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TYB

Sc LIk
IFR, SC[EN(.“

pAPER] - GENETIC
S ANJ
) |

M
W

SE
ECTION I - Ginppyc
- S

(Total lectures - 45)

e of Genetic material

eriments Jeading to the discovery of th .
f the genetic material (2 lec)

) Eaﬁif,p//,

Grifﬁth,s experiment Of 1228f,1Avery, McLeod and McCarty’s ex .
ment O 9- . eriment -
952; and Fraenkel-Conrat and B. Singer’s glpe?i;ég? 3f

Hershey-

1956.

b) Structural organization of a prokaryotic genome (1 1ec)
(2 lec)

4 eukaryotic genome

c) Structural or apization of

| characteristics of chromosomes
karyotyping and banding patterns;

lue paradox’;

f DNA
equences of

Higher orders of chromosome

) Structurd
Chromosome
packing; ‘Cva

e complexity 0 o .
on kinetics and “CoT value;

nd repetitive S DNA; Denaturati

ii) Sequenc
Unique 2
Satellite DNA

(1 lec)

nts

d) Extranuclear genetic eleme
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] yariatl

p]asmidS
Mitochondrial genomes *

g
i)
i) Chioroplast genomes *

on in Genetic material

) Recombination

i) Prokaryotic systems : (10 lec)
Life Cycle of Iytic and lysogenic
and Inter-genic); Recombination
Deletion Mapping; Numerical

1. Genetic recombination in Bacteriophages -
phages; Complementation in phages (Intra-
mapping — two and three factor crosses,
examples and problem solving.

2. Genetic recombination in Bacteria -  The processes of Conjugation,
Transformation and Transduction; Mapping the genome by each method.

Numerical examples and problem solving

US|l
(9 lec)

i) Eukaryotic systems
:n in Fungi - Life Cycle; recombination in Neurospora
10

. Genetic recombinat :
rad analysis.

and mapping by Tet

cle: Recombination - Mapning

jcient of co-incidence and

Ju - Life Cy
co-eff

2. Genetic recombination in Drasopthzr -
the genome by twWo and three facto )
interference. |
ic cell Genetics: use of cell hybrids

— Somat J
mans — SO . > DNA markers - SNP’s,

3. Genetic recon ;
h Polymorphisms

and hybridomas for gene mappiiss nent Leng!
micro and mini satellites, Res
(3 lec)

b)

Transposons and their evolutionary

i) Natural biologic

significance) ' . .
. , , .
site-Directed mutagenesis using Oligomers and ‘Cassette
1) Induced ions - S1€” : s test.
_Induced mutations - _Ame
mutagenicity’; Mutagenicity testing
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) Gene Manipulation (Genetic Engineering)

i) Tools @ lec)

1. Restriction Enzymes — General nature of action, M

ajor categories based on
type of cut, two typical ex

amplcs each and recognition sites

2. Vectors in genetic engineering - Plasmids (pBR322, pUCI1S), Phages (., M13)

ii) Techniques and their applications (8 lec)

1. General strategy for cloning a gene (Somatostatin) in £. col;, making a
Genomic and ¢-DNA Library

o

. Transformant screening by gene inactivation method

Screening for a specific clone by Immunochemical and Hybridization method

4. Restriction mapping

Ul

. DNA Sequencing — Maxam-Gilbert’s method and Sanger’s Method
6. Polymerase Chain Reaction (using Random and specific primers)

3. Genome Analysis (2 lec)

a) Genomics -

D) The Human Genome Project and bevond (origins. aims, major features. information
fall-out and applications)

i) Structural Genomics Sequencing and annotating a sequence *

i) Functional Genomics — ranscriptone analysis

iv) ('0[11p'1r'11i\'c Genomics — . HON/ Wt in different organisms*
Wl

b) Protcomics *- identilication and analvsis of cellular proteins co. using 31
I“lectrophoresis
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jied Genetics

AP
‘ i) Gene Therapy (SCID) = (2 lec)

i) DNA Fingerprinting *

iii) Genetically modified OTGANISMS / plangs /
s/ plants

animals / foods *
Jotc: all topics marked with * are 16 e o -
| C given g assignments

Gone regulation in eukaryotes
L8

2) Atthe transcriptional |eve|
i) Chromatin condensation,

ii) modification and remodelling by acetylation and methylation

ii1) transcriptiona ;
) " ptional - regulation(promoters and enhancers and  Transcription
inttiation complex, GAL4-UAS system)

b) At the post -transcriptional level

1) RNA splicing,
it) RNA cditing,
iil) Alternate splicing and reading frames;

iv) Significance of the UnTranseribed Regions in the genome.

SECTION = IMMUNOLOGY {Total fectures — 43)

This section attempts to familiarize the student with the complex array of immunc
responses of humans and other vertebrates. Emphasis is made on the underlying

Mechianisms, and their significance in health and discase.

. . \ ewvete (8 lec
L. Cells and organs of the immunc system
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. ar d secondary |
rimary an mphoi
3)%

cells
b) /{)'};1)'610“1 cells- structure ang functio
ns

iiy Lymphoid cells
iii) NK cells

(e immunit
¢) Innd

. . 1 > 51 {
i) Anatomical, Physiological, Phaggeyyic Inflam
- ammatory barriers

i) Concept of Apoptosis vs Necrosis

iii) Concept of PAMP, PRR. ang TLR

d) g_ompicment

i) Classical, alternate and lectin pathways and comparison

i) Biological consequences of complement activation

iit) Complement fixation tests

1 Adaptive immunity 9 Iec)

a) Humoral immune responses

1) Antigen-Specificity, avidity, affinity. immunogenicity

i) Antibody-Structure, Functions and variations
1) Monoclonal and polyclonal antibodies (tivbridoma Technique)
) Antigen-antibody interactions —Cross reactivity. Precipitation.

Immunoclectrophoresis, Agglutination. Radio immune assay. LLISA.
Immunofluorescence.

v) Antibody diversity-organisation and expression ot Ig genes. gene

rearrangements for light and heavy chans
Vi) Bcell ontogeny. Clonal selection mode]

N . ~cand T eells in B eell response
Vil Humoral immune response- Role of APLS and T eclls P
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-

b) 99”—‘"1—“‘%
i) T-cell ontogeny (1)
i) T-cell receptors
iit) Role of TH], TH2,TH17 and Te ¢e]|g

iv) Cell-mediated Cytotoxicity of T cell
S

v) Cytokines- IL-1, IL-2, L4 INFs ang TNE
s ‘s

¢) Major Histocompatibi]jt Complex
(4 lec)

1) MHC-I And MHC-1 molecules,
ii) MHC allelic polymorphism

iii) MHC restriction

iv)Antigen processine a ' i
p g and presentation-endogenous and exogenous pathways.

3. Hypersensitivity (4 lec)
ec

Gell and Coombs classification:

i) Type I: Ag-Ab reactions viz. RIST and RAST
ii) Type II: Agglutination to be included
iti) Type I1I: Immunoflourescence, ELISA

iv) Type IV: Tuberculin test

4'Illlmunodct“lciency @G lec)

i) B-celled- X-linked agamma globulinimea
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i) T-celled- Di George
iii) Combined-SCID
iv) Phagocytic- CGD

v) AIDS

T'V]

[ENI
qsplantation
L

(3 lecy
i) Types of grafis

ii) Tissue typing (scrologicul and MLR)

iii) Mechanisms of grafy rejection

iv) Gralt vs. host discase vy

-I.L bone marrow g Corneg

¢ Tumor Immunology_

(3 leey
L. Role of the immune system. Cell medigieq and humorg] responses,

i. NK cells and macrophages,

il Tumor specific antigens,

v Immunological survetllance,

v Immuanological escape and potential tor therapy.

Wolerancee (2 lee)
IMechanism of T celland B cell tolerance
1) Iimuanology of preenancy
i) Role of T reaulatory cells
$ A
Aty Munity

(2 lee

D Mechanisms lor induction( Actiology)
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i) Types of Auto immune diseases-organ specific and systemic eg. Myasthenia

gravis, Graves discase, SLE and Multiple scierosis

4 - >C
i 9\fﬂcCl“cS (3 lec)

a)

passive immunization
,’:—-"-

i) Preformed antibodies and problems

ii) use of Chimera / humanized antibodies

h) Active immunization ( Different methods used):

i) Whole organisms (attenuated vs. inactivated ex. Polio)

ii) Purified macromolecules (Polysaccharide, toxoid and recombinant antigen
’ vaccines)

iii) Peptide vaccines

iv) DNA vaccines

TYBSc¢ LIFE SCIENCE

PRACTICALS PAPER I - GENETICS AND IMMUNOLOGY

Note: I - Instrumentation, C - Conceptual understanding, T — Technical skill, R — Relevance to
) daily life,
Genetics

[Expected learning outcomes

b E’EPELiwts to be performed by students:

Viable count for enumeration of bacteria by -Bulk seed method C,T,R
Viable count for enumeration of bacteria by - Surface spread method C,T,R
Estimation of bacteriophage titre by. plaque assay o C,T.R
Effect of u.v. light on microorganisms - Determination of percent viability

oFan £ ¢oli culture after u.v. exposure- in the absence of light repair C TR
Extraction of chromosomal DNA from chicken liver / goat splegn I,C,T.R
Isolation of antibiotic resistant / auxotrophic mutants using Replica plate

R andl il

e

",

N ]
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technique.

7. Giant Chromosome Preparatjq, (Dro

ronomy CTR

. C’T
I Demonstratlon ex eriment
p S:

) Extraction of plasmid DNA, Testriction
§. by agarose gel cleclrophorcsis. “Yme digegy;
b) Study of UV-Visib|e

Spectr
Oph()t() Mo
sequencer Mete

r, ’l h 3 . X Ia C,T,R

0SONhi nt), DNA
gq) Study of Drosophila mutants frop, SPecimen / gl C,R
Collection and observatigp of viro: Sl LS/phologm hs
DAY . . rgin DI'()S()phi[(, fem: 3 p C.R
up of genetic crosses. emales for setting
C,R
Jmmunology
[) Experiments to be performed by students:
L. Study of ABO Biood 8rOups and quantitagiye Coomb’s Test. C,R
2. Study of Isohemaggiutinip titre in bloog, CR
3. Quantitative Wida] Test. (.’ P-
e . -y INL
4. Ouchterlony test for llﬂlT]lll]Odl“LlSlOll‘ (Qualitative) C.R.
[[) Demonstration experimenis:
5. a) Dissect and expose the lymphoid organs of rat / photograph C. R
b) Study of Thymus, Spleen. and Lymph node tissue sections C.R.
¢) Observation of Blast cells in bone marrow of"any mammal from
slides / photographs. C, R
0. Separation of Mononuclear cells using a gradient and the determination
of viable count of the same C.RUT.
L Agarose slide gei electiophoresis of Serum LCTR
TYBSc LIFE SCIENCE
Paper [ - References
. qth . | % P I SO \“1](‘
nes < . Cretendd s ; ns 47 edn. John Wilev and sons 20
1' L)‘l’lt_‘w_l_t‘.\‘ of Genetics by Snustad Jm[)s”m[]:(: :l 2™ edn. Pearson 2006
N NClicer A Ml 1 “PPeter Kussel - G )
“- -‘("LE!LCH'L}_:;\_’\JOLMN()\“J']_]_h)‘II,L.lll.,- l\{ux'.\'cl 2" adn. Pearson 2006,
'4' Licneties: A Mendelian approach by . _“[ rm-i al &% edn Freeman and co, 2005,
e — e by OO Sl at« R
¢ Mroduction o Genetic Analysis by Grifli

: ) 3 rltc ishers, 2008.
: { 1t publis h(_['.. Z
('L‘“"N l\ by [ cniumin I,c\\itl: Jones and Bartleut RS
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anipulation and G ¢

. 1esof Gene M'lmpu ] ienomics by S. B. Primree SR

| PrmblB’lackwc” pu.bhcatlon, asian Cdm’blishcrs ) (; gl;r%c and R. M. Twym.an 7
 eepts of Geneties. ’ss'lﬁ'“,g and M. R. Cummings 7% eq, pearson 2003

t:/m& ts of Genelies W. S. Riug, M. R. (’u""“i"SS‘ C. A. Spencer 8" edn. Pc(:lrson 2006.

Jfolecular Genetics by Tom Strachan ¢ . - .
' lhl,‘l‘—:’m)(’l)\jh’r achan and Andrew Read, 3™ edn. Garland S¢iznce
004

l:‘;-lil:llcihl,t‘;,qﬂil‘_"_ciiiihy R. Tamarin 7" ¢dn 2002

th N P T s
num/t)ngy—S edn. R.A.Goldsky, T.J. Kindt, B, A Osborne, J. Kuby 2003.

-~

¢( Ny

.O s s

} :::;ﬂ,l ,Jlol_ggk'_:,'”‘c .xmmune system_in_health and discase 6" edn. C. A. Janew:. P
g ’lil‘{,\-crs. M. W alponl,lM. IShlomcluk G(ll‘l:"ldn(l Science Pub. 2005. '
 Celular and_Molecular Tmmunology, 2" edn, A, K. Abbas, A. H. Litchman,  2:-
~2000. ¥ L G O iy

(4. Basic lnunup,ﬂ_l(_)gt"‘-l FPunctions and diserders of the immune system, 2™ edn. A, K. 4~==
'y M. Litchman, 2" edn 2004,

. R@le;sscmizh]‘ lmmu_n_gwl._qu 1" edn. Blackwell publication 2006.

lii- ﬂmm,l.“i‘l‘l—'l%—/ .lnlcrnauonal edn. D. Mole, J. Bronstoff. D. Roth. I. Roitt. N 2sben
[lsevier publication, 2000.

7. An [ntroduction (o Immunology C. V. Rao Narossa Publishers 2002.
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Section 1 - De 2DMmenta] g
velo dMenty) Biolo Y Total
ital 45 lectures

1)c‘,ciopmcnt Illloflogl)l helps us (o understand poy
netic control of cell growth, diffcl'(!ll(iati(m v org
g‘vt“ rise to tissues, organs and the body design, T}

S L . sign, T i .
;.c" qs regeration of lost tissues from stem cellg 'lrtlf 'l:()l(;glczll b
4are hot are

m.dopmentall Bl(:}ogy. This discipline algq w

_ ntal malfunctions. .

evelopme e ns Tl.lcse anatomical abnormalities

jtant genes y substances In the environment ot ;ntc:; may‘lt)lc P
¢ ere with the

. ent of the organism.
Jevelopm ganism. The study of abnormalities is oft i
il normal development occurs. S often used to discover

a e "
and mo S grow and develop, the
rphogenesis - » process that

ases of cancer as
il hotr as of research in
'¢Ip In understanding

Unit 1 [15lectures]

1. Concepts and tool kit. (8 lectures- more details in so i ith i
Lab- see Developmental Biology Practical 1 & 2) e s

History and basic concepts in development: — (to be discussed using following e.g. as

model systems
and techniques used to address questions in development. )

Sea Urchin : Mosaic vs. Regulative Development
Dictyostelium : acquisition of multicellularity
Drosophila : mutation series and early development.

Chick and amphibians : fate maps and chimeras.

Zebra fish : in situ hybridization and trace gene expression.

IL. Descriptive embryology:

(i} Plan¢ Development-Arabidopsis as the medel system (7 lectures)
9 Life cyele of Arabidopsis — sporophytic and gamctophytic generation
Fle“ilimtion and embryo development

C)F .
omation of meristems (root and shoot)
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ation of different organg _ leaf
na

ort llen tub a“dfoeciu : :
d)r ollen ;:l"lln po C ete ] R m [mCIlldl
nhet jon of embryo sac], double fury rtiliz gyn”"ecm [de .

m P : 8 development of
d fo Pistil - yp 1o

f“I] MMmat “Ventyal formation of

fu O[-”Omcollc genes speclfymg, Parts of 5 Ulowe

)pl 4 genome project (AlﬂbldOpSlS and rje ce) 3

)

(ll)lln 'ul"“"h'

|

verview ol Amphibian dcvclopmcnt (as dope ; :

AARO > Uone in the S.Y. Syllabus), 3 lectures)
» Chick an over view (11 leetures —
][‘( ILIH.\II\ 1&2 )
_Germ ul}
_fertilization.

. (Cleavage,

oruta and blastula.

.Gaslrululion.

Neurulation. (i) neural induction
-Organogenesis — Eye OR limb
-Role of neural crest

More dota:r.. .
¢ detaj)g N the [} see Dcvc[opmcnml Biology

» (11) Neuraj tube formation

Unit 3 [16 lecutures|

llL. Cellular aspects of development: (7 lectures)

o 'I‘olipoluncv e.g.. Carrot phloem, animal celj nuclei, stem cellg
o Plunpoh.m\ ¢.g. Neural cres( cells or Hematopoetic cells
o Determination ¢.g Drosophila imaginal disc

)

'l'mn:\'dclL‘Imnmnon C.Q. Dlmoplnla tmaginal disc

Dil‘t'crn,nlmnon .o, \’cuml crest cells or hematopoictic cells

\ .-wnalmu lactors (dutoumc and paracrine) Expl

ain with Hematopoiesis as
s.\dmplg.

> Induction - ¢.g. Formation of lens in the eve

y Molecylyp basis of growth and differentiation: (Tlectures)

.D” L"'knlmlmn s a change in gene expression. (e.g. f globin vene CXpression)
| el senes, Su-mulldnon 1 genes, Homeotic genes in carly development —
m\op]“] -

.

(k”
- and gy control.
S

“Ap X e
Mlicatio g ¢ developmental biology (2lectures)
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fobe given A Eltided ASSignmey,
"Mentg)

Assisted human reproduC .

Cancer tiop,
1 1) Regeneration ex Salam Mande
dh ey
)\Voun ealing Vs Tegenery ( ediff,
) Aging idtion)

) Congenital abnOrmahtles
ii) Fundamentals of Stem ¢ cell req
Car h

[Contmucd to section II..]
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iew of the Cellulay Orps
v1C

Mizatioy of ¢
1 ‘
I ovel ne Ousg sys(cm: ( 5
l G - SR TRY
l Typical nerve cell .
@ 'l'i’l’cs of cells: Neurong » Glial ¢
b)

Role of meninges an CSr.
. \
©

ture)
C”S, ¢

hemical Basis of Neura tr:msmlssinn: (4 lcclm-cs)
- Che
AR

ic basis of resting membrype
| o s

Don
un

ann’s equilip,
! ~Potagsiy,

M pump,
E‘OICI

it 315 fectures
Q1L

i . pProps
y. Action Potential & | D

ium CXperimentg, Nemst's

tgation (3 |cclures)

jlodgkin and Huxley’s model,
u' O. ~

;mpagauon o?

Action Potential - e
(b) Compound Action potentjal.

Voltage clamp eXperiment gang the derivation and

[. Transmission of nerve impulse continued (4 lectures)
VL Tr: S

(a) Graded potential - ‘ - o
L?gni;lig potential and Synaptic integration [Electrical ang Chemical Sy p
(b) Synz )

Potential] _ aual h

(1) Excitatory Post Synaptic !)otcnn.al (L[) S{ )

(i1) Inhihilor'_\' Post Synaptic Potential (IPS} )
(¢) Neuro — muscular junctions

i SNSs{ clures
VIl Synapse and synaptic teansmission. (8 lec )

y mical and electrical
a) S\‘nzipsc: Structure, Types - chemical and ol

{b) Neuroty

(’-‘.\a:nplcs
0l ope

iy b “‘ et [ \‘i“l\i“td[l‘.c,
.( I % wouica Sl
] r— 13 WV !li]L‘SiS ph)‘Si()‘O‘ll ‘lll ()IL‘ phalnldc ~ -

ist {or o rurotransmitter)
agonist and one antagonist tor cach neuro
! . finuscarinic reeeptors).
” ""C\'l,\’lclmimc (Nicotinic and mnscarin
! Pamine (D] ang )2 reCeplors)
mr(j:\B‘A\.
“'(ilul

dmate

r



P eptide (Endorphin and Enkcphalin)_
(©

16 Jeetures

lznlll Gensory 0rgans (10 lectures- details i, Lab
ke

- See i
Ncuroblology Practicals 4 g 5¢)

¢chanigmg and Pathwayy

Ye, reting Photo
Hna, receptors
Pathway (fl4y, chart only -(rl(jdGSI\?lt]S \c,iosr:lt:lsl),

| Sense organs: receptors, feceptor m

“lu}l'aml system: Vision - structure of the ¢
Tisus : : <, .

al :tof cansduction, binocular vision, Visual

[t

C“?fté’dafk adaptation, colour visiop.
ligh

o : Structure of the
h)i [zllianism of transduction, ; organ of cont
Me

oy pathway: (MGN to audio cortex) Dj ' sy
juditory P ) Diagrammatic fepresentation only,

» Cochleg
feceptors and

! : Structure of the ib i

 Vestibular System 1 vestibular labynnth, mac i
%echa“ism of transduction. ulae and cristae.
J

¢ Chemosensory system Olfactory and Gustatory receptors — structure

¢) Skin as sense organ: somatic receptors - T

. ypes of mechano- rece
Pain management (example analgesic effect

IX. Motor systems: (2 lecture- more details in the lab-see Neurobiology practical 4c, 5
&7)

a) Molecular basis of Muscle contraction

biReflexes: Simple reflex arc, mono angd poiy-synaptic reflexes, stretch and knee-jerk
reflex, crossed —

extensor reflex, and Golgi-tendon reflex

X Neurobiological basis of behaviour: (2 Lectures)

Associative conditioning:Short term memory / Long Term Memory (eg. Aplysia
continued from | above).

ddiction — narcotic drugs and their effects on CNS (eg: Opiates)

AL Neurological diseases- to be given as guided assignments (2 lectures):

l) Prions and Mad cow disease

" Duchenes muscular Dystrophy
) Alzheimep’ disease

e Nizophrenia- Positive and negative symptoms
Uhtington’s Disease
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] [’r'leicals for Develo menta) 3
i < I()l() ,
" Y Co
() Study of dev "'%

clopmentg]
c Slages
of ¢y
¢k

) Cylochromc C- oxidase activity ; '

) cell viability in polle

§) Effect of boron / calciup, or
qitable sample [, C. TR

Demonstration experiments (any tw
> 0 of the followi
OWing):

o Ve cn B Staln (

o in chick embryo).C,
9) Alizarin stain to study limb development in ok

pment in chick embryo/ ation of carti
bone C, T,R mbryo/ Regencration of carlilage /

10) Comparison of embryos of Pisces, Amphibia, Reptilia, Aves and Mammas, to
understand the embryological basis of development, using photographs C. ,

) Plant Tissue Culture: Initiation of plant tissue culture from germinated chick pea‘any
other suitable source: (project to be performed in groups of 4-5 students) C, T.R

3 12)Bowl culture for study of morphogenctic movemeit G, 1

13) Imaginal discs of Drosophila C,T

» ine permanent slide

itable system / hydra (using p

14) Regeneration in earthworm / any other suitable sy

’thomphs) T.C jations in the
suitable system 1 show variations

any )

\IS] Seed and fruit development cotton of
m of fruit structures T, G R

Proes: . . component
Qeticals for Neurobiology cot

(3 Scanned with OKEN Scanner



‘ [nstant [ecture Notes.

‘ -
gM.Twyman, Viva BOOkseiy(?lopmcn'al I

rl\’( ) L "
2001) e '~1mi1e3f°l°gy <
> INQy,
, Dcvclopmcntal Bio] ogy W l)clhi 1
2. = it . > Lleg 1
T-Slo't)nmmmam’ Narosa pypiq " Bl .
2002 ing 1y, S g
2 Pusg ition _
: > iy
3. principles of Develop, b Lateg o
- wolpert, R. B “OPment 'd"“m g
L. Wolper > I B CddlngtOn J (['lr'sl i:dm”
oxford University Presg. fockes, T 4 )
. 34 Csel] a
d
P. Wrenge)

4. Developmental Biology
WA, Miller ’
springer — Verlag,

5.. Molecular Biology 3rd Eg
Lodish, D.Balti 3
glcicmiﬁc Amcriclg;oéec;o/l\(.lisrlf‘{, Spf Zipurskj, P Matsudy; d
» W Freeman, Ny, T 2. Damel,

6. Molecular Biology of the Cell 39 Egitio,
B. Alberts, D. Bray, J.Lewls, M. Raff, K. Roberts and
Garland Publishing Inc., N T and London, - SHSD Htson,
7.5. Plant Cell and Tissue Culture

I. Vasil and T.A. Thorpe.

Kluwer Academic Publishers.

8. Practical Zoology 2" Edition.
K.C. Ghone and B. Manna,
New Central Book Agency Publishers.

: th it
9, Developmental Biology 4 edition.

S.F. Gilbert.

Sinauer Associates Inc. Publishers.

. and o diti
10. Pollen Analysis 2" edmofg -

P.D.Moore, J.A.Webb anc} M
Blackwell Scientific publishers:

I1. Pollen Biology
K.R. Shivanna and N->- :
Narosa Publishing, Caleut-

nd Cdi[ioﬂ.

12, Dcvclopmcntal Biology <

LW Browder.
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13, An Introduction 1o Embryol
Bl Ballinsky’ :
_caundcr:s. College I’ublishing Co.

Ogy 5® k4

[Contj
Minued oy EXt page)
g¢

(3 Scanned with OKEN Scanner



evelopmenty] R:

/ 14WD Saunders, o B'OIOgy &
J. R MacMillan Pypjig . ", Proy,

. g Co.) & $ Qnd =

15. An Introduction T,
P. Maheshwari,

w.W.Mathews, Plive Embryolo
MacMillall Publishing Co

15. Essential Dcvelopmemal B;
rd C.D. Stgrn and P.Ww H olo Y~ Ap,
oxford University Press - Hollang Tagtiy) A

Section I — NeurObiolo
17. Neuroscience: Expl Oﬁllg( tIll:tSSt Edi;,
M.F.Baet, B'W'Connors&M Ap @
(First Editionl995) A
18. Neurobiology 3¢ edition
G.M. Shepherd

Oxford University Press.

: n
in § R““"\men ded)

aradiso, William & Wil
ing

18. Principles Of Neural Science.
E.R.Kandel, J.H.Schwartz and T M. Jessel

Prentice Hall Internation

19. Instant Notes — Neurosciences,
A.LongstafT
Viva Books Pvt Ltd., New Delli, 2002

20. Text Book Of Medical Physiology
A.C.Guyton and J.E.Hall
Saunders College Publishers.

21. Elements Of Molecular Neurobiology
C.UM. Smith ,
I Wiley and Sons Publishers, N.Y.
22. An Introduction to Molecular Neurobiolog)
ZW. Hall .
Sinauer Associates Inc. Publishers:
~ - [.On
3. Ton Channels - MOICCU_leb in Act
D.J. Aidi 'y and P.R. Stanfield:
tmbridge University Press:
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o4, Comparative Neurobiology
;.p. Mill
pgward Amold Publisherg

%, physiology Of the Neryq,

. S Sy
p Ottoson, McMillan Presg ystems

(3 Scanned with OKEN Scanner



TYBSc Paper 11
Biotcchnology
90 Lccturcs)

is paper consists essentially of two parts: one gt
This P

ihe production of food angd bcvcrngcs th
yreanisms and the other, of altering (e
ough manipulation of %anls. A third Component ig 4 logical offshoc
‘,1. era of information techno ogi) the blomformalics. Since genetic data in the form of
i s+ of sequences olidec ¢ Y
. pumber of seq ol nucleotides  ge made available through lecular
hu=® aximum knowledge f 28 T Riiccutar
D : ‘nowledge from this enormous a
. X at} . § $ amount
 data with the help of information pr The etoniie social and
U * JRPRYS su . 3 n . R % ,
| implication of such a major technology oo is kept in focus.]

arting with (he home

at depended  on
1y basic features of

grown technology
fermentation by
living organisms
ot of the latter, in

icro¢

: iques it 1S now possible to derive m

oht o

u o .
ocussmg algorllhms.

C"hh:ul

gection 1 g

“Food & Fermentation Technology 45 Lectures
[,\ncicnl fermented food processes, such as making bread, w
wme of which are some 6,000 yr old, and developed long be
& the existence’ of the micro organisms involved,
piotechnology.  However, for the sake of con

iaditional processes from the rgalm of biotechnology. Aspects of “modemn biotechnology’
may have significant effects on  ‘traditional biotechnology'.  Genetic
manipulation to improve brewing and baking yeasts or to introduce new characteristics in
crops, biological control of ‘plant pests, and new methods of diagnosing and preventing
plant, human and animal disease, are all now realisable. This section, therefore, deals
with an introduction to the integrated use of biochemistry, microbiology and chemical
engineering to exploit plant materials and other genetic resources for the production of
specific products and services. |

ine, cheese, curds, /i ete..
fore man had any knowledge
also  gentinely  constitute”
venience, many people exclude these

UNIT!

1. History and development of Food & Fermentation Technology

(1 lectures)
2. Fermentation technology & Instrumentation

(14 lectures)

Principles of microbial growth. screening (primary & secondary) and
strain  improvement (mutation & selection using auxotrophy &
analogue resistance

Batch vs Continuous fermentation

The Bioreactor / Fermenter & accessories (Stirred tank & Airlif)
Media design for fermentation Gnelude molasses, corn sieep liquor;
Downstream processing (use ¢x of Penicillin and an enzyme? for cell
disruption
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! : Instrumentatiop: ine:

| . vl . fincip|

| SpeclrophOlometry& CI &8 d ¢ i
Bromatogrg o CoMiqUE  of o

ra entrifu ation,
‘ Eraphy &
UNIT 11100 d and Beverage Biotechp
3. :

: ology
i Technological

aspects

o egar Q Indusgy 91 ,
Vlmzlg,ar, Single Cell Proteiy Mur:hr Production p Ch(ccsf:cmlgtsc)r
Mo . . , Y ’ A 00 . ’ -
(1(.1’1! s o bc: dealt wigh i, correspongs, 'm, ghurt anq Wine ( certain
ii. Food quality aSsurance: Reg | LY Practicals)
biotechnology SWlatory ¢ Social aspects of food
pany . 00
4. Enzyme I'echnology
I I%nzymbc_ lprociu;:}t.lon CX. Amylase (bacterial & fungal S lectures)
i mmobilized ataly A& Tunga
ii. _ tocatalyst (methog of immol'l-.bf ) 1%
biosensors ) PHitzation, applications —
it :
Un5 Application of fermentation lcclmoloay in medicine
: i Production of antibioticg (I’cnicillin) (7 lectures)
ii. Vitamins (Vit B12)
iii. Vaccines (polio, HbsAg)
iv. Monoclonal antibodies
V. Biopharmaceuticals (Insulin / IFN.1 )
ication of fermentation techy " Agriculture
6. APRI'C ) & g 4 g Y HOng} ~\‘c'-“U-thﬂ- (4 lectures)
i ccondary metabolites from plang tssue culture
i Biopesticides ~ bacteriy (8. thuringiensis), Vi

' Ry itus (Polvhedrosis
virus) and fungal (Trichode

rma)
7. Plant and Animal Tissue ulture (Slectures)
i Animal — Laboratory setup, Media, Basic techniques (Disagaregation
of tissue and primary culture, maintenance of cell lines- see also
Practicals)

ii. Plant — Media, Basic techniques (callus

organogenesis, & somatic embryogenesis,
[usion)

and suspension culture.
Protoplast isolation and

Scetion 11

rea

R

GENETIC ENGINEERING (45 lectures)

[The development of genetic manipulation techniques in the latter half of the |
tntury was a breakthrouph becavse nos only bumankind could create vroanisms
With newer combination of praperties, but also it apened up a completely new w:i_\r
1 i e yfime e as OMWND Up newer gquestions o
of studying biology. At the same time, i!}t freld b '5_“” ) !.“!(' o l”‘. Sanchie
tthics, morals and environmental safety.  Basic understanding

i ing : : P T ake i 'd chotees contrihuting to
tgineering is also impaortant for citizens to make informed che
Public policy. |

Cnig 1y

ast
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Juction to the history of Gene Cloning
[ntr@

( ctiio i ! E C Clo J (l '(‘C(llr o
[n ‘th do!oz)"\s t(" I(-" ~ l nin ‘ (,)
>

Bﬂb;. Cum.n.g n;ufi\l JO“_N'ng DNA Molecylog. " g (S lectures)
I\{lep-'llg' ‘), A‘l,lgusc. H(mmp(,lyl"cr ‘. ".)pc Lot i fecturen)
Of ABRINE I.h“”l’hulilsc Mhing, Ad«’lpmrs, Linkers lse
ii. lilcctorph(.wcsm based etion
qand Western blotting.

o

lcchniq“ ‘g .
S5 Gel .
clcumphmcsis, Southern,
\ \"'hL‘”
o i, |
Cloning Veetors (Plasmid, Bactcnophagc. Cosmi
Basic properties of Natural ang artific;
.. P[;R‘\:?_ s structure, origin and yges
1. - A N
.].,- Expression of Insulin and Som
i‘;“PUC vector
v \‘pccial vectors: transcription veelors fyr probe

d)

al plasmids (7 lectures)

Aostatin pepeg in [ colj using pBR322

vi Bacteriophage lambda as vecyop and ds RNAs
V. M3 vector
vi. Cosmid vector
s CLONING STRATEGIES (3 lectures)
Sy Shotgun cloning :
ii. Making genomic and ¢cDNA libraries in E.coli
iii. Chromosome walking '
iv.Chromosome jumping
UNT Y Y
6. Screening and selection of the desired clone (4 lectures)
i.Immunochemical method
ii. Nucleic acid hybridization method
il Ssubtractive cDNA cloning
iv. HRTand HART
7 Technigues for analysis of genes and gene products (3 lectures)
.. DNA sequencing by Sanger’s, Maxam and Gilbert's methods .
Concept of automated sequencing
i Basic PCR, RT-PCR. and differential display -
Iv., .\Iicm;u‘ray
. (\:I’JD' clectrephoresis

oning i cukaryotes: (7 lectures)
. (‘ih)”i“‘a' IN'S. cerevisiae: basic principle
t Development of veetors: Yep
Lo Yeasy Artificial Chromosome
'_‘."( ,I""li‘lg vectors in plant eells Ti Plasmid, CaN [V
e "””"”g Yectors in animal cells SV 40, Baculovirus
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T vl Jtions of ,—cc'ombinant DNA technology: (11
U“Q ¥ sgenic animals and plants “Clures)
") 'l_rnﬂxinopus oocyle as an expression System “

:1 Giant mouse (MMT promoter-group, horm
iii. Drosophila (using p elypcnt-mcdiated tech
9. Bt cotton (pesticide resistance gene » Weedicide resistance gen
iv. Knock-out, knock-in and knock-dovy, Systems %
b) Other important applicationg: 3)
i DNA finger printing
jii. ~ DNA markers — SNp, VNTR, RFLp, AFLP
[ssues on recombnpapl DNA technology:
i, Applications in :ndl!str_\w medica}/phannaceutica],
ii Applications in basic rescarch —intellectual
source biotechnology movement

one fusion gene)
Niques-enhancer trap})

(2 lectures)
agricultyra|

Property riohte and tha
FUPMRY nights and the

open

| Bioinformatics: (4 lectures- more details will be dealt with in practical)
i. Biological Databases
li. Sequence annotation and comparison
iii. Multiple sequence alignment
iv. Phylogenetic trees

pACTICALS = T BIOTECHNOLOGY

(This practical sy{labus should 'L‘nilblt.t tl_le student (o un_dc
enzymology, certain mcl.hodologufs of bm.assays. and basic techniques in molecular
tiology and bioinformatics. Costing too s an important component in technology
ducation. The Good Lab Practices (GLP) introduced from the first year of the B.Se.
lilesciences program is expected to be followed with added urgency in this program. |

rstand basic concepts in

Asthe “Expected Learning Outcome™ is & good measure of dcl’ming the extent of details

ain level, this is incorporated in each case:
¢ [= [nstrumentation knowledgee

* = Concept understanding

¢ T=Technical skill

ofan experiment necessary at a cert

R= relevance

L Extraction ang purification of enzvme: amylase from sweet-potato/salivary
amvlase’ egg white lvsozyme or any other convenient ¢nzyme
Do determine enzyme activity. [LC.T. R
) specific actvity. (O

. l)clcrmm;:linn ol'the K ot amylase/any other convenient enzyme. 1LCT
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 petermination of the ‘effect of pI~I/tempe[.al :
e me activity. L,C,T ure on amylase/;
enzy 4¢/any other convenjent

ilization of Amylase

i (mmobilizatio s 'ylas.(,/any other ¢opy, Nie

* alginate method and assay its actiyiyy | oenient enzypy, using hen cgg-white /
L N bt ] > Wil C

Bioassay of antibiotic/plant CXtract fop anti-h

O e assie blue stainj 45¢ using o ¢ .
control:coumass staining LOTR 8 Serum/ eop white a .

i, Activity staining/Zymogram usi
: ar plates, LC,T
Thin layer chromatography

of Tini
i llplds/plant alkaloids/any other suyit

able extract,

Non-denaturing Poly Acrylamide

Ge! Electrg ; -
<ins! Saliva/Egg white any other phoresis of E.coli extract/ Serum

Suitable Sample [,C T

o, Extraction of plasmid DNA g Agarose  Gel

DNA/Restriction Digest with costing Electrophoresis of plasmid

of the experiment [,CT

10. Introduction to databases and bioinformatics:
database and programs for studying genomic
microbes or any other
IL,C,T

use of public domain/open source
s of human/ mouse, yeast/ plant/
relevant organisms

I1.Manual annotation of DNA sequence: i) pUC series or any convenient
cloning/expression vector followed by using programmed tools C,T.R

iZ. Dlast search of genome sequence | Sequence
alignment — pair wise / multiple, construction of Cladogram / phylegram  1,C,T

3. Assay of fermentation product — Estimation of (a) alcohol/Acetic acid/lactic acid
(b) Sugar C,T,R

[4. Any two of the following open-ended projects:

i. Home-Wine production/Home-Vinegar production from any

convenient source & assay for fermentation products R,C, Tl
i Culturing % biomass estimation of mushroom/ Spirulina

/chlorella by cell count/dry weight and estimation of

entage total protein. R,C,T
tii. pg;igna& Fabricafion of Electrophoresi§ Chamber R, !,C,T
v, Plant tissue culture: a) Callus production b) Prgpgrat19n of
protoplasts and estimate viability by trypan blue stammg. 1,C
v. Growth curve of E coli (DH5 alph'a) and preparation of
competent cell for transformation experiment. C,R,T,]

(3 Scanned with OKEN Scanner



SDS PAGE with  syjiap|e Protein sam

vi.
with Experiment no.9 aboye CT1 ple for Comparison
vii. ~ Genomic DNA extraction, purification ang ectic..s
spectroscopy . 1O 4nd estimation by UV
viii.  Costing of DNA extracion Protocol & Development of
of cost

effective  Method usip iqui
Sing - Liquid Soq
Alco‘hol or any convenient Vagalions?{'lg_l‘(;ommon Salt and
ix. CQS“"Q‘ of Agarose Gel Elcclropho,res’is’ of DNA witl
without Molecular markey ladder R.C.TI with &

- Finger  Printing >chni
X & & technique i
. _ usin slec i
protein/DNA digest C.T.LR B . electrophoresis - of
2 1 r » . e ’ T -
xi. Animal tissuc culture: lissue dissociation by trypsinization

technique and to estimate the viahil; :
. . @ iability of e lovord o
saline/MEM at 0 hrs and 2 hrs C T);{O cells in physiological
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rcll(‘cs:
principles of fermentation {o
I p.F Stanbury, A. Whitaker and 8y 1y .
Aditya books(p? ltd.-
BioproceSLS CISIg;mitl:rmg-dba i
tichael .L. Schuller and pj. - P4
Iﬁllactson prentice Hall. tkret Kay 8L, 2002
Concepts in Biotcclmol()gy, Revise ded
p. Balasubramanium, C, |,
University Preiss India [td, o
Molecular Biology and Biotec v Ath » N Jayaraman,
* -1 M. Walker. and R Raml;f}‘,";o*’gg 4" o
: Fermentation Microbiolog and Rinor
J. Ed b)’ E. M. T. CI- I\’Iansitjyc. F. E.‘(}’;’:C}clnobgy, ond ed
A. R. Allamn, 2007, yee, A L, Deman,
Culture of animal cells- A mga , ‘
¢ R. Ian Freshney, 2006. nual of basic technique,
7. Principles of Genetics by Snustad
2006.
8. Genetics; A Molecular approach by Peter Russel 1 1. b
9. Genetics; A Mendelian approach by Peter Russe] 21 edn -P--u.son 5006.
10, Introduction to Genetic Analysis by Griffiths et al §% eqy, Feri::in 00(?.
I1. Genes IX by Benjamin Lewin; Jones and Bartlett publishers 20(;11;1 and co. 2005.
12 Principles of Gene Manipulation and Genomics by S. B’ Prim‘rose and R, M
Twyman 7" edn., Blackwell publication, asian edn Oxford publishers 2007. o

i3. Molecular Biotechnology- Principles and applications of recombinant DNA.
Glick and Pasternack, 3™ ed, 2003.

14. Animal Biotechnology
M.M. RAanga, 2™ ed, 2002.
15. Basic Biotechnology. 2" ed
Ed by Colin Ratledge and Bjorn Kristiansen, 2001,
16.Textbook of Biotechnology
H..K. Das, 2004.
I7. Methods in plant tissue culture- 2™ ed
U. Kumar, 2002.
I8. Plant Cell and tissue culture.
Ed. 1. K. Vasil and T. A. Thrope, 1994. _ _
19. Biotechnology : Food Fermentation — Microbiology, Biochemistry and
\t/eclmology VollandII .
K. Joshi and A. Pande 7, 1999, .
&, Microbial technology- fc)rmentation technology 2 “ed- vol [and II
Peppler H.J and Perlman. D, 1979.
21 Industyig] Microbiology
UE. Casida Ir, Wiley Eastern Ltd.

: ol

T

‘el

- h
and Simmgopg 4t edn. John Wiley ang sons b
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22. Industrial Microbjg|,
A.H. Patel, 1984
MacMillan India |tq.

gy
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TY B.Sc Life Sciences P

Paper 1v

aper

Envir i
ronmental Biglpgy

(Total No. of Lectures: 90)

oS 4
oI
. “S[“S

Ve

:onlinuou

reates life; forms of life reproduce themselves and multipl
communities. ‘ ply

nd natural nities. An ecological complex compri iabili

. from all sources including inter, alias, terrestrial marP ises variability among living
- . - . l

m{c conservation of natural environment is important for ma‘;etapd‘

5 evolutionary process, which provides support to the “‘I:i s

ng

creating a stunning variety of

other aquatic organisms.
ng the Biodiversity and
system. Man-environment

r~l.uionship md‘cqtesi ﬂ:iat pollution and deterioration of environment has a social ori

v > v i i 1 ) ' i

odem “ch,mlo.gxca a l\ anl():ements in chemical processes have given rise to new rgcrlluglr o

Jjlutants and in much abundant level which are above the self- cleaning pcapa;:’ ne“;"
g ies o

o jronment.

: One of _thc leajor issues in receni iumes is the threat to the human life caused due t
ihe Progrcssl\'e deterioration of the environment. This paper highlights the Ecology l?;cosysten:)
S o)) ’

Biodi\'efsity' Forest & Wild life, Renewable energy, Industrial hygiene & Chemical safety

Toxicology and environmental issues and challenges.

Section 1: Life and Environment

Unit L

1. Feology and Ecosystems:

(12)

(12)

i) History and scope of ecology

1) Models of successions

i) Climax community and types of climax.

iv)  Ecological Principles-Food Chains: Coraponents of a Food Chain, Types of

Food Chains, Food web, Ecological pyramids _

v) Bicgeochemical cycling _Carbon cycle, Nitrogen cycle, Phosphorus cycle

vl Ecosystems, types of Ecosystem and their characteristics and significance

Unit I1: (20)
(10)

L. Biodiversity:

i) Biodiversity, distribution of fauna and flora
11) Evolution of Biodiversity with one example
i) Levels of biodiversity

iv) Importance and status of biodiversity

V) Loss of biodiversity

vi) Conservation of biodiversity '
Vi) Genetic diversity- molecular characteristies

of an evolutionary trec.
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2l

|;iorcmulizlti()n; Principles, Factors responsible
hiorcmcdiuli(m. .

i I;immlgnlllczltmn .
”) pioaccumulation and biotransformation

fn) l,hymrcmcdinlion: Metals, organic bollutarits
v

)Composling: Technology, process and {
)

Unit I

(10

and Microbial population in

actors inﬂucncing composting,

(13)
L. Toxicology:

. : : _ (12)
i l’csticxdc§: use in agnculuixrc and pgbllc health programme
iy  Basic principles of toxicology including LD50 and LC50, Absorption,

Distribution and physiological effects- Lead and Parathion,

i)  Management of acute intoxication; Parathion and Methyl isocynate
iv)  Natural detoxification — biochemical mechanism — cytchrome P450 in liver
V) Genotoxicity: micronuclar and combet assays.
vi)  Ethical aspects :

a) Clinical trial,

b) Toxicity testing for assessment of environmental agents

¢) Toxic waste disposal and trading

Section [1: Global issues and resources
Unit 1V

1. Global Environmental issues.
) Populatioii.

(15)
(7

a) Overpopulation and depletion of natural resources.

b) Role of Women in rural and urban areas.
¢) Literacy.

d) Slums and their causes

¢) Health- Inadequate diet; malnutrition.

1) Global Environmental problem and remedial measures

a)
b)
c)
d)
e)
)
2)
h)

Climate change: Global wormin
Ozone depletion

Acid rain -
GMO-Biosafety measureg
Consequences of tl.lc use ?f
Surface water.and mdus.tr_lal
Air pollution 1n metro cities

Waste management including e-was'e.

(8)

g and green house effect

Pesticides and fertilizer,
pollution: ¢.g. Ganga river water
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(15)
(7)

o s and wild life
I '}'rti)cl‘orcstalion and a forestation
i) JForest manage.m(:l}t
‘b Factors contributing {0 declining and extinction of wild specics, WildIife
umnagcment and Protection Act. - )
v) Nationgl parks and sanctuaries
y) Ecoturism
), Energy resources: Problems and prospects 8)
i) Nonrenewable energy
.. Energy Resources, Energy Efficiency: social and economic cost
b. Carbun accounting .
ii) Renewable energy
a. Nuclear energy
b. Solar energy
¢. Wind energy
d. Tidal energy
e. Hydral energy
f, Biomass energy (Biogas plants)

Urit Vi: (15)
1. Industrial hygiene & Chemical safety. (10)

(1) Introduction and Concept of Tndustrial hygiene
(11) Recognition, cvaluation, monitoring and coatrs!
(iii)  Occupational hazards 1

(iv)  Industry: siting criteria and E1A

(v) Industrial Safety: Case study- Bhopal gas tragedy

2. Citizen Awareness:

Ethical and Legal issues: o 5)
a) Ethical sssues in Biodiversity- IPR

- : o . -
b) Awareness of existing environmental Iaws and role of citizen groups in
environmental management.
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Pr‘ STy 1
acticals- Envlronmcntal Biology

piodiversiy:

) Biodivers .f“t‘dg ; goilecuom Identification, Classificai

racing the habita at least three edible varieties of I (up to class) and
ogetables: L aquatic fauna, fruits and
. [ntroduction of environmental Bioinformatics

| —

i) jntroduction to genetic diversity: phylogenetic = Or tttal hecbesfom: Demo

tree using molecular data

1aste management: Vermicomposting
1. Was 5 posting in garden pot and collection of cocoons

(projcct) .
[11. Aquatic Ecosystem

Estioaion of e ietved vyon contentof g e e
Hat : ygen demand of the given water sample.
Estimation of the chemical oxygen demand of the given water sample.
Estimation of the hardness of the given water sample.
Estimation of the salinity of the given water sample.
Estimation of the acidity of the given water sample.
Estimation of the alkalinity of the given water sample.
Estimation of the Sulphate of the given water sample.
Estimation of the phosphate of the given water sample.
0. Estimation of the copper, lead in the given water sample.
(Any five of the above experiment)
11. Quality assessment of the given water sample (Total Coliform count and

MPN). (Compulsory)

=00 NV AW

4.Soil: Microbial interaction.
i) Study of nitrogen fixing bacteria. ¢.g. Rhizobium/ Azotobacter /Nematode

ii) Biodegradation of Phenol

5.Toxicity studies:
i) Evaluation of Lc50 of insecticide on Dap
daphnia

hnia/Effect of insecticide on heart beat of

0. Instrumenta ion: pH meter

7. Hands on Research project: Not excluding the above techniques
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geference Books

' Gwendolyn Burke, Ben Ramnarme Singh, Louis Theod
odore,

Handbook of
€chnology,

environmental Management and T
2. M.H Fulekar, “Industrig| Hygiene
3. Gary S. Moore, Living With the g5

Publishers. "th: CO”CeDts in Environmental Health Science,
Lewis

€ and Chemica| safety” I.K International.

S Wastewater Engineering: Treatment
and Reuse” McGraw-Hjl|,

5. Peirce, J. Jeffrey | Weiner, Ruth F. and

and Control,” Butterworth-Heinemann

6. T. Matsuo, K. Hanaki, s, Takizawa, and H, sate

h, “Advances in Water And
Wastewater Treatment Technology Elsevier.,

7.M.H Fulekar, “Environmenta| Biotechnology” Oxford 18H

8. Daniel Vallero, "Engineering The Risks Of Hazardous Wastes” . Elsevier,

9.R. Gavasci and S. Zandaryaa, Environmental Engineering And Rene

wable Energy,
Elsevier

10. Nicholas P. Cheremisinoff, “Environmental Technologies Handbook”,
11.Purohit Shami And Agrawal “Environmental Sciences: Anew Approach”,
12, Baird Cann: Environmental Chemistry.

13. Status of Indian Environment-Anil Agarwal.

14. Down to Earth magazine.

15. Environmental survey: Hindu | o
16. Ecol Evolution and population Biology, reading from Scientific American with
- £cology, Evo

. w.h.Freeman and compny, Sanfransico, USA,
Introduction by Edward.O.Wilson,
1973,

K RX X T

-
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