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SUBJECT :LIFE SCIENCES (SYLLABLUS)

for

Doctoral Eligibility Test (DET) for Ph.D

entrance Examination

CONTEMNTS:

CHAPTER 1: sdalecules and their Interaction Relevant to Biology
CHAPTER 2: Cellular Oreanization

CHAPTER 3:  Fundamental Processes

CHAPTER 4:  Ccll Communication and Cell Signalling
CHAPTER 5:  Developmental Biclogy

CHAPTER 6:  Hystem Physiclogy - Plunt

CHAPTER 7:  System Physiclogy - Animul

CHAPTER 8:  Inheritance Biology

CHAPTER9:  Ccological Principles

CHAFTER 11: Applied Diology

CHAPTER 11: Merhods in Rinlogy
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DETAILS

1. MOLECULES AND THEIR INTERACTION RELAYENT TO BIOLOGY

a.) Structure of atoms, molecules and chemical bonds.

b} Composition, structure and function of biomolecules {carbohydrates, [ipids,
proteins, nucleic Acids and vilamins).

¢) Stablizing interactions (Van der Waals, clectroslutic, hydropen

Bonding, hydrophobic intcraction, ete. ).

d} Principles of hiophysical chemistry (pI1L buflec. reaction

Einetics, thermodviamics, collipative propermiesh,

e) Bioenergetics: plycolvsis, oxidative phosphorylation,

coupled reaction, group
transfer, bulogrical enerpy ransducers.

f) Enzymes:FPrinciples of catalysis, cnmvmes and ensgyme kinetics,

emyyme regulotion, mechanisim of enegyme catalysis, isozymes.

g} Confoermation of proteins {Ramachandran plot, sceondary

structupe, domaing, motif and [olds).

hy Conformation of nueleic aeids (hehx (A, T, 7], -RNA, micro-HN A},

i} Stability of proteins and nucleic acids.

j1 Metabalism - corhohydrates, hipids, amino acids nocleslides snd vilamins.

2. CELLULAR ORGANTIZATION

a) Membrane structure 1od funetivo
(Structure of model membiane, lipid bilaver and membeane proiein
ditfusion, osmosis, 1on channels, aclive transport, memhbrang pumps,
mechanism of sorfing and regulation of intracellular transport,electrical
properics of membranes).

h} Struciural erganizatien and funclien of intraccllular organelles [Cell wull, nugleus,

)
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£} Organization of genes and chromosomes (Operon. unigue and repetitive DINA,
inteerupted gencs, mene families, stucture of chromatin and
chromosomes, heterochromatin, suchromating (anspesons).

) Cell division and cell eyele {Mitosis und meiosis, their regnlagion, steps in cell cyele,
regulation and contral of cell cvele].

) Microbial Physiology  (Girowth vield and characreristics, strategies ol cell

dirvisinn,
gHCas [E3PONSE)

3, FUNDAMENTAL PROCESSES

1Y) DNA replication, repair nmld recombingtion (Unit of replication, cnaymes involved,
replication erigin and replication fork, fdelity of replication,
extruchromesomal replicons,

DXA damage and repair mechanisms, homologous and site-specitic
recoan binarinm .

b} RM A synthesis and  processing [ransceiption factors and machinary. formation of
iniciation complex. transeriplion sciivator wnd repressor, BRMA polyimerases,
capping,clongation, and lermination, RNA  processing, RMNA  editing,
splicing, and polyaderylation, struetuce and function of different types of RMA, RNA
transport).

ch Protein synthesis and processing (Ribosome, formation of initiation complex, initiation

matachondrin, Gelgi bodwes, lysesomes, endoplasmic reliculens.
peroxisomes, plastids, vacucles, chloroplast, struclere & function of

cyvloskeleton and its pole in matility ).

lactors and their regulation, @ longzation and €longation faclors, termnation,
genelic code, aminnacylation of IENA, IRNA-identily, aminougy] (RNA

m
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synthetase, and translatioral proo-reading, translational inhibitors, Posl-

translational maditication of profging).

i) Control of gene expression at transeription and translation level [regulating the
expression of phages, viruses, prokaryotic and eukaryotic gencs, role of

chromatin in rene expression and peae sileneing).

4. Cell communication and cell signalling

u) Host parasite interaction: Recogniticn and enlry progesses uf different
pathagens like bucteria, viruses into unimal and plant host cells,

alleration of host

ccll behaviar by pethogens, vims-induced cell transformalion,
pathogen-induced diseases in animals and plants, cell-cell tusion
ity both nommal and ubnormal

cella.

b} Cell signaling Hormones and their receplors: cell surface receptor,
signalling theongh G-protein coupled receptors, sigmal transduclion pathways,
second messenpers, epeulation of sigoalling  pathways, bacterial and plant

two-component systems, lipht sipnalling in plants, bacterial chemotaxis and quoruin

sensing.

) Cellular commmupication :Regulation of hemalopeiesis, general principles of
cell communication, cell adhesion and reles of different adhesion molecules, gap

junctions, extracelluler mateix. integrins, nenrctransmission and its regulation.

i) Cancer (Cienetic rearranpements in progenitor cells, oacopenes, lumor
suppressar genes, cancer und the cell evele, virus-induced cancer, melastasis,
mteraction of cancer vells wilh normal cells, apeptosis, therapeutic interventions of
unconeralied cell prowils.

¢} Tnnate and adaptive immune system :Cclls and molecules involved in inoate

—_— e e e e T ————
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and adaptive immumity, sntigens, antigenicity and immunogenicite, Band 1 cell
cpitopes, structure and function of antibedy melecales, generation of untibody
diversity, monoclonal antibodies, antibody erngineering. antigen-antibody
interactions, MHC maolecules, anligen processing and presentation, activation and
differentiation of B and T eells, B and T ccll recoptars, humoral and cell-
mediated immune responses, primary and segondary immune modulation, the
complement system, Toll-like receplors, ccll-mediated effeclor  funclions,
inflammation, hyperzensitivity and auteimmunity, immune Tesponse  during
bacterial (luberculosis), parasitic {malariz} and viral (HTV} infections, congenital

and acquired immunodeficicncies, vaccines.

5 DEVELOPMENTAL BIOLOGY

a} Basic concepts of development @ Pofency, commitment,
specilication, induction, competence, delerminetion and differentiatinn;
momhopenctic aradients; cell fate and cell lincages, stom cells: penomic
equivalence and the eytoplasmic determinants; inprinting; mulants and

transgenics in analysis of development

b} GGametogenenis, fertilization and early development; Produetion of
garmetes, cell swlace molecules in sperm-egy recognition in vnimals;
embryo sac development and double fertilizalion in plants; zvgote
formution, clesvage, Blustula fomation, embrvonic felds, gastrolation
and formarion of perm lavers ib animals; embryngenesis, establishment of

svmmelry in plants; seed formation and earmination.
i ¥inp B

¢) Morphogenesis and arganogenesis in unimals = Ccll aparepalion and
cell differantiation: axes und pallern formation in Drosophila,
DEEANCESNCEs -

viulva formation in Caemorfabdiie elegoms, eve lens induction, limb
development and

s e o
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regeneration in vertebrates, differentiation ol neurons, post embryonic
development- larval

formation, melamorphosis; environmental regulation of normal development;

sex determination.

d) Morphogenesis and organoegencsis in plants: Orpanization of
shoot and root apical meristeny; shoot and root development; leaf

development and phyllotaxy; transition o flowering, floral meristems and

Noral development in drehidumsiy and Artive Riveesm

&) Programmed ccll death, aging and senescence

fh. S¥STEM PHYSIOLOGY - PLANT

a) Fhotosynthesis - Light harvesting complexes; mechanisms of electron

trahsport; pholoprotective mechaniams; COz fivation-Ca, Oy and CAM pathways,

1] Respiration and photorespiration - Citrie aecid cyele; plan
mitochondrial eleciron transport and A TP synchesis; alternate oxidase;

photorespiratory pathway.

¢} Nitrogen metabolism = Nitrate and ammonium assimilation: amino

aeid hiosyathesis.

d} Plant hormoencs - Biosynthesis, storage. breakdown and  transpoct:

physiclueical elfecls and mechanisms of action.

e} Sensory photobislegy - Structure, fnetion and mechanisms of action
ol phytochromes, cryvpwochromes snd  phototropins;  stomatal movement:

photoperiodism and bielogical clocks.
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n Solute transport and photoassimilate translocation - uptake, ransport st
tramslocation of water, jons, solules and macromolecules from soil,
through cells, across membranes, theough xylem and phluem:
transpication; mechanisms of Jouding und unloading of

photoassimilates.

4] secondary metabalites - Biosynthesis of rerpenes, phenols and nitrogenons

compounds and their roles,

h) Stress physiology - Responses of plants to biotic (pathogen and insecis) and

ahictic [water, temperature and sull) sleesses,

g SYSTEM FHYSTOLOGY - ANIMAL

a) Blood and circulation - Blood corpuscles, haetnopoiesiz and formed elements,
plasma  function, blopd volume, blood wolume  megulation,

hlood  groups, heemoplobin. jnmunity, hacmostasis,

(] Cardiovascular Syslem: Comparative anatemy of heart structure, myogenic
hewrt. specialized tisaue, BOG - its principle and sipmiicence,
cardiac cycle,
heart as w purnp, blood pressur, nowral and chemical regulation of all

uhuve.

<) Respiratery sysiem - Comparizon of respiration in different species, anatomical
considecations, transport of gascs, cxchange of pascs, wasic

elimination.

d} Nervous system - Tvpes of neurons, action petential, Saltatory conduction

, neural control of muscle wne and postune.

e E—

UNI¥ENSITY DEFARTMENT OF LITE SCIENCE | SYLLADUS FOR PET EXAM) Page?




SIHAKI MAHIU KUYALANLHAL UNIVEKJITY

2021
DHANBAD PIN- 826001
€} Sense organs - Vision, hearing and tactile response,
h Excrctory system - Cumparative physiology of excretion, kidney,

urine formation, urine concentration, waste elimination, regulation of waler

balance, Blood volume, oo pressure, electrolyie bulunce. acid-basc bulance.

g) Thermoregulation - Cnmfort zone, bady temperature - phsical.
cheimical neural repulation, acelimatization, Stress and adaptalion

i) Digestive system - Physiology of digestion. absorplion, energy balance, GMR.
1] Endocrinelogy and reproduction - Endocrine glands, basic mechanisem of

hopmene  action, hormones  and  diseascs;  reproductive

procosses, gamelogenesis, ovulation, nenzocndncring epuiation.

8. INHERITANCE BIOLOCY

a} Mendclian principles : Dominunce. segregation, independent assortmenl.
b) Concept of gene @ Allele, multiple alleles, pseudoallele, complementation Lests

¢} Extensions of Mendelian principles : Uodnminance. incomplete
dominance, gene inleractions, pleiotropy. wenomic imprinting. penctrance and
expressivity, phenocopy, linkage and crossing vver, sex linkage, sex limited and sex

influenced characters,

d} Giene mapping methods @ Linkape maps, tetrad analysis, mapming with
mulecular markers, mapping by wsing somatic cell hybrids, development of

mapping population in plants.

e) Extra chromosomal inheritanee : Tnheritance of Milochondrial and

chlaruplust zencs, matemal inherilunce.

— e — = e —
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N Microbial genetics : Methods of genetic lranslers - transleamation,
conjugation, leunsduetion and sex<luction, mapping genes by intesrupted

tating. fine structure analysis of penes.

2) Human genetics : Pedigree analysis, lod score for linkage testing,
karyolypes, penatic disorders.

hy Quantitative genetics @ Polypenic inheritance, heritability and ity

measurcmeniz, QTL mappiog.

i) Mutation : Types, couses and detection, mutant trpes - lethal,
conditional, biochernical, less of lunetion, gain of function, perminal verses

somulic mutants, insertional mutapenesis.,

i1 Structural and nomerical alterations of chromosomes @ [xeletion,

duplicarion. inversion, transloculion, plowdy and their penelic woplicaticns,

k) Recombinniion ; [lomologous and noo-homologous recombinalion including

tramspasition.

[ Population genetics — Populations, Gene pool, (Giene frequency; Hardy-Weinberg Law;
concepts and eare of change in gene frequency through namiral selection. migralion wnd

random gengtig dritt

9. ECOLOGICAL PRINCITLES

a1The Environment: Physical cnwvironment; biotic  cnvironment;

Fotic and  abiobic interactions.

h) Tlabitat and Niche: Concept of habitat and nichs; niche width and
averlap; fundamental and realized niche; resoures pattitioning, character
displacement.
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¢} Population Feology: Characteristics i g population; population
prerwth curves;population regulution;  lifte  history strategies (v and K
selecion), concept of mewpopulation - deines and  dispersal,

interdemic extinctions, age steuctured populations.

d) Species Internctions: Types ol inleraclions, interspecific

commpetition, herhivory, camivory, pollination, symbiosis.

ey’ nmmunity Fealogy: Maturz of communitiss; community structune
and attributes; levels of species diversity ond s measurement; edges and

ecotanes.

NEcolegical Succession: Types; mechanisms; chanpees involved in

aueesssion; concept of climax.

g)Ecosystem Ecology: Beoosvaiem siruchire; ccosvatem funclion;
enerpy Jow and mineca] cyeling (C,NI: primary production and
decomposition; strugture and functinn of zome [ndian coosvatems:

Lerrestrial {forest, prassiand) and aquatic (fresh water, marine, sustacine.

hiBingengraphy: Blajor  terresteial  biomes:  theery ol island

biopeoataphy; biogeopraphical zones of India.

i)applied Ecology: Environmental pollution; global environmental change;
biodiversity: starus, menitoring and documentation; major drivers of bicdiversity

change; biodiversiy management appreachcs,

j¥ Conservation Bielogy: Principles of conservatinn, major approaches to
menagement, Indian caxe studiss on conservation/managzement srratepy

{Project Tiger.Biosphere reserves),

- . ]
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10, APPLIED BIOLOGY:

w) Microbial lermemation and production of small and nacra maolecules.

b Application of immunaological principles. vaceines, diagnostics. Tissue and cell

culture methods for plants and animala.

¢) Transgenic animals and plants, molccular approaches W diagnosis and

sirain identification.

d) Crenomics and its application to health and sgriculturs, including gene
therapy,
eI Bioresource and uses of bisdiversily.
) Breeding in plants und animals, including marker - assisted sclectiom

21 Bivremediation and phytoremediation. Dicsensors

11. METHODS IN BIOLGGY

a) Muolecular Biology and Recombinant DNA methods:

i) lsolation and purification of RNA | DNA genomic and
plasmid) and proteins, different separation methods.
i)Analysis of BNA, TINA and proteins by one and two dimensional gel
electrophorasis, Tsoelectric focusing gels.
iii) holecular cloming of DNA or RINA Fragments in
hacietial and cukarvelic systems. Expression of

recomhbinant proteing wsing becterial. animal and plant

#—_l:ﬂ
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YECoLors.

iv)lsnlation of specific nucleic acid sequences

v} eneration of genomic and c[MsA librarics in plasmid.
phage, cosmid, BAC and Y AC vectors,

vi} In ¥itro mulagenssis and deletion technigues,

aene kneck out in bacterial and cukaryedic

organizms.
vii} Protein sequencing methods, deteetion ol past
translation madification of proteins. IIMA

soquencing methods, sarcgies for gename sequencing.
viii) Methods for analysis of gene expression at

KMA and protein Jevel, Jarge scale expression, such

s ricro array based toechnigues

ix)Isolation, separation and analysis of

carbolhvdrate and lipid molecules RELE,

RAPD and AFLIP technigues

Histochemival and Immunotechniques

Antibody genecalion. Detection of melecules using ELISA, RIA, weslem bloL,
immunoprecipitaticn, fluocytometry and immunofloorescence microscopy,
detection of moleeules in Iiving cells, in s localization by

techniques such us FISIT and G15H.

Riophysical Method:

holecular analysis using UV sdsible, fluorescence, circular dichroism, MME and
ESE

speclroscopy. Molecular structore determination using Xeray

diffraction and NME, Molecular analysis using light scattering,

differcnt tvpes of mass  speclrometry and surface plasma resonance

metlinsds,

I T —
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d} Statistical Methods:

Measures of central tendency and dispersal; probahility
distributions (Ginomial, Poisson and normal ): Sampling distribution;
Difference berween parametric and non-pasametric

stalistics: Confidence Interval; Frrors: Levels of signiticance;
Rcgrossion and Carrelation: t<tear; Analvsis of varianse; X* lest;, Basic

introddnetion o Muctrovariate statiatics, g0c,

c) Radie-labelling techniyues:

Deteetion and messurement of different gypes ol radinisolopes
normally used in biology, incorporation of radicisolupes in
biological tissues and cells, mulecular imaging wl radicactive

material, afoty puidelines.

1) Microscopic technigues:

Visulization of eclls and subcellular components by light
microscapy, resolving  powers of different microscopes,
microscepy of living cells, scanning and  (rangmission
microscopes, diffcrent Bxalion and staining techniques for BM,
frecze-cteh and [reeze-fracture methods for EM, image processing

methods 1o microscape,

Y ]
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