, proteoglycans,
glycoproteins and glycolipids

Carbohydrate metabolism: Glycolysis, TCA cycle, pentose-phosphate pathway. Gluconeogenesis,
glycogen metabolism, regulation of carbohydrate metabolism, Oxidative phosphorylation, electron
transport and ATP synthesis

UNIT —I11I

Enzymes: General properties, nomenclature and classification, extraction and assay

Michaelis-Menten kinetics and its significance, Brigg’s-Halden modification, determination of Vmax
and Km

Mechanism of enzyme action: general acid-base catalysis, covalent catalysis, metal catalysis
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Mechanism of action of RNAse, Lysozyme and Chymotrypsin
Enzyme inhibition: competitive, non-competitive inhibition, determination of Kj, allosteric regulation,
covalent modification

UNIT - IV

Lipids: Classification, storage lipids, structural lipids (glycerophospholipid and sphingolipids),
signaling lipids, cofactors, terpenes, and pigments.

Coenzymes and vitamins

Biosynthesis and oxidation of fatty acids, regulation of fatty acid metabolism
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PAPER 1.1.4: PLANT PHYSIOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)
Objectives:

1.  To educates students about the mechanism and physio-chemical activities happening in the life
cycle of plants

2. Tolearn the plant nutrient uptake and translocation to different plant parts,

3. To learn the mechanism of photosynthesis, and the diversity of carbon fixation pathways
4.  To learn the processes of nitrogen assimilation and transport mechanisms.

5. To understand plant responses towards biotic and abiotic signals.

Outcomes:

1. Be able to understand the governing principles behind various physiological life processes in
plants.

2. Gain knowledge on the mechanism and energetic of membrane transport processes for nutrient
uptake and transport.

3. Have knowledge on photosynthesis and the evolutionary significance of plurality of carbon
pathways.

4. Learn about various uptake and transport mechanisms (water and solutes) in plants and
correlation among these processes.

5.  Be able to understand the role of various plant hormones, signaling compounds, thermodynamics,
and stress responses.

UNIT-I

Water balance in plants, water absorption and transport through xylem, active and passive transport
Transport of ions across membrane barrier, membrane transport processes,

Membrane transport proteins: water channels, H" - ATPase and H*- pyrophosphatase

Mechanism of solute accumulation in vacuoles, solute transport: Phloem loading & unloading

UNIT-1I

Photochemistry and photosynthesis: General concept of photochemistry, Photosynthetic pigments and
light harvesting complexes, Photo-oxidation of water, mechanisms of electron and proton transport &
ATP synthesis.

Carbon assimilation: Cs, C4 cycle and the CAM pathway

Photorespiration and its significance, the glyoxylate cycle

Biosynthesis of starch and sucrose

UNIT-11

Nitrogen metabolism: Overview, biological nitrogen fixation, mechanism of nitrate uptake and
reduction, nitrate and ammonium assimilation, amino acid biosynthesis.
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Stress Physiology: Responses of plants to biotic and abiotic stresses, mechanism of stress resistance
and tolerance, water deficit and drought stress, salinity stress, metal toxicity, freezing and heat stress,
HR and SAR, oxidative stress.

UNIT-IV

Plant growth regulators: Physiological effects and mechanism of action of auxins, gibberellins,
cytokinins, ethylene and abscisic acid

Photoreceptors: phytochromes, cytochromes, UV-B and their role in regulation of plant morphogenesis
Flowering: Phenomenon of flowering, photoperiodism and its significance, endogenous clock
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PAPER 1.1.5: PRACTICALS
100 marks (6 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:

1.

To acquaint the students with the infrastructural requirements of a basic laboratory for conduct of
practical.

2. To learn the methods of media preparation, isolation and culture of bacteria and cyanobacteria.

3. Tounderstand the basic principles of spectrophotometry.

4.  To learn the methods for estimation of enzyme kinetics.

5. To learn the procedure for extraction and quantification of photosynthetic pigments and
biomelecules of plant samples.

6.  To learn the procedure of SDS- PAGE.

Outcome:

After the completion of the course the students shall have

1.
2.
3.

Knowledge on basic laboratory infrastructure for conducting experiments.

Skill to isolate, purify and inoculate microbial strains in plates, tubes and in liquid culture flasks.
Understanding of the principles of spectrophotometry and skill to use spectrophotometer in
biological experiments.

Ability to extract and quantify photosynthetic pigments and biomolecules like carbohydrates,
sugars, proteins and enzymes.

Proper understanding of the kinetics of enzyme activities and skill to quantify the common
enzymes.

Knowledge on the application of electrophoretic techniques in biological research.

1. General idea on instruments used in microbiology laboratory.
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Preparation and sterilization of media (Nutrient Agar, Nutrient Broth, Czapeck-Dox), Plating,
Tubing, Slanting of media.

Gram staining and acid-fast staining of bacteria.

Isolation of bacteria in pure culture.

Study of commonly occurring cyanobacteria.

Measurement of length/breadth/diameter of microbial cell/spore using ocular and stage
micrometer.

Study of principles of spectrophotometer and verification of Beer-Lambert's law.

Study of plant efficiency analysis under light and temperature stress

Effect of substrate concentration on activity of any enzyme and determination of Km value.
(Acid Phosphatase, Peroxidase, Catalase)

10. Extraction of pigment from leaves and preparation of absorption spectra for chlorophylls and

carotenoids.

11. Preparation of standard curves for quantification of protein, carbohydrate and reducing sugar.
12. Quantification of soluble and total protein and total carbohydrate contents of plant samples.
13. Isolation of Chloroplast and study of protein profile of RUBISCO by SDS-PAGE.
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SEMESTER 11
PAPER 1.2.1: PLANT DIVERSITY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives
1.  To have an understanding about distribution, salient features and life cycle of different divisions

of algae.

2. To have knowledge about algal biomass production, seaweed cultivation and environmental
impacts of algal bloom.

3. Tolearn about origin, evolution, structure and reproduction in different orders of bryophytes.

4.  To have knowledge about origin, evolution, structure and reproduction of different pteridophytes
and gymnosperms.

5.  To have an idea about structural diversity of lower plants.

Outcomes:

On completion of the course the students shall

1. Have an idea about distribution, salient features, pigment system, reserve food, structure and life
cycle of different algal groups.

2. Have an understanding of methods used, problems and future prospects associated with algal
biomass production and control.

3. Have a knowledge on origin, evolution of land plants and the theories associated with the
assumptions.

4.  Have an idea about origin, evolution, diversity of reproductive structures of pteridophytes and
gymnosperms.

5. Have an understanding on origin, evolution, diversity and life cycles of gymnosperms.

UNIT - |

Algae: Marine, Freshwater and Terrestrial algae, Food reserve, Pigment and Thallus organization

Life cycles, salient features and reproduction in Prochlorophyta, Chlorophyta, Bacillariophyta,
Xanthophyta, Dinophyta, Phaeophyta and Rhodophyta.

Algal biomass production and utilization, algal blooms and their environmental impacts. Cultivation of
algae, value added algal products.

UNIT-II

Bryophyta: Theories of origin (algal and pteridophytean), Ecology, Evolution and Classification,
Structure and reproduction of Anthocerotales, Marchantiales, Jungermanniales, Sphagnales, and
Polytrichales

Evolution of gametophytes and sporophytes in Bryophytes

Phylogenetic relationships among Bryophytes, ecological and environmental significance.
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UNIT-111

Pteridophyta: Theories of origin (algal and bryophytean), evolution and classification,
Structure and reproduction of Psilophyta, Lycophyta, Sphenophyta and Pterophyta.
Structural diversity of sori, Soral evolution in ferns, diversity and germination of spores,
Structure, morphology, evolution and significance of sporocarp.

UNIT-IV

Gymnosperm: origin, evolution and classification, phylogenetic importance

Range of reproductive structures of Cycadales, Ginkgoales, Coniferales, and Gnetales,
Structural diversity of pollens in Gymnosperms,

Evolution of male and female gametophytes in Gymnosperms.
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PAPER 1.2.2: CELL BIOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:
1.  To understand the basic components of prokaryotic and eukaryotic cells

2. To understand the genetic basis of life and basic mechanism of DNA replication

3. Understand how energy is used and generated in cells

4. Understand how cells undergo mitosis & meiosis

Outcomes:

On completion of the course the students shall

1.  Understand the structures and purposes of basic components of prokaryotic and eukaryotic cells,
especially macromolecules, membranes, and organelles.

2. Learn the details of nucleic acid synthesis and regulation.

Learn how these cellular components are used to generate and utilize energy in cells.

4.  Able to apply their knowledge of cell biology in cell division and growth regulation.

e

UNIT -l

Cell Theory, Variability, Size, Shape, Complexity and functions. Molecular organization of prokaryotic
and Eukaryotic cells

Plasma membrane: Composition and dynamics, membrane carbohydrates and their role in cell
recognition, membrane proteins and organization of lipids & proteins.

Social context of cells: Cell junction, cell adhesion and extra-cellular matrix.

Cell inclusions: pigments molecules & nutritive materials

Cell motility: Cilia and flagella of prokaryotes.

Cytoskeleton: Microtubules, intermediate filaments and microfilaments.

Cell Wall: Structure & functions, biogenesis, growth.

UNIT-II

Nucleus: Origin, structure and function of nuclear envelope, nuclear pore complex, nucleolus &
Chromatin organization and its packaging role of nuclear matrix in chromosome organization and
function, matrix binding proteins.

Study of karyotype and its significance

Cell cycle: Molecular models and events. Regulators and checkpoints in cell cycle

Molecular mechanisms of cell division: Mitosis (Behavior of chromosomes, formation of mitotic
spindle, Sister chromatid separation), Cytokinesis (Role of mitotic spindle in determining cytoplasmic
cleavage site), Meiosis: Events & mechanism

UNIT — 11

Plasmodesmata: Structure, role in movement of molecules & macromolecules, comparison with gap
junctions.

Plant Vacuole: Tonoplast membrane, ATPases, transporters as storage organelle
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Chloroplast: Biogenesis, structure, genome organization, gene expression, RNA editing, nucleo-
chloroplastic interaction.
Mitochondria: Biogenesis, structure, genome organization.

UNIT - IV

Transport across cell membrane: Major types of membrane transport, Active transport, Co-transport,
Symport, Antiport, lon channels, Osmaosis.

Macromolecular trafficking into and out of nucleus

Protein sorting: Transport of proteins into mitochondria and lysosomes.

Vesicular traffic: Coated and un-coated vesicles, Transport of secretory materials, Endocytosis.
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PAPER 1.2.3: MOLECULAR BIOLOGY AND GENETIC ENGINEERING
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:
1.  To understand the DNA replication mechanism.

2. To learn about the process of transcription and modification of RNA.
3. To have a critical understanding of the mechanism of translation, protein modification and gene

regulation.
4.  To learn about the basics of genetic engineering and its scope.
Qutcome:

After the completion of the course the students shall have

1. Anunderstanding of DNA replications and their cellular importance.

2. Aclear concept about steps in transcription and post transcriptional modifications of RNA.
3. Knowledge on the mechanism of protein synthesis and protein modification.

4. Understanding of core concept of genetic engineering.

UNIT -l

DNA replication: Replication in prokaryotes, replication fork, initiation, elongation, termination,
Replication in eukaryotes, D-loop model of DNA replication, DNA replication in single stranded DNA,
rolling circle replication,

DNA synthesis by reverse transcription

DNA Repair: mismatch repair, base excision, nucleotide excision, direct repair, SOS repair

UNIT 11

Prokaryotic transcription: Mechanism of transcription.

Eukaryotic transcription and regulation: RNA polymerases structure and assembly, Eukaryotic
promoters and enhancers, General and specific transcription factors, transcriptional repressors,
mechanism of transcription regulation, Transcriptional and post-transcriptional gene silencing.
Modifications in RNA: 5’-cap formation, transcription termination, 3’-end processing and
polyadenylation, splicing, editing, synthesis and processing of non-coding RNAsS.

UNIT -1l

Prokaryotic and eukaryotic translation: The translation machinery, mechanism of initiation, elongation
and termination

Co- and post-translational modifications of proteins.

Principle of gene regulation, The Operon concept, lac- & trp-operon. Processing of tRNA and rRNA
Cell Signaling: Signaling molecules and signal receptors, second messengers, G protein coupled
receptors, activation of gene transcription by G protein coupled receptors.

UNIT -1V
Scope of Genetic engineering, Milestones in genetic engineering
Molecular tools: Enzymes (Nucleases, Restriction endonucleases, Phosphomonoesterase, Alkaline
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phosphatase, Polynucleotide kinase, DNA ligase, DNA polymerases, Reverse transcriptase, terminal
deoxynucleotidyl transferase, Poly A polymerase), Hosts (E. coli, yeast, animal cells and Plant cells)
and Vectors (Plasmids, Bacteriophages, Cosmids, Phagemids and artificial chromosomes).

DNA Sequencing: Sanger’s technique, Maxam & Gilbert technique and automated sequencing.
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PAPER 1.2.4: INSTRUMENTATION AND ANALYTICAL TECHNIQUES
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives

1.  Toteach the students on microscopes of various complexities and their application in observation
of biological samples.

2. To learn the principles and application of absorption and fluorescence spectrophotometry

3. Tolearn the basic principles and applications of centrifugation for separation of various
macromolecules.

4.  To understand the scope and utilities & various chromatographic techniques and the
instrumentation thereof.

5.  To Learn the methods of electrophoretic separation of biomelecules.

6. To learn the intrasample and intersample comparison of data using proper statistical methods.

Outcome:

After the completion of the course the students shall be able to

1.  Understand the basic principles and operation of microscopes and learn the techniques of
preparation of samples for observation under electron microscope.

2. Understand the basic principles of operation and instrumentation of absorption and fluorescence
spectrophotometers and knowledge to use the techniques for analysis of biological samples.

3. Learn the methods of centrifugation and application of various types of centrifugation techniques
for cell fractionation.

4.  Skill to prepare, operate and interprete various types of chromatograms and blotting methods.

Skill to apply the knowledge of electrophoresis in biomolecules separation.

6.  Skill to apply proper statistical procedure for interpretation of date and reaching an inference.

£

UNIT —I

Principle of operation and Instrumentation of Light, Fluorescence and Electron Microscopes
Ultraviolet-visible absorption spectroscopy: Principle, Instrumentation and application,

Fluorescence spectrophotometry: Principle, Instrumentation and application

Radioisotope techniques: Nature of radioactivity, isotopes in biochemistry, measurement of
radioactivity (carbon dating, Geiger-Muller counting and liquid scintillation counting).

UNIT —I1

Principles of electrochemical techniques: Electrochemical cells and reactions, potentiometry and
voltametry, the pH electrode

Centrifugation techniques: Basic principles of sedimentation, Types of centrifuges, Types of rotors,
Methods in preparatory ultracentrifugation (differential and density gradient centrifugation).
Chromatographic  techniques:  Principles of chromatography (Adsorption and Partition
chromatography), Planar chromatography (Paper and Thin-layer chromatography), Column
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chromatography (Gas chromatography, Gel exclusion/permeation chromatography, lon exchange
chromatography, Affinity chromatography, HPLC).

UNIT I

Electrophoretic techniques: General principles, support media, electrophoresis of proteins (SDS-PAGE,
native gels, gradient gels, isoelectric focusing gels and two dimensional gels), electrophoresis of
nucleic acids (Agarose, pulse-field and sequencing gels).

Blotting techniques (Southern, northern and western blotting)

UNIT -1V

Statistical Methods: Sampling methods, sampling distribution, measures of central tendency and
dispersion,

Probability distribution: normal, binominal and poisson distribution. Sample homogeneity and
heterogeneity analysis by binomial and poisson distribution,

Parametric and nonparametric statistics: paired and unpaired t-test and »? test, analysis of variance: one
factor and two factor ANOVA, linear and non-linear regression and correlation
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PAPER 1.2.5: PRACTICALS
100 Marks (6 hours) (80 marks end term and 20 marks mid term evaluation)

Objectives:
1.  To learn the procedure for collection and preparation of temporary and permanent slides of lower

plants and their microscopic observation.

2. To learn the method of squashing and staining of mitotic and meiotic cells and determination of
stages mitotic meiotic cell division

3. To learn the techniques of use of camera lucida and prepare the diagram of chromosomes and
other microscopic materials.

4.  To understand the statistical methods and their application for comparison among samples.

5. To learn the techniques of isolation, quantification and separation of nucleic acids.

Outcome:

After the completion of the course the students are expected to

1. Have an idea on habitats of lower plants through field survey and learn the techniques of sample
collection, staining and structural differentiation of the vegetative and reproductive parts.

2. Have skill for preparing the microscopic slides taking dividing cells and identify the stages of
division.

3. Learn the use of camera lucida and skill to draw diagrams of materials in the microscope of the
microscopic preparation.

4.  Have an understanding on the application of recommended statistical procedures and in
comparison of data in samples.

5. Have ability to use different laboratory procedures for extraction, quantification and analysis of
nucleic acids.

1. Study of micro and macro algae in the field and in the laboratory (preparation of temporary and
permanent materials and identification).

2. Study of morphology and reproductive structures of algae belonging to different classes through
permanent microscopic preparations and preserved specimens.

3. Study of temporary & permanent preparation for microscope observation of external and internal
features of vegetative and reproductive structure of important genera of Bryophytes.

4. Study of temporary and permanent preparation of vegetative and reproductive structure of
Pteridophytes.

5. Study of temporary and permanent preparation of vegetative and reproductive structure of
Gymnosperms.

6. Squashing techniques for study of mitosis and meiosis in onion root tip and flower bud. Use of
camera lucida to study chromosomes & calculating the magnification.

7. To find out mitotic index of dividing cells of Allium cepa root tips.

8. Comparative karyotypic analysis of two species of a genus.

9. Measurement of Dispersion, [Standard Deviation (SD), Standard Error of Mean (SEM), Variance] of
the given plant sample
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10. Statistical analysis of biological samples and study of test of significance by t-test, ¥2 test, and F-
test

11. Isolation of plant DNA and quantification of extracted DNA by spectrophotometric method.

12. Separation of DNA by gel electrophoresis.
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SEMESTER Il
PAPER 2.3.1: ECOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:
1.  Tointroduce the students about interaction between biotic and components of an ecosystem.

2. To learn about the nature of various natural ecosystems and their influence on the stability and
diversity of species.

3. To learn the experimental and field test for estimating the diversity and satiability of an
ecosystem.

4.  To study the models and mechanisms of succession in natural communities.

5.  To study to the characteristics and dynamism of population and the population interaction.

Outcomes:

On completion of the course the students shall

1.  Have knowledge on species’ geographical range and how ecosystem characteristics are influenced
by the various components.

2. Understand the factors that influence geographic patterns of abundance in an ecosystem.

3. Understand the concept of ecological functioning which would certainly help students to maintain
the local ecosystems.

4.  Have a comprehensive idea on succession changes in natural communities.

5. Have a detailed knowledge on the population interaction from micro to macro scale and how to
manipulate beneficial interactions for improving ecosystem production.

UNIT-I

Abiotic and biotic components;

Primary and secondary production, methods of measuring productivity, pattern of primary production
and biomass in the major ecosystem of the world

Energy flow: sources and pattern; food chain and food web in terrestrial and aquatic ecosystems
Biogeochemical cycles - Carbon, Nitrogen, Sulphur, Phosphorus.

UNIT-II

Community ecology: nature, structure and gradient analysis, structural analysis of plant and animal
community

Niche and Random Niche model of species association

Species diversity in ecological gradient, Experimental and field test of diversity-stability Hypothesis,
Ecotone and edge effect

Competition theory and coexistence

Succession - models of succession (monoclimax and polyclimax theories), Mechanism of succession in
natural communities - facilitation, tolerance, and inhibition

Plant communities association

UNIT-111
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Population ecology: Basic concept, population characters, biotic potential.

Kinetics of population growth, population growth curves, laws of population growth, regulation of
population density, limiting factors of population growth, population fluctuation

r & k selection,

Population interactions: positive and negative interactions, interspecific relationship

Population regulation: competitive exclusion, density dependent and independent regulation

UNIT-IV

Environmental pollution: Kinds and sources of pollutants, classification of pollutants,

Soil pollutants: sources, types, and effects; modification of plant productivity by soil pollution, effects
on soil microflora.

Water & Air pollutants: fates and effects, role of plants for pollution control,

Global climate change, green house effect, ozone depletion- causes and effects.
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PAPER 2.3.2: CONSERVATION BIOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:
To understand the concept and values of plant biodiversity.

To know about the status and causes of biodiversity loss.

To have a clear knowledge about the IUCN categories of threat to biodiversity.

To study and understand the various strategies for conservation of biodiversity.

To understand the biodiversity act.

To understand the origin, evolution and domestication of cultivated plants and to know their wild

relatives.

7.  To create awareness about importance of plants and plant products in daily human life and value
of ethnobotany.

Outcome:

After the completion of the course the students shall be able to

Develop understanding of the concept and scope of plant biodiversity.

Identify the causes and consequences of loss of biodiversity.

Utilize skills to manage plant biodiversity.

Apply various strategies for the conservation of biodiversity.

Have critical understanding on the provisions of Biodiversity Act.

Develop the understanding about distribution and importance of wild relatives in crop

improvement.

7. Conceptualize the role of plants in human welfare and have skill to prepare strategies for

biodiversity conservation.
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UNIT -I

Biodiversity: Concepts and level (a, B, y), importance of biodiversity, status of biodiversity in India,
assessment of biodiversity, major causes of biodiversity loss and its impact, biodiversity hot spots of
India and world, IUCN categories of threat, red data book, convention of biological diversity (CBD),
salient features of biodiversity Act.

Agrobiodiversity: Concept of diversity in domesticated species (land races, advanced cultivars, wild
relatives of cultivated plants, wild plants), Economic value of agrobiodiversity. Causes of erosion and
management for food security, Governance of agrobiodiversity

UNIT-II

Conservation: Strategies for in situ Conservation: Protected areas, wildlife sanctuaries, national parks,
biosphere reserve, strategies for ex situ conservation: botanical gardens, field gene banks, seed banks,
in vitro conservation, DNA banks, national and international strategies for conservation of plant genetic
resources, sustainable development in biodiversity, Biodiversity and the 2030 Agenda for Sustainable
Development.

UNIT-111
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Plant resource and utilization: Origin and domestication of cultivated plants, world centres of diversity
of domesticated plants, plant introduction, primary, secondary centres of origin and diversity of crop
plants, origin, evolution and wild relatives of food crop (rice and pigeon pea), fibre (cotton & jute) and
oil-yielding crops (groundnut), sugar and biomass crop (sugarcane), fruits (mango).

UNIT-IV

Ethnobotany and forest products: basic principles and scope, uses of medicinal and aromatic plants,
cultivation and trade of medicinal plants, important firewood and timber yielding plants, collection,
trade and management of non-wood forest products, plants used as avenue trees for shade, and
aesthetics, plants used in sericulture and biodiesel production, joint forest management and stake
holders responsibility.
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PAPER 2.3.3: TAXONOMY AND PLANT PATHOLOGY

50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

To know the general basis of taxonomy and the rules of ICN for correct nomenclature of taxa.

To know about the modern techniques for identification and classification of plants

To learn phonetic, phylogenetic and molecular classification of plants.

To learn the taxonomic diversity through knowledge on representative families

. To have a basic understanding on the fungi and fungal diseases.

Outcomes:

On completion of the course the students shall

1. Be able to correctly identify the taxa and make correct nomenclature following ICN

2. Have an idea on the importance of both morphology and modern systems for classification of
plants

3. Have an understanding on the modern tools of taxonomy for building the taxonomic hierarchy.

Have skills to identify plants on the basis of the morphological characters.

5. Be able to know the general bases of plant diseases caused by biotic agents and major infective
crop diseases with severe economic impact.

arownPE

&

UNIT-I

Nomenclature: The species concept, delimitation of taxa and attribution of ranks, salient features of
ICN, Typification, Priority and its limitations, effective and valid publications, herbarium methodology,
modern tools for herbarium specimen repository, specimen digitization, important herbaria of the
world.

Phenetic and phylogenetic systems of classification, relative merits and demerits of major system of
classification (Benthem & Hooker, Engler-Prantl, Hutchinson, APG system)

UNIT —II

Cladistics in taxonomy: Conceptual lineage, parallelism and convergence, cladistics in classification of
plants

Embryology, cytology and phytochemistry as taxonomic tools.

Molecular taxonomy: Molecular markers in phylogenetic studies, ideal marker genes, nuclear,
mitochondrial and chloroplast markers.

UNIT- 111

Plant families: Phylogenetic relationship

Range of floral structures in major dicot groups: Ranales, Asterales, Lamiales, and Leguminales
Range of floral structures in monocot groups: Poales, Scitaminae and Orchidales

UNIT-IV

Fungi: Structure and reproduction of Phycomycetes, Ascomycetes, Basidiomycetes and
Deuteromycetes. Mitosporic fungi, Degeneration of sexuality in fungi, Fungal nutrition, heterothallism,
heterokaryosis. Application of fungi in industries, agriculture and medicine.
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Plant Pathology: Disease symptoms, modes of infection and dissemination, disease resistance and
defense — morphological and biochemical basis, host-parasite relationship.
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PAPER 2.3.4: PLANT DEVELOPMENT AND TISSUE CULTURE
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

1.  To understand the mechanism of shoot, root, leaf, flower and fruits development in plants.

2. To get knowledge about the development of pollen and ovule and pollen-pistil relation.

3. To have an in-depth knowledge about fertilization, and development of embryo and endosperm.
4.  To understand various techniques of plant tissue culture.

5. To have an understanding of methods for gene transfer in plants.

Outcome:

After the completion of the course the students are expected to

1. Develop an understanding of concepts and fundamentals of differentiation and development of
different plant organs.

2. Have in-depth knowledge of reproductive biology of angiosperms.
3. Have an understanding on the process of embryo development.

4.  Learn the methodology of tissue culture and its importance.

5.  Have knowledge about the production of transgenic plants.

UNIT -1

Differentiation and development: Plant cell development with its unique features.

Development of shoot and root apical meristem, leaf development and phyllotaxy, vascular tissue
differentiation of root, shoot & leaf, transition to flowering, floral development & homoeotic mutants in
Arabidopsis Fruit development and ripening process.

Metabolic changes associated with senescence and its regulation.

UNIT - 11

Male gametophyte: Structure of anthers, microsporogenesis, pollen development, male sterility, pollen
germination, pollen tube growth and guidance, pollen storage, pollen embryos.

Female gametophyte: Ovule development, megasporogenesis, structure and organization of the embryo
sac, pollination mechanisms and vectors.

UNIT -1

Structure of pistil, pollen - pistil interactions,

Self incompatibility in plants: cytological, biochemical and molecular aspects,
Double fertilization and endosperm development: types, development and maturation
Embryogenesis: structure and development of monocot, dicot and grass embryos

UNIT-IV

Plant tissue culture: Laboratory requirements and general techniques involved tissue culture, plant
regeneration by axillary shoot proliferation of nodal explants, direct adventitious organogenesis, callus
mediated organogenesis, somatic embryogenesis, artificial seeds, protoplast isolation, culture,
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techniques of fusion, and production of somatic hybrids, methods for gene transfer in plants
(Agrobacterium - mediated & direct gene delivery).
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PAPER 2.3.5: PRACTICALS
100 Marks (6 hours) (80 marks end term and 20 marks mid term evaluation)

Objectives:
1.  To make the anatomical sections of plant parts and their microscopic observation.

2. Togain practical knowledge of reproductive biology of angiosperm by studying different types of
ovules, endosperms and embryos.

3. To know the methods to study the morphology and taxonomic description of plant species of
different families of monocots and dicots.

4.  To study the different methods used to study relationship between two ecological variable and to

estimate the biomass, frequency, density of a species of a grassland community.

To study different techniques to check various parameters of different types of water samples.

To gain knowledge about the economic importance of plants and plant parts.

To learn the basic techniques of plant tissue culture.

To gain practical knowledge about different plant pathogen by microscopic observation of

anatomical structure of the infected plant parts.

Outcome:

After the completion of the course the students are expected to

1.  Know the process of preparation of temporary and permanent slides for microscopic study of
anatomical structure of angiosperm.

2. Have practical knowledge about the different types of ovules, endosperms and embryos.

Have knowledge and ability for accurate plant identification and nomenclature.

4. Have knowledge to estimate the biomass, frequency, density of a species of a grassland
community.

5. Learn the techniques for checking the quality of water samples.

6. Have knowledge on the economic importance of the local plant diversity and their sustainable
use.

7. Have sufficient knowledge about the techniques of plant tissue culture.

8.  Have knowledge to identify the infected plant from their morphology and anatomy of the infected
plant parts.
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1. Study of living shoots apices by dissection using Hydrilla plants

2. Study of cytological zonation in the shoot apical meristem (SAM) by preparing L. S of Coleus shoot
apex and making permanent slides with double stained procedures

3. Study of wood anatomy through temporary and permanent slides

4. Study of different types of ovules, endosperm, and embryos in permanent slide preparation

5. Study of in vitro pollen morphology, germination and pollen tube growth

6. Collection, description and identification of locally available wild angiospermic taxa pertaining to
nomenclaturally important category

7. Description of various species of a genus and preparation of a key at generic level

8. Finding out the relationship between two ecological variable using correlation and regression
analysis.
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9. Determination of minimum size and number of quadrants required for reliable estimates of biomass
in grassland

10. Determination of frequency, density of a species of a grassland community

11. To estimate dissolved oxygen, chloride, CO2, acidity and alkalinity content in eutrophic and
oligotrophic water samples by Winkler's method

12. Preparation of a short list of ten most important sources of firewood and timber of the locality. Give
their local names, scientific names and families to which they belong. Mention their characters.

13. Preparation of tissue culture media.

14. Techniques of surface sterilization and plant regeneration via organ culture.

15. Production of synthetic seeds.

16. Study of common pathogens of plant (fungi, bacteria, mycoplasma) with anatomy of infected parts.
17. Collection, identification and preservation of common plant diseased materials of the locality.

18. Temporary and permanent preparation for microscopic observation of external features, internal
structures and reproductive structures of important genera belonging to fungi.

19. Study of biodiversity and important flora of Odisha and India through field trips.
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SEMESTER IV
ELECTIVE (A): ENVIRONMENTAL BIOTECHNOLOGY

PAPER 2.4.1: ENVIRONMENTAL TOXICOLOGY AND WASTE TREATMENT
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
To know the concept of toxicity, toxicity assessment and mechanism of toxicant action.

To understand the process of bioaccumulation, and its Kinetics in different environment.
To understand the pathways and mechanisms of degradation of toxicants.

To know about the pesticides and their fate in different environments.

To understand the fundamentals of the enzymatic basis of toxicant transformation.
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Outcomes:

On completion of the course the students shall

1.  Have proper understanding of the toxicity and the aquatic toxicity assessment strategies using
various test batteries.

2. Learn about different causes of bioaccumulation of metals, organic toxicants and pesticides and
strategies of its prevention.

3. Understand the pathways for biodegradation of organic pollutants and the importance of co-
metabolic degradation.

4.  Know about pesticide transformation in soil and water and the associated regulating factors.

5. Learn about roles of different enzymes in toxicants biodegradation and skill to manipulate the
condition for accelerated toxicant removal.

UNIT -I

Aquatic toxicity assessment: concept of toxicity; mechanism of toxicant action; dose, effect and
response; analysis of response curves; statistical doses of toxicants;

Selection of test batteries, media, apparatus and facilities, liquid media and sediment toxicity
assessment, microtox acute toxicity test; toxicity test by luminescent and fluorescent bacteria, algae,
zooplankton and macrophytes, microplate toxicity test,

UNIT -1l

Bioaccumulation: Concept and measurement, food chain and lipophilicity approach, quantitative
structure activity relationship, kinetics of uptake and retention, factors affecting bioaccumulation.
Bioaccumulation of metals: metal accumulation by flora and fauna; biosorption, phytofiltration,
phytochelation and phytoextraction; role of metalphores,

UNIT -111

Biodegradation of organic pollutants: Microbial processes for degradation; measurement of
biodegradability; aerobic and anaerobic degradation of carbohydrates, proteins and lipids, aliphatic
hydrocarbons, aromatic hydrocarbons
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Catechol, resorcinol and phloroglucinol pathways, degradation of halogenated organics, co-metabolic
degradation, degradative capacity of fungi
Fate of pesticides in the environment; fundamental reaction of pesticide metabolism; microbial
transformation of pesticides-oxidations, decarboxylation, dealkylation, halogen reaction, aromatic ring
cleavage, hydrolysis and nitrate reduction

UNIT -IV

Enzymes in pesticide degradation - CytP450 monooxygenase, esterases, LIPs and Glutathione-S-
transferase.

Microbial uptake and removal of metal, Extracellular and intracellular complexation, metal exclusion.
Molecular basis of metal tolerance; phytochelatin and siderophore mediated metal sequestration,
Bioleaching and recovery of copper, gold and uranium
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PAPER 2.4.2: WASTE MANAGEMENT AND MODELING
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
1.  To learn about the solid wastes and the processes for treatment, disposal and reuse.

2. Tounderstand the process of wastewater treatment and recycling.

3. To know the energy environment and the potential of non-conventional energy.

4.  To learn the methods for modeling of ecosystems and function prediction.

Outcomes:

On completion of the course the students shall

1.  Develop a proper understanding of the potential of solid wastes and the processes used to reuse.

2. Clearly understand the importance of protection of surface waters and maximize the water reuse
and recycling.

3. Know diversity of energy sources and skill to plan the harvesting and use of alternate energy.

4. Understand the mathematical models for ecosystem analysis and skill to develop the predictive
models.

UNIT -I

Solid waste processing technology: Sources and types of solid wastes, components of solid waste
management, sanitary land filling-biological processes, leachate control and treatment, site
management, aerobic composting-non-reactor and reactor composting, vermin composting: methods,
production and harvest, anaerobic digestion of wastes-biochemical basis, dry and wet fermentation,
treatment of hazardous wastes, biomedical waste management.

UNIT -11

Wastewater treatment and disposal: eutrophication-causes, effects and control

wastewater treatment processes, biological treatment of wastewater oxidation, nitrification,
denitrification, role of biofilm, biological removal of phosphorus, secondary treatment systems-
conventional and high rate biofilters, rotating biological contactors, activated sludge, nutrient removal
through biomass production.

UNIT -111

Energy management: Biomass, bioenergy and biofuels, biofuel-opportunities and challenges,
feedstocks and production, cellulosic biofuel feedstocks, biomass production-single and multiple
species approach, dedicated energy crops, biohydrogen production.

UNIT-IV

Modelling of environmental systems: Mathematical tools in development of an ecosystem model,
modelling elements, components of mathematical models, system variables and forcing functions;
sensitivity analysis; model calibration and validation, predictive and precise models. Nutrient and
biomass models of lake ecosystems
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PAPER 2.4.3: PROJECT WORK
100 marks (Thesis 80 marks + Presentation 20 marks).

Objectives:

1.
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To learn the methods in the field of environmental biotechnology and their application in
mitigation of environmental problems.

To prepare a project relevant to address the environmental issues.

To identify the knowledge gap in any field of the environment.

To plan an experiment and the hypothesis for the same.

To learn the process of analysis and interpretation of data.

omes:
On completion of the course the students shall

1.

>

Have ability and skill to identify the current environmental issues and analyze the published
research in the field.

Know the methods and the selection of appropriate ones for solving a definite environmental
Issue.

Understand basic techniques and use them to achieve the objectives of research.

Have ability to formulate a research hypothesis and design experiment.

Have knowledge on data interpretation.
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ELECTIVE (B): INDUSTRIAL MICROBIOLOGY

PAPER 2.4.1: MICROBIAL TECHNIQUE, MICROBIAL PHYSIOLOGY AND GROWTH
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
1. To learn the strategies for isolation, preservation and maintenance of important industrial

microbes.

2. To know the techniques of strain selection, strain improvement and strain stability maintenance.

3.  To learn the methodologies for large scale production of industrially important enzymes of
microbial origin.

4. To know about the modes of microbial nutrition so as to establish healthy microbial culture.

5. To understand the microbial growth kinetics in different culturing systems.

Outcomes:

On completion of the course the students shall

1.  Learn the theory and skill for isolation, preservation and maintenance of important industrial
microorganisms

2. Have the knowledge for taxonomic identification, ribotyping and lipid profiling that would
enhance their skill to select proper microbe for industrial use.

3. Understand the pure culturing methods, mechanisms of enzyme production, enzyme purification
and immobilization.

4. Have knowledge on application of microbes for processes such as nitrate reduction,
denitrification and sulphate reduction

5. Have a proper understand of the microbial growth kinetics and nutrient utilization efficiency in
different culture systems for optimization of the industrial fermentation.

UNIT —I
General concept and scope of industrial microbiology; Isolation, preservation and maintenance of
important industrial microorganisms. Strain improvement: Strain improvement strategies, strain
selection and strain stability; Microbial taxonomy: microbial phylogeny derived from ribosomal RNA
sequences, classical taxonomy, chemotaxonomy (DNA DNA hybridization, ribotyping, and lipid
profiling).

UNIT-I1I
Microbial techniques: Different types of culture media, pure culture methods (isolation and
maintenance), enrichment culture, and isolation of DNA.

Microbial enzymes: Sources of enzymes, selection of microorganisms, mechanism of enzyme
biosynthesis, large scale production and enzyme recovery, enzyme assay, enzyme production by
microbes (a-amylase, Cellulases, Proteases and Lipases), enzyme immobilization.
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UNIT-111

Microbial Physiology: Bacterial photosynthesis (photosynthetic pigments and their location in the cell,
anoxygenic photosynthesis, oxygenic photosynthesis, CO2 fixation), microbial nutrition
(photoautotrophs, photoorganotrophs, chemolithotrophs and chemo-organotrophs), nitrate reduction
and denitrification process, sulphate reduction.

UNIT -1V

Microbial growth: Cell growth and population growth, bacterial cell division, Growth kinetics: Concept
and mathematics of exponential growth, growth cycle, measurement of microbial growth (direct and
indirect measurement methods), Batch, Fed-batch and continuous culture system, monitoring microbial
growth in culture, factors affecting microbial growth.
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PAPER 2.4.2: BIOPROCESS ENGINEERING & TECHNOLOGY
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:

1.  To introduce the bioprocessing techniques like fermentation largely used in the industries.

2. To study about the antibiotics and vaccine usage and their production procedure.

3. To know about the harmful microorganisms responsible for food borne diseases and measures for
their control.

4. To know the importance of environmental bioremediation and the microbial processes involved.

5. To learn the mode of transport and action of the antibiotics and the antibiotic resistance in
microbes.

Outcomes:

On completion of the course the students shall

1. Understand the processing techniques used in the industries for production of antibiotics,
alcohols, amino acids and various milk products.

2.  Have knowledge on the importance of antibiotics and vaccines and their production and mode of
action.

3. Have ability to identify pathogenic microorganisms and their mode of growth and propagation.

The have a better understanding of the bioremediation and resource generation from wastes.

5. Understand the delivery mechanism of antibiotic and also its mechanism of action.
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UNIT -I

Industrial products: Production of primary and secondary metabolites, production of alcohols (ethanol
and butanol), lactic acid, acetic acids and citric acids; Microbial production of amino acids (Glutamic
acid and tryptophan); Food and beverages fermentations: milk products (Yoghurt and cheese), brewing,
wine and vinegar fermentation; Production of antibiotics (Penicillin), Vaccines, recombinant
therapeutic peptides and proteins.

UNIT-II

Application of microbial enzymes in food industry. Food borne infections and intoxications: bacterial
with examples of infective and toxic types—Clostridium, Salmonella, Shigella, Staphylococcus,
Campylobacter. Mycotoxins in food with reference to Aspergillus species. Quality assurance:
Microbiological quality standards of food. Food Preservation Methods: Radiations- UV, Gamma and
microwave, Temperature, Chemical and naturally occurring antimicrobials.

UNIT -1l

Bioremediation- process and organisms involved; Constraints and priorities of bioremediation.
Bioaugmentation: Ex-situ and in-situ processes; Intrinsic and engineered bioremediation; Factors
affecting the Bioremediation process; Biotransformation of heavy metals and xenobiotics, Petroleum
biodegradation; waste water treatment, Bioconversion of lignocellulosic waste.

UNIT -IV
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Antibiotics and synthetic antimicrobial agents. Mechanism of action of antibiotics (inhibitors of cell
wall synthesis, nucleic acid and protein synthesis). Bacterial resistance to antibiotics. Mode of action of
non — antibiotic antimicrobial agents. How the antimicrobial agents reach the targets (cellular
permeability barrier, cellular transport system and drug diffusion).
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PAPER 2.4.3: PROJECT WORK
100 marks (Thesis 80 marks + Presentation 20 marks).

Objectives:

1.  To learn the laboratory methods in the field of microbiology and their application.

2. To prepare a project relevant to apply microbes in the environment and industry.

3. Tounderstand the application potential of microbes through experiments.

4.  To plan an experiment and select proper organism.

5. To learn the methods for analysis and interpretation of data.

Outcomes:

On completion of the course the students shall

1.  Have ability and skill to understand the industrial potential of microbes.

2. Know the methods and the selection of appropriate organism for industry and for solving an
environmental problem.

3. Have a basic knowledge on the techniques and use them in the experiments.

4.  Have ability to formulate a research hypothesis and design experiment.

5.  Have knowledge on data interpretation.
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ELECTIVE (C): PLANT BIOTECHNOLOGY

PAPER 2.4.1: TISSUE CULTURE, PRODUCTION AND UTILIZATION OF TRANSGENIC
PLANTS
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
1.  To study about the basic process and requirements of Plant Tissue culture.

2. To learn about the culture of different types of tissues and cells and their application

3. To learn about Agrobacterium mediated, direct and indirect gene transfer in plants

4. To learn the techniques for developing transgenic plants and their application in crop
improvement

5.  To study about Metabolic engineering for metabolites and industrial products

Outcomes:

On completion of the course the students shall

1.  Have knowledge about methods of plant tissue culture, organogenesis and somatic embryogenesis
and their application in crop improvement.

2.  Be able to understand the process of protoplast isolation, fusion and culture, selection of hybrid
cells and regeneration of hybrid plants

3. Learn the method of gene transfer for developing transgenic plants

4.  Gain knowledge on transgenics for herbicide resistance, resistance to biotic stress abiotic stress
and other quality improvement

5.  Gain knowledge on metabolic engineering for augmentation of secondary metabolite biosynthesis
and their industrial potential.

UNIT -I

Plant tissue culture: Major pathways of plant tissue culture and their application: meristem culture,
organogenesis and somatic embryogenesis, Ex vitro rooting, plant acclimatization

Applications: embryo culture and embryo rescue, anther and microspore culture for production of
haploids and development of homozygous lines, production of somaclonal variants, cell suspension
culture for secondary metabolite production, cryopreservation and slow growth for germplasm
conservation.

UNIT -1

Vector-mediated Gene Transfer to plants: features of Ti and Ri plasmids, molecular mechanism of T -
DNA transfer, role of virulence genes, binary and co-integrate vectors, protocol for Agrobacterium-
mediated genetic transformation. Hairy root cultures as source of pharmaceuticals.

Vectorless / direct gene transfer to plants: Physical methods (particle bombardment, electroporation,
microinjection, liposome mediated, silicon carbide fibers), chemical methods (PEG - mediated, calcium
phosphate co-precipitation), precision of transgene integration by site-specific recombination.
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UNIT -1l

Selection & analysis of transgenic lines and progenies: Promoters and terminators, selectable markers
and reporter genes, detection of transgene and products, enzyme activity assay (GUS, NPT), transgene
stability, Production of marker free transgenic plants.

Transgenic manipulations for crop improvement: Herbicide resistance (phosphinothricin, glyphosate),
resistance to biotic stress (insects & fungal pathogens), quality improvement (vitaminA in cereals,
longer post-harvest life of flowers and fruits). Molecular farming: Carbohydrates (case study-starch),
proteins (Hirudin production in Brassica napus).

UNIT -1V

Chloroplast Engineering: Chloroplast genome, chloroplast transformation: rationale, methods used for
generation of homoplasmic transplastomic plants, vectors for chloroplast transformation,
transplastomics without antibiotic resistant gene, applications of chloroplast transformation. Biosafety
regulations and commercialization.

Antisense RNA technology: Regulatory RNA (micro RNA), Antisense RNA, construction of antisense
vectors, analysis of antisense clones, applications of antisense technology. Gene silencing: causes
(DNA methylation, homology-dependent suppression by antisense gene), CRISPAR-Cas9, strategies
for avoiding gene silencing and it’s application.

45



PAPER 2.4.2: TECHNIQUES IN PLANT BIOTECHNOLOGY & IPR
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
1.  To study about the scope of recombinant DNA technology and learn the basic processes.

2. To learn the principle and mechanism of action of plasmid, DNA isolation and purification and

amplification

To study the modern methods in plant biotechnology.

To understand the Protein engineering

To learn modern methods of molecular analysis

To understand the Processing of recombinant proteins.

. Tounderstand the Intellectual property rights (IPR) and Plant genetic resources

Outcomes:

On completion of the courses the students shall

1.  Have knowledge in the Recombinant DNA technology and Genetic Engineering.

2. Understand the mechanism of action of different vectors used in genetic engineering.

3. Have knowledge the principle and application of PCR, and other equipment in genetic
engineering.

4.  Gain knowledge about basics and application of genetic engineering.

5. Be able to use SDS-PAGE, 2-D Gel electrophoresis, mass spectrometry (MALDI-TOF), NMR,
and X-ray crystallography

6.  Understanding the scope and application of Protein engineering.

7. Learn about the plant genetic resources and their proper protection and management.

No o ko

UNIT -I

Techniques in Molecular Biology: Recombinant DNA technology; Genomic DNA & plasmid DNA
isolation and purification, Vectors - plasmids, phages, cosmids, shuttle vectors, artificial chromosomes,
plant viruses and other advanced vectors, construction of recombinant DNA and plant expression
cassettes, Transformation selection and analysis of recombinant clones, Chromosome walking,
genomic DNA and cDNA libraries. Maps using YACs, BACs and in situ hybridization. Gene tagging:
Transposable genetic elements in bacteria, IS elements, composite transposon, Class | & 1l transposable
elements in eukaryotes, T-DNA tagging. Concept and features of DNA microarray.

UNIT-II

Processing of the recombinant proteins: Purification and refolding; characterization, stabilization.
Analysis of proteins: SDS-PAGE, 2-D Gel electrophoresis, mass spectrometry (MALDI-TOF), NMR,
X-ray crystallography, Mutagenesis: tools for protein engineering; site saturated and site-directed
mutagenesis. Proteomics: Resolution & characterization of recombinant proteins, post-translational
modifications, protein chips, protein- protein interactions.

UNIT -111
Protein and nucleic acid databases (PDB, Swiss Port, BRENDA, NCBI and PlantGDDb).
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Sequence annotation and biological data mining, concept of phylogenetics
Protein-protein interaction databases (Types, methods and applications)

Structure and Function analysis of Proteins/Enzymes (Rubisco, Carbonic Anhydrase)
Protein visualization tools and its application

UNIT -1V

DNA-based markers: Molecular markers based on DNA restriction-hybridization (RFLP), PCR
(RAPD, SSR, ISSR, SNP) and combination approach (AFLP), characterization of genetic diversity and
phylogenetic relationship, marker assisted selection for plant breeding.

Intellectual Property Rights (IPRs) and Patents: IPRs, classification, rationale for protection of IPRs,
patents-concept and patenting of biological material, Farmer's and breeders right's, plant varietal
protection and farmer's right act.
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PAPER 2.4.3: PROJECT WORK
100 marks (Thesis 80 marks + Presentation 20 marks).

Objectives:

1.  To learn the methods in the field of plant biotechnology and their application in plant
improvement.

2. To formulate a research problem relevant to the present need.

3. To identify the knowledge gap.

4.  To plan an experiment and and protocol for laboratory work.

5. To learn the process of analysis and interpretation of data.

Outcomes:

On completion of the course the students shall

1.  Have ability and skill to collect information in the field and analyze the published research.

2.  Have a clear understanding of the methods and the selection of appropriate method for
experiment.

3. Understand basic biotechnology techniques and use them to achieve the objectives of research.

Have ability to formulate research hypothesis and design experiment.

5. Have knowledge on data interpretation.

&
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ELECTIVE (D): PLANT BIOCHEMISTRY

PAPER 2.4.1 AMINO ACIDS, NUCLEIC ACIDS, DATABASES AND ENZYME KINETICS
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
1.  To educates students about forms of amino acids and their structural complexity.

2. To learn the biophysical and cellular folding mechanisms

3. Tounderstand the functional properties of proteins and enzymes.

4.  To learn the background of bioinformatics and their application in the field of biology.

Outcomes:

On completion of the course the students shall

1. Be able to understand the biochemical structural and functional complexity of amino acids,
proteins and enzymes.

2. Understand the importance of the structural integrity of proteins and enzymes.

3. Know the mechanism of enzyme regulation by various chemical and biomelecules and their
application.

4. Be able to understand the design and function of various databases and bioinformatic resources
and their application in solving biological problems.

UNIT -I

Amino acid synthesis: Synthesis of amino acid of a-ketoglutarate family, 3-phosphoglycerate precursor
family, oxalo-acetate and pyruvate family, PEP erythrose-4-phosphate precursor family, Ribose-5-
phosphate precursor family.

Feedback control of amino acid biosynthesis: sequential, concerted and cumulative feedback control
Amino acid catabolism (transamination, oxidative deamination and urea cycle).

UNIT-1I

Protein folding: chaperon, chaperonin — Strucutre and function

Unfolded protein response.

Protein degradation pathways: lysosomal and proteosomal pathway (ubiquitin/sumo pathway).
Autophagy.

Protein folding (biophysical and cellular mechanism)

GroEL-ES complex in plants

UNIT-1

Concept of catalysis

Enzyme Kinetics: Theories, Concept, methods of investigation

Uni and Bi-substrate kinetics, Sequential and Random ordered kinetics.

Enzyme Inhibitors, Approaches to the Rational Design of Enzyme Inhibitors: transition-state
analogues, mechanism-based inhibitors, affinity labels.

Application of enzymology
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UNIT-IV

Protein and nucleic acid databases (PDB, Swiss Port, BRENDA, NCBI and PlantGDb).
Sequence annotation and biological data mining, concept of phylogenetics
Protein-protein interaction databases (Types, methods and applications)

Structure and Function analysis of Proteins/Enzymes (Rubisco, Carbonic Anhydrase)
Protein visualization tools and its application

50



PAPER 2.4.2 METABOLISM AND PLANT GROWTH REGULATORS
100 Marks (Time: 3 hours) (80 marks end semester and 20 marks mid semester examination)

Objectives:
To learn the mechanism of synthesis and degradation of nucleotides.

To study the regulatory systems in nucleotide biosynthesis.

To understand the metabolism and synthesis of different carbohydrates in plants.

To know about the plant secondary metabolites and their therapeutic importance.

. To learn about the plant growth regulators and their role in plant growth and development.
Outcomes:

On completion of the course the students shall

Understand the biosynthetic pathways of nucleotides and the regulation of their synthesis.
Know about the importance of regulation of nucleotide biosynthesis in plant development.
Understand the carbohydrate dynamics in plants and the enzymatic basis of its regulation.
Learn about various secondary metabolites and their role in plant defense.

Have knowledge on plant growth regulators and their application.
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UNIT-I

Nucleotide biosynthesis: De-novo synthesis of purine and pyrimidine, Salvage pathway, Synthesis of
deoxy-nucleotides. Synthesis of nucleotide triphosphates.

Degradation of nucleotides: catabolism of purines and pyrimidines.

Regulation of nucleotide biosynthesis and chemotherapeutic targeting.

Plant Transcriptional factors (functional domains and regulation) and their importance in plant
development

UNIT-1I

Carbohydrate metabolism in plants: Introduction and general overview

Sucrose metabolism pathway:  synthesis, regulation and breakdown in plants. Sucrose-starch
conversion

Starch structure and metabolism

Cellulose synthesis, Cellulose Synthase Complex in plants-structure and function

Carbon concentration mechanism in plants

UNIT-1I

Secondary metabolite synthesis pathways in plants: importance and function

Alkaloids, Folates, Tannin and Lignin biosynthesis pathway. Defensive resins synthesis in conifers.
Biosynthetic pathways of important medicinal compounds (Taxol, artemisinin)

Metabolite analysis: Extraction, Separation and Purification methods

UNIT-IV
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Plant grown regulators: Synthesis and physiology of auxin, gibberellins, cytokinins, Ethelene and ABA.
Concept of hormonal receptors, Auxin transporters

Biochemistry of seed germination
Application of growth regulators in agriculture and horticulture
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PAPER 2.4.3: PROJECT WORK
100 marks (Thesis 80 marks + Presentation 20 marks).

Objectives:

1.  To learn the method of collection of information in the field of biochemistry.
2. Todesign a research problem and formulate research hypothesis.

3. To define the gap in the knowledge in the selected research problem.

4.  To plan an experiment and collect the data.

5. To learn the process of analysis and interpretation of data.

Outcomes:

On completion of the course the students shall

1.  Have ability and skill to understand the published findings and identifying the gap.

2. Have a clear understanding of the importance of laboratory experience for a knowledge on
scientific problems.

3. Beable to plan a research proposal and identify the objectives of research.

Have ability to formulate research hypothesis and gather experimental information in the support.

5. Have knowledge on data interpretation and ability to draw and experimental conclusion.

&
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VALUE ADDED COURSES (OPTIONAL)
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PAPER- VA-01: CHLOROPHYLL FLUORESCENCE ANALYSIS
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:

1. To learn the scope and application of natural and artificial fluorescence and their biological
importance.

2. To understand the basis of emission and excitation spectra.

3. Tounderstand chlorophyll a fluorescence kinetics with short, medium and long exposure to light.

4.  To have knowledge on JIP fluorescence and ability to analyse the fluorescence spectra.

5.  To learn the principles and measurement of the electron transport.

Outcomes:
On completion of the course the students shall
1. Understand the characteristics of natural pigments and synthetic dyes with regard to their
absorption and fluorescence properties.
2. Have knowledge on the light absorption and emission.
3. Develop skills to measure fluorescence using spectrofluorometer and ability to interpret the
emission spectra.
4. Have knowledge on the energy transfer in the photosystems and JIP-fluorescence rise.
5. Skill to use PEA and MPEA and to analyse the fluorescence spectra and skill to quantify the
bioenergetic parameters and interpret the data.

UNIT -1

Fluorescence spectrophotometry: Definition, scope and measuring principles. Spectrofluorimeter-
design and function. Chlorophyll and phycobiliprotein fluorescence. Fluorescence ratios as biological
tools; room temperature and low temperature fluorescence kinetics; Fluorescence dyes; Absorption and
emission spectra; bioapplications.

UNIT - 11

Chlorophyll a fluorescence: Definition, excitation and emission spectra. Concept of excitation energy
transfer; FRET; Energy transfer in LHC; Electronic vibration states; Jablonsky principles; Kautsky
effect; Fast and delayed fluorescence, OJIP fluorescence rise-Principles and applications; Native and
differential fluorescence spectra.

UNIT- 111

Plant efficiency analysis, Principle and application of PEA and MPEA: PSI - absorption changes,
water-PS-NADP+ electron transport, Bioenergetic parameters - Performance indicating and stress
indicating parameters: End reaction performances; Efficiency analysis, Dissipation function,
Performance analysis of OEC; PS I, PS Il and whole chain electron transport measurement.
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PAPER- VA-02: HYDROPONICS FOR SOILLESS ORGANIC CULTIVATION OF PLANTS

Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:

1.

w

5.
6.

To study about Introduction Soilless Organic Cultivation, types, importance of Cultivation of
plants under Hydroponic condition.

To learn about the Physical parameters affecting growth of Hydroponically Cultivated plants.
To study about various Nutrition medium for Hydroponic Cultivated plants.

To know about Precaution and troubleshoot of Cultivation of plants under Hydroponic
condition.

To understand about disease and pest management and management of waste Nutrient Solution
To learn about the future prospective of Hydroponic Cultivation of Commercial plants.

Qutcomes:
On completion of the course the students shall

1.

Have knowledge about the types, methods and importance of Hydroponic Cultivation of plants.
Have clear understanding how the physical parameters affect the growth of Hydroponically
Cultivated plants.

Have ability to understand the Processing and modification of RNA.

Gain knowledge about different Nutrition medium for Hydroponic Cultivated plants.

Be able to describe the precaution and how to troubleshoot of Cultivation of plants under
Hydroponic condition.

Be able to describe the Disease and pest management of hydroponic plants

Have knowledge about future prospective of Hydroponic Cultivation of Commercial plants.

UNIT - |

Introduction of Soilless Organic Cultivation, Types of Soilless Cultivation, Importance of aquaculture
or Hydroponic Cultivation of plants, Current status of Hydroponic Cultivation in Indian Scenario, Bic
principle of Hydroponic Culture, Different types of Hydroponic Cultivation Techniques: Raft Systems,
Top Feed/Drip System, NFT (Nutrient Film Technique), Vertical growing.

Unit - 11

Physical parameters affecting growth: Temperature, Light, Humidity. Nutrition medium for
Hydroponic Cultivation of plants. Growing Substrates, Chemical Management of Nutrient Availability
in the Hydroponic Solution, Nutrient Chemical Forms and Uptake Processes, Nutrient- nutrient
Interactions, Use of Nanoparticles, Plant Growth-Promoting Rhizobacteria in Hydroponic Solutions,
Realtime Monitoring of Hydroponic Solutions via Sensors: TDS. pH, DO etc.

Unit- 1

Precaution and Troubleshoot of Hydroponic Cultivation: Contaminant control, Algal growth control,
Microorganism control, Oxygen control, Flow of nutrient control. Deficiency management of macro
and micro nutrient. Disease and pest management. Management of waste Nutrient Solution. Future
prospective of Hydroponic Cultivation of commercial plants.

56



PAPER-VA 03: HAIRY ROOT CULTURE AS A SOURCE OF SECONDARY METABOLITES
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:
1. To study the adventitious root induction and proliferation
2. To know the different method for hairy root initiation and applications
3. To compare the different types of secondary metabolites using different techniques.

Outcomes:
1. This course will provide a platform to prevent the overexploitation of plants having root
importance in the natural habitat.
2. Secondary metabolites can be useful for Pharma companies/ Drug industries.
3. Students will aware about the instruments used for secondary metabolite estimation.

Unit-I

Plant Derived Chemicals: Primary metabolites and secondary metabolites, origin, types, structure and
function; Morphological and chemical differentiation; secondary metabolites as a source of defence to
biotic and abiotic stresses. Industrial applications

Unit-11

Methods for Secondary Metabolite Production: Plant cell, tissue & organ culture; Shoot culture,
Root culture Callus culture, Cell suspension culture, Somaclonal variations etc. Hairy root culture using
Agrobacterium rhizogenes (Protocol for Ri plasmid incorporation, integration and expression).
Biochemical (opine analysis) and molecular characterization (PCR with rol gene primers).

Methods to enhance the production of secondary metabolites: Metabolic engineering, Precursor
feeding, Biotransformation and Mass multiplication using bioreactor.

Unit-111

Different Methods for Extraction of Secondary Metabolites: Multi-elemental analysis by EDXRF
and EPIXE techniques, qualitative phytochemical and antimicrobial analysis, quantification by TLC,
HPLC, HPTLC and identification by NMR. Institutes involved in this work (IMMT, I0P & NISER
Bhubaneswar, CIMAP / CDRI, Lucknow etc.)
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ADD ON COURSES (OPTIONAL)
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PAPER- AO-01: COMPUTATIONAL BIOINFORMATICS
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)
Objectives:
1.  To educates students regarding the interdisciplinary application of biological sciences and
information sciences.
2. To study on the algorithms and computational systems in biological sciences and solve biological
problems.
3. To have an idea on programming language to biology background students will be helpful in
picking career in the exciting world of bioinformatics

Outcome:

On completion of the course the students shall

1.  Anunderstanding of the integration of biological and information science for deciphering
complex biomelecules.

2.  Be able to use computer software for comparison and data interpretation.

3. have additional understanding on the algorithms and programming concepts to students to gain
knowledge in the interdisciplinary field of bioinformatics.

UNIT-I

Definition of Identity Substitution Matrix, Amino Acid substitution matrix - concepts of PAM and
BLOSUM Matrix. Pairwise Alignment, Concept of Global vs Local Alignment - The Dot plot, The
Needleman-Wunsch and The Smith-Waterman Alignment. BLAST - Types and Use, Multiple
Sequence Alignment and its application.

UNIT-1I

Definition of Phylogeny and Phylogenetics, Concept of molecular clocks, Types of Trees and Tree
construction. Terms and Terminology in phylogenetics, Cladograms and Dendrograms, Classes and
Types of Tree generation methods, Use of MEGA Packages in Phylogenetics.

UNIT-1I

Definition of Programming and Algorithms. Different types of machine languages, Python language
and its application in computation bioinformatics, Fundamentals of Python - Variable names, Data
Types, Operators and Strings. Fundamentals of visualization tools in structural biology. Use of Pymol
tool.
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PAPER-AO 02: PLANT TISSUE CULTURE
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives:
1.  To know the about the plant tissue culture techniques and its practical applications.

2. To understand the requirement for setting up a tissue culture laboratory.
3. To know the commercial aspects of plant tissue culture.

Outcomes:

On completion of the course the students shall

1. Ability to understand the basic of plant tissue culture methods and application for crop
improvement.

2. Gain knowledge to develop a startup facilities using tissue culture techniques.

3.  Be able to understand the economics of the process and know its potential.

UNIT-I

Introduction to plant tissue culture: Laboratory organization and requirement, Sterilization (Heat, wet,
chemical and filter), Culture media and its composition, Role of macro- and micronutrients, vitamins,
amino acids, carbon sources and gelling agents in tissue culture, Plant growth regulators and their uses
in plant tissue culture, Preparation of culture media.

UNIT-1I

Micropropagation: Micropropagation vs Macropropagation, Stages of micropropagation, selection of
plants and explants, proliferation of shoot, rooting of shoots, acclimatization; Maintenance: Culture and
Environmental factors; Tissue culture of elite/ ornamental/ medicinal plants. National Certification
System for Tissue Culture Raised Plants (NCS-TCP). Commercial aspects of plant tissue culture.

UNIT-111

Practical/ Demonstration: Plant tissue culture laboratory equipment, Sterilization of plasticwares,
glassware and other accessories, Preparation of stock solution and culture media, Readiness of Laminar
airflow cabinet for aseptic culture work, Plant propagation techniques: Collection and sterilization of
explants, Inoculation of explants and sub-culture techniques, in vitro and ex vitro rooting, Plant
acclimatization.
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PAPER-AO 03: BASICS OF MICROBIOLOGY
Course duration- 30 hours, 50 Marks (Course-wise evaluation) (Exam Time: 3 hours)

Objectives

1.  To introduce the students to the early inventions and discoveries, which helped in establishment
of Microbiology as a separate discipline.

2. To introduce the students to the classification of amazing diversity, growth and application of
microorganisms.

3. Tointroduce the students to the general features of Archaea and Eubacteria.

4.  To introduce the students to the algal, fungal and bacteria toxin and their pathogenicity.

Outcomes

On completion of the course the students shall

1.  The content would provide the necessary information on microbial world and their importance to
the mankind.

2. Students would learn the morphology and habitats of different types of microbes and their
interaction for co-existence.

3. The students shall know the characteristics of Archaea and Eubacteria and their importance to the
ecosystems.

4.  The students shall have an ides on the diversity of microbial toxins and their impact on human
health.

UNIT-I Introduction to Microbiology

Contributions of Anton von Leeuwenhoek, Louis Pasteur, Robert Koch, Joseph Lister, Alexander
Fleming; Role of microorganisms in fermentation; Germ theory of disease; Development of various
microbiological techniques and golden era of microbiology; Contributions of Martinus W. Beijerinck,
Sergei N. Winogradsky, Selman A.Waksman; Establishment of fields of medical microbiology and
immunology through the work of Paul Ehrlich, Elie Metchnikoff, Edward Jenner.

UNIT-11 Microbes and Our surroundings

Environmental microbiology: Definitions of environment and examples of important microbes in soil,
water and sediments covering the planet and their role in biogeochemical cycling. Microbial flora of
water: Water pollution, role of microbes in sewage and domestic waste water treatment systems.
Microorganisms as indicators of water quality. Microbes in agriculture and remediation of
contaminated soils: Biological fixation; Mycorrhizae; Bioremediation of contaminated soils

UNIT-111 Microbial Interactions

Microbe interactions: Mutualism, synergism, commensalism, competition, amensalism, parasitism,
predation Microbe-Plant interaction: Symbiotic and non-symbiotic interactions Microbe-animal
interaction: Example of common human diseases and their causative agents.

Suggested Reading Books:

1. Brock Biology of Microorganism, M T Madigan, JM Martinko and J parker, Prentice Hall.
2. Microbiology, M J Jr Pelzar, ECS Chan and N R kreig, Tata Mc Graw Hill.
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SUGGESTED READING

FIRST SEMESTER

1.
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12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24,

Basic Experimental microbiology. Ronald M Atlas, Alfred E. Brown, Kenneth W. Dobra.
Lionas Miller- Prentice Hall

Fundamentals of Bacteriology. Sake A.J., Mc Graw Hill

Brock Biology of Microorganisms-Magdigan M. T. Martinako, J.M. Parker, J.- Prentice Hall.
Microbiology. Pelczar M. J, Chan E.C.S., Kreig N.R, -McGraw Hill.

Modem Microbiology, Bridge F.A - WMC Brown Publisher. Oxford, England

General Microbiology, Stainer RY., Ingharam J.I., Wheelis M.I., Printer P.R, Mc Millan
Education Ltd.

. Experimental Microbiology Laboratory Guide, Robert c., Cros, Kalyani Publishers Ludhiana

Discussion in Cytogenetics. Dumham CR. Burgass publishing Co. Minnosota
Human Genetic Concept and Application. Lewis. WCB McGraw Hill

. Cytogenetics of Aneuploids. Khush SS. Academic press New York London.
. Genetics Principles and Analysis. Hartl DL and Jones EW. Jone and Barteet Publishers

Massachusetts USA.

Principles of Genetics. Sunsted DP and Sunpens MJ. John Willey and Sons Inc. USA
Fundamentals of Genetics, Singh BD. Kalyani Publishers, New Delhi

Cytogenetics. Gupta PK Kalyani Publishers, New Delhi

Genes and molecular Biology Concepts and Experiments. Karp G. John Wiley and Sons, USA
Genetics. Russe PJ. The Benarnin Curuning Publishing Company Inc, USA

Essential of Biochemistry, Satyanarayan U and Chandrapani v., Books and Allied (P) Ltd.
Molecular Cell Biology, Lodish H., Berk A, Zipurskt S.L., Matsudaire P., Baltimore D and
Darnell 1. W.H., Freeman and Co. New York, USA

Genetics. Strickberger MW. Prentice-Hall of India Private Limited, New Delhi.

General Biochemistry: J.H. Well, New Age International Pvt. Ltd.

Genes IX, Lewin B, Oxford University Press, London

Photosynthesis Energy transduction, Hipkins M.F. and Baker N.R, IRL Press, Washington D.C.
Lehninger's Principles of Biochemistry, Nelson D. and Cox M, Macmillan Worth Publishers
Biochemistry, Stryer-W.H. Freeman & Co

SECOND SEMESTER

1.
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Algae, Vashistha B.R, S. Chand and Company, New Delhi.

Fungi, Vashistha B.R, S. Chand and Company, New Delhi.

Bryophyta, Vashistha B.R, Sinha AK. and Kumar A, S. Chand and Company, New Delhi.
Pteridophyta. Vashistha B.R, S. Chand and Company, New Delhi.

Gymnosperm. Vashistha P.C., S. Chand and Company, New Delhi.

Molecular Biology of the Cell. Albert B, Bary D, Lewis J, Raff M, Roberts K and Watson JD
Garland Science (Taylor & Francis group).

Molecular Cell Biology. Damell J, Lodish H and Baltimore D. Scientific American Books, Inc.
Gene IX. Lewin B. Oxford university press, New York, U.S.A
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9. Cell and Molecular Biology. Rastogi Sc. New Age international Publisher, New Delhi

10.

11.
12.

13.
14.
15.
16.
17.
18.

19.
20.
21.
22.

23.

Molecular Biology of the Cell. Alberts, B Bary D. Lewis, Raff M, Roberts, K and Watson, J.D.
Garland. Wolfe S.L.

The Diversity of crop plants, Hawkws 1.G., Havard University Press, London.

Rosaceae in India, Dikshit B.K and Panigrahi G., Bishen Singh and Mahendrapal Singh
Publishers, Dehradun.

Taxonomy of Angiosperms, Sambamurthy AVSS, IK International Publishers, New Delhi.
Economic Botany, Hill A.F., Tata McGraw Hill Ltd., New Delhi.

Economic Botany, Pandey H.P., Silver Line Publications

Molecular and Cellular Biology. Words Worth Publishing Co. California, USA

Gel electrophoresis of proteins, Dunn M.J., Bios Scientific Publishers, UK.

Plant Biotechnology, the genetic manipulation of plants. Adrian Slater, Nigel Scott and Mark
Fowler. Oxford University Press.

Plant Cell, Tissue and Organ Culture, Fundamental Methods. Gamborg O.L. and Phillips G. C.
(Editors). Narosa Publishing House.

Plant Tissue Culture: Theory and Practice, Bhojwani S.S. and Razdan M.K, Elsevier.
Introduction to Plant Biotechnology, Chawla. H.S., Oxford & IBH Publishing Co. Pvt. Ltd.
From Genes to Genomes, Concepts and Applications of DNA technology. Dale J.W and Yon
Schantz M. John Wiley and Sons Ltd.

Introduction to instrumentation in life sciences, by Anjana Sharma, Prakash Singh Bisen,
Publisher: Taylor & Francis Inc

THIRD SEMESTER

14.

15.

An introduction to Mycology. Mehrotra, RS, New Age Intermediate Press.

Introduction to Soil Science, Das D.K, Kalyani Publishers, New Delhi.

ICBN. Greuter et. al. Koetz Scientific books, Germany.

Statistical Proceedings for Agricultural Research. Gomej A.A and. Gomej KA, Wiley,USA.
Introduction to Practical Biostatistics, Misra B.N. & Misra M.K, Naya Prakash, Cuttack
Statistical Analysis, Zar J.H., Pearson Edition, Singapore

Plant Embryogenesis, Suarez M.F & Bozhkov P.Y., Humana Press, New Jersey.

Marine Eutrophication in Perspective, F.de. Jong, Springer, Germany.

Environmental Chemistry, Sharma B.K, Goel Publishing House. Meerut.

. Biodiversity: an Introduction. Gaston KJ. and Spicer 1.1, Blackwell Science Ltd.
. Biodiversity and Conservation. Gabriel Melchias. Oxford & IBH Publishing Co. Pvt. Ltd.
. An Advanced Textbook on Biodiversity, Principles and Practice. Krishnamurthy KV., Oxford

Publishing Co. Pvt. Ltd.

. The Embryology of Angiosperms, Bhojwani, S.S. and Bhatnagar, S.P., Vikaas Publishing

House, New Delhi.

An Introduction to Plant Structure and Development- Beck, Cambridge University Press; 2
edition (May 1, 2010)

Plant Science: Growth, Development, and Utilization of Cultivated Plants, Margaret E.
McMahon , Anton M. Kofranek, Vincent E. Rubatzky - Prentice Hall
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16. Mechanisms in Plant Development, Ottoline Leyser, Stephen Day (Author) - Blackwell Science
Ltd.;

FOURTH SEMESTER

1. Biochemistry and Molecular Biology of Plants. Buchanan. B.B. guissem, W. and Jones RL.
American Society of Plant Physiologist, Maryland, USA

2. Plant Metabolism Dechis, D.T. Turpin, D.H., Lefebvre, D.D. and Layzell, D.B (EDS), (Second
Edition) Longman, Essex, England

3. Life Processes in Plants Galston, A W. Scientific American Library, Springer - Verlag, New
York, USA

4. Concepts in Photobiology Photosynthesis and Photomorphogenesis Singhal, G.S. Renge, G.,
Sopory, S.K Irrgang, KD. and Govingjee. Narosa Publishing House, New Delhi

5. Introduction to Plant Physiology. Hopkins. W.G. John Wiley & sons. Inc., New York, USA

6. Molecular Cell Biology, Lodish, H. Berk, Azipurskt S.L. Matsudaire, P. Baltimore, D and
Darnell, J., W.H. Freeman and Co. New York, USA

7. Plant Physiology, Salisbury F.B. and Ross C.W., Words Worth Publishing Co. California, USA

8. Plant Physiology, Taiz,L and Zeiger, E., Sinauer associate. Inc Publishers Massachusetts, USA

9. Introductory Plant Physiology, Noogie, C.R and Fritz, G.J, , Prentice Hall

10. Introduction of Plant Biochemistry, Goodwin T.W. & Mercer, E.I, Pergamon Press, New York

11. Advanced Plant Physiology, Wilkins M.B., ELBS

12.Biochemistry and Molecular Biology of Plant Hormones, HooyKaas P.J.J., Hall M.A and
Libbenga KR (EDS), Elsevier, Amsterdam, The Netherlands.

13.Biochemistry and Plant Physiology of Plant Hormones, Moore T.C., Springer-Verlag New
York, USA

14.Photoperiodism in Plant, Thomas B. and Vince-Prrune, D., Academic Press, San Diego, USA

15.Biochemistry, Stryer, Freeman W.H. & Co.

16. Aspects of Flora development, Leins P. Tucker S.C and Enress P.K, 1. Crammer, Germany

17.Photosynthesis Energy transduction, Hipkins M.F. and Baker N.R, IRL Press, Washington D.C.

18.Pesticide Microbiology, Hill I.R and Wright SJL, Academic Press, California.

19. Gel electrophoresis of oroteins. Dunn M.J. Bios Scientific Publishers. UK.

20. Text book of environmental Microbiology, Mohapatra P.K., IK International Publishers, New
Delhi.

21. Environmental Biotechnology: Concepts and applications, Jordening J.H and Winter J., Wiley-
VCH, Germany.

22. Biopesticides: Use and delivery, Hall F.R &. Menn J.J, Humana Press, New Jersey.

23. Harmful Cynobacteria: Huisman J., Matthijs HCP & Visser P.M., Springer, Germany.

24. Microbial Enzymes and biotransformations, J.L. Bawedo, Humana Press, New Jersey.

25. Salinity: Environment-Plant-Molecules, A. Uiuchii & U. Liittge, Kluwer Academic Publisher,
Dordrecht

26. Biofuel: Special volume of in vitro cellular and development biology-Plants. 2009 (Volume 45),
Springer, Germany.
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217.

28.

29.

30.
31.

32.
33.
34.

35.

36.
37.

38.
39.
40.

Integration of Ecosystem Theories: A pattern, S.E. Jorgensen, Kluwer Academic Publisher,
Dordrecht

Plant Biotechnology, the genetic manipulation of plants. Adrian Slater, Nigel Scott and Mark
Fowler. Oxford University Press.

Plant Cell, Tissue and Organ Culture, Fundamental Methods. Gamborg O.L. and Phillips G.e.
(Editors). Narosa Publishing House.

Introduction to Plant Biotechnology. Chawla H.S. Oxford & mH Publishing Co. Pvt. Ltd.

From Genes to Genomes, Concepts and Applications of DNA technology. Dale IW. And Von
Schantz M. John Wiley and Sons Ltd.

Plant Tissue Culture: Theory and Practice. Bhojwani S.S and Razdan M.K., Elsevier.
Introduction to Bioinformatics. Lesk M., Oxford University Press.

Biochemistry and Molecular Biology of Plants, Buchanan. B.B., Guissem, W. and Jones RL.,
American Society of Plant Physiologist, Maryland, USA

Molecular Cell Biology, Lodish, H., Berk, A., Zipurskt S.L. Matsudaire, P. Baltimore, D and
Darnell J., W.H. Freeman and Co. New York, USA

Practical Application of Plant Molecular Biology, Henry R J., Cuapmman and Hall

Annual Review of Plant Physiology and Molecular Biology, annual review of Biochemistry,
Academic Press

Lehninger Principles of Biochemistry, D. Nelson and M. Cox, Macmillan Worth Publishers
Biochemistry, Stryer, W.H. Freeman & Co.

Principles of Fermentation Technology, Stanbrurry P.F., Whittaker, A & Hall S.J. Pergamon
Press
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COURSES OF STUDY

FOR

M.Phil. Programme in BOTANY

(Effective from the session 2020 onward)

Department of Botany & Biotechnology
Ravenshaw University, Cuttack-753 003



SUMMARY OF THE COURSES OFFERED IN
M. Phil. PROGRAMME IN BOTANY

SUMMARY OF THE COURSES OFFERED IN M. Phil IN BOTANY

Paper No. Course Title Maximum marks
1%t Semester
Paper 1.1.1 | RESERACH METHODOLOGY & 100
COMPUTERAPPLICATION
Paper 1.1.2 | ELECTIVE 100
(A) BIOCHEMISTRY
(B) ENVIRONMENTAL BIOTECHNOLOGY
© INDUSTRIAL MICROBIOLOGY
(D) PLANT BIOTECHNOLOGY
Paper 1.1.3 | RESEARCH AND PUBLICATION ETHICS (RPE) 50
Paper 1.1.4 | REVIEW OF LITERATURE 50
2nd
Semeste
r
Paper 1.2.1 | PROJECT DISSERTATION 200
Paper 1.2.2 | PROJECT VIVA VOCE 100




FIRST SEMESTER

Paper 1.1.1 RESERACH METHODOLOGY & COMPUTER APPLICATION

Objectives

1. To acquaint the students with modem spectroscopic techniques used in biological research.

2. To study the techniques for separation of biomolecules.

3. To learn about the equipment and methods applied in molecular biology research

4 To learn about various biochemical methods for qualitative and quantitative estimation of
biomolecules.

5. To learn the basics and application of statistical methods in processing of data using computers.

Outcomes

On completion of the course the students shall

1. Have clear understanding on the operation of spectrophotometers and spectrofluorimeters and
have ability to prepare measuring protocols.

2. be able to select appripriate chromatography, technique for separation of the moleculer of
interest.

3. Have sound knowledge for preparation, amplification and integration of the DNA of interest.

4. Know the assay procedure and experimental protocols of key cellular enzymes.

5. Ability to select proper statistical procedure for comparison of data; ability to prepare data sheet
for efficient data analysis using software.

Unit-I Laboratory Techniques |

Spectroscopy Techniques- Principles, Instrumentation and Applications: UV visible,
fluorescence, Mass spectroscopy, Fluorescence Spectroscopy, Chlorophyll fluorescence
analysis, Infra Red gas Analyzer (IRGA), Separation Techniques- Principles, Application:
Chromatography techniques (TLC, lon-exchange, Affinity, Gel-filtration, HPLC), NMR,
Flow Cytometry

Unit-11 Laboratory Techniques Il

DNA (Plasmid and genomic DNA) and RNA isolation, Purification and quantification of
DNA and RNA. Protein isolation and purification, Polymerase Chain Reaction (PCR)
techniques including real time PCR, cDNA preparation. Electrophoresis: Agarose, SDS-
PAGE, 2-D Gel electrophoresis.

Unit-111 Analytical Biochemistry

Analysis of Biomolecules: Assay and estimation of proteins, proline, Ascorbate, lipids,
ELISA. Analysis of Enzymes: Assay development, Experimental Design. Assay and
estimation of peroxidase, catalase, esterase, phophatase, carbohydrate enzymes (Amylase,
Invertase, Cellulase), ATPase.



Unit-1vV Biostatistics

Theoretical distribution (normal, binomial and Poisson distribution), Linear and non-linear
correlation and regression, Single and multiple correlation, simple and polynomial
relationship, Analysis of variance (ANOVA) (One factor and multiple factor), Duncan's
multiple range test (DMRT), least significance difference (LSD) test, test of significance: t
and Chi-square test.

Unit-V Computer Application

Introduce the students to the algorithmic way of thinking, basic acquaintance with data
structures and algorithms, statistical problems requiring significant computation, basics of
MS word, excel and PPT, Application and utilisation of in biological data processing,
preparation of data on formula sheet for t-test, Chi-square test, ANOVA, LSD and DMRT.



Paper 1.1.2 ELECTIVE (A) BIOCHEMISTRY

Objectives

1.  To learn the basic nutritional biochemistry and the laws and standards for protection of food and
food processes.

To learn about the structure, replication and control of SARS viruses.

To learn about the function and regulation of key cellular organelle.

Study the hormonal regulation of plant growth.

To learn the cell signaling processes and their application for plant growth development.

To learn the basics and Procedure for structural analysis of proteins.
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Outcomes

On completion of the course the students shall

1.  Have ability to understand the processes to mountain nutritional standard of food and select
appropriate method for food protection.

2. Have a clear understanding of the nature and pathogenicity of SARS viruses and methods of their
control with special reference to SARS-COVID vorus.

3. Properly understand the functional aspects of chloroplast and mitochondria.

4.  Be able to select proper plant hormones and their combinations for manipulating plant growth and
productivity.

5.  Be able to determine the signaling pathway to apply for appropriate plant growth and development.

6. Have ability to determine the protein structure by understanding simulation and use of
bioinformatic tools.

Unit-1 Nutritional Biochemistry

Nutrition: Definition and importance, role of water in food, water activity and shelf life of
food. Food processing: Losses of vitamins and minerals due to processing. Pigments in food,
food flavours, browning reaction in foods.

Food safety laws and standards: Good Manufacturing Practices (GMP), Good Hygienic
Practices (GHP) Bureau of Indian Standards (BIS), AGMARK, Food Safety and Standards
Act, 2006 (FSSA): Prevention of Food Adulteration Act (PFA)

Unit-11 SARS Biochemistry

Structure, replication and pathological specificity of SARS viruses, structural basis of RNA-
dependent RNA polymerase catalysis and translocation, Inhibition of SARS RNase. Binding
mechanisms of Remedisivir, fabipiravir and Zn?*.

Unit-111 Metabolic Biochemistry

Mitochondrial and Chloroplast protein synthesis. Regulation of Protein synthesis.

Plant hormones: Auxins and Cytokines, Biosynthesis and breakdown of Auxin and Ethylene.
Functional role of plant hormones in agriculture and horticulture.



Unit-1vV Signaling Biochemistry

Molecular mechanisms of signaling: Light signal transduction in higher plants, chemical
signaling between plant and pathogen.

Developmental signaling pathway (Sonic-Hedgehog pathway), Proliferative signaling
pathway (MAPK/ERK pathway), inflammatory pathway (Rel/NFKB pathway).

Experimental methods in signaling studies: Western Blotting, Kinases assay,
immunoprecipitation, Chromatin-immunoprecipitation.

Unit-V Structural Biochemistry

Structure of proteins (model proteins: ATPase, Rubisco, Albumin)

Structural determination through x-ray crystallography, NMR and mass spectrometry
Structural aspects in protein interactions, molecular visualisations tools in Structural
bioinformatics



Paper 1.1.2 ELECTIVE (B) ENVIRONMENTAL BIOTECHNOLOGY

Objectives

To learn the test procedures for toxicity assessment of aquatic habitats.

To study the microbial processes for degradation of xenobiotics and natural toxicants.

To understand the enzymatic basis of degradation of pesticides and toxic hydrocarbons.

To learn the methods for remediation of problem soils

To learn the physico-chemical and biological methods for treatment and reuse of wastewater.
To learn the modeling procedures for management of ecosystem and their functions.

© gk wbdpE

Outcomes:

On completion of the course the students shall

1.  Halve ability to perform aquatic toxicity testing by selecting the proper test system.

2. Understand the microbial degradation and biotransformation processes and able to apply microbes
for environmental remediation.

3.  Be able to acquire knowledge to apply call bound and immobilized enzymes to remove
environmental toxicants.

4. Be able to select proper remediation processes for reclaiming problem soils and polluted water
bodies.

5.  Know the operational details of water treatment for nutrients and pollutants removal.

6. Have basic mathematical knowledge for preparing models of ecosystem functions.

Unit |

Agquatic Toxicology: Media and test batteries, levels of toxicity testing. Algal toxicity test,
Microtox, Solid-phase test with luminescent bacteria, macrophytes in phytotoxicity test,
Spirotox test, Micro-invertebrates in toxicity analysis, Fish cells as toxicity test battery, Flow
cytometry based phytotoxicity analysis.

Unit Il

Biodegradation of environmental toxicants: Fate of pesticides and metals in the environment,
measurement of biodegradability, bacterial, fungal and algal degradation of pesticides and
industrial pollutants; enzymatic basis of toxicant degradation: activity of esterases,
phosphatases, Cyt. P450 monooxygenases, LIP and PTE

Microbial immobilization of metals and detoxification of bioactive metal species
Unit 111
Management and remediation of contaminated habitats: removal of pollutants from soil.

Biological decontamination of soil and aquatic ecosystems, reclamation of saline, acidic,
alkaline and waterlogged soil, In situ remediation of chemically contaminated soil.

Reclamation of eutrophicated water bodies.
7



Unit IV

Emerging technologies for wastewater treatment: Development in physical treatment
processes — wet oxidation process, lamellar plate separator, membrane filtration.

Development in chemical treatment processes — nitrogen, phosphorus and iron removal

Development of biological treatment processes — bio-bead cells, reed beds, rhizofiltration,
bio-wave system, water Hyacinth ponds, algae-fish pond, upward flow sludge blanket
reactors, tower aerated filters.

UnitVv

Modelling of ecosystems: model components-system variables and forcing functions;
ecological basis of predictive modelling; ecosystem approach to ecological models;
construction, analysis and validation of dynamic models; sensitivity analysis.

Construction of sub-models: sediment sub-models, primary production sub-models, trophic
sub-models.

Predictive models for nitrogen, phosphorus and metals in an ecosystem.



Paper 1.1.2 ELECTIVE (C) INDUSTRIAL MICROBIOLOGY

Objectives

7. To learn about the industrially important microbes and their application.

8. To understand the procedures for downstream processing of industrial broth.

9. To learn the microbial production of antibiotics and metabolites.

10. To know the details of industrial production of enzymes and product application.
11. To learn the method of patent development and submission and IPR.

Outcomes
On completion of the course the students shall

1. Have ability to isolate, maintain and apply industrial microbes for synthesis of value added
products.

2. Have a clear understanding of downstream processing and optimized product recovery.

3. Know the industrial production processes for antibiotics, vitamins, proteins and other secondary
metabolites.

4. Have ability to understand the mechanisms for microbial production of enzymes and other
primary metabolites.

5. Be able to prepare and submit patents; know details of IPR.

Unit-I Industrial Microorganisms & Fermentation Process

Isolation and preservation of industrial microorganism, screening of industrially important
microorganisms, strain improvement strategies. Fermentation: media composition, media
sterilization, media economics, types of fermentors, design and analysis of CSTR, Scale up
fermentation, optimization and control of process parameters.

UNIT-II DOWN STREAM PROCESSING

Strategies to recover and purify products, cell disruption, separation of insoluble products,
separation of soluble products, purification of products, final processing.

UNIT-1 INDUSTRIAL FERMENTATION-I

Microbes and industrial products, Production of primary and secondary metabolites;
Antibiotic fermentation: Penicillin, Streptomycin; Anaerobic fermentation of solvents:
Acetone, Butanol; Vitamins and growth stimulants: Vitamin B12, Riboflavin, Vitamin A.

UNIT-IV INDUSTRIAL FERMENTATION-II

Enzymes as fermentation products: Amylase, Proteolytic enzymes, Pectinases. Enzyme
engineering: isolation, purification and immobilization of enzymes and application of such
procedures, Commercial production of biopesticides; Methods and application of Single cell

proteins with special reference to Spirulina;
9



UNIT -V PROBLEMS AND PROSPECTS

Patent concept, Composition of a patent, subject matter and characterization of a patent,
protection of the rights of the inventor. Fermentation economics: Market potential,
Fermentation and product recovery acts; Future of industrial microbiology
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Paper 1.1.2 ELECTIVE (D) PLANT BIOTECHNOLOGY

Objectives:

1. To know the detailed techniques of plant tissue culture pathways and problems associated with
it.

2. Tounderstand the application and low-cost options of plant tissue culture.

3. To gain knowledge on various types of plant transformation including nuclear, chloroplast and
in planta.

4. To have knowledge on production of transgenic plants with different traits and molecular
farming.

5. To have in depth knowledge on techniques and applications of recombinant DNA technology
and CRISPR-Cas mediated genome editing.

6.  Tounderstand the concept and applications of intellectual property rights (IPR).

7. To understand the detail concept and applications of bioinformatics.

Outcomes:

On completion of the course the students shall

1.  Understand the diverse pathways of plant tissue culture and methods used to overcome the
problems associated with culture establishment.

2. Gain knowledge about the low-cost options for tissue culture and its advantages.

3. Learn different transformation techniques along with its advantages and limitations.

4.  Get acquainted with improved plant production using techniques of transgenics and molecular
farming.

5.  Be able to understand the potential of various techniques of Recombinant DNA and CRISPR-
Cas technology for human welfare.

6.  Learn about the IPR rules, regulations and applications.

7.  The students shall have an in-depth knowledge about techniques of bioinformatics and its
applications.

Unit-1 Plant Tissue Culture

Techniques of in vitro plant regeneration: axillary shoot proliferation, adventitious
shoot proliferation, callus mediated organogenesis and somatic embryogenesis.
Problems (oxidativebrowning, recalcitrance of some plants) associated with tissue
culture

Production and utilization of synthetic seeds. Role of plant tissue culture in plant
improvement and biodiversity conservation. Low-cost options for in vitro
propagation.

Unit-11 Transgenics

Vector mediated gene transfer: Agrobacteriumm and virus mediated gene
transfer. Vectorless gene transfer methods: particle bombardment, electroporation,
microinjection, liposome, silicon carbide-mediated, chemical methods of gene
transfer. Chloroplast transformation, In planta transformation, Production and
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utilization of transgenic plants: insect resistance, virus resistance, heribicide
resistance, nutritive food quality improvement. Gene pyramiding. Molecular
farming.

Unit-111 Recombinant DNA Technology

Restriction enzymes: types and their role in genetic engineering and cloning,
vectors: plasmid, phages, cosmid, YAC and BAC vectors and their role in gene
cloning, molecular probes: types and uses, isolation of genes, construction of
genomic library, c-DNA library, cloning in bacteria and eukaryotic system,
identification and expression of transgene by PCR, Northern, Southern and
Western blotting. Mechanism and applications of CRISPR-Cas9 mediated plant
genome editing.

Unit-1V IPR

Introduction, History of IPR in India, Protection of IPRs: Trade secret, Patent,
Copyright, Plant variety protection (PVP); Trips, India and Trips, Protection of
Biotechnological inventions: Patenting of genes and DNA sequences, Patenting of
Life forms; Plant Breeder’s Right (PBR) and Farmers Right; Benefits and
problems from IPR. Institutional Biosafety Committee (IBSC).

Unit-Vv Bioinformatics

Overview of bioinformatics, data acquisition, databases-content, structure and
annotation, Nucleic acid sequence databases: GenBank, EMBL, DDBJ, Protein
sequence databases: SWISS-PROT, TrEMBL, PIR, PDB, Genome Databases at
NCBI, EBI, TIGR, SANGER.

Basic concepts of sequence similarity, identity and homology, definitions of
homologues, orthologues, paralogues. Scoring matrices: basic concept of a scoring
matrix, PAM and BLOSUM series. BLAST and FASTA algorithms, various
versions of basic BLAST and FASTA.

12



Paper 1.1.3 RESEARCH AND PUBLICATION ETHICS (RPE)

THEORY

RPE 01: PHILOSOPHY AND ETHICS (10 hrs.)

o gk whE

Introduction to philosophy: definition, nature and scope, concept, branches
Ethics: definition, moral philosophy, nature of moral judgments and reactions
Intellectual honesty and research integrity

Scientific misconducts: Falsification, Fabrication and Plagiarism (FFP)
Redundant publications: duplicate and overlapping publications, salami slicing
Selective reporting and misrepresentation of data

RPE 02: PUBLICATION ETHICS (10HRS)
1. Publication ethics: definition, introduction and importance

2. Best practices/ standards setting initiatives and guidelines: COPE, WAME etc.
3. Publication misconduct: definition, concept, problems that lead to unethical
behavior and vice versa types.
4. Violation of publication ethics, authorship and contributorship
5. Identification of publication misconduct, complaints and appeals
6. Predatory publishers and journals
PRACTICE
RPE 03: OPEN ACCESS PUBLISHING (10 HRS)
1. Open access publications and initiatives
2. Journal finder/journal suggestion tools viz. JANE. Elsevier Journal Finder,
Springer Journal Suggester, etc.
3. Complaints and appeals: examples and fraud from India and abroad
4. Use of plagiarism software like Turnitin, Urkund and other open source software
tools
5. Conflicts of interest

Paper 1.1.3 REVIEW OF LITERATURE

References

Bird, A. (2006). Philosophy of Science, Routledge

Maclntyre, Alasdair (1967) A Short History of Ethics, London

P. Chaddah (2018) Ethics in Competitive Research: Do not get sooped: do not get
plagiarized, ISBN: 978-9387480865

National Academy of Sciences, National Academy of Engineering and Institute of Medicine.
(2009). On Being a Scientist: A Guide to Responsible Conduct in Research: Third Edition.
National Academies Press.

Resnik, D.B. (2011). What is ethics in research & why is it important. National Institute of
Environmental Health Sciences, 1-10. Retrieved from



https://www.niehs.nih.gov/research/resources/bioethics/whatis/index.cfm

Beall, J. (2012). Predatory publishers are corrupting open access. Nature, 489(7415), 179-
179.

https://doi.org/10.1038/489179a

Indian National Science Academy (INSA), Ethics in Science Education, Research and
Governance (2019)

ISBN: 978-81-939482-1-7. http://www.insaindia.res.in/pdf/Ethics Book.pdf
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SUMMARY OF THE COURSES OFFERED IN
Pre Ph. D. PROGRAMME IN BOTANY

SUMMARY OF THE COURSES OFFERED IN Pre Ph. D. IN BOTANY

Paper No. Course Title Maximum marks
1%t Semester
Paper 1.1.1 | RESERACH METHODOLOGY & COMPUTER 100
APPLICATION
Paper 1.1.2 | ELECTIVE 100
(A) BIOCHEMISTRY
(B) ENVIRONMENTAL BIOTECHNOLOGY
© INDUSTRIAL MICROBIOLOGY
(D) PLANT BIOTECHNOLOGY
Paper 1.1.3 | RESEARCH AND PUBLICATION ETHICS (RPE) 50
Paper 1.1.4 | REVIEW OF LITERATURE 50
2nd
Semeste
r
Paper 1.2.1 | PROJECT DISSERTATION 200
Paper 1.2.2 | PROJECT VIVA VOCE 100




FIRST SEMESTER

Paper 1.1.1 RESERACH METHODOLOGY & COMPUTER APPLICATION

Objectives
1.  To acquaint the students with modem spectroscopic techniques used in biological
research.

2.  To study the techniques for separation of biomolecules.

To learn about the equipment and methods applied in molecular biology research

4.  To learn about various biochemical methods for qualitative and quantitative estimation
of biomolecules.

5. To learn the basics and application of statistical methods in processing of data using
computers.

w

Outcomes

On completion of the course the students shall

1.  Have clear understanding on the operation of spectrophotometers and
spectrofluorimeters and have ability to prepare measuring protocols.

2.  be able to select appripriate chromatography, technique for separation of the moleculer
of interest.

3. Have sound knowledge for preparation, amplification and integration of the DNA of
interest.

4.  Know the assay procedure and experimental protocols of key cellular enzymes.

5.  Ability to select proper statistical procedure for comparison of data; ability to prepare
data sheet for efficient data analysis using software.

Unit-I Laboratory Techniques |

Spectroscopy Techniques- Principles, Instrumentation and Applications: UV visible,
fluorescence, Mass spectroscopy, Fluorescence Spectroscopy, Chlorophyll fluorescence
analysis, Infra Red gas Analyzer (IRGA), Separation Techniques- Principles, Application:
Chromatography techniques (TLC, lon-exchange, Affinity, Gel-filtration, HPLC), NMR,
Flow Cytometry

Unit-11 Laboratory Techniques Il

DNA (Plasmid and genomic DNA) and RNA isolation, Purification and quantification of
DNA and RNA. Protein isolation and purification, Polymerase Chain Reaction (PCR)
techniques including real time PCR, cDNA preparation. Electrophoresis: Agarose, SDS-
PAGE, 2-D Gel electrophoresis.

Unit-111 Analytical Biochemistry
Analysis of Biomolecules: Assay and estimation of proteins, proline, Ascorbate, lipids,
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ELISA. Analysis of Enzymes: Assay development, Experimental Design. Assay and
estimation of peroxidase, catalase, esterase, phophatase, carbohydrate enzymes (Amylase,
Invertase, Cellulase), ATPase.

Unit-1vV Biostatistics

Theoretical distribution (normal, binomial and Poisson distribution), Linear and non-linear
correlation and regression, Single and multiple correlation, simple and polynomial
relationship, Analysis of variance (ANOVA) (One factor and multiple factor), Duncan's
multiple range test (DMRT), least significance difference (LSD) test, test of significance: t
and Chi-square test.

Unit-V Computer Application

Introduce the students to the algorithmic way of thinking, basic acquaintance with data
structures and algorithms, statistical problems requiring significant computation, basics of
MS word, excel and PPT, Application and utilisation of in biological data processing,
preparation of data on formula sheet for t-test, Chi-square test, ANOVA, LSD and DMRT.



Paper 1.1.2 ELECTIVE (A) BIOCHEMISTRY

Objectives

1.

To learn the basic nutritional biochemistry and the laws and standards for protection of
food and food processes.

2. To learn about the structure, replication and control of SARS viruses.

3. To learn about the function and regulation of key cellular organelle.

4.  Study the hormonal regulation of plant growth.

5. Tolearn the cell signaling processes and their application for plant growth
development.

6. To learn the basics and Procedure for structural analysis of proteins.

Outcomes

On completion of the course the students shall

1.  Have ability to understand the processes to mountain nutritional standard of food and
select appropriate method for food protection.

2. Have a clear understanding of the nature and pathogenicity of SARS viruses and
methods of their control with special reference to SARS-COVID vorus.

3. Properly understand the functional aspects of chloroplast and mitochondria.

4.  Be able to select proper plant hormones and their combinations for manipulating plant
growth and productivity.

5.  Be able to determine the signaling pathway to apply for appropriate plant growth and
development.

6. Have ability to determine the protein structure by understanding simulation and use of
bioinformatic tools.

Unit-I Nutritional Biochemistry

Nutrition: Definition and importance, role of water in food, water activity and shelf life of
food. Food processing: Losses of vitamins and minerals due to processing. Pigments in food,
food flavours, browning reaction in foods.
Food safety laws and standards: Good Manufacturing Practices (GMP), Good Hygienic
Practices (GHP) Bureau of Indian Standards (BIS), AGMARK, Food Safety and Standards
Act, 2006 (FSSA): Prevention of Food Adulteration Act (PFA)

Unit-11 SARS Biochemistry

Structure, replication and pathological specificity of SARS viruses, structural basis of RNA-
dependent RNA polymerase catalysis and translocation, Inhibition of SARS RNase. Binding
mechanisms of Remedisivir, fabipiravir and Zn?*.



Unit-111 Metabolic Biochemistry

Mitochondrial and Chloroplast protein synthesis. Regulation of Protein synthesis.

Plant hormones: Auxins and Cytokines, Biosynthesis and breakdown of Auxin and Ethylene.
Functional role of plant hormones in agriculture and horticulture.

Unit-1vV Signaling Biochemistry

Molecular mechanisms of signaling: Light signal transduction in higher plants, chemical
signaling between plant and pathogen.

Developmental signaling pathway (Sonic-Hedgehog pathway), Proliferative signaling
pathway (MAPK/ERK pathway), inflammatory pathway (Rel/NFKkB pathway).

Experimental methods in signaling studies: Western Blotting, Kinases assay,
immunoprecipitation, Chromatin-immunoprecipitation.

Unit-V Structural Biochemistry

Structure of proteins (model proteins: ATPase, Rubisco, Albumin)

Structural determination through x-ray crystallography, NMR and mass spectrometry
Structural aspects in protein interactions, molecular visualisations tools in Structural
bioinformatics



Paper 1.1.2 ELECTIVE (B) ENVIRONMENTAL BIOTECHNOLOGY

Objectives

1.  To learn the test procedures for toxicity assessment of aquatic habitats.

To study the microbial processes for degradation of xenobiotics and natural toxicants.
To understand the enzymatic basis of degradation of pesticides and toxic hydrocarbons.
To learn the methods for remediation of problem soils

To learn the physico-chemical and biological methods for treatment and reuse of
wastewater.

6.  To learn the modeling procedures for management of ecosystem and their functions.
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Outcomes:

On completion of the course the students shall

1.  Halve ability to perform aquatic toxicity testing by selecting the proper test system.

2. Understand the microbial degradation and biotransformation processes and able to
apply microbes for environmental remediation.

3. Be able to acquire knowledge to apply call bound and immobilized enzymes to remove
environmental toxicants.

4. Be able to select proper remediation processes for reclaiming problem soils and
polluted water bodies.

5. Know the operational details of water treatment for nutrients and pollutants removal.

6.  Have basic mathematical knowledge for preparing models of ecosystem functions.

Unit |

Agquatic Toxicology: Media and test batteries, levels of toxicity testing. Algal toxicity test,
Microtox, Solid-phase test with luminescent bacteria, macrophytes in phytotoxicity test,
Spirotox test, Micro-invertebrates in toxicity analysis, Fish cells as toxicity test battery, Flow
cytometry based phytotoxicity analysis.

Unit 1l

Biodegradation of environmental toxicants: Fate of pesticides and metals in the environment,
measurement of biodegradability, bacterial, fungal and algal degradation of pesticides and
industrial pollutants; enzymatic basis of toxicant degradation: activity of esterases,
phosphatases, Cyt. P450 monooxygenases, LIP and PTE

Microbial immobilization of metals and detoxification of bioactive metal species
Unit 111

Management and remediation of contaminated habitats: removal of pollutants from soil.



Biological decontamination of soil and aquatic ecosystems, reclamation of saline, acidic,
alkaline and waterlogged soil, In situ remediation of chemically contaminated soil.
Reclamation of eutrophicated water bodies.

Unit IV

Emerging technologies for wastewater treatment: Development in physical treatment
processes — wet oxidation process, lamellar plate separator, membrane filtration.
Development in chemical treatment processes — nitrogen, phosphorus and iron removal
Development of biological treatment processes — bio-bead cells, reed beds, rhizofiltration,

bio-wave system, water Hyacinth ponds, algae-fish pond, upward flow sludge blanket
reactors, tower aerated filters.

Unit VvV

Modelling of ecosystems: model components-system variables and forcing functions;
ecological basis of predictive modelling; ecosystem approach to ecological models;
construction, analysis and validation of dynamic models; sensitivity analysis.

Construction of sub-models: sediment sub-models, primary production sub-models, trophic
sub-models.

Predictive models for nitrogen, phosphorus and metals in an ecosystem.



Paper 1.1.2 ELECTIVE (C) INDUSTRIAL MICROBIOLOGY

Objectives

7. To learn about the industrially important microbes and their application.
8.  To understand the procedures for downstream processing of industrial broth.
9.  To learn the microbial production of antibiotics and metabolites.

10. To know the details of industrial production of enzymes and product application.
11. To learn the method of patent development and submission and IPR.

Outcomes
On completion of the course the students shall

1. Have ability to isolate, maintain and apply industrial microbes for synthesis of value
added products.

2. Have a clear understanding of downstream processing and optimized product recovery.

3. Know the industrial production processes for antibiotics, vitamins, proteins and other
secondary metabolites.

4.  Have ability to understand the mechanisms for microbial production of enzymes and
other primary metabolites.

5.  Be able to prepare and submit patents; know details of IPR.

Unit-I Industrial Microorganisms & Fermentation Process

Isolation and preservation of industrial microorganism, screening of industrially important
microorganisms, strain improvement strategies. Fermentation: media composition, media
sterilization, media economics, types of fermentors, design and analysis of CSTR, Scale up
fermentation, optimization and control of process parameters.

UNIT-II DOWN STREAM PROCESSING

Strategies to recover and purify products, cell disruption, separation of insoluble products,
separation of soluble products, purification of products, final processing.

UNIT-1 INDUSTRIAL FERMENTATION-I

Microbes and industrial products, Production of primary and secondary metabolites;
Antibiotic fermentation: Penicillin, Streptomycin; Anaerobic fermentation of solvents:
Acetone, Butanol; Vitamins and growth stimulants: Vitamin B12, Riboflavin, Vitamin A.

UNIT-IV INDUSTRIAL FERMENTATION-II

Enzymes as fermentation products: Amylase, Proteolytic enzymes, Pectinases. Enzyme
engineering: isolation, purification and immobilization of enzymes and application of such
procedures, Commercial production of biopesticides; Methods and application of Single cell
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proteins with special reference to Spirulina;

UNIT -V PROBLEMS AND PROSPECTS

Patent concept, Composition of a patent, subject matter and characterization of a patent,
protection of the rights of the inventor. Fermentation economics: Market potential,
Fermentation and product recovery acts; Future of industrial microbiology

1(



Paper 1.1.2 ELECTIVE (D) PLANT BIOTECHNOLOGY

Objectives:

1. To know the detailed techniques of plant tissue culture pathways and problems
associated with it.

2. To understand the application and low-cost options of plant tissue culture.

3. To gain knowledge on various types of plant transformation including nuclear,
chloroplast and in planta.

4. To have knowledge on production of transgenic plants with different traits and
molecular farming.

5. To have in depth knowledge on techniques and applications of recombinant DNA
technology and CRISPR-Cas mediated genome editing.

6. Tounderstand the concept and applications of intellectual property rights (IPR).

7. To understand the detail concept and applications of bioinformatics.

Outcomes:
On completion of the course the students shall

1.  Understand the diverse pathways of plant tissue culture and methods used to overcome
the problems associated with culture establishment.

2. Gain knowledge about the low-cost options for tissue culture and its advantages.

3. Learn different transformation techniques along with its advantages and limitations.

4. Get acquainted with improved plant production using techniques of transgenics and
molecular farming.

5. Be able to understand the potential of various techniques of Recombinant DNA and
CRISPR-Cas technology for human welfare.

6. Learn about the IPR rules, regulations and applications.

7. The students shall have an in-depth knowledge about techniques of bioinformatics and
its applications.

Unit-I Plant Tissue Culture

Techniques of in vitro plant regeneration: axillary shoot proliferation, adventitious shoot
proliferation, callus mediated organogenesis and somatic embryogenesis. Problems (oxidative
browning, recalcitrance of some plants) associated with tissue culture

Production and utilization of synthetic seeds. Role of plant tissue culture in plant
improvement and biodiversity conservation. Low-cost options for in vitro propagation.

Unit-11 Transgenics

Vector mediated gene transfer: Agrobacteriumm and virus mediated gene transfer. Vector
less gene transfer methods: particle bombardment, electroporation, microinjection, liposome,
silicon carbide-mediated, chemical methods of gene transfer. Chloroplast transformation, In
planta transformation, Production and utilization of transgenic plants: insect resistance, virus
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resistance, heribicide resistance, nutritive food quality improvement. Gene pyramiding.
Molecular farming.

Unit-111 Recombinant DNA Technology

Restriction enzymes: types and their role in genetic engineering and cloning, vectors:
plasmid, phages, cosmid, YAC and BAC vectors and their role in gene cloning, molecular
probes: types and uses, isolation of genes, construction of genomic library, c-DNA library,
cloning in bacteria and eukaryotic system, identification and expression of transgene by PCR,
Northern, Southern and Western blotting. Mechanism and applications of CRISPR-Cas9
mediated plant genome editing.

Unit-1V IPR

Introduction, History of IPR in India, Protection of IPRs: Trade secret, Patent, Copyright,
Plant variety protection (PVP); Trips, India and Trips, Protection of Biotechnological
inventions: Patenting of genes and DNA sequences, Patenting of Life forms; Plant Breeder’s
Right (PBR) and Farmers Right; Benefits and problems from IPR. Institutional Biosafety
Committee (IBSC).

Unit-V Bioinformatics

Overview of bioinformatics, data acquisition, databases-content, structure and annotation,
Nucleic acid sequence databases: GenBank, EMBL, DDBJ, Protein sequence databases:
SWISS-PROT, TrEMBL, PIR, PDB, Genome Databases at NCBI, EBI, TIGR, SANGER.

Basic concepts of sequence similarity, identity and homology, definitions of homologues,
orthologues, paralogues. Scoring matrices: basic concept of a scoring matrix, PAM and
BLOSUM series. BLAST and FASTA algorithms, various versions of basic BLAST and
FASTA.
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Paper 1.1.3 RESEARCH AND PUBLICATION ETHICS (RPE)
THEORY

RPE 01: PHILOSOPHY AND ETHICS (10 hrs.)

Introduction to philosophy: definition, nature and scope, concept, branches
Ethics: definition, moral philosophy, nature of moral judgments and reactions
Intellectual honesty and research integrity

Scientific misconducts: Falsification, Fabrication and Plagiarism (FFP)
Redundant publications: duplicate and overlapping publications, salami slicing
Selective reporting and misrepresentation of data

ok whnE

RPE 02: PUBLICATION ETHICS (10HRS)

1.  Publication ethics: definition, introduction and importance

2.  Best practices/ standards setting initiatives and guidelines: COPE, WAME etc.

3. Publication misconduct: definition, concept, problems that lead to unethicalbehavior
and vice versa types.

4.  Violation of publication ethics, authorship and contributorship

Identification of publication misconduct, complaints and appeals

6.  Predatory publishers and journals

o

PRACTICE

RPE 03: OPEN ACCESS PUBLISHING (10 HRS)

Open access publications and initiatives

Journal finder/journal suggestion tools viz. JANE. Elsevier Journal Finder,
Springer Journal Suggester, etc.

Complaints and appeals: examples and fraud from India and abroad

Use of plagiarism software like Turnitin, Urkund and other open source software
tools

Conflicts of interest
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(SEMESTER SYSTEM)
Eligibility

Any student who has passed B.Sc. (Hons.) in Botany, Zoology, Life Science, Microbiology
and Biotechnology are eligible to apply.

Admission

The candidates are to take admission after qualifying in an entrance test conducted by the
university. The admission will be strictly as per the merit list in each category.

Course and Regulation

1. The course is of two years duration with four semesters for theory, laboratory practical
work and a dissertation paper. The courses will be credit based with 20 credits in each
semester.

2. Each semester shall have 4 theory papers of 4 credit each and one practical paper of 8
credit points. The candidate shall have to appear the mid semester and end semester
examination (both theory and practical) at the end of each semester.

3. Each theory paper carries 50 marks of which 10 marks mid semester and 40 marks end
semester evaluation. The duration of mid semester and end semester examination will be of
one hour and 3 hours, respectively.

4. Each Practical paper carries 100 marks (20 marks mid semester and 80 marks in end
semester) and will have examination of six hours duration. Each student will have to pursue a
dissertation work in the fourth semester and defend the work in the fourth semester
examination.

5. The Semester system of examination will have evaluation by examiners as suggested by
the Board of Studies.

6. For passing a semester examination a candidate must secure a minimum of B grade in

practical and B- grade in aggregate of the theory papers in each semester. If the grade secured
in a theory paper is F then the said mark will not be included in the aggregate.

7. If a candidate passes all the four semester examination he/she will be declared to have
passed the M.Sc. examination in Biotechnology.

8. Attendance in each semester shall be strictly adhered to University Rules.



9. A candidate may repeat only once in one or more papers of any semester examination
within a period of one year of the said semester examination. However, if the candidate does
not clear thelst & 2nd semesters, his/her result will not be published even after successfully
completing the 3rd and 4th semester. In case a candidate is unsuccessful in 3rd and 4th
semester, he shall appear in the immediate next examination of the next batch for the same
semester. A candidate failing on any semester examination will be allowed to appear once
only in the examination for that semester conducted for the next batch of students and also be
allowed to continue to the next semester. A candidate not appearing two consecutive semester
examinations will be considered to have discontinued his/her study and will not be allowed to
appear the remaining semesters.

10. Merit list will be prepared as per university rules, from among the students those who
have cleared all semester examinations in 1st chance in one time without repeat of any paper.

11. The candidates who have failed in one semester may be allowed to appear the same in the
immediate next chance, following the due provision of the Ravenshaw University. However,
he will be not given another chance to appear.



SUMMARY OF THE COURSES OFFERED IN DIFFERENT SEMESTER

Paper No | Course title Maximum
Marks
1st Semester
Paper 1.1.1 | CELL BIOLOGY AND BIOMOLECULES 50
Paper 1.1.2 | ENZYMOLOGY AND MACROMOLECULES 50
Paper 1.1.3 | IMMUNOLOGY 50
Paper 1.1.4 | INSTRUMENTATION AND COMPUTATIONAL BIOLOGY 50
Paper 1.1.5 | PRACTICALS 100
2"d Semester
Paper 1.2.1 | GENETICS 50
Paper 1.2.2 | MOLECULAR GENETICS 50
Paper 1.2.3 | MICROBIAL PHYSIOLOGY 50
Paper 1.2.4 | MOLECULAR BIOLOGY 50
Paper 1.2.5 | PRACTICALS 100
3rd Semester
Paper 2.3.1 | GENETIC ENGINEERING 50
Paper 2.3.2 | PLANT BIOTECHNOLOGY 50
Paper 2.3.3 | ANIMAL BIOTECHNOLOGY 50
Paper 2.3.4 | ENVIRNOMENTAL BIOTECHNOLOGY & BIOPROCESS | 50
TECHNOLOGY
Paper 2.3.5 | PRACTICALS 100
4™ Semester
Paper 2.4.1 | STUDENT SEMINAR 50
Paper 2.4.2 | REVIEW 50
Paper 2.4.3 | PROJECT 100
Paper 2.4.4 | PROJECT PRESENTATION 100

Value Added and Add On Course (Optional), Total Course duration- 30 hours

Semester Course | Course Title \ Marks
Value Added Course (Optional)

Any Semester VA- 01 | Chlorophyll Fluorescence Analysis 50

Any Semester VA-02 | Hydroponics For Soilless Organic | 50

Cultivation Of Plants

Any Semester VA-03 | Hairy Root Culture As A Source Of | 50
Secondary Metabolites

Add On Course (Optional)

Any Semester AO-01 | Computational Bioinformatics 50

Any Semester AO-02 | Plant Tissue Culture 50

Any Semester AO-03 | Basics Of Microbiology 50




SEMESTER |
Paper 1.1.1- CELL AND DEVELOPMENTAL BIOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

1. Understand the basic components of prokaryotic and eukaryotic cells; DNA as the

genetic material; basic mechanism of DNA replication

Understand how energy is used and generated in cells

Understand how cells undergo mitosis & meiosis

4.  To impart knowledge on the importance of pH and buffer on cell survival and function;
To learn chemical bonds in biomolecules and their role in molecular stability as well as
flexibility.

5. To learn the basic principles of thermodynamics and the energy balance of cellular
processes.

6.  To learn the structure, function and properties of various biomolecules.

wmn

Qutcomes:
On completion of the course the students shall

1. understand the structures and purposes of basic components of prokaryotic and
eukaryotic cells, especially macromolecules, membranes, and organelles

2. know how these cellular components are used to generate and utilize energy in cells

3. have knowledge on cellular components underlying mitotic and meiotic cell division.

4.  apply their knowledge of cell biology to selected examples of changes or losses in cell
function. These can include responses to environmental or physiological changes.

5. Have knowledge on molecular interactions and energy balance of cellular reactions.

6. Have knowledge to understand the structural specificities of various biomolecules.

UNIT I Cell Structure and Function

1.  Cell : Cell Theory, Structure of Prokaryotic & Eukaryotic cells, Structural organization
of cell wall and plasma membrane

2. Structure and function of organelle: Mitochondria, Chloroplast, Nucleus, Endoplasmic
reticulum, Golgi-apparatus, Lysosome, Peroxisome

3. Structure and function of cilia and flagella

4.  Cytoskeleton and cell movement

UNIT 1l Cell Regulation

1. Transport of nutrients, ions and macromolecules across membranes

2. Cellular energy transactions: Role of mitochondria and chloroplast

3. Cell cycle: Molecular events and model systems

4.  Signaling system: Cellular responses to environmental signals in plants & animals,
mechanism of signal transduction

5. Cellular basis of differentiation and development: Germ cell determination in
Drosophila and mammals, Gametogenesis and fertilization Early development in
Drosophila: Genes that pattern the Drosophila body plan, Development in Arabidopsis

UNIT II1I; Biomolecules |
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Chemical foundations of Biology: pH, acids, bases pK, buffers

Atomic bonds and Molecular interactions: Weak bonds (Van der Waals, electrostatic,
hydrogen bonding, hydrophaobic interaction), Covalent bonds

Classes of organic compounds and functional groups, Atomic & molecular dimensions,
space filling and ball & stick model

Bioenergetics — Basic principles, Laws of thermodynamics, Equilibria and concept of
free energy, Standard free energy, free energy change, Coupled processes

UNIT IV: Biomolecules 11

1.

2.

3.

Polysaccharides: Types, Structural features, Monosaccharides - classification and
reactions Aminoacids : Classification, chemical reactions and physical properties
Proteins : Classification, properties, structure of proteins, separation and purification of
proteins

Lipids: Classification, structure & functions

Nucleic acids: Basic properties of nucleotides and their functions, Types, structure &
chemistry of nucleic acids



PAPER 1.1.2-ENZYMOLOGY AND MACROMOLECULES

50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

1.

To gain knowledge about Nomenclature, Classification, Extraction and properties of
enzymes and their immobilisation method.

2.  To develop concept about how proteins get inhibited and their mechanism of action.

3. To describe about photosynthesis pathway and the pigments and mechanism involved in
this.

4.  Explore the types and physical and chemical properties of macromolecules found in an
organism

5. Conceptualisation about protein and nucleic acid sequencing.

Outcomes:

On completion of the course the students shall

1.  be able to get idea about the enzyme extraction process and assay

2. understand the kinetics and their mode of action and inhibition.

3. have an idea about photosynthetic pathway and carbohydrate metabolism.

4. Have knowledge about all the structure, function and every aspects of bio-
macromolecules can be studied.

5.  The students will have idea about the methods by which a protein/ nucleic acid get
sequenced

UNIT I: Enzymology

1.  Enzymes: Properties, Nomenclature, Classification, Extraction, Assay & Purification.

2. Immobilised Enzymes: Physical & chemical methods.

3. Enzyme kinetics: Chemical kinetics, Enzyme kinetics (Michaelis-Menten equation,
Briggs Haldane modifications), Determination of Vmax and K.

4.  Enzyme inhibition: Types of inhibitors, Determination of K; .

5. Mechanism of enzyme action: General principle of mechanism, Mechanism of enzyme
reaction catalysed by Lysozyme, RNAse, Chymotrypsin.

6. Regulation of enzyme action: Allosteric control, Stimulation and inhibition by control
proteins, Covalent modification, Proteolytic activation

UNIT II: Carbohydrate Metabolism

1.  Carbohydrates: Classification, configuration and conformation of monosaccharides,
sugar derivatives, important disaccharides. Structural and storage polysaccharides,
glucosaminoglycans, proteoglycans, glycoproteins and glycolipids.

2.  Carbohydrate metabolism: Glycolysis, TCA cycle, glyoxalate cycle, pentose-phosphate
pathway.

3. Gluconeogenesis, glycogen metabolism, biosynthesis of starch and sucrose, regulation

of carbohydrate metabolism



4.  Oxidative phosphorylation, electron transport and ATP synthesis

5. Photosynthesis: General concept and historical background, photosynthetic pigments
and light harvesting complexes, mechanisms of electron and proton transport. ATP
synthesis Carbon assimilation- the Calvin cycle, photorespiration and its significance.
C4 cycle, the CAM pathway, biosyhthesis of starch and sucrose.

UNIT III: Macromolecules |

1.  Glyco and lipoproteins: Structure and function, Protein denaturation

2. Protein-protein and protein-ligand interactions: Physical and chemical methods for
study Protein folding: Biophysical & cellular aspects

3. Nucleic acid hybridization: Structural analysis & biological studies

UNIT IV: Macromolecules 11

1. Organization of macromolecular complexes: Chromatin organization and packaging

2. Sequencing of protein: End group analysis (N-terminus and C-terminus identification),
Cleavage of the disulfide bonds, separation, purification and characterization of the
polypeptide chains, sequence determination, sequencing by Mass Spectrometry

3. Sequencing of nucleic acids: Sanger’s technique & Maxam Gilbert’s technique

4.  Confirmational properties of polynucleotides and polypeptides at secondary and tertiary
structural features & their analysis



PAPER 1.1.3-IMMUNOLOGY

50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

1.

Knowledge of the structure and function of the major organ systems, including the
molecular, biochemical and cellular mechanisms for maintaining homeostasis.

2. Conceptualize how the innate and adaptive immune responses coordinate to fight
invading pathogens.

3. Determine what immunomodulatory strategies can be used to enhance immune
responses or to suppress unwanted immune responses such as might be required in
hypersensitivity reactions, transplantations or autoimmune diseases.

4.  Critically review the sample literature to determine the strengths and weaknesses of the
data published in immunology and its novelty.

5.  To learn the process of development of vaccines.

Outcomes:

On completion of the course the students will be able to

1.  identify the cellular and molecular basis of immune responsiveness.

2.  describe immunological response and how it is triggered and regulated.

3. demonstrate a capacity for problem-solving about immune responsiveness.

4. transfer knowledge of immunology into clinical decision-making through case studies
presented in class.

5. understand the process of development and application of vaccines.

UNIT I: Immunology-I

1. Introduction, Phylogeny of immune system, Innate and Acquired immunity, Clonal
nature of immune response

2. Cells of the immune system: Hematopoiesis and differentiation, Lymphocyte
trafficking, B-lymphocytes, T-lymphocytes, Macrophages, Dendritic cells, Natural
killer cells, Lymphokine activated killer cells, Eosinophils, Neutrophils and Mast cells

3. Organization and structure of lymphoid organs

UNIT II: Immunology-I1

1.  Nature and biology of antigens and super antigens, Structure and function of Antibody
molecules, Antigen-antibody interactions, Major histocompatibility complex and MHC
restriction

2. Antigen processing and presentation, Generation of humoral and cell mediated immune
responses, BCR & TCR, Cytokines and their role in immune regulation

UNIT III: Immunology-I111

1. Complement system: Complement system as a part of innate & adaptive immune

system, complement activation by classical, alternative and lectin pathway, complement
mediated lysis and other effects of complement activation



2.

Hypersensitivity & Immuno regulation: IgE-mediated type 1 hypersensitivity, IgE
binding receptor in the target cell, mechanism and molecular events in the mast cell
degranulation by IgE, Pharmacologically active mediators of type 1 reactions.
Mechanisms behind type 2, 3 & 4 hypersensitive reactions

UNIT IV: Immunology-1V

1.

w

Activation and regulation of B- and T-lymphocytes, Cell mediated cytotoxicity,
Mechanism of T cell and NK cell mediated lysis, Antibody dependent cell mediated
cytotoxicity, macro-phage mediated cytotoxicity

Autoimmunity, Transplantation, Tolerance, Tumor immunology

AIDS and other Immunodeficiency diseases

Hybridoma technology and Monoclonal antibodies



PAPER 1.1.4- INSTRUMENTATION AND COMPUTATIONAL BIOLOGY
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

1. To study the basic principles of operation and application of various types of
microscopes in biological studies and analysis of biological samples.

2. To understand the principles of spectrophotometry, spectrofluorimetry and high end
spectroscopic techniques

3. To learn various chromatographic techniques and understand their applications in
biology.

4. To understand the theories, procedures and applications of different types of
electrophoresis. Use of electrophoretic techniques in separation of biomelecules.

5. To learn the basics of computers and understand the methods of data analysis using
computers.

6.  To know the fundamentals of bioinformatics and their application in biotechnology

Qutcomes:

After the completion of the course the students shall be able to

1. Understand the basics and ability to use different types of microscopes.

2. Understand the principles and functions of a typical spectrophometer and
spectrofluorimeter as well as to have an idea on NMR and Mass spectroscopy.

3.  Have knowledge on the principles of chromatography and skill to prepare some
chromatograms for separating biomolecules.

4.  Have knowledge on various electrophoretic techniques and their application and skills

to prepare gel slabs.

Learn the use of computers and ability to link computer application in biology.

6. Have knowledge and skills on the use of the digital data available in the virtual space.
and ability to identify their application for biology.

=

UNIT I: Instrumentation |

1. Microscopy: Principle of light transmission, Phase contrast microscope, Fluorescence
microscope, Transmission and Scanning electron microscope

2. Principle and use of analytical instruments: pH metry, Spectrophotometry,
Fluorescence spectroscopy, NMR spectroscopy, Mass spectroscopy

UNIT II: Instrumentation - 11

1.  Chromatography: Paper chromatography, TLC, Gel permeation, lon exchange, GLC,
Affinity chromatography, HPLC and FPLC

2.  Electrophoresis: Theory and application of Polyacrylamide and Agarose gel
electrophoresis, Capillary electrophoresis, 2D Electrophoresis, Gradient electrophoresis,
Pulsed field gel electrophoresis



UNIT II1I: Computer application

1.

o gk wn

Introduction of digital computers: Organization, Low level and high level languages,
Binary number system

Introduction to Corel Draw

Flow charts & programming techniques: Introduction to programming in C

Introduction to data structure and data base concepts

Introduction to internet and its applications

Introduction to MS-OFFICE: Software covering word processing, spread sheet and
presentation software

Bioinformatics and Biotechnology

UNIT IV: Biostatistics

1.
2.

Brief description, Tabulation of data and its graphical representation

Measures of central tendency and dispersion: Mean, Median, Mode, Range, Standard
deviation, Variance

Hypothesis testing: Level of significance, Tests of significance, (F & t-test), Chisquare
test. Simple linear regression and correlation

Computer Oriented statistical techniques: Frequency table of single discrete variable,
Computition of means, variance and standard deviation, t-test, Correlation and
regression



PAPER 1.1.5: PRACTICALS
100 Marks (6 hours) (80 marks end term and 20 marks mid term evaluation)

Objectives:

1.  To Prepare the slides of cells and tissues

2. To learn the theoretical principles and practical application of spectrophotometer.

3. To learn the qualitative and quantitative determination of sugars, amino acid, proteins,
lipids and nucleic acids.

4.  To perform the chromatographic separation of biomelecules.

5.  To perform the Enzymes purification and Kinetic analysis.

6.  To carry out the Electrophoresis of DNA

7. To learn the statistical methods for data analysis using computers.

Outcomes:

On completion of the course the students shall

1. Be able to prepare different division stages of Mitosis and Meiosis

2. Know the use of a spectrophotometer and colorimeter.

3. Beable to identify and quantify sugars, amino acid, proteins, lipids and nucleic acids.

4.  Be perform the TLC and other chromatographic separations.

5.  Be able to perform the Enzymes purification and Kinetic analysis

6. Have knowledge the method of Electrophoresis of proteins and nucleic acids from cells
and tissues.

7.  Have the knowledge for application of sample comparison and group comparison tests
for analysis of data.

PRACTICALS:

1. Cell Structure analysis

2. Cell division - Mitosis/Meiosis

3. Microtomy

4. Sub cellular fractionation and marker enzymes
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. Titration of amino acid

. Validation of Beer-Lambert's law

. Determination of absorption spectra and maxima of a supplied dye
. Colorimetric determination of pK

. Qualitative determination of sugars, amino acid & lipids.

10.
11.
12.
13.
14.
15.
16.
17.

Isolation & estimation of cholesterol
Isolation & estimation of DNA.
Isolation & estimation of RNA.
Isolation & estimation of protein
Estimation of oil's iodine number
Paper chromatography of amino acids

TLC

Gas chromatography to isolate mixture of alcohols



18.
19.
20.
21.
22.
23.
24,
25.
26.

Electrophoresis of proteins

Enzymes: purification and Kinetic analysis

Electrophoresis of DNA

Determination of Tm of nucleic acids

Testing the difference between two samples by t-test

Testing the difference between expected value and observed value by Chi-square test.
Testing the interaction of factors by F-test

Practicals for computer applications

Model building using space filling/ball and stick models.



SEMESTER II

PAPER 1.2.1- GENETICS
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives:

To understand the basic Mendelian principles of genetics and the concept of gene.

To study various types of Gene interactions and its effect on morphology.

To understand the importance of Linkage and Crossing over for assortment of genes.
To learn the causes and effects of polyploidy.

To study the Chromosomes, Sex chromosome and Sex linked inheritance of Man and
Drosophilla

6.  To understand the Extra - chromosomal inheritance

ko E

Qutcomes:

On completion of the course students hall have

1. An up to date knowledge about Mendelian principles of genetics and on the structure
and concept of gene.

2. Proper understanding about gene interaction and the Multiple allelic systems.

3. Anunderstanding of linked genes and their inheritance pattern.

4.  Knowledge to explain the Autopolyploidy, Allopolyploidy, Segmental allopolyploidy,
and Autoallopolyploidy

5. Anunderstanding on the importance of sex chromosomes.

6. Ability to describe how the organellar genes inherit and regulate the expression of
characters.

UNIT I: Mendelian genetics I

1. Mendelian principles, the concept of gene; Dominance; Multiple allelic systems, Gene
interactions

2. Linkage and Crossing over, Crossing over mechanism

UNIT II: Mendelian genetics 11

1. Change in chromosome number: methods

2.  Polyploidy:  Autopolyploidy,  Allopolyploidy,  Segmental  allopolyploidy,
Autoallopolyploidy; Analysis of autopolyploids (Triploids); Aneuploids

3. Structural alterations in chromosome: Deletion, Duplication, Inversion, Translocation
Analysis of translocation heterozygotes

UNIT I11: Mendelian genetics 111

1. Chromosomes of Man and Drosophilla

2. Sex chromosome and sex determination in Drosophila and Human



3. Sex linked inheritance in Drosophila_and man
4. Regulation of sex expression in animals

5. Extra - chromosomal inheritance

UNIT IV: Quantitative genetics

1. Quantitative inheritance

2. Population genetics; Hardy-Weinberg law

3. Change in gene frequency

4. Inbreeding depression and heterosis



PAPER 1.2.2: MOLECULAR GENETICS
50 Marks (3 hours) (40 marks end semester and 10 marks mid semester examination)

Objectives

1.  Tounderstand the structure of DNA and its mechanism of replication and repair.

2. To have an idea about mutation, and process of mutagenesis.

3. Tounderstand the structure and mechanism of action of RNA polymerase and reverse
transcriptase.

4.  To have knowledge about gene regulation in prokaryotes and eukaryotes.

5. To understand the process of transformation, transduction and conjugation in bacteria.

Outcomes
On completion of the course the students shall

1.  Have knowledge on the structural diversity of DNA and the process of replication and
repair.

Have a clear understanding on different types of mutations and their importance.

Have knowledge on RNA polymerase and reverse transcriptase.

Understand the operon concept in E. coli and the role of chromatin in gene regulation.
Knowledge regarding bacterial genetic system, transposons, DN