
 
 

 

3rd Semester Syllabus 
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COLLEGE: __________________________________________________________________ 
IQ Education Roll #:_______________________Class Room:___________________ 

 

Microbial Genetics (MCG -301) 

 

Sl.  Topic Name Contains  
   1. Prokaryotic 

Genomes 
Physical organization of bacterial genomes (Structure of the 
bacterial nucleoid, Replication and partitioning of the bacterial 
genome and Genome of Archaea) 

2.  Mechanism of 
genetic 
exchange 

Plasmid and bacterial sex, Types of plasmids (F Plasmid, Conjugate 
plasmid, Mobilization of Non-conjugative plasmid, R plasmid, Col 
plasmid, Copy number and incompatibility), Episomes. 
Transposable elements (Insertion sequence and transposons, 
Integrons and Antibiotic-Resistance cassettes, Multiple Antibiotic 
Resistant bacteria, Mu–virus); Bacterial Genetics (Mutant 
phenotype, DNA mediated Transformation; Conjugation 
(Cointegrate Formation and Hfr Cells, Time–of–Entry Mapping, F’ 
Plasmid); Transduction (Generalized transduction, Specialized 
Transduction)- gene mapping. 

3. Molecular 
Mechanism of 
gene regulation 
in prokaryotes 

Transcriptional regulation in prokaryotes (inducible and 
repressible system, positive regulation and negative regulation); 
Operon concept – lac, trp, Ara operons. 

4. Bacteriophages Stages in the Lytic Life Cycle of a typical phage, Properties of a phage 
infected bacterial culture, Specificity in phage infection, E. coli 
PhageT4, E.coli Phage T7, E.coli phage lambda, Immunity to 
infection, Prophage integration, Induction of prophage, Induction & 
Prophage excision, Repressor, Structure of the operator and binding 
of the repressor and the Cro product, 
Decision between the lytic and lysogenic Cycles, Transducing 
phages, E.coli phage ΦX174, filamentous DNA phages, Single 
stranded RNA phages, The lysogenic Cycle. 

5. Bacteriophage 
Genetics 

Benzer’s fine structure of gene in bacteriophage T4 : Plaque 
Formation and Phage Mutants, Genetic recombition in the lytic 
cycle, (concept of recon, muton, cistron) 



 
 

 

 

Principles of Immunology (POI -302) 

 

Sl.  Topic Name Contains  
   1. Immune Response An overview, components of mammalian immune system, 

molecular structure of Immunoglobulins or Antibodies, Humoral 
& Cellular immune responses, T-lymphocytes & immune 
response (cytotoxic T-cell, helper T-cell, suppressor T-cells), T-
cell receptors, genome rearrangements during B-lymphocyte 
differentiation, Antibody affinity maturation class switching, 
assembly of T-cell receptor genes by somatic recombination. 

2.  Regulation of 
immunoglobulin 
gene expression 

Clonal selection theory, allotypes & idiotypes, allelic exclusion, 
immunologic memory, heavy chain gene transcription, genetic 
basis of antibody diversity, hypotheses (germ line & somatic 
mutation), antibody diversity, alternate pathways of transcript 
splicing, variable joining sites & somatic mutation, role of 
antibody (alone, in complement activation & with effector cells), 
monoclonal antibodies. 

3. Major 
Histocompatibility 
complexes (MHC) 

Class I & Class II MHC antigens, antigen processing. 

4. Immunity to 
infection 

Immunity to different organisms, pathogen defense strategies, 
avoidance of recognition, inactivation of host-immune effector 
mechanisms. 

5. Immuno-
techniques 

Blood grouping, Antigen-Antibody reactions : agglutination, 
precipitation, immune-electrophoresis, Coomb’s test, ELISA, RIA. 

6. Vaccines & 
Vaccination 

Adjuvants, cytokines, DNA vaccines, recombinant vaccines, 
bacterial vaccines, viral vaccines, vaccines to other infectious 
agents, tumor vaccines, principles of vaccination, passive & active 
immunization, immunization programs & role of WHO in 
immunization programs. 

7. Auto-immune 
diseases 

Autoimmunity & auto-immune diseases, factors contributing 
development of auto-immune diseases, mechanism of 
development, breakdown of self-tolerance, rejection of 
transplants, molecular mimicry, diagnosis & treatment of auto-
immune diseases, replacement therapy, suppression of 
autoimmune processes, nature of auto-antigens, 
immunodeficiency, AIDS. 

8. Immune Response 
of Plants. 

Immune Response of Plants. 



 
 

 

 

Plant and Animal Tissue Culture Techniques and 
its application (PAT-303) 

 
Sl.  Topic Name Contains  

   1. Introduction to 
Techniques 

Introductory history, Laboratory organization, Media, Aseptic 
manipulation. 

2.  Basic concepts in 
cell culture 

Cell culture, Cellular Totipotency, Somatic Embryogenesis. 

3. In vitro culture : 
approaches & 
methodologies 

Preparation steps for tissue culture, surface sterilization of plant 
tissue material, basic procedure for aseptic tissue transfer, 
incubation of culture. 

4. Tissue nutrition : 
Growth Hormones 

Plant cells (Composition of culture media, Growth hormones, 
Vitamins, Unidentified supplements, selection of media); Animal 
cells (substrate on which cells grow, Feeder layer on substrate, gas 
phase for tissue culture, media and supplements). 

5. Tissue culture 
methodologies 

Plant cells (Callus Culture, Cell Suspension Culture, Organ 
Micro-culture, plant micro-propagation, Somatic Embryogenesis); 
Animal cells (Source of tissue, primary culture, differentiation of 
cells, growth kinetics, animal cell lines and their origin and 
characterization). 

6. Cloning & 
Selection of 
specific cell types 

Cloning, somatic cell fusion and HAT selection, Medium suspension 
fusion, selection of Hybrid clone, production of monoclonal 
antibodies. 

7. Organ Culture Culture of embryonic organs, whole embryo culture, culture of 
adult organs. 

 
 
 
 
 
 
 
 
 
 



 
 

 

 

Plant Biotechnology (PBT- 304)  
[Biotech. Spl. Paper] 

 
Sl.  Topic Name Contains  

   1. Plant Tissue 
Culture 
Applications 

Micropropagation, from Callus to plant, somatic embryogenesis, 
somaclonal variation, valuable germplasm, chemicals from plants, 
genetically engineered plants. 

2.  Applications of 
Plant Genetic 
Engineering 

Crop improvement, herbicide resistance, insect resistance, virus 
resistance, plants as bioreactors. 

3. Genetic 
modification in 
Agriculture 

Transgenic plants, genetically modified foods, application, future 
applications, ecological impact of transgenic plants. 

4. Genetically 
modified foods 

Organic foods, types of organic foods, identifying organic 
foods, organic food & preservatives. 

5. Genetic 
modification in 
Food industry 

Background, history, controversies over risks, application, future 
applications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

Microbial Diversity & Classification (MDC- 304) 
[Microbio. Spl. Paper] 

 
Sl.  Topic Name Contains  

   1. Microbial 
Classification 

Whittaker’s five kingdom classification of living system 

2.  Archaebacteria Cell structure, metabolic character, function and reproduction of 
Methanogens, Halophiles, Tharmoacidophiles 

3. Eubacteria Cell morphology, function, reproduction and of : 
a) Photosynthetic eubacteria (cyanobacteria). 
b) Gliding bacteria (Myxobacteria and Cytophaga group). 
c) Gram negative eubacteria (Spirochetes, Rickttsias, Chlamydias) 
d) Gram positive eubacteria (Actinomycetes). 
e) Spore forming bacteria (spore formation and germination), 
f) Fermentative bacteria – metabolic character, 
g) Sulfur bacteria and Nitrogen fixing bacteria 
h) The mollicutes. 

4. Brief description 
of eukaryotic 
Algae & Fungi  
and protozoa 

General characteristics, vegetative & reproductive structure of the 
following groups of Microorganism particularly 
Algae: Cyanophyta, Cholorophyta Bacillariophyta, Phacophyta, 
Rhodophyta 
Fungi: Phycomycetis, Bacidiomycetis, Zygomyetes, Oomycets, 
Asomycetes, Deuteromycetes (imperfect and perfect stages) 
Protozoa: Giardia, Entamoeba and Plasmodium 

5. General 
Properties of 
other viruses, 
viroids and prions 

Viroids, prions, Filamentous DNA phages, Single stranded RNA 
phages, Cauliflower Mosaic, Virus of Plants; HIV, Vaccinia and 
Simian virus of animals, Insect virus. 

 
 
 
 
 
 
 
 
 



 
 

 

Population and Evolutionary (PEG-304) 
 [Genetics Spl. Paper] 

 
Sl.  Topic Name Contains  

   1. Allele frequencies - Deriving genotypic & allelic frequencies, introduction to 
quantitative genetics, deriving allelic frequencies from molecular 
data, changes in allele frequencies. 

2.  Classical Ecological 
Genetics & 
Polymorphism  

Phenotypic & genotypic polymorphisms, transient polymorphism, 
balanced polymorphisms. 

3. Random & Non-
random mating 

Positive & negative assortative mating, role in population size 
& change in gene frequency. 

4. Hardy-Weinberg 
method & its 
applications 

Calculating allelic frequencies, assumptions of Hardy-Weinberg 
equilibrium, proof of Hardy-Weinberg equilibrium, Generation 
time, testing for fit to Hardy-Weinberg equilibrium 

5. Inbreeding & 
outbreeding 

Inbreeding co-efficient, genotype frequencies under inbreeding, 
uses & effects of inbreeding in farm animals, genetic consequences 
of inbreeding, reasons for inbreeding. 

6. Random Genetic 
drift  

Definition, its effects in small & large populations, bottlenecking & 
founder effect, genetic drift simulation, genetic drift vs selection. 

7. Genetic 
equilibrium  

Definition, conditions for its stability, deviation of it (evolution). 

8. Selection  Overview, types & subtypes, negative & positive selections, 
patterns of selection (stabilizing, disruptive, directional, 
balancing), mechanisms of selection (disassortative sexual 
selection, frequency dependent selection), overdominance, 
natural selection, artificial selection, ecological selection. 

9. Models for 
Population 
Genetics 

Deterministic & stochastic models. 

10. 
 

Synthetic theory of 
Evolution 

Lamarckian evolution theory, Darwin’s theory of evolution, Neo- 
Darwinism, modern synthesis theory of evolution, Macroevolution 
& Microevolution. 

11. Principles of 
Evolutionary 
Genetics 

From Mendel to molecules: A brief history of evolutionary 
genetics, Epistasis and the conversion of genetic variances. 

12. Human and great 
ape genetic history 

Human-Ape comparisons. 

 
 

 
 

                                                                                                    Contd. 
 



 
 

 

13. Evolution of 
Genetic Diversity 

Natural variation, sources of genetic variation : chromosomes & 
crossing over, SNPs, mutation, deletion & rearrangements, 
recombination, transgenic, genetic drift & gene flow. 

14. Molecular 
Evolution 

General approaches, principles, detecting selection at molecular 
level, rates of molecular evolution, Weak selection on non–coding 
gene features, Evolution of eukaryotic genome structure, New 
genes, new functions: Gene family evolution and phylogenetics, 
Gene genealogies, causes of change in allele frequency, molecular 
study of phylogeny, neutral theory of molecular evolution, Gene 
function and molecular evolution. 

15. Genetics of 
Speciation 

Patterns and processes of speciation: The evolution of 
reproductive isolating barriers, Species concepts, Genetics of 
reproductive isolation and species differences in model 
organisms, The Dobzhansky–Muller model, Natural hybridisation, 
Potential Outcomes of Natural Hybridization, Population 
bottlenecks and founder effects, Models on the shifts in selection 
pressures experienced by bottlenecked populations, Theory of 
phylogenetic estimation, Philosophical and methodological 
differences in phylogenetics. 

16. Our place in the 
Evolutionary tree 

Evolution of Mitochondrial genome & the origin of Eukaryotic 
cells, Evolution of Eukaryotic Nuclear genome, genome 
duplication & large-scale chromosomal alterations, Evolution of 
the Human sex chromosomes, Evolution of Human DNA sequence 
families & DNA organization, Comparative mammalian genome 
organization & the evolution of modern humans. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

Genome Organization (GNO-304) 
 [Molbio. Spl. Paper] 

 
Sl.  Topic Name Contains  

   1. The content of the 
genome  

Genomes can be mapped by linkage, restriction cleavage or DNA 
sequence, RFLPs and SNPs for genetic mapping, Eukaryotic 
genomes contain both non repetitive and repetitive DNA 
sequences, Human genome has fewer genes than expected, 
Organelles have DNA, Mitochondrial DNA organization is variable, 
Mitochondria evolved by endosymbiosis, Chloroplast genome 
codes for many proteins and RNAs. 

2.  DNA Replication The Basic Rule for Replication of all Nucleic acids. The Geometry of 
DNA Replication, Enzymology of DNA replication, Discontinuous 
Replication, Events in the Replication Fork, Initiation of Synthesis 
of the Leading Strand, Bidirectional Replication, Termination of 
Replication, Methylation of DNA and Mismatch Repair, Replication 
of Eukaryotic Chromosomes. 

3. Genetic 
Recombination 
Between 
Homologous DNA 
Sequences 

Types of Recombination, Breakage and Rejoining and 
Heteroduplexes, Branch migration, Mismatch Base Pairs and Their 
Resolution, Pairing of DNA molecules, Recombination in bacterial 
transformation, Exchange between homologous double stranded 
molecules, Models for Homologous Recombination, The Holliday 
Model, The Asymmetric Strand Transfer Model, The recBC Protein, 
Transformation in Yeast. 

4. Transposable 
Elements 

An Overview of Transposition, Insertion sequences, Detection of 
Transposition in Bacteria, Types of bacterial Transposons, 
Transposition, Replication of a transposon in the course of 
transposition between two plasmids, The Cointegrate as an 
Intermediate in transposition of Tn3, Deletions and Inversions 
Caused by Transposons, Role of IS elements in Hfr Formation, 
Transposable Elements in Eukaryotes, Retroposons, Limitation of 
Transposition. 

5. Mutagenesis, 
Mutations, and 
Mutants 

Terminology, Types of Mutations and their Notation, Biochemical 
Basis of Mutants, Mutagenesis, Mutational Hot Spots, Reversion. 

 


