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Cell Biology.
Introduction to the Cell: The evolution of the cell, From molecules to first cell, From
prokaryotes to eukaryotes, Prokaryotic and eukaryotic genomes, From single cell to
multicellular organism.
Membrane Structure and function: Models of membrane structure, Membrane
proteins, Membrane carbohydrates, Membrane transport of small molecules, Membrane
transport of macromolecules and particles.
Chromosomal DNA, its packaging and organization: The cell nucleus, Morphology
and functional elements of eukaryotic chromosomes. The complex global structure of
chromosomes and function implications, lampbrush chromosomes, ploytene
chromosomes, heterochromatin, centromeres, telomere.
Structural organization and function of intracellular organelles: The lysosomes,
Ribosomes, The peroxisomes, The golgi apparatus, The endoplasmic reticulum,
Mitochondria and chloroplast, Structure of Mitochondria and choroplast, Oxidation of
glucose and fatty acids, Electron transport oxidative phosphorylation, Chloroplast and
photosynthesis.
Protein secretion and sorting: Organelle biogenesis and protein secretion, synthesis
and targeting, of mitochondria, chloroplast, peroxisomal proteins, translational
modification in the ER. Intracellular traffic, vesicular traffic in the secretary
pathway, protein sorting in the Golgi, traffic in the endocytic pathway, exocytosis.
The cytoskeleton:
The nature of cytoskeleton, Intermediate filaments, Microtubules,
Actin filaments, Cilia and centrioles, Organization of the cytoskeleton.
Cell growth and division: Overview of the Cell cycle and its control, The molecular
mechanisms for regulating mitotic and meiotic events, Amitosis, Cell cycle control,
Check-points in cell cycle regulation.
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Cell communication and cell signaling: Cell adhesions, Cell junctions and the extra
cellular matrix, Cell- cell adhesion and communication, Cell matrix adhesion, Collagen
the fibrous protein of the matrix, Non-collagen component of the extra cellular matrix,
Cell to cell signaling, Overview of the extra cellular signaling , Identification of cell
surface receptors, G-Protein coupled receptors and their effectors, Second messengers,
Enzyme-linked cell surface receptors, Interaction and regulation of signaling pathways.
General Biochemistry.
Principles of biophysical chemistry pH, Buffer, Reaction kinetics, Thermodynamics,
Colligative properties, Structure of atoms, Molecules and chemical bonds.
Composition, structure and function of Biomolecules: Carbohydrates, Lipids, Proteins,
Nucleic acids and Vitamins.
Stabilizing interactions: Van der Waals, Electrostatic, Hydrogen bonding, Hydrophobic
interaction, etc.
Metabolic Pathways: Carbohydrates, Lipids, Amino Acids, Nucleotides, Hormones and
Vitamins.
Bioenergetics: Glycolysis, Oxidative Phosphorylation, Coupled reaction, Group
transfer, Biological energy transducers.
Enzymology: Principles of catalysis, Enzymes and Enzyme kinetics, Enzyme regulation,
Mechanism of enzyme catalysis, Isozymes.
Proteins Chemistry: Ramachandran plot, Secondary, Tertiary and Quaternary structure,
Domains, Motif and Folds.
Nucleic acids: A-, B-, Z-,DNA, t-RNA, micro-RNA, Stability of protein and Nucleic
acid structures.
Genetics.
DNA as genetic material: The vehicle of Inheritance, Chemical structure and base
composition of nucleic acid, Double helical structure, Basic structure of DNA and RNA,
Different types of DNA molecules, forces stabilizing nucleic acid structure, super coiled
DNA, properties of DNA, denaturation and renaturation of DNA and Cot curves.
DNA replication: Messelson and Stahl Experiment, Carins Experiment, Okazaki
Experiment, Basic mechanism of DNA replication.
Cell division and Cell cycle: Mitosis, Meiosis, Chromosomal basis of inheritance.
Basic Principles of Mendelian Inheritance: Segregation and Independent Assortment,
Alleles and Multiple Alleles, Human pedigrees and inheritance.
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Linkage analysis and gene mapping: Coupling and repulsion phases, Crossing over and
recombination.
Gene Interaction: Sex determination and Sex linked inheritance, Sex determination in
humans, Drosophila and other animals, Sex determination in plants, Sexlinked genes and
dosage compensation of X linked genes. Human genetics: pedigree analysis.
Gene Concept: Fine Structure of gene and gene concept, Fine structure of rII gene –
Benzer’s experiments, Complementation analysis and fine structure of gene,
Complementation and recombination, Concept of gene.
Extra-chromosomal inheritance: Chloroplast and Mitochondrial inheritance, Yeast,
Chlamydomonas/ Neurospora and higher plants.
Mutations: Spontaneous and induced mutations, Somatic vs germinal mutation.
Chromosomal aberrations: Main type of changes– deletions duplications,Inversions,
translocations,Change in chromosome number: trisomy and polyploidy. Evolutionary
history of bread wheat, Aneuploids–nullisomics, monosomics, and trisomics, Somatic
aneuploids, Changes in chromosome structure, Properties of chromosomes for detection
of structural changes.
Population genetics: Application of Mendel’s laws to whole population, HardyWeinberg principle, inbreeding depression and heterosis, inheritance of quantitative
traits.
Biosystematics & Biodiversity.
General Introduction to systematics: Taxonomy, Classification and Biological
nomenclature; Tree of life, Basic Latin used in systematics, Concepts of species and
hierarchical taxa, Speciation, The species problem, Biological nomenclature, Classical
and quantititative methods of taxonomy.
Overview of animal systematics: Overview of ICZN rules, Major phyla and classes.
Overview of Biodiversity: Evolutionary Significant Units, Importance of Biodiversity,
Patterns of Biodiversity, Endemism and Hotspots, Continental drift and dispersal routes,
Geologic time scale, Role of extinctions and additions, Measuring Biodiversity: Realism
Vs. Nominalism, Species richness, species evenness, Simpson’s diversity index,
Biodiversity acts, Conservation of biodiversity.
Molecular Biology.
Structure, Conformation, Denaturation, Renaturation of Nucleic acids: A carrier of
genetic information, Chemical structure of DNA and base composition,Watson-Crick
model, Supercoiled DNA, Different forms of RNA : mRNA, tRNA, rRNA and other
Types of RNA. Organelle DNA: mitochondria and chloroplast DNA.
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Chromosome Structure, Chromatin and the Nucleosome: Genome Sequence and
Chromosome Diversity, Chromosome Duplication and segregation, The nucleosome,
Chromatin structure: euchromatin, heterochromatin, Constitutive and facultative
heterochromatin, Regulation of chromatin structure and nucleosome assembly,
Nucleolus.
Gene & Genome organization: Split Genes, Overlapping genes, Transposons &
retrotransposons, Gene clusters, Histones, Non-histones, Nucleosome, Chromatin,
Chromosome structure in prokaryotes & eukaryotes.
Basic Processes, Replication of DNA: Prokaryotic and eukaryotic DNA replication,
Mechanism of DNA replication, Enzymes and accessory proteins involved in DNA
replication, Replication errors, DNA damage and their repair.
Transcription and mRNA processing: Prokaryotic &, eukaryotic transcription, general
and specific transcription factors, Regulatory elements and mechanisms of transcription
regulation, Transcriptional and posttranscriptional gene silencing : Initiation, Elongation
& Termination of transcription, Capping, Polyadenylation, Splicing, editing, mRNA
stability, RNA interference, Microarray.
Translation: Genetic code, Prokaryotic & eukaryotic translation, the translation
machinery, mechanisms of initiation, elongation and termination, regulation of
translation, co-and post- translational modifications of proteins, Epigenetics.
Ecology and Environment.
The Environment: Physical environment, biotic environment, biotic and abiotic
interactions.
Habitat and Niche: Concept of habitat and niche, niche width and overlap, fundamental
and realized niche, resource partitioning and character displacement.
Ecological succession: Types, mechanisms, changes involved in succession, concept of
climax.
Ecosystem: Structure and function, energy flow and mineral cycling (CNP), primary
production and decomposition, structure and function of some Indian ecosystems:
terrestrial (forest, grassland) and aquatic (fresh water, marine, eustarine).
Population ecology: Characteristics of a population, population growth curves,
population regulation, life history strategies (r and K selection), concept of
metapopulation – demes and dispersal, interdemic extinctions, age structured populations.
Species interactions: Types of interactions, interspecific competition, herbivory,
carnivory, pollination and symbiosis.
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Community ecology: Nature of communities, community structure and attributes, levels
of species diversity and its measurement, edges and ecotones.
Animal Physiology.
Digestive system: Digestion, absorption, energy balance, BMR.
Cardiovascular System: Comparative anatomy of heart structure, Myogenic heart,
specialized tissue, ECG – its principle and significance, Cardiac cycle, Heart as a pump,
blood pressure, neural and chemical regulation of all above, Blood corpuscles, Blood cell
synthesis and Bone marrow, Haemopoiesis and formed elements, Plasma function, Blood
volume, Blood volume and its regulation, Blood groups, Haemoglobin, Immunity,
Haemostasis.
Respiratory system: Comparison of respiration in different species, Anatomical
considerations, Transport of gases, Exchange of gases, Waste elimination, Neural and
chemical regulation of respiration.
Excretory system: Comparative physiology of excretion, Kidney, Urine formation,
Urine concentration, Waste elimination, Micturition, Regulation of water balance, Blood
Volume, Blood pressure, Electrolyte balance, Acid-base balance.
Reproduction and Endocrinology: Endocrine glands, Basic mechanism of hormone
action, Hormones and diseases, Reproductive processes, Neuroendocrine regulation.
Nervous system: Neurons, action potential, Gross neuroanatomy of the brain and spinal
cord, Central and peripheral nervous system, Neural control of muscle tone and posture.
Sense organs: Vision, Hearing and Tactile response.
Thermoregulation and Stress adaptation: Comfort zone, Body temperature – physical,
chemical, Neural regulation, Acclimatization.
Evolution and Developmental Biology.
Emergence of evolutionary thoughts: Lamarckism, Darwinism, Concepts of variation,
adaptation, struggle, fitness and natural selection, Mendelism, Spontaneity of mutations,
Theories of phyletic gradualism Vs. punctuated equilibria, Modern evolutionary
synthesis.
Origin of life and unicellular evolution: Origin of basic biological molecules, Abiotic
synthesis of organic monomers and polymers, Concept of Oparin and Haldane,
Experiment of Miller (1953), The first cell, Evolution of prokaryotes, Origin of
eukaryotic cells, Evolution of unicellular eukaryotes, Anaerobic
metabolism,
Photosynthesis and aerobic metabolism.
Paleontology and evolutionary history: The evolutionary time scale, Eras, periods and
epoch, Major events in the evolutionary time scale, Origins of unicellular and
multicellular organisms, Stages in primate evolution including Homo sapiens.
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Molecular Evolution: Concepts of neutral evolution, Molecular divergence and
molecular clocks, Molecular tools in phylogeny, Classification and identification; Origin
of new genes and proteins; Gene duplication and divergence.
Evolutionary Mechanisms: Populations, gene pool and gene frequency, HardyWeinberg law, Concepts and rate of change in gene frequency through natural selection,
migration and random genetic drift, Adaptive radiation and modifications, Isolating
mechanisms, Speciation, allopatricity and sympatricity, Convergent evolution,
Significance of sex in evolution, Co-evolution.
Basic concepts of development: Totipotency, Commitment, Specification, Induction,
Competence, Determination and Differentiation, Morphogenetic gradients, Cell fate and
cell lineages, Stem cells, Genomic equivalence and the cytoplasmic determinants,
Imprinting, Mutants and transgenics in analysis of development.
Gametogenesis, fertilization and early development: Production of gametes, Cell
surface molecules in sperm-egg recognition in animals; Embryo-sac development and
double fertilization in plants, Zygote formation, cleavage, blastula formation, embryonic
fields, gastrulation and formation of germ layers in animals, Embryogenesis and
establishment of symmetry in plants, Seed formation.
Programmed cell death: Hypersensitive response, functions, relevance with
diseases, apoptosis, Caspases, Importance of PCD in plant development, role of PCD,
model of PCD.
Immunology.
Immune system: Recognition of self and nonself, Humoral immunity-immunoglogulins,
basic structure, classes and subclasses, structural and functional relationships, nature of
antigen, antigen-antibody reaction, estimation of affinity constants.
Molecular mechanisms of antibody diversity: Organization of genes coding for
constant and variable regions of heavy chains and light chains. Mechanisms of antibody
diversity, class switching.
Cellular immunity: Lymphocytes, cytokines,
recognition-membrane receptors for antigens.

interferons,

Interlukins,

antigen

Complement system: Complement components, their structure and functions and
mechanisms of complement activation by classical, alternative and lectin pathway.
Major histocompatibility system: Structure and functions of Major Histocompatibility
Complex (MHC) and Human Leukocyte Antigen (HLA) system, polymorphism,
distribution variation and function. Association of MHC with disease and superantigen,
recognition of antigens by T and B-cells, antigen processing, role of MHC molecules in
antigen presentation and co stimulatory signals, tumor immunology.
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Hypersensitivity: Types, features and mechanisms of immediate and delayed
hypersensitivity reactions, immunity to microbes, immunity to tumors, AIDS and
immunodeficiencies, hybridoma technology and vaccine, natural, synthetic and genetic,
development of vaccine for diseases like AIDS, cancer and malaria.
Monoclonal antibodies: Production, characterization and applications in diagnosis,
therapy and basic research, immunotoxins, concept of making immunotoxins.
Diagnostic immunology: Methods for immunoglobulin determination-quantitative and
qualitative
antigen
and
antibody
reactions,
agglutination-precipitation,
immunoflourescence, immunoblotting and assessment of human allergic diseases.
Bioethics and Biosafety.
Social and Ethical issues.
Bioethics: Genetically Modified Organisms and their release in to the environment.
Special procedures for r-DNA based products, Animal rights, Perspectives and
methodology.
Medical ethics: Healthcare rationing, Organ transplantation, Abortion, Euthanasia, InVitro fertilization, Stem cell cloning, Artificial life.
Biosafety: Good Lab Practices, Biosafety for human health and environment, Gene
pollution, Biological invasion, Risk Assessment of GMOs, Biological warfare, CDC
Biosafety levels.
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