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MOLECUKE? AND THRTO WTCHACTrON RF.T.AVENTTO niot.or.v

A. Structure of atoms, molccules.and chemical bonds.
B Cqmpositiorii structure and function of biomoiccules (carbohydrates, lipids,

proteins,, nucleic acids and vitamins).
C. Stablizing interaciions (Van dor Waals, electrostatic, hydrogen bonding, hydrophobic
interaction, etc.).
D-Principles of biophysical chemistry (pH, bulTer, reaction kinetics, thermodynamics,
colligativc properties).
E. Btoenergetics, glycolysis, oxidativc phosphorylatkm, coupled reaction, group

transfer, biological energy transducers.
P. Principles ofcatalysis, enzymes and enzyme kinetics, enzyme regulation, mechanism of
enzyme catalysis; isozymes
G. .Confortnation ofproleins (Ratnaciiandran plot, secondary structure, domains, motif
and folds).
H. Conformation of nucleic acids (helix (A, B. Z), t-RNA, micro-RNA).
(. -Siabiliiy ofprotoins and nucioic-ncids.
J. Metabolism of carbohydrates, lipids, amino acids nucleotides and vitamins,

2. cellular ORGAMIZATinrJ

A) Membrane structure and function
(Structure of model membrane, lipid bilayer and membrane protein diffusion, osmosis,
ion channels, active transport, membrane pumps, mechanism of sorting and regulation
of Intraceliular transport,eleclrical properties of membranes).

B) StructuraLorganlzatlon and function of Intraceliular organelles (Cell wall, nucleus,
mitochondria. Golgi bodies, lysosomes, endoplasmic retlculum, peroxlsomes, plastids.
vacuoles, chloroplast, structured function of cytoskolelon and Its role In molility).

C) Organization of genes and chromosomes (Operon, unique and repetitive DNA,
interrupted genes, gene families, structure of chromalin and chromosomes!
heterochromatin, euchromailn, iransposons).

D) Cell division and cell cycle (Mitosis and melosis, their regulation, steps In cell cycle
regulation and control of cell cycle).

E) rviicroblal Physiology (Grov/lh yield and characteristics, strategies of cell division
stress response)

1  FUNDAMEm-AL PROCFRSKR

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

B) RNA synthesis and processing (transcription factors and machinery, formation of
initiation complex, tronscrlption activator and represser, RNA polymerases, capping,



elongalion, and termination, RNA processing, RNA editing, splicing, and
polyadenylalibn, structure and function of different types of RNA, RNA transport).

C) Protein synthesis and processing (RIbosome, formation of initiation complex, Initiallon
•factors and,their regulation, elongation and elongation factors, terminailon, genetic code,
artiinoacylation of IRNA. IRNA-identlty, amlnoacyl IRNA synlhetase, and translational
proof-readingr translational inhlbitorsi Post- (fanslstipnal modification of proteins).

b) Control of gene expression at transcription and translation level (regulating the
expression of phages, viruses, prokaryotic and eukaryolic genes, role of chromatin in
gene expression and gene silencing).

4. Cell communication and cell sfanalina

A) Host parasite interaction Recognition and entry processes 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.

B) Ceil signaling Hormones and their receptors, cell surface receptor, signaling
through G-prolein coupled receptors, signal transduclion pathways, second
messengers; regulation of signaling pathways, bacterial and plant two-
component systems, light signaling In plants, bacteria! chemolaxis and quorum
sensing.

C) Cellular comrhunlcatibn Regulation of hematopoiesis, general principles of ceil
communication, ceil adhesion and roles of different adhesion molecules, gap
junctions, extracellular matrix, inlegrins, neurolransmission and Its regulation.

D)' Cancer

Genetic rearrangements in proger;itor 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 unconlroiled cell
growth.

E) Innate and, adaptive immune system Cells and molecules involved in innate
and adaptive immunity, antigens, antigenlcity and immunogenlcity. B and T cell
epitopes, structure and function of antibody molecules, generation of antibody
diversity, monoclonal antibodies, antibody engineering, antigen-antibody
interactions, MHO molecules, antigen processing and presentation, aclivaiion
and differentiallon 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 autoimmunlty, immune response during
bacterial (tuberculosis), parasitic (malaria) and viral (HIV) infections, congenital
and acquired immunodeficiencies, vaccines.



.5. nKVRT.OPMKNTAL BTOT.nGV

A) Basic concepts of development : Potency, commitmenl, specification, induction,
competence, determination and differentiation; morpliogcneiic gradients; cell fate and cell
lineages; stem cells; gcnomic equivalence and the cyiopiasmic dclcrininants; imprinting; mutants
and transgcnics in nnalysis ofdcvciopmcni

B) Gamelogenesis, fertilization and early development! Produclion of gametes, ccl) surface
molecules in sperm-egg recognition in animals; embryo sac development and double fcrtilizaiion
in plants; zygote rpriniilion, cleavage, binstula forrnaiibn, embryonic fields, gastrulalion and
formaiibn of germ layers in animals; ernbryogcnesls, establishment of symmetry in plants; seed
rormaiion and germination.

C) Morphogenesis: and organogenesls in animals : Cell aggregation and difrercnliatlon in
Dictyosieliimji axes and pnttcm formation in Drosophlla, nmphlhia and chick; organogcncsis-
vulva fdrmation in Caenorhabdifis alegans, eye lens induction, limb development and
regeneration in vertebrates; differentiation of neurons, post embryonic development- larval
formation, metamorphosis; environmental regulation of normal development; sex determination.

D), Morphogenesis and organogcnesis In plants: Organization of shoot and root apical
mcrislem; .slioot and root devclopmcnl; leaf development and phylloiaxy; transition to flowering,
floral msristcms and flora) development in Arubidopsis and Antirrhinum

E) Programmed coil death, aging and .senescence

6. SYSTEM PHYSIOLOGY ̂ PLANT

A. Photosynthesis - Light harvesting complexes; mechanisms of electron
transport; photoproteclive mechanisms; COz fixation-C3, C4 and CAM pathways.

B. Respiration and photoresplratton - Citric acid cycle; plant mitochondria!
electron transport and ATP synthesis; alternate oxidase; photorespiratory
pathway.

G. Nitrogen metabolism - Nitrate and ammonium assimilation; amlno acid
biosynthesis.

D. Plant hormones - Biosynthesis, storage, breakdown and transport;
physiological effects and mechanisms of action.

E. Sensory photobiology - Structure, function and mechanisms of action of
phytochrpmes. cryptochromes and pholotropins; stomatal movement;
photoperlodlsrri arid biological, clocks.



F. Solute transport and photoasslmilate translocation — uptake, transport and
translocation of water, ions, solutes and macromolecules from soil, through cells,
across membranes, through )^Iem .and phloem;'transpifation; mechanisms of
loading and unloading of pholoassimilates.

G. Secondary metabolites - Biosynthesis of lerpenes. phenols and nitrogenous
compounds and Ihelr roles.

H. Stress physiology - Responses of plants to biotic (pathogen and Insects) and
abiotic (water, temperature and salt) stresses,

7. SYSTEM PHYSIOLOGY - AfJIMAf

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

B. Cardlpvascular 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.

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

D. Nervous system - Neurons, action potential, gross neuroanatomy of the brain
and spinal cord, central and peripheral nervous system, neural control of muscle
lone and posture.

E. Sense organs - Vision, hearing and tactile response.

F. Excretory system - Comparative physiology of excretion, kidney, urine
formation, urine concentration, waste eliminalion, micturition, regulation of water
balance, blood volume, blood.pressure, electrolyte balance, acid-base balance.

G. Thermoregutation - Comfort zone, body temperature — physical, chemical,
neural regulation, accllmalization.

H. Stress and adaptation

I. Digestive system - Digestion, absorption, energy balance, BMR.

J. Endocrinology and reproduction - Endocrine glands, basic mechanism of
hormone action, hormones and diseases; reproductive processes,
gametogenesis, ovuiation, neuroendocrlne regulation



8. rNHRRTTANCRBTOT,OGY

A) Mendellan principles ; Dominance, seBreyaiion, indcpendeni assortmeni.

D) Concept of gene; Allcle, multiple alleles, pseudoQilcle, complementation tests

C) Extensions of Mcfidclian principles ; Cocjbminance, incomplete dominance, gene
interactions, pleiotropy, genomic imprinting, penoirance and expressivity, phcnocopy,
linkage and crossing over, sex linkage, sex limiicc! and sex influenced characters.

D) Gene mapping methods : Linkage maps, tetrad analysis, mapping with molecular markers,
mapping by using somatic cell hybrids, development of mopping pppulation in plants.

E) Extra chromo.soraal inheritance : inheritance of Mitochnndrial and chloropJast genes,
maternal Inheritance.

F) Microblal genetics : Methods of genetic transfers - transformation, conjugation, transduction
and scx-ducllon,. mapping genes by Interrupted mating, fine structure annly.sis ofgenes.

G). Hiiman-genetics,: Pedigree, analysis, led score for linkage testing, karyotypos, genetic
disorders.

If): Quaiititativc genetics : Pblygcnlc inheritance, hcritabilily and its measurements, QTL
mapping.

I) Mutation :: Types,- causes and detection, mutant types - ieihai, condiiionai, biochemical, loss
of function, gain of (Unction, germinal vcr.ses somatic mutants, inscriionQl muiagcncsis.

.1) Structural and numerical aitcnttlous of chromosomos ; Deletion, duplication, inversion,
iranslocatibn, ploldyand their genetic implicetions.

T<) Recombination : Homologous and non-homotagous rccombinailon Including transposition.

9. DrVERSTTY-OFTJFE FORMS:

A, rrinciplcs & methods of taxonomy:

Concepts ofspeciesiand hiurarchicai laxa, biological nomenclature, classical &.
quanlititative methods of taxonomy of plants, animals and microorganisms.

B. Levels of structural organization:
Unicellular, colonini and mnlllccllular forms. Levels of organization oflissucs, organs
&systems. Comparative anatomy, adaptive radiaiion, adaptive modificatio^is.



C. Outlioc classificalion of plants, animals & micronrganisnis;
Important .criteria used for classification in each taxon. Classification of plants,
animals and microorganisms. Evolutionary relationships among taxa.

p.. Natural history of'Indian subcoiilincnt:
Major habitat types of the subcominent, geographic origins and migrations of
species. Comman Indian tnammals, birds. Scasonalily and phenology of the
subcontinent.

E. Organisms of health & agricultuml importance:
Common parasites and pathogens of humans, domestic animals and crops.

E. Organisms of conservation cohcohi:

Rare, endangered species. Conservation strategics.

10. ecological PRii^r:iPiFR

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: Characteristics of a population; population growth curves;
population regulation; life history strategies {r and K selection): concept of
metapopulallon - demes and dispersal, Interdemlc extinctions, aqe structured
populations.

.Species Interactions: Types of interactions, interspecific competition, herblvory.
carnlvofy.'pollinationj 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 function; energy flow and
mineral cycling (G.N.P); primary production and decomposition; structure and function
of some Indian ecosystems: terrestrial (forest, grassland) and aquatic (fresh water,
marine, eustarine).

Biogeography: Major terrestrial blomes; theory of island blogeography;
biogeographlca! zones of India.



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).

n. CTor.nTTON and nEHAvrmm

A. Emergence of evolutionary thnuL>hts

Lamarck; Darwin-conccpls of varlalion, adaptation, .struggle, fitness and natural •
selection; Mendeiism; Spontaneity of mutations; The evolutional^ synthesis.

Origin of basic biological molecules; Abiotic synthesis of organic monomers and
.polymers:; Gonccpi of Gparin and Haldanc; Expcrlenient ofMiller (1953); The first ccj];
Evolution of prokaryotcs;'Origin ofeukaryotic cells; Evoiution of unicellular
eukaryoles; Anaerobic metabolism, phoiosynlhesls and aerobic metabolism.

Paleontology and Hvolutionarv HIsrnrv!

Tlie evdiutionary time scale; Eras, periods and epoch; Major events in the evolutionary
lime scale; Origins of unicellular and muUi cellular organisms; Major groups of plants
and animals; Stages in primate evolution including Homo.

D: Molecular Evniutinn:

Concepts of neutral evolution, rriolecuiar divergence and molecular clocks;
Molecular tools in phylogcny. classincaiion and idcritincatlon; Protein and
nucleotide sequence analysis; origin of new genes and proteins; Gene dupiicalion
and divergence.

E. TheMechanisms!

Population genetics - Populationsi Gene pool, Gene frequency; Hardy-Wcinberg Law;
concepts and nueofchange m gene frequency through natural selection, migration and
random genetic driR; Adaptive radiation; Isolating mechanisms; Spccialion; Ailopatriclty
and Sympatriciiy; Convergent evolution; Se.xual selection; Co-evolution.

F. Brain. Behavior and Evolution;

Approaches and methods in study of behavior; Proximate and ultimate causation;
Altruism and evolution-Group selection, Kin selection, Reciprocal altruism; Neural basis



of learning, memory, cognition, sleep and arousal; Biological clocks; Development
of behavior; Social communicoilon; Social domljiance; Use ofspace and icrriiorialiiy;
Mating systems, P^ental investment and Reproductive success; Parentel carc;
Aggressive behavior; Habitat selection and optimality in foraging; Migration, orientation
and navigation;, Domestication and behavioral changes.

12. APPI-TED BIOLOGY:

A. Mtcrobifll fermentation and production ofsinal! and macro molecules.

B. Application of immunobgical principles, vaccines, diagnostic.^. Tissue
and cell culture methods for plants and animak

C. Trai^gcnic animals and planlSi molecular approaches to diagnosis and
strain identification.

D. Gcnomics and its applioatioh to health and agriculture, including gene
therapy.

E. Bioresource and uses of biodiversity.

E. Breeding in plants and animals, mcluding marker- assisted selection

G. Bioremediation and phytorcmediation

H. Biosensors



33. METHODS IN BIOLOGY

.A. Molecular Biology and UccombJnant DNA methods:

• DMACgenomic nnd plasmid) and proteins
dmcrent separaiion methods.
Analysis bPRNA, DNA and proteins by one and two dimensional gel
eleoirophorcsis, Isoeleclrlc focusing gols.
Molecular cloning of DNA or RNA fragments in baclcrml and eukoryolic systems.
Expression ofreccmbinant proteins using bacterial, animal and plant vectors.
Isolation cfspccific nucleic acid sequences
Generation ofgenomic and cDNA libraries in plasmid, phage, cosmid, BAG and YAC
vectors.

In vitro mutagenesis and deletion techniques, gene knock out in bacterial and
cukaryoilc organisms.
Protein sequencing methods, detection of post translation modification of proteins.
DNA sequencing methods, strategies for genome .sequencing.
Methods for analysis of gene expression at RNA and proteui level, large scale
expression, suclt as micro array based techniques
Isolation, separation and analysis of carbohydrate and lipid molecules
RFLP, RAPD.and AFLl? tccliniqucs

B. Histochemical and Immunotcchniques

Antibody generation. Detection of molecules using ELISA, RIA, western blot,
iinmunoprccipitation. fluocytometry and immunofluorescence microscopy,
detection of molecules in living cells, in situ localization by techniques such as FISH
and GiSH.

C  Biophysical Method:

Molecular analysis u.sing UV/visible, fluorescence, circular dichroism, NMR and HSR
spcctroscopy Molecular structure determinKlion using X-ray dinVaclion and NMR,
.Molecular analysis using ligiu scattering, dilTercni types of mass speciromelry and
surface plasma resonance methods.

D  Siatlsltcal Methods:

Measures-Of central tendency and dispersal; probability disiribuilons (Binomial,
Poisson and normal); Sampling distribution; Difference between parametric and
non-parametric statistics; Confidence Interval; Errors; Levels of significance;
Regression and Correlation; i-tcst; Analy.s{s of variance; X" test;; Basic introduction
to Muetrovariale statistics, etc.

10



E. Radiulabeling techniques;

Pcteclion and measuremeiil of difTcrenl types of radioisotopes normally used in
^"^orpbration of radioisoiopes in biological, tissues and cells, molecular

ithaging of radioactive maicrlal, safety guidelines,

F. Microscopic techniques;

Visulization bfcclls and subcollular cornpononts by light microscopy, resolving powers
ofdifTcrcnt microscopes, microscopy ofliving cells, scanning and iransmission
microscopes, different fixation and staining techniques for EM, freezc-ctch and freeze-
fracturd'methods for EM, image,processing methods in microscopy.

G. Electropbysiological methods:

Single neuron recording, patch-clamp recording, ECO, Brain activity recording, lesion
and stimulation ofbrain, pharmacological testing, PET, MRI. fMRJ, CAT.

H. Methods in field biology:

Methods of estimating'population density of anihiais and plants, ranging patterns
through direct, Indirect and remote observations, sampling methods in tlic study
behavior, habilai characterization: ground and remote sensing methods..
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