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MOLECULES AND THEIR INTERACTION RELAVENT TO BIOLOGY

Ao Structure ol atoms. molecules and chemical bonds
B Composition. structure and function of biomolecules (carbohvdrates, lipids.
protemns. nucleie acids and vitamins.
C. Stablizing inmeractions (Van der Waals, clectrostatic. hvdrogen bonding, hydrophobie
mteraction. ¢1e, )
D Principles of brophysical chemistey (pkL bufter. reaction Kineties. thermodynamies.
collizative properties).
. Bioenergeties, glveolysis, oxudative phosphorvlation. coupled reaction, group
transfer: biological eneruy mrmsducers
Fo Principles of catalvsis. enzyvmes and enzevme Kimeties. enzvime reatlation. mechanism of
enzvme catalvsis, iNozvines .
G Conformauton of proteins (Ramachandran plot secondary structure. domains. motit’
and folds)
I Conformation ot nucleic acids thehix (AL B. ), =RN AL micro-RNA ).
Lo Stability of proteins and nueleic acids,
I Nletabolism of carbohydrates. lipids. amino acids nucleotides and vitamins

CELLULAR ORGANIZATION

Membrane structure and function

(Structure of model membrane. lipid bilayer and membrane protein diffusion. osmosis.
ton channels, active transport, membrane pumps. mechanism of sorting and regulation
of intracellular transport.electrical properties of membranes).

Structural organization and function of intracellular organelles (Cell wall, nucleus,
mitochondria. Golgi bodies. lvsosomes endoplasmic reticulum, peroxisomes. plastds,
vacuoles, chloroplast. structure & functon of cytoskeleton and its rale in motility)

Organization of genes and chromosomes (Operon. unigue and repetitive DNA.
interrupted  genes, gene families, structure of chromatin  and chromosomes,

heterachromatin, euchromatin transposons)

Cell division and cell cycle (Mitosis and meiosis. their regulation. steps in cell cycle,
regulation and control of cell cycle).

Microbial Physiology (Growth yield and characteristics. strategies of cell division,
stress response)

FUNDAMENTAL PROCESSES

DNA replication, repair and recombination (Unit of replication, enzymes involved,
replication origin and replication fork. fidelity of replication. extrachromosomal replicons.
DNA damage and repair mechanisms. homologous and site-specific recombination ).

RNA synthesis and processing (transcription factors and machinery formation of
initiation complex. transcription aclivator and repressor. RNA polymerases. capping.



elongation. and termination. RNA processing. RNA editing, splicing, and
polyadenylation. structure and function of different types of RNA. RNA transport).

Protein synthesis and processing (Ribosome. formation of initiation complex. initiation
factors and their regulation. elongation and elongation factors. termination, genetic code.
aminoacylation of tRNA, tRNA-identity, aminoacyl tRNA synthetase, and translational
proof-reading. translational inhibitors, Past- translational modification of proteins).

Control of gene expression at transcription and translation level (regulating the
expression of phages. viruses. prokaryotic and eukaryotic genes. role of chromatin In
gene expression and gene silencing)

4. Cell communication and cell signaling

A)

E)

Host parasite interaction Recognition and eniry Drocesses of different
pathogens like bacteria, viruses into animal and plant host cells. alteration of host
cell behavior by pathogens, virus-induced cell transformation. pathogen-induced
diseases in animals and plants. cell-cell fusion in both normal and abnormal
cells.

Cell signaling Hormones and their receptors. cell surface receptor, signaling
through G-protein coupled receptors signal transduction pathways, second
messengers. regulation of signaling pathways. pacterial and plant two-
component systems. light signaling in plants. bacterial chemotaxis and quorum
sensing.

Cellular communication Regulaticn of hematopoiesis, general principles of cell
communication. cell adhesion and roles of different adhesion molecules. gap
junctions. extracellular matrix. Iintegrins. neurotransmission and its regulation.

Cancer

Genetic rearrangements in progenitor cells, oncogenes, tumor suppressor genes,
cancer and the cell cycle, virus-induced cancer. metastasis. interaction of cancer
cells with normal cells, apoptosis, therapeutic interventions of uncontrolled cell
growth. :

Innate and adaptive immune system Cells and molecules involved in innate
and adaptive immunity. antigens. antigenicity and immunogenicity. B and T cell
epitopes, structure and function of antibody molecules. generation of antibody
diversity, monoclonal antibodies. antibody engineering. antigen-antibody
interactions. MHC molecules, antigen processing and presentation. activation
and differentiation of B and T cells. B and T cell receptors, humoral and cell-
mediated immune responses, primary and secondary immune modulation. the
complement system. Toll-like receptors. cell-mediated effector functions,
inflammation, hypersensitivity and autoimmunity. Immune response during
bacterial (tuberculosis), parasitic (malarna) and viral (HIV) infections. congenilal
and acquired immunodeficiencies, vaccines.
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3. DEVELOPMENTAL BIOLOGY

A) Basic concepts of development @ Potency. commitment.  specificaton. mduction.
competence, determination and differentiation: morphogenctic gradients: cell fute and cell
lineages: stem cells: genomic cquivalence and the cvtoplismic deternunaniss mprinnng: mutants
and transgenics i analysis of dey clopment

B) Gametogenesis, fertilization and early development: Production of gametes. cell surtace
molecules in sperm-cgy recogmtion in ammals: embryo sac development and double fertihization
in plants: zyvgote formation. cleavage. blastula formation. embryonic fields. gastrulation and
formation of germ lavers in animals: embryogenesis. establishment of symmetry in plants: seed
formation and germination,

C) Morphogenesis and organogenesis in animals : Cell agercgation and differentianion in
Dictvostelium: axes and pattern formation in rosophila. amphibia and chick,  orginogenests
vilva formation i Caenorfabditis - clegais. v lens induction. limbh dexclopment and
regeneration i vertebrates, differentintion of neurons. post embryonie dev clopment- Janval
formation. metamorphosis; environmental reaulation of normal development: sex determination

D) Morphogenesis and organogencsis in plants: Organizition of shoot and oot apical
meristem: shoot and root development: leat development and phvllotaxy: transition to flowenng.
Toral meristems and Qoral deselopment i drabdopsiy and el

1) Programmed cell death, acing and seneseence

6. SYSTEM PHYSIOLOGY - PLANT

A. Photosynthesis - Light harvesting complexes; mechanisms of electron
transport; photoprotective mechanisms: CO; fixation-Cs. Ca and CAM pathways.

B. Respiration and photorespiration - Citric acid cycle; plant mitochondrial
electron transport and ATP synthesis: alternate oxidase; photorespiratory
pathway.

C: Nitrogen metabolism - Nitrate and ammonium assimilation: amino  acid
biosynthesis.

D. Plant hormones - Biosynthesis. storage. breakdown and transport

physiological effects and mechanisms of action.
El Sensory photobiology - Structure, function and mechanisms of action of

phytochromes. cryplochromes and phototropins. stomatal movement:
photoperiodism and biological clocks.
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Solute transport and photoassimilate translocation - uptake, transport and
translocation of water, ions, solutes and macromolecules from solil, through cells,

across membranes. through xylem and phloem: transpiration: mechanisms of
loading and unloading of photoassimilates.

Secondary metabolites - Biosynihasis of terpenes. phenols and nitrogenous
compounds and their roles.

Stress physiology — Responses of plants to biotic (pathogen and insects) and
abiotic (water, temperature and salt) stresses.

SYSTEM PHYSIOLOGY - ANIMAL

Blood and circulation - Blood corpuscles. haemopoiesis and formed elements.
plasma function. blood volume. blood volume regulation. blood groups,
haemoglobin, immunity. hagmostasis.

Cardiovascular System: Comparative anatomy of heart structure, myogenic
heart. specialized tssue. ECG — its principle and significance. cardiac cycle.
heart as a pump. blood pressure, neural and chemical requlation of all above.

Respiratory system - Comparison of respiration in different species anatomical
considerations. transport of gases. exchange of gases. waste elimination. neural
and chemical regulation of respiration.

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.

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.

Thermoregulation - Comfort zone. body temperature - physical. chemical,
neural regulation. acclimatization.

Stress and adaptation
Digestive system - Digestion, absorption. energy balance, BMR.
Endocrinology and reproduction - Endocrine glands. basic mechanism of

hormone  action, hormones  and diseases: reproductive  processes,
gametogenesis. ovulation. neuroendocrine regulation
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8. INHERITANCE BIOLOGY

A) Mendelian principles : Domance. segrecation. independent assortment,

B) Concept of gene = Allele. muhiple alleles. pseudoatlele. complementation tests

C) Extensions of Mendelian principles + Codommance. mcomplete  doninance. genc
mieractions.  pleiotropy.  genonie mmprinting. penctrance and - expressivity, phenocopy.

linkage and crossing over. sex hnkage. sex limited and sex influenced characters,

D) Gene mapping methods @ Linkage maps, tetrad analysis, mapping with molecular markers.
mapping by using somutic cell hvbrids. development of mapping population i pliants

L) Extra chromosomal inheritance @ Inherntance of Mitochondral and chloroplast genes.
maternal mhentanee

1) Microbial genetics @ Mothads of genctic transfers - transformation. conjugation, transduction

and sex-duction, mappimg genes [y mierrupted mating, fine structure ;|l':'.1|_\ sis o genes.

() Human geneties @ Pecdhgree analyvsis, lod score for Imhage tostings Raryotypes. genctic
disorders.

H) Quantitative genetics : Polveenic mhentance. heritability and its measurements. QT1
mapping

1) Mutation @ Types. causes and detection, mutant tyvpes lethal. conditional. Pochemical. Toss
ol function. sain of tuncuon. gernmmnal verses somatic mutints, inscrtional mutagencsis.

B Structural and numerical alterations of chromosomes @ Deleuon. duplication. imversion,
trunslocanion, ploidy and thewr eenctic implications,

K) Recombination : Homologous and non-homologous recombimation mchudimy ranspostion.

4, DIVERSITY OF LIFE FORNVIS:

A Principles & methods of taxonomy:

Concepts of species and hicrarchical taxa, biological nomenclature. classical &
quantititative methods of tixonomy of plants, animals and MICTOOrEANISNS,

B. Levels of structural orsanization:

Unicellular, colonial and multicellular forms. Levels ol organization of fissues, organs
& svstems. Comparative anatomy. adaptive rdiation. adaptive maodifcations,
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(', Outline classification of plants. animals & microorganisms:
Important criteri used tor classitication in cach taxon. Classification of plants.
animals and microorganisms. Fyolutionany relatronships among taxa,

D. Natural history of Indian subcontinent:
Major habitat types of the subcontinent. geographic origins and migrations of
species. Comman Indian mammals. birds. Scasonaliny and phenologs ot the

subeontinent.

3 Organisms of health & agricultural importance:
Common parasites and pathogens of humans. domestic aninuls and crops

I Organisms of conservation coneern:
Rare. endungered species, € ansery dion strategies

10. ECOLOGICAL PRINCIPLES

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. character displacement.

Population Ecology: Characleristics 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, symbiosis.

Community Ecology: Nature of communities: community structure and attributes;
levels of species diversity and its measurement. edges and ecotones,

Ecological Succession: Types: mechanisms: changes involved in succession: concept
of climax.

Ecosystem Ecology: Ecosystem structure: ecosystem functlion; energy flow and
mineral cycling (C.N.P). primary production and decomposition. structure and function
of some Indian ecosystems terrestrial (forest. grassland) and aquatic (fresh water,
marine, euslarine).

Biogeography: Major terrestrial biomes: theory of island biogeography:
biogeographical zones of India.
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Applied Ecology: Environmental pollution: global environmental change: biodiversity:
status, monitoring and documentation: major drivers of biodiversity change: biodiversity
management approaches.

Conservation Biology: Principles of conservation, major approaches to management,
Indian case studies on conservation/management strategy (Project Tiger, Biosphere

reserves).

I EVOLUTION AND BEHAMIOUR

A Emerdgence of evolutonary thoughis
Lamarek: Darsm concepts of vagiation, adaptation, struggle. fimess and natural
selection: Mendelism: Spontancity of mutations: The evoluionary synthesis

3. Origin of cells and unicellubir evolution.
Origin of basic biological molecules: Abioue <vnthesis of vrganic monomers and
palvmers: Concept of Oparin and Haldane: xperiement of Ahller 11933): The first cell:
Fvolution of prokarvotes: Origin of eukaryoue cells: Evoluton ol unieellulur
cukarvotes: Anacrobic metabolism. photosynthesis and aerobie metibolism

C Palcontology and Exvolutionary thstory
I'he evolutionary Ui scule: Eras, pertods and epoch: Najor ¢vents in the cvolutionary
time seale: Origins of umeellulae and mult cellular orgamanis. NLgor groups of plants
and animals: Stages i promate cvolution mcluding Homo,

B Molecular Evolution
Concepts of neutral evolution. molecukar disergenae and molecular clocks.
Moleanlar toals in pliviogeny. classificaton and entification: Protein and
nucleotide sequence nalysi< origin ol new genes dnd proteims; Gene duphication
and dhvergence,

E The Mechanisms,
Population geneties  Populations, Gene pook Gene fregquency: Hardy-Weinberg Law:
concepts and rate of change m gene freguency through natural selection. nugration and
random genctic drift Adapuae radiion. Isolaung mechanisms: Speciation: AHopatricity
and Svmpatricity: Comergent o oluton: Sexual selection: Co-evolution,

I’ Braim. Behavior and Pyolution:

Approaches and mdthods e study af Belivior Prosmate and . nlimate cadsation:
Mtruism and evolution=Gronp selecton, K sclection, Reciprocal altnism. Neural hisis



of learnmg, memors. cognition. sleep and arousal: Biologieal clocks: Development
of behavior: Soetal compuinication: Socil dominance: Use ofspace and  ernitoriahiny:
Mating  svstems, Parental - muvestment and - Reproduchive  steedss: Parental  care.
Aggressive behvior: Habta election and aptimaliny in foraging: \igration. vrientation
and naviaation: Domestication and hehin woral changes.

APPLIED BIOLOGY:
AL \eroal fermentation and production ol ariall and macro malecules.

5. \pplicaion o iminnological pringiples. vacemes. diagnostios Tissue
aied cell calmre methods dor plants and anomalds.

@ L ransgeme anmals and phants. molecular approaches to diignosts and
strain dentitication

D, Gienomics and 1ts apphication 1o health and agriculiure. meluding gene
therapy

|2 Broresouree and tses of brodeesits
[ Breeding in plants and animals, mcluding marker assisted selection
G. Bioremediation and phytoremediation

1. [Bosensors



METHODS IN BIOTOGY

Voleeular Biology and Recombinant DN A methods:

[solation and puritication of RN A DN Ceenonie and plasimid) i profeins
ditterent separation metheds
Anatvais of RNACDN Aind protems [N

L'!CL‘!I‘\"[‘.]'H31'L'~«1\. Irocleetrie oeusimy _‘_'u'i~

st andd 1o dimiensional eel

Molecular clonme of DNAor KRNA Tradient> in Buctertaland cukaryotic ssstems
Fxprossion of recombiiant profeits dsing bacteral, animal and plant veciors

Isolatton of speettic nuclere aend sequendes

Creneration of genone and cDNA Tibrares m plasmid. phage. cosmd, BAC and Y M
vevtors,

I vitro mutasenesis and deletion techmgues. genc Knock out 11 hactertal and
cukaryole oraantsims

Protein sequencme methads. detection o post twanshition modificanon ol proteins,
PDNA sequenemy methodso strategies fargenenie sequenong.

Methods Tor analysis of gene expression at RN A and protem level. large scale
expresston. such s miieto arras hased technigques

[~olation. separation and anadyas ol carbolivdrae and hpudmoelecules

RELE. RAPD and AFLP jechinnfues
Histochemical and Immunotechnigques

vntibody generinon, Dotection o mobecides s B1ISACREN western blot.
imunopree ipiation, uocstometry arrd pmmunofluoreseene e MISEesennd

deteetion ol mulecules i Tivmg cellsm it Lol zanon by rechmgues such as IS
andd GIST

Biophysical Method:

Moleetlar analysis using UV visible, fluorescence. cirealar dichrorsm, NMR and ESR
spectroscopy Molecular structre determmitien ustine N=vay - diffraction and NMR,
Voleenlur analysis using heht satenng. Jifterent tupes of Mias spheetrometry and
surface plaspitresonaney methods

Statisiteal Merhads:

Measures of central tendeney and dispersal . probubiay distrbutions  (Binontial
Poisson-and noaaly, Samphg distribapions Pilerende et eer praranieite and
poR-paramelric sttt Contidence: heral, oo Lavels ol stenifieanee:
Regression and Correlalion, S Analasiy o v N testn Bosie ireduction
to Muctrovariile stisies. eie



Radiolabeling techniques:
Detection and  measurentent of differant eepes of radhaisotones ormadly gsedm
biology, incorpatation ot rudiosatopes 0 Boldical fesies unl cells, molecular

wiaiging of radioactive nuternalosaday eundelines

Microscopic technigues:

Visulization of cells and subeeltlular components by light nieroscapy s resolving - powers
of different microscopes. microscops of living cells, scannimg and. ransission
microscopes. different tixation and staimng weehngoes for AL trecze-cieh wnd freeze-
fracture methads for B image provessing mcthods i imeroseops

leetrophysiological methods:

Single neuron recarding. patch-clamp pecording. 1O, Brain aetnaty recording. Teston
and stimulition of b plamavologien] testmge PEEMRENIRECA]

Methads in ficld biolowy:
Methods of estimatmg population density of asitals s plants. anzing paterm

through direct. mdireet ad remate phser ations ciupling methods i the studs of

ez vor. habrt eliracterizton . dretd and reninte seisine Pt hiods



